














is made more remote by combining the outputs of two
counters for each digit, each counter being driven from a
different noise generator. The combination is achieved
by subtracting one number from the other with the addition
of a constant number. The addition arises from the
method of subtraction and has no bearing on the randomness
of the resulting number. In this way, if either of the noise
generators used to produce a digit should have a cyclic
component, the resulting number is still random. The new
number is in the same scale as the counters from which it
originated and is recorded in a temporary store.

It can be seen from the block schematic diagram, Fig. 5,
that noise generators can be shared in such a way that two
different ones are used for each digit, and that the total
number is only one greater than the number of digits.
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Checking The Number.

The number in the temporary store is read out into a
primary store and at the same time into a “redundancy
table,” described later. Varying quantities of bonds will
have been sold in each denomination, but all numbers up
to 30 million are generated. The purpose of the redundancy
table is to eliminate, as far as possible, the serial numbers
of bonds that have not yet been sold and thus avoid
unnecessary printing of numbers that would later have to be
eliminated by manual processes. Of the 720 million
possible numbers presented to it the redundancy table will
reject all except 120 million. It is impracticable to dis-
criminate down to the actual 50 million numbers eligible
for the first draw, owing to the breaks in the numbering
range due to unsold bonds in Post Offices and banks, and
it is not worth while to deal with unbroken ranges of less
than 100,000 numbers.

The redundancy table is designed in such a way that it
fails safe; that is to say that a fault is likely to cause the
acceptance of an ineligible number rather than the rejection
of a valid number. Adjustment to the table will be made
monthly to take account of the new batch of numbers that
becomes eligible every month for the draw.

Storage of Numbers.

A number rejected by the redundancy table is erased
from the primary store, and the next number issued from
the counter-combiner is then examined by the redundancy
table. When a printable number has been {ound it remains

TELEPRINTER

TELEPRINTERS

in the primary store awaiting printing, which will take
place from a secondary store. On completion of the printing
of the previous message, the new number is transferred to
the secondary store and printing commences. At the same
time a search is restarted for a fresh number. If, however,
no printable number has been found the printer waits, but
this occurs on the average only about once in 25 times.

Printing Operation.

On transfer to the secondary store an examination is
made of the digit relating to the denomination of the bond,
and the pair of teleprinters appropriate to that denomina-
tion are switched to receive the message. The message,
which consists of the bond number followed by the serial
number, is read off character-by-character, converted into
teleprinter code and, with suitable spacing, figure and letter
shift, and line-feed signals, sent out to the two selected tele-
printers. In addition all messages are printed on a master
copy at the console.

TRANSISTORS AND RECTANGULAR-L.ooP MAGNETIC CORES

For switching purposes a transistor can be considered to
be a component with the property of having high
resistance between emitter and collector when the
base is positive with respect to the emitter, and
of resembling a battery of about $V between emitter
and collector when the base is negative with respect
to the emitter. In the latter condition the transistor can
easily conduct 50 mA; the current to be drawn from the
base to establish such a collector current is only a few
milliamps, and the voltage drive on the base a matter
of a volt or two. Thus the power to drive the transistor
is very small and the power dissipation within the
transistor is also small. The transient conditions in changing
from one state to the other give rise to an additional
power dissipation within the transistor, but this is small
provided that the change-over takes place quickly enough.

When the flux in a magnetic core is reversed from one
magnetic state of saturation to the other a voltage is
induced in any winding on the core during the change-over
period. The product of this voltage and its duration is a
constant depending wholly on the core (material and size)
and the number of turns in the winding. From a core
consisting of two commercially available 2-mm diameter
rings of rectangular-hysteresis-loop ferrite a pulse of
approximately 8 us-V is obtained in a 50-turn winding,
and such a pulse applied to the base of a transistor is
sufficient to switch the transistor to the high-conduction
“on” condition for several microseconds. The resulting
current in the emitter-collector circuit may then be used
to reverse the magnetization of other cores or perform
various other functions.

A core of magnetic material having a high retentivity
may be used as an information store by regarding the flux
retained after saturation in one direction (“set”) as a
stored 1 and that retained after saturation in the other
direction (‘“‘reset’’) as a stored 0. In either condition no
power is needed to maintain the information. To read out
the stored information a pulse is applied to a winding on the
core in such a direction as to drive the core to the reset
condition. If the core is in the set condition (1 stored) the
flux is reversed and an output pulse is obtained as described
above, while if the core is already in the reset condition
(0 stored) the flux change and consequently the output
pulse is very small.

In the circuits to be described, combinations of a core
and transistor are used as circuit elements, with the core
acting as an information store and the transistor as a
coupling element when the information is to be transferred
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elsewhere.? In the intervals between transfer operations no
power need be supplied to the circuits because the cores
are storing the information magnetically and the transistors
are doing no work. In practice small leakage currentsof a few
microamps per transistor are flowing. In contrast with the
Eccles-Jordan type of transistor circuit these leakage
currents cause no design problem because the current
introduced in the windings of associated cores is very much
less than that needed for switching.

The way in which these components are used can be
understood by considering a counter such as is employed
following the random-noise generators and the binary
drive circuit.

COUNTERS AND COMBINERS
The use of cores of rectangular-hysteresis-loop material
is becoming increasingly common but no suitable conven-
tional symbols for circuit diagrams have yet been agreed.
The conventions used in Fig. 6 are described below.

with the associated transistors, form a 4-way counter.
Current pulses from the A binary appear alternately on
two leads. The lead marked @1 is connected to resetting
windings on alternate cores X1 and X3, and the lead
marked @2 is connected to resetting windings on the other
two cores. Suppose that X1 is set and that the remaining
cores are in the opposite saturation condition, i.e. reset.
Should a @2 pulse be the first to arrive it will have no effect
on the counter because it tends to reset cores which are
already reset and, since no change of flux takes place,
no voltages appear on any of the windings on the even-
numbered cores. The following @1 pulse has the same effect
on X3 but causes X1 to be reset and voltages to appear on
all its windings. The voltage on the coil connected to the
collector of VT4 cannot cause current to flow because this
transistor is held non-conducting by virtue of the bias
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Fi1G. 6.—SCHEMATIC DIAGRAM OF THE COUNTERS, COMBINERS, GATES AND STORES.

The core is represented by a circle and each winding by a
single loop crossing the core. The direction of each winding
is indicated by a dot adjacent to one end of the winding
and indicating that end of the winding by which current
must enter in order to drive the core to the “set” condition.
Current leaving the winding at the marked end will “reset”’
the core, i.e. magnetize it in the opposite direction. An
arrow on the wire adjacent to the winding indicates the
direction of current passed through the winding from
the previous component. Where a number of windings are
connected in series each carries a symbol, e.g. @1, and in
the circuit driving the chain the number of series windings
is written above the symbol.

The cores X1, X2, X3 and X4 shown in Fig. 6, together

2 These circuits were first described by G. H. PErry, G. R. HoFF-
MAN and E. W, SHaLLow in a paper entitled “A New and Simple
Type of Digital Circuit Technique using Junction Transistors and
Magnetic Cores,” read at The I.E.E. Convention on Digital Computer
Techniques in 1956.
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between its base and emitter. The voltage on the coil
connected to the base of VT1 causes the transistor to
conduct, thereby permitting current to flow between
emitter and collector, and thence through a winding on
X2 in such a direction as to set it. Because X2 changes its
magnetic state, voltages are induced in the other windings.
The voltage on the @2 drive winding cannot cause current
to flow because the transistor used for the drive is non-
conducting. The voltage induced on the base of transistor
VT2 is in such a direction as to drive the base positive
with respect to the emitter. Very little current can flow in
the high impedance between base and emitter with this
polarity, and the transistor is driven even more non-
conducting between emitter and collector than it is normally.

The final result of the @1 pulse is that the set condition
originally stored on X1 has been transferred to X2, and
core X1 has been reset. Subsequent @2 and @1 pulses
repeat the action and advance the set condition one
position for each pulse. In contrast with the magnetic-



core counters described in a previous article in the Journal 3
current flows only where it is performing a useful function,
and a highly efficient drive circuit results from this.

The B counter (cores X5, X6, X7 and X8) works in an
identical manner. The remaining cores (X9, X10, X11 and
X12) form a combiner circuit and are used to obtain the
difference between the numbers stored in the two counters
during the period when the noise generators are blanked
off.

The circuit that sets a core in the A counter is extended
to a setting winding on a corresponding core in the combiner.
The reset windings on the combiner cores are connected in a
similar manner to the corresponding cores in the A counter.
In this way the setting of a core in the A counter is always
accompanied by the setting of the corresponding core in the
combiner.

The circuit that feeds a setting winding on a core in the
B counter is extended to a resetting winding on the corre-
sponding core in the combiner.

When the generated numbers are to be read (i.e. every
160 ms) the noise generators are blanked off and a single
pulse is fed from the master control to the circuits driving
the A counters, followed by a train of pulses to the circuits
driving the B counters. The single pulse gives a transfer of
the A counters and so ensures that one of the combiner
cores is in the set condition; without it, all combiner cores
could be in the reset condition due to the B counter over-
taking the A counter and resetting the corresponding
combiner core immediately prior to the blanking of the
noise generators.

The train of pulses to the B counter causes this to step
through each position in turn. As one of the transfers
takes place the marked combiner core will be reset and a
pulse will be applied through the series-connected windings
to the base of transistor VI21. The number of pulses
required to drive the B counter to this position is equal to
the difference between the starting positions of the A and
B counters (plus one, due to the single pulse to the A
counter).

In synchronism with the pulses of the B counter train a
sequence of gating transistors VT22 to VT25 is brought by
negative base pulses to a state permitting conduction.
When the B counter resets the marked combiner core the
pulse from the common output transistor will be passed
by one of these gating transistors to a setting winding on the
corresponding temporary-store core, thus recording in
the store one plus the difference between the original A
and B counts.

If each gating transistor is operated by two of the pulses a
counter operating in a scale of six will store in a scale of
three.

After the last pulse of the B counter train all temporary-
store cores are reset by a pulse from the master control
via transistor VI26. The marked core gives an output to
the base of its associated coupling transistor which then
sets the corresponding core in the primary store. This
transfer occurs simultaneously in all nine sets of cores
corresponding to the nine digits of the bond number and as
it does so the numbers stored in the first four digits are
examined by the redundancy table to detect numbers
unsuitable for printing.

Subsequently the stored numbers are rejected if redun-
dant, or passed to the secondary store if suitable for
printing.

TrE ReEpunDANCY TABLE

Redundancy of bond numbers is determined to the next
complete multiple of 100,000 greater than the highest
number sold for a bond denomination. To do this the first

3 ParxiN, B. G. Magnetic Materials with Rectangular Hysteresis
Loops. P.O.E.E.J., Vol. 48, p. 1, April 1955.

four digits including the denomination digit are examined.
Because the bond numbers are issued substantially in
sequence, it is not necessary to bring out a separate point
for every one of the 6,900 possible combinations of the
first four digits. The principle adopted is to examine the
digits of a bond denomination in sequence. For each digit
a value exists above which all numbers are redundant and
below which all numbers are acceptable. To determine the
redundancy to a closer limit the following digit must be
examined in the same way.

For example, suppose the highest numbered bond sold
for a particular denomination is 5,470,976, The first opera-
tion is to compare the bond denomination with the first
digit, which in this case is “0” (the first digit 0’ is generally
omitted from the number printed on the bond certificate).
For this denomination the table is wired so that “1” and
“92” are redundant, and “0”’ is carried to the next section.
Thus number groups 10 and 20 million are made redundant
by this operation, and action is deferred on the first 10
million numbers. The second section then compares the
first digit “0” with the third digit, i.e. 5 in this example.
The wiring is such that the coincidence of “0” with a third
digit 6, 7, 8 or 9 gives redundancy, thus disposing of all
numbers 6,000,000 to 9,999,999, A third digit 1, 2,3 or 4 is
acceptable, but action is deferred on a third digit 5. The
third section of the table then compares 05 with the fourth
digit. A fourth digit 5, 6, 7, 8 or 9 gives redundancy but
all below 5 are acceptable. The third section is simpler
than the previous two because the result is given as a
definite redundancy or acceptability. There are only nine
possible combinations of redundant groups, ie. 9 only;
8and 9; 7, 8 and 9, and so on up to 1-9. This allows com-
moning of outputs of the second table having the same
terminal redundancy. For the example quoted, with the
highest number sold being 5,470,976 the table makes
redundant all numbers greater than 5,499,999.

The input signals originate from the transistors reading
out from the temporary store shown in Fig. 6. Because the
emitter current is substantially the same as the collector
current, and the input to the transistor has no d.c. bias
condition, the output load can be placed in either the
emitter or collector leads, giving for the former a negative-
going signal and for the latter a positive-going signal. The
first section uses signals from the denomination digit
(one of 28) and from the “‘tens of millions’ digit (one of
three). These signals are applied to the co-ordinates of a
matrix formed of transistors (see Fig. 7, which shows
parts of the matrices; ERNIE is equipped with matrices
3 x 23, 10 x 23 and 9 x 9 triangular). A positive signal
corresponding to a bond denomination is applied to the
emitters of all transistors in a row; a negative signal corre-
sponding to the ‘“‘tens of millions” digit is applied to the
bases of all transistors in a column. In a marked row the
emitters will be at a potential of approximately — 0-2V
and in all other rows the emitters will be at about — 8V.
In a marked column the bases of the transistors will be at a
potential substantially negative and in both of the other
columns at about earth potential. There is only one cross-
point at which a transistor has its emitter positive with
respect to its base. This transistor conducts, its collector
potential being raised to very nearly earth potential
The collector is connected to either a row of emitters in a
second matrix or to a load resistor and thence to a common
transistor which indicates redundancy.

The capacitor in the base circuit and the inductor in the
collector circuit improve the shape of the output pulse.
The sum of the leakage currents of transistors in a column
causes sufficient potential drop across the 4,700-ohm resistor
to bring the base potential below that of an emitter in a row
receiving a positive pulse; this would cause the conduction
of a transistor despite the absence of a base pulse. The
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in the matrices which has a collector load causes the emitter
of the redundancy transistor to rise above — 2V and hence
causes conduction, and a positive output signal.

By simple variations in the circuit as described, it is
possible to extract number blocks within the numbering
range and make these redundant. In practice this is done
to a limited extent to deal with substantial blocks of
unsold bonds.

CHECKING AND TESTING CIRCUITS

Prior to a draw a cyclic test is made of the machine,
by disconnecting the random-noise sources and substituting
them with pulse generators delivering trains of pulses.
The number of pulses is so chosen that the machine goes
through a program, printing numbers sequentially in a
pattern such that all parts of the apparatus subsequent
to the noise generators are tested. With the redundancy
table in operation a check can be made from the printed
list that the redundancies have been correctly inserted.

During the operation of the machine a check is
made to ensure that the noise generators are producing
pulses in excess of a minimum rate. Should any two
noise generators fail to do so, the machine automat-
ically stops, because it is no longer possible to pro-
duce all the bond numbers with only eight noise
generators.

Another circuit checks that a single number has
been transferred from each temporary to primary store
and if this is not so, stops further printing and in-

Notes:
1. Numbers exceeding 0A 2,799,999, 1B 1,609,099 and 0C 3,799,999 are redundant.

dicates which digit is faulty.

2. Point 2 15 connected to the collector of the first transistor of the row, which is not shown.

FIG. 7.—ScCHEMATIC DIAGRAM OF REDUNDANCY TABLE SHOWING PARTS OF

THREE MATRICES.

rectifier across the 4,700-ohm resistor prevents this occurring
by holding the common base line near earth potential.
Separate collector load resistors are used for each column.
When the emitter potential of a row of transistors is raised,
increased leakage currents flow in the transistors, and these
currents would cause a sufficiently large signal in a common
resistor to give an output pulse.

The second matrix is formed of transistors in the same
manner, with the columns driven by transistors indicating
the “millions” digits, and the rows by the transistor which
indicates the digit requiring further examination in the
corresponding row of the first matrix. Because the voltage
drop between emitter and collector of a conducting transistor
is very low, the emitters of the transistors in the second
matrix are only some 0-2V more negative than those on
the first matrix. Asin the first matrix, transistors for work-
ing numbers are omitted, tfransistors representing re-
dundant numbers have their collectors taken to a negative
potential through a resistor-inductor combination and
thence to the redundancy transistor, and transistors
representing a number needing further examination are
connected to the third matrix.

This differs from the other matrices in being triangular
in shape and all collectors have loads which are connected
to the redundancy transistor. The first row has nine
transistors with their bases operated by fourth digits 1-9,
the second row has eight transistors with their bases
operated by fourth digits 2-9 and so on. Collectors of
transistors in the second matrix are connected as appropriate
to one of the emitter rows. The redundancy output voltage
from this matrix is some 0-2V less than that of the second
matrix which in turn is some 0-2V lower than that of the
first matrix.

The redundancy transistor has its base connected to
approximately — 2V and the operation of any transistor

PowER PLANT

It is essential that there should be no break in the
a.c. supply to the electronic equipment and emergency
lighting, nor in the d.c. supply to the telegraph equipment.
Power plant was specially designed by the Power Branch,
E.-in-C.’s Office, to meet this requirement. It consists essen-
tially of a battery with its centre point earthed, which
supplies a nominal 80 4+ 80V d.c. to the telegraph equipment
and feeds two motor-alternators in parallel. The motor-
alternators provide a 240V 50-c/s supply to the electronic
equipment and emergency lighting.

The battery is floated across two mains-fed 3-phase
mercury-arc rectifiers in series, with a third rectifier as
standby. Each motor-alternator is rated to supply the full
load if the other motor-alternator fails. In the event of a
mains failure the a.c. supply to the rectifiers is taken from
a manually-started engine-alternator, the outputs being
maintained by the battery during the change-over period.

The output voltages of the rectifiers and the alternators
are automatically controlled but facilities are also available
for controlling the plant by hand. Local and extended
alarms give indications of failure or misoperation of any
part of the plant.
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A New Deep-Sea Coaxial Cable®

U.D.C. 621.315.212:621.315.28

R. A. BROCKBANK, ph.D., B.Sc.(Eng.), AM.LE.E.,
and A. L. MEYERS, B.sc.(Eng.), M.L.E.ET

Development work during the last five years has resulted in a new type of deep-sea coaxial cable which is cheaper and lighter than the
present conventional type. It has no external armour and is virtually free from any tendency to kink. Ocean trials are about to take place,
and, if successful, the armoured type of deep-sea telephone cable will probably soon become obsolescent.

years ago it has been standard practice to armour

them for protection and longitudinal strength with
a single layer of steel wires. This armour consists of very
heavy wires for shallow depths, where trawls, anchors,
rocks, etc., may damage the cable. In ocean depths the
wires are reduced to a size which will give adequate
tensile strength for laying and recovering the cable. A
major disadvantage which has always existed for single-
layer wire armoured cables results from the comparative
freedom with which the cable twists under tension,
thereby tending to throw turns or loops into the cable
at a low-tension point, which in practice is normally the
sea bed.! Under subsequent tension these turns develop
into kinks which may seriously damage the cable. The
advent of rigid submerged repeaters has further tended
to aggravate this trouble. Double-layer wire armour with
reverse lays is a cure but only at the expense of greatly
increased cost, heavier cable-laying engines and reduced
cable capacity in the ship’s tanks.

In August 1951 the British Post Office proposed? an
entirely novel type of construction for a deep-sea coaxial
cable. Since steel-wire protection is unnecessary in deep
water, where almost perfect quiet reigns, the strength
member can be placed at the centre of the inner conductor,
which is ineffective in so far as carrier-frequency trans-
mission is concerned. The steel used in this position can
have a very high tensile strength and in strand form it
can be designed to be balanced, i.e. with no tendency to
twist under tension. A further advantage gained from
placing the steel at the centre is the complete elimination
of any deterioration in the strength of the cable with
time, such as occurs to a greater or less extent on con-
ventional cables through corrosion of the armour wires.
It was proposed that the steel strand should be enclosed
with a longitudinal copper tape to form the inner
conductor, and this should prove to be rather more
efficient and more stable than the normal type of stranded
copper conductor. Polythene insulation was then to be
extruded to a suitable diameter and the outer conductor
applied in the form of long-lay tapes. An overall pro-
tection with a suitable type of non-metallic sheath
completed the cable. Aluminium was initially proposed
as a satisfactory material for the outer tapes, and because
of the resulting very low weight of this new cable,
particularly in water, it has since been called the “light-
weight’’ cable.

A submarine cable manufacturer was consulted, and
with his active co-operation the first experimental length
of a light-weight cable using copper return tapes was
produced before the end of 1951. This cable has a core
diameter of 0-80 in., an ultimate tensile strength of about
5 tons and a weight in water of about 15 cwt/n.m.,} which
would have reduced to just over 10 cwt/n.m. if aluminium
tapes had been used. The external protection consisted
of compounded hessian tapes.

During the next few months a large program of

* This article is reproduced by permission of The Institution
of Electrical Engineers. It first appeared in the Journal of the
Institution, 1956, Vol. 2 (New Series), p. 572.

t Dr. Brockbank is a Staff Engineer, Post Office Research Station,
and Mr. Meyers is with Submarine Cables, Ltd.

1 n.m. = nautical mile.

SINCE the first submarine cables were laid some 100

tests was carried out to determine the general mechanical
and electrical properties of this cable.

Some of the results can be mentioned briefly as follows:

{(a) The centre conductor did not penetrate into the

polythene when held for 30 min round a 34-ft diameter
drum at near breaking load.

(b) The cable withstood several backward and forward

bends round a 4}-ft diameter drum, with no observ-
able damage, though round a 2-ft diameter drum a
slight wave could be detected on the copper tapes.

(¢) Preliminary soft-soldered steel-strand joints yielded

about 60 per cent of the strength of the steel strand.

(d) Holding the cable with seaman’s stoppers would

apparently have been quite successful but for the
sliding of the compounded hessian protection.

(¢) There was a complete absence of knuckling.

(f) Intermodulation due to the steel strand could not be

detected even at frequencies as low as 2 kc/s.

It was concluded from this series of tests that the cable
was a practical proposition and should possess important
advantages over existing submarine telephone-cable con-
struction. More development was, however, shown to
be necessary, e.g. for improving the balance of the strand,
improving the grip of the inner copper conductor on the
steel strand and providing a more rigid outer protective
sheath. A preliminary study indicated that for the same
attenuation the cost of a light-weight cable would be
appreciably less than that of an equivalent conventional
cable with deep-sea armour.

High stability of the electrical characteristics of a cable
is essential in any multi-repeatered submarine telephone
system. This requirement has become much more severe
recently in view of the enormous attenuations now being
envisaged for possible future broad-band transoceanic
systems. Precision stability measurements on short
lengths of cable are extremely difficult, and it is also not
easy to simulate the effect of laying operations and
ocean bottom conditions. These factors were appreciated
when the use of aluminium return tapes was proposed,
since this material is notorious for its aptitude to corrode
in many situations. It was considered, however, that with
suitable precautions corrosion could be kept very low.
All possible information on this aspect of the cable was
sought, and laboratory and sea tests on aluminium samples
were started, but it was evident that none of these data
would give a direct answer as to the resultant change in
electrical characteristics of the cable. It was provisionally
assumed that if there was little visual evidence of corrosion
the electrical performance would not be seriously impaired.
Experience with copper for outer conductor tapes is
considerable and generally satisfactory, and its possible
use in this cable was not precluded though it would appreci-
ably decrease the modulus, defined as the length in water
which the cable strength can support.

Progress in the further development of the cable
continued but at a much reduced rate owing to the heavy
commitments of both organizations over the transatlantic
telephone cable system. Several lengths of cable were
manufactured embodying progressively improving tech-
niques of which the most important were as follows. A
steel strand was developed® which showed less than one
quarter of a turn twist in 30 fathoms up to 90 per cent
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TABLE 1
Comparison of Light-weight and Conventional Cable

l
Core r Overall | Relative Weight Attenuation
Cable type diameter diameter 1 cost Strength Modulus at 552 kc/s
| | Air | Water
inches | inches tons/n.m. tons/n.m. tons n.m. dB/n.m.
Light-weight 0-80 1-02 0-8 15 05 5-1 10 2-60
|
Laght-weight 0-99 i 1-23 } 1-0 2:0 } 0-6 6-7 11 2-05
i
Transatlantic, Type D.. 0-62 i 1-27 : 1-0 3-1 il 1-8 125 7 3-06

of the breaking strength. Still later it was found that
the strength of a strand could be increased by a swaging
technique. Several methods of applying the copper
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A Torsionally balanced steel strands (26/-033 m. plus 4/-380 1n ).
B Longitudinal 15-mil copper tape with box seam.

C Polythene to 0-800 1n. diameter.

D Six 15-mil aluminium tapes.

E 10-mui cotton tape mmpregnated with corrosion imnhibitor.

F Polythene sheath, of outside diameter 1-02 in.

F1G. 1.—CROSS-SECTION OF LIGHT-WEIGHT CABLE

Book Review

“Color Television Receiver Practices.” Edited by Charles E.
Dean. Chapman and Hall. 200 pp. 96 ill. 36s.

Much of the experimental work in connexion with the
development of the system of colour television now in use in
the U.S.A. took place at the laboratories of the Hazeltine
Corporation. This book is based on a series of lectures presented
by members of the Hazeltine staff to visiting engineers from
various manufacturing companies, and who could be better
qualified to write on the subjects dealt with?

The book opens with a discussion by Mr. A. V. Loughren,
former head of research at Hazeltine, of the factors that led to
the choice of the N.T.S.C. standards for the U.S. colour system.
Whatever may be its shortcomings, the N.T.5.C. system,
whereby colour signals are transmitted in a band-width no
greater than that used for monochrome signals, is a masterpiece
of technical ingenuity and all credit must go to the engineers
who developed it. Full details of the F.C.C. specification for
the system and a useful set of definitions are given in the
second chapter.

Two chapters are devoted to colour display devices, the first
in a general way to the various types of display that have been
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conductor were tested: a suitable one appeared to be a
tightly applied longitudinal tape closed with a folded
box seam, the slight protuberance due to the seam not
being considered to be a disadvantage. After a tight
application of polythene the aluminium tapes are held
closely to the surface of the polythene with a cotton tape
heavily impregnated with barium chromate, which experi-
ence suggests as being efficacious as a corrosion inhibitor.
A tightly extruded sheath of polythene over the cotton
tape then completes the cable. Swaging has now displaced
soft soldering as a means of jointing the steel strand.
Fig. 1 shows a cross-section of a late version of the cable.

Although most development work has been centred
on a core diameter of about 0-8 in., a larger cable with a
core diameter of 0-99 in. has now been designed. Some
interesting comparative data on these two cables and a
modern conventional 0-62-in. cable is given in Table 1.

The first ocean trials with a length of light-weight
coaxial cable including a rigid repeater are scheduled to
be completed before the end of the year. It is confidently
expected that the superiority of this type of cable will
be demonstrated, in which event the armoured deep-sea
type of telephone cable will rapidly become obsolescent.

References

! BEsLEY, J. C., and Higgitt, H. V. The Recovery of Deep-Sea
Cable. Journal 1.E.E., Vol. 72, p. 160, 1933.

2 British Patent No. 703782.

8 British Patent No. 740647.

developed in different places and the second to that incredibly
ingenious device, the R.C.A. three-gun shadow-mask tube. It
is perhaps to the colour-display-device field that we must look
for the most interesting future developments in colour tele-
vision; a notable omission from this section of the book is any
mention of the Philco “apple” tube, which may prove to be a
serious rival to the shadow-mask tube.

Approximately half the book deals with the special circuitry
required in a receiver for the N.T.S.C. signals; the decoders
for extracting the chrominance information from the compo-
site signal and putting it into a form suitable for application
to the display device; the special arrangements for synchro-
nizing the local oscillator used for synchronous detection of
the chrominance information; and the special requirements in
the i.f. and video amplifier performance of the receiver. A final
chapter deals with the laboratory test equipment needed for
dealing with colour television receivers.

Altough dealing entirely with receivers for the American
N.T.S.C. system, much of the information contained in the
book will be of the greatest value to engineers concerned with
the development of colour television receivers for the other
systems at present under consideration in different countries.

T. K.






Operational Research in the Post Office

Part 1.—Sampling by Random Numbers
U.D.C. 31:383/384:519/24

H. J. JOSEPHS, MIEE, and
R. A. HASTIE, MA}

The authors of this article have been consulted on a number of problems to which operational research methods are applicable, and
this article is a result of a suggestion to them that some ‘“thinking aloud’’> on broad lines may be of interest to readersof the Journal.
In operational research reliance must be placed only on those measurements or observations to which the mathematical theory of
probabilities can be applied. Thus it is apparent that the two mainstays of operational research are scientific sampling and the use of
probability models to describe observations; some aspects of these will be discussed in Parts 1 and 2 of this article, respectively.
No attempt is made to enter into great detail in either Part since each would need a text-book to do it justice. Instead, the discussion
has been kept fairly general and is illustrated by cases chosen not so much for their merit but because work has recently been done on
them by the Research Branch of the Engineering Department.

INTRODUCTION

PERATIONAL research has been defined by Sir
OCharles Goodevel as ““. . . the use of the scientific

method in providing executive departments with a
quantitative basis for decisions regarding the operations
under their control.”

Obviously the subject is not new but has been practised
implicitly for a long time under such names as quality
control, market research, trunking and grading theory, etc.
It was only during the war that it received explicit recogni-
tion when it was applied successfully to problems such as the
optimum size of convoys, the interception of enemy planes
and the effectiveness of bombing techniques. Since then
operational research methods have been developed and
used with success in many branches of industry.

Since the war the problems of road and rail traffic have
been found to be particularly amenable to the operational
research approach. Now the Post Office runs two large
traffic concerns, one being the postal service and the other
the telecommunications service. Their problems are largely
analogous with those of road and rail traffic and operational
research methods are likely to be even more effective in
dealing with them since Post Office channels are easier to
control. From this point of view alone the Post Office
offers a wide field for operational research. But there are
many other problems for which it can be useful. For
example, a vast amount of Post Office plant must be
maintained efficiently and operational research can help
in deciding how much maintenance is worth while and what
form it should take. It may be applied also to problems
concerning staff working conditions such as lighting
standards, to the setting of realistic specification limits,
and so on.

TYPES OF SAMPLES

Most operational research involves sampling in some way,
and this is particularly so when applied to Post Office
problems. Any maintenance or traffic problem, for example,
must ultimately involve observational data which can be
obtained only on a sampling basis.

It is often found that a phrase such as “‘take a sample”
or “a ‘representative’ sample shows that . . .” has been
written in a context which indicates a lack of appreciation
of the many different types of samples. A sample may be
stratified or unstratified. In the former case, the popula-
tion (or totality of items or possible observations) is
divided into strata, and the sample is formed by taking items
from each stratum and combining them. For an unstrati-
fied sample the population is considered as a single stratum
from which the whole sample is taken.

Unstratified sampling will be considered first. The
sampling is not defined completely until three things have
been specified, namely,

(1) whether the sampling is with or without replacement,

T The authors are, respectively, Principal Scientific Officer and
Senior Scientific Officer, Post Office Research Station.
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(2) the manner is which sample items are chosen, and

(3) a rule for deciding when the sample is complete.
The sampling is with or without replacement according to
whether the sample item is or is not replaced in the
population before the next item is selected. Sampling
without replacement gives more precise results in the sense
that the sample items have smaller “spread’’ or sampling
variance; but, provided the ratio of sample size to
population size is small, there is so little difference between
sampling with replacement and sampling without replace-
ment that the choice should be made on practical grounds.

In any scientific sampling scheme the items must be
chosen either at random or in a defined manner (such as
every 10th item). But often in practice the items are chosen
in a “haphazard” manner or “without conscious bias,” in
the belief that this is the same as ““at random.” As a result
the sampling becomes unscientific and wrong conclusions
may be reached.

The rule for (3) should state either a sample size or a
condition which must be satisfied by the observer before
sampling stops. The former method is the more common;
but the latter method is used in multiple and sequential
sampling schemes for acceptance testing.

Thus there are many different forms of unstratified
sampling; likewise, there are as many forms of stratified
sampling as there are ways of specifying (1), (2) and (3) for
each stratum. Of the various forms of sampling those which
are most useful for the Post Office are,

(@) unstratified random sampling with a fixed sample size,

with or without replacement, and

(b) “‘representative sampling” in which a random

sample is taken, with or without replacement, from
each stratum, the size of the sample from each
stratum being fixed and proportional to the size of the
stratum.
It should be noted that the term “representative sample”
has a precise technical meaning and care should be taken
not to use it loosely.

RanpoM SELECTION

The reliability of sampling conclusions will depend
largely on the ability to make random selections. “‘A
random selection” means the selection of an item when
each item that is available for sampling has the same
chance of being selected.

Most people think it an easy matter to select items at
random, mainly because they tend to identify random with
haphazard or lack of conscious bias. In practice it is
impossible for a human being to make random selections
unaided. The reader may be familiar with the party trick in
which the digits 1, 2, 3 and 4 are written on a sheet of paper
and the subject is asked to cross one out “at random.”
Another sheet of paper face downwards on the table says
“You have crossed out 3.” A large proportion of people do
cross out 3 and are surprised when the sheet is revealed.
If asked why they crossed out 3, they tend to suggest that
1 and 4 being at the ends were almost ‘“‘unrepresentative”



and the choice of 3 in preference to 2 may be due to a right-
hand bias.

The same effect has been noticed in postal sampling. An
instruction states that a postman shall pick a letter at
random from the stack on the bed of his sorting fitting. In
practice it is found that he tends to select the letter from
near the centre of the stack by associating the randomness
of an item with a vague “representativeness” and the latter
in turn with “middleness.”” If the number of letters to be
selected is increased, he tends to spread them evenly over
the stack in a most unrandom manner.

The difficulty is apparent when random selections are
examined, for somehow they tend to look unrandom. Con-
sider, for instance, the following five selections of three
numbers in the range 000 to 999:

(a) 266, 205, 413,
} 279, 979, 992,
) 56, 167, 244,
) 317, 795, 911,
e) 167, 415, 952.
If it is necessary to make one selection only, it is unlikely
that selections such as (a), (b) or {¢) would be chosen,
although the five selections are random selections, with
replacement, written in ascending order. With (a) and (c) all
the numbers lie in one half of the number range, and
instinctively this gives a feeling of unrandommess even
though one-quarter of such random selections will exhibit
this characteristic on the average.

In addition to this position bias, there is item bias if
items are not identical in appearance. For example,
in a horizontal stack of letters, those which are wider than
average tend to get too great a chance of selection; and biasis
also introduced by the varying thicknesses of the envelopes
and their different colours. Furthermore, an awareness of
these dangers is not likely to result in much improvement
in the selection of the letters. The above examples can be
regarded as illustrations of Borel’s theorem, which states
that the human mind cannot imitate chance and that when
any human element of choice is allowed free play, bias
inevitably creeps in.

(b
(e
(d
(

RanpoMm NUMBERS
Because of the difficulty of bias, tables of random numbers
have been constructed. One such table is due to Kendall
and Babington Smith (K. and B.S.)2, and an extract of this
is given in Table 1.

TABLE 1
2682 5326 9319 3150
3914 1755 7921 5226
7146 4773 9805 6654
5036 5993 1144 1999
6924 9765 3616 0132
0441 7622 5076 8452
6014 0500 0735 9180
1962 1815 6818 4451
2419 6778 7622 5306
5537 8818 2108 0729

This table contains 100,000 digits and has been constructed
so that each digit has had the same chance of selection
at each trial. As explained later, it may be used as a reliable
means of making random selections from the enumerable
populations that arise in Post Office investigations.

There are many ways of generating such random number
sequences; for example, by noise levels in thermionic valves,
by radioactive disintegration®, by a large number of
arithmetical operations on selected numbers, etc. But how
is it known that these numbers are random? .

In practice it can never be said that a set of numbers

is “completely random.” All that can be done is to set up
the hypothesis that the numbers are random and apply
probability tests to see whether any evidence can be found
for rejecting the hypothesis. The most favourable conclusion
is that no evidence can be found for supposing they are not
random. If this conclusion can be reached after applying
such tests of significance it may be assumed that thenumbers
are random enough for practical purposes.

The K. and B.S. table has been tested for randomness
on the assumption that the digits will be read row-by-row.
But in practice there is virtually no danger in reading the
digits column-by-column or diagonally or in any way at all,
provided that neither the selection of a digit nor its position
within the selection depend on its value. For instance the
1st, 2nd, 4th, 16th, . . . digit may be used; so also may the
sequence defined by every digit which is preceded by a
Zero.

Raxpom SELEcTION FrROM A KNOWN POPULATION

In many Post Office applications of random number
sampling the populations involved are small. As an
example, suppose it is desired to take a random sample of
eight telephone sets from a population of 85. The sets are
numbered 01 to 85 and pairs of random digits are taken from
the extract of the K. and B.S. table given at Table 1, thus

26, 82, 53, 26, 93, 19, 31, 50, 39, 14, . . ..
Crossing out 00 and any number in the range 86-99 leaves

26, 82, 53, 26, 19, 31, 50, 39, 14, . . ..
which is a random sample with replacement from the num-
bers in the range 01-85. Hence if eight telephones ate to be
sampled with replacement the telephones sampled are
those numbered

19, 26 (twice), 31, 39, 50, 53 and 82.
If the telephones were to be sampled without replacement,
any number appearing more than once must be counted
as appearing only once, giving

26, 82, 53, 19, 31, 50, 39, 14, . . .
the first eight numbers in this sequence specifying the
telephones to be sampled.

Now suppose that in an investigation of Post Office
lighting standards it is wished to sample 25 rooms from a
population of 173, and suppose that the sampling is with
replacement. In the same way as before the rooms could
be numbered 001-173 and random digits taken three at a
time, giving

268, 253, 269, 319, 315, 039, 141, 755, 792, 152, . . . .
Any 000’s and any numbers in the range 174-999 could then
be crossed out, leaving

039, 141, 152, . . ..

This process is obviously wasteful since only three sample
rooms have been specified although 10 random numbers
have been selected. It can be made more economical as
follows. Suppose that the first digit of each number in the
original sequence is counted as 0 if it is even and as 1 if it is
odd. Then, since the first digits were equi-probable, the
modified sequence

068, 053, 069, 119, 115, 039, 141, 155, 192, 152,
will give a random selection of the numbers 000—199
This sequence is modified as before by crossing out any
000’s and numbers in the range 174-199, givin,

068, 053, 069, 119, 115, 039, 141, 155, 152, . . .,
so that only one random number out of 10 has been wasted.
Alternatively the modification could have been made by
counting each first digit as 0 if it liesin the range 0 to 4 and
as 1 if it lies in the range 5 to 9. This yields the modified
sequence

068, 0563, 069, 019, 015, 039, 041, 155, 192, 052, . . .,
which in turn reduces to

068, 053, 069, 019, 015, 039, 041, 155, 052, . . . .

In the above examples it has been assumed that the
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populations considered can be numbered readily. This
is often the case with Post Office populations where num-
bering effectively exists on standard forms.

Review of Post Office Lighting.

Although random number sampling in the Post Office
often involves small populations, cases arise in which
large populations are involved. Such a case arose recently
when it was desired to find out the extent to which Post
Office lighting throughout the country was below the
interim standard laid down by the Treasury. It was also
desired to find the cost of bringing all the lighting up to that
standard and the methods by which it could be most
economically achieved. At first it was thought that complete
buildings must be taken and thoroughly surveyed, the
buildings being chosen in some way assumed to be represen-
tative. This, compared with random number sampling,
would have been very expensive, for a large number of
buildings would have had to be sampled. Thisis because the
variation in lighting standard is mainly between buildings
rather than within buildings. An unstratified random
sample of lighting points seemed desirable to minimize
the task of inspection, provided that questions of cost, etc.,
could be related in some way to individual points.

Now there is a large number of lighting points in Post
Office premises (approximately 600,000) and these are
partially numbered on standard forms. A form (A56) shows
the number of lighting points in each Post Office building
or group of buildings and a list was made giving this
information, as in Table 2,

TABLE 2
Building  No. of points ~ Numbering Scheme
1 478 000,001—000,478
2 22 000,479—000,500
3 1,631 000,501—002,131
4

103 002,132—002,234

It was estimated that about 1,000 sample points would be
needed to find the extent to which the lighting was below
standard with sufficient accuracy; and that questions
referring to costs, etc., need apply to about 280 points only.

Accordingly, 6-digit random numbers were taken without
replacement until a sample of 1,000 points was generated.
By reference to the list at Table 2, the distribution of the
sample was put into the form,

Building No. of points to be sampled
3 3

7 1

there being no indication as yet of the positions of the
sample points in the buildings.

For each building with sample points, a list was prepared
showing the number of points in each room, corridor, etc.,
and the sample points were then located as lying in particular
positions. For example, three points were required at
random from building No. 3 which had 1,631 points. The
list of rooms in that building appeared as,

Room, etc.  No.of points Numbering Scheme
1 10 0,001-0,010
2 25 0,011-0,035
3 2 0,036-0,037
4

8 0,038-0,045

and three random numbers in the range 0,001-1,631 specified
three locations (sometimes less, if more than one sample
point appeared in one room). For questions concerning
the standard of lighting the room appears as a natural
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unit, for the questions cannot be referred to a single point.
Accordingly, for each room that contained sample points,
enquiries were made concerning the numbers of local and
general lighting points, their wattages, whether or not
the local lighting as a whole was up to standard and
similarly for the general lighting. For 280 of the points
(chosen from the 1,000 by taking 3-digit numbers at random
from the range 000-999) further enquiries were made con-
cerning the cost of bringing the lighting in the corresponding
rooms up to standard, the method by which it would be
done and the new wattage required, together with a query
concerning why the lighting had not already been brought
up to standard.

The data for a sample point in a room was then taken
to be the average over all points in the room so that the
individual observations were really mean values, giving
more information than would normally be obtained from
1,000 independent points. The estimate of 280 points for
the cost questions was too low since there were fewer points
below standard than expected, and the cost questions were
eventually completed for every point below standard.

This sampling survey of a large Post Office population
was easily and quickly made; it showed what proportion
of the lighting points in the country are below the standard
and what proportion are above; it also enabled estimates
to be made of the capital cost of bringing the lighting up to
the desired level and the resulting annual cost of electricity.

RANDOM SELECTION FROM AN UNKNOWN POPULATION

So far random numbers have been used to sample static
populations, i.e. populations in which items are available
long enough for the items to be numbered before selecting
the sample. Some important Post Office populations,
however, are dynamic. Two examples are the calls passing
through an exchange during a day and the postal items
delivered during a year; in these cases, the complete popula-
tions are unknown until the end of the day or the year,
when most of the items are no longer available. Neverthe-
less, random samples can be taken from such populations
provided certain conditions are satisfied.

As a simple illustration of a dynamic population the
transactions made by a counter clerk during a day will be
considered. Suppose it is desired to sample these transac-
tions; it is obvious that the total number of transactions
cannot be known until it is too late to sample, but it may
be felt that it is certain that the total will be less than,
say, 300. If a sample of seven is wanted, ten (say) random
numbers are taken in the range 001-300, giving the transac-
tions numbered

15, 19, 39, 141, 152, 155, 192, 253, 268, 269.
An attempt is made to sample these but only eight of them
are realized if the number of transactions turns out to
be 261. A moment’s reflection should convince the reader
that these eight transactions are nevertheless a random
sample of the days transactions since the eight numbers
are a random selection from the range 001-261.

It will be noted that a sample of eight was realized
instead of seven as desired. An essential feature of sampling
dynamic populations by random numbers is that the realiz-
able sample size cannot be predicted but is a random
variable. This is a small price to pay. It is usually possible
to obtain a larger sample than is absolutely necessary.
The excess observations may be thrown away later (on a
random number basis) if the data is costly to process;
otherwise they should be retained to give more sensitive
conclusions.

To enlarge this illustration, suppose it is wished to
sample the transactions made by the counter clerk during
a year. It will be assumed that there are 310 working days
and an upper limit of 300 transactions a day. The possible



transactions may be numbered 00,001-00,300 for the first
day, 00,301-00,600 for the second day and so on to 92,701~
93,000 for the last day. Random numbers in the range
00,001-93,000 are selected giving, say,
26,825, 32,603, . . . .

and these are interpreted as the 125th transaction on
the 90th day, the 293rd transaction on the 109th day, etc.
These transactions are looked for and those which actually
take place form a random sample of the year’s trans-
actions.

A random sample can be specified from any dynamic
population by selecting random numbers in the range
00 ... 001 to M, provided each item can be represented
uniquely as it arises by a number not exceeding M. More
generally, each item can be represented by a set of numbers
(a; b; c; ...). Arandom sample is then specified by selecting
a value of

a from the range 00 .. . 001 to 4

b from the range 00 . . . 001 to B

.. .etc,

it being known that the greatest values of a4, b, ¢, . . . .
will not exceed 4, B,C, .. .. Thisformis often advantageous
in practice since the components a, b, ¢, . . . . can lessen the
task of locating the item. For example, in the illustration
above, (4; 8) could indicate the bth transaction on the ath
day, so that the sample transactions would be (090; 125),
(109; 293), . . . ; in this case A =310 and B = 300.
Similarly, if more counter clerks were involved in the investi-
gation, (a; b; ¢) could be used to denote the bth transaction
by the cth clerk on the ath day.

The problem of taking random samples from dynamic
populations reduces to that of devising a numbering
system which will cover all the items that may arise. But
the choice of numbering system and the practicability
of the sampling depend on,

(i) the ease of locating an item corresponding to a given
number, and

(ii) the redundancy of the system, i.e., the proportion of

numbers in the system not corresponding to realitems.
These factors are not independent, since a greater redun-
dancy usually makes it easier to locate a sample item, but
increases the number of sample items to be sought. In
practice, a compromise between the two must be made by
experience and experiment.

An interesting feature which widens the scope of this
form of sampling is that it can be used to determine the
size of a dynamic population. Suppose, for example, a
numbering system has been set up which contains M
permissible numbers. A sample of S random numbers is
taken and results in the location of x real items. An un-
biased measure of the population size is therefore xM/S and
the precision of this measure may be found readily.

Double Register Technique.

The Post Office delivers about 9,000,000,000 items a
year. Is it practicable to take an unstratified random
sample from this population? Consideration of this problem
has led to the development of the double register technique
described below.

The numbering system has been based on the delivery
process. The main reason for this is that one of the quanti-
ties that it is desired to be able to measure is the proportion
of items not receiving ‘‘due-course” delivery. Nevertheless
the delivery process would probably have been chosen
anyway since it is virtually the only process that every
item goes through just once.

Just before delivery, an item will appear at a place such
as a postman’s preparation stage, a private box, a checking
bay for van deliveries, etc. This “delivery outlet”, together
with a position within the outlet and the time at which the
outlet operates, completely specify the item.

In fitting the specification to a numbering system, the
time element must be made discrete. This is done with
little redundancy by making each outlet operate once on
each weekday and never on Sundays, so that a 3-digit
“date number” is sufficient. In consequence any postman’s
preparation stage which is used for two deliveries a day is
considered as two separate outlets operating once a day;
and corresponding conventions are used for the other
varieties of outlet. Separate numbers for a delivery outlet
and the position of an item within it would give too great a
redundancy because the outlets differ considerably in
magnitude. A “position number” is used to represent
an item both by means of national and local registers.

A local register relates to one office and takes the form
shown in Fig. 1. On this form each delivery outlet (at the
office concerned) is listed under (2) and an overestimate
of the greatest number of items taken by each outlet
appears under (3). Position numbers are allocated serially
to the outlets, each outlet having as many position numbers
as its magnitude; the ranges of position numbers are shown
in (1). Separate local registers are used for letter corres-
pondence, packets and parcels, and each local register
starts with position number 00 . . . 001

The construction of the national register (which is kept
at Headquarters) is shown in Fig. 2.

The local registers are listed under (2), and the magnitude
in (3) is found by summing the magnitudes initially on
the local register and increasing this by 50 per cent.
National position numbers are allocated serially to the
local registers as shown under (1).

O] 2 3)

Local position

numbers
Delivery outlet Magnitude
Lowest | Highest
(e.g.) (e.g.) . (e-g)
00,001 | 00,720 | Postman’s preparation stage No. 1
(mght-mail) 720
18,741 | 19,220 | Postman’s preparation stage No. 24
(night-mail) 480
19,221 | 19,600 | Postman’s preparation stage No. 1
(day-mail) 380
19,601 | 19,840 | Postman’s preparation stage No. 2

(day-mail) 240

| | i | |
Local register: (e.g ) Pontypool—letter correspondence
Highest permussible position number: (e.g.) 48,180

F1c. 1.—ForM oF LocaL REGISTER.

, n @) L ®
National position numbers '
Local register ‘Magm'tude
Lowest 1 Highest i
(e-g) 1 (e-g) | (eg)
| 092,075,041 | 092,980,560 | Pol . . . . (letter corr) | 4,620 |
092,980,561 | 093,028,740 | Pontypool (letter corr.) 48,180
Por . ... (letter corr.)

093,028,741 | 093,031,920 3,180

F1c. 2—NATIioNAL REGISTER.
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In this way an item is specified by a 3-digit date number
and a 9-digit position number. The identification of an
item corresponding to a number pair such as (176;
092,999,409) is simple. Inspection of the national register
shows that the position number refers to the local register
for letter correspondence at Pontypool, and the corre-
sponding local position number is 092,999,409-092, 980,560
which is equal to 18,849. From the local register at Ponty-
pool this is seen to correspond to the 18849-18740 = 109th
item in the outlet formed by postman’s preparation
stage No. 24 (night-mail delivery). This outlet is examined
on the day specified by the 3-digit date number and the
109th item is sought. A rule is needed therefore to enable
the position of an item in an outlet to be specified. The rule
is that a person may count the items in any order whatever
provided he chooses the order before he knows which item
is to be sampled. -

The double register technique allows the population of
delivered items to be numbered and sampled with a
tolerable redundancy. The use of local registers gives
flexibility to meet the changing pattern of traffic during the
sampling period. A local register is retained at its office
and may be altered in any way without affecting either the
randomness of the sampling or the national register at
Headquarters; provided, of course, that the changes do not
require the use of more local position numbers than have
been allocated. This latter case is unlikely to arise, however,
since each local register has been given a liberal allowance of
spare position numbers; but an additional safeguard can be
arranged by having spare position numbers on the national
register at Headquarters.

This sampling technique may be used for measuring with
a determinate accuracy any national postal characteristic
which is deducible from an examination of the items at
their offices of delivery. For example, it will yield:

(i) the national quality of service index,

the average weight of letter correspondence,

the ratio of packets to letters,

the measurements necessary for the classification of
correspondence return,

the number of ton-miles of parcels carried by the
railways in a year,

the numbers of printed papers, meter postings, official
postings, twopenny stamps used, etc.

Although designed for national measurements the double
register technique is also applicable to Regional measure-
ments and special measurements at individual offices but
it is not economical for routine local measurements. It is
important to note that all the measurements may be made
with a sample size of about one item per million delivered.

It is impracticable to give all the details of the postal
application here, but sufficient has been given to show the
generality and flexibility of the technique. This has been
done because the double register technique is applicable to
other dynamic populations in the Post Office, such as
populations of telephone calls, telegrams, apparatus
faults, etc. Preliminary experiments for assessing the
practicability of the technique have been completed
successfully.
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SAMPLE SIZE

The above discussion, which stressed the importance of
random numbering schemes in Post Office investigations,
gave but little information concerning the optimum size
of sample. The question as to how large a sample should be
enters every sampling problem. The size of the sample
depends not only on the precision required but also on other
factors such as the nature of the distribution and its

parametric values. Thus the determination of the optimum
sample size may be difficult; nevertheless, it is possible to
give some rough general guides suitable for the purpose of
operational research.

When sampling some variable characteristic an attempt
is generally being made to find its mean value X accurate
to a with ¢ per cent confidence. Then the sample size # is
given by

ne~k2oat. L. (1)

where o is the standard deviation of the parent population.
In this formula %, is a parameter depending on ¢. When
c=90,%k, =165 and when¢ =95, £, = 1-96. Before n
can be calculated from (1) it is necessary to determine o.
For normally distributed characteristics this merely in-
volves plotting the cumulative frequencies of the observa-
tions on arithmetic probability paper. The essential
features of this determination are illustrated in Fig. 8, in
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which the observations refer to a scraper test made to
determine the mechanical strength of a new type of cable
braiding. Details of this simple process have already been
described in the Journal.t
In attribute sampling each sample item either does or
does not possess a given characteristic 4. Generally it is
desired to know the proportion in the parent population
possessing A. If this proportion is about P per cent and is
required accurate to @ per cent with ¢ per cent confidence,
then the sample size # is given b
n o~ kAP (100—P)a?. ............. (2)

for 5 <C P < 95: k&, is a parameter depending on ¢, with the
same values as in (1).

(to be continued)
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The Rugby “B” High-Frequency
Transmitting Station

U.D.C. 621.396.7.029.58

A. COOK, B.5sc. (Eng), MLEE., and
L. L. HALLY

International communications between the United Kingdom, the Commonwealth and the rest of the world depend on the submarine

telegraph network, which has been built up over the last hundred years or so, the radio telegraph and radio telephone systems built up in

the last 30 years, and quite recently the repeatered submarine telephone cables. The need for long-distance international communications
is growing rapidly and is likely to continue to do so in the foreseeable future.

Radio transmission plays an important part in the longer distance interconnexions, and in the course of normal development a new radio-

transmitting station has been built at Rugby adjacent to the existing station.

The station was formally opened by the Postmaster-

General on 28th July, 1955, and by March, 1957, the building had been equipped to its full capacity of 28 high-frequency transmitters of
30-kW power rating, and some 70 aerials had been provided on the site of 700 acres. This article is based on a paper presented to the
Institution of Post Office Electrical Engineers during the 1956-57 session.

INTRODUCTION

MEMBER of the public in the United Kingdom can
Acommunicate with some 95 per cent of the telephone

users in the world, and exchange telegrams with many
more individuals, via the national and overseas services
provided by the Post Office. Radio transmission plays a
very important part in the long-distance communications
to overseas fixed stations and carries all the traffic in the
marine mobile services; 23 Post Office radio stations
are employed in the United Kingdom for these purposes.
Long-distance point-to-point radio services are established
to 66 overseas centres, and over 50 telephone and some
100 telegraph channels are operated, mainly in the h.f.
band (3-30 Mc/s). These services are routed through
central offices at Electra House, Central Telegraph Office,
and the Radio Telephone Terminall in London, to
transmitting stations at Bodmin, Criggion,? Dorchester,
Leafield, Ongar and Rugby, and from receiving stations at
Baldock, Bearley, Brentwood, Cooling and Somerton; the
marine services are worked from the Burnham-Portishead
receiving/transmitting station and 11 coast stations around
the United Kingdom.

POST
CENTRAL OFFICE
TELEGRAPH
OFFKE

RADIO

INTERNATIONAL INLAND
g b et b T

TERMINAL NETWORK

ROUTMG OF RADIO TELEPHONE CONVERSATION

t T d?n‘_)_ RECENING
SN STATION

Fic. 1—PositioN OF RUGBY TRANSMITTING STATION IN THE
COMMUNICATIONS CHAIN.

The function of a point-to-point transmitting station in
the communications network is shown in Fig. 1. Telegraph
traffic from post offices, telegraph offices and the telex
network is routed via the central telegraph offices to the
transmitting station and thence via radio to the overseas
destination. Similarly telephone calls are routed via the
International Exchange and the Radio Telephone Terminal
to the transmitting station.

Of the equipment required in the United Kingdom for the
provision of these services, the numbers of h.f. trans-
mitters installed from 1925 onwards are shown in Fig. 2.
The continued growth is clear and, from 1940, the rapid
expansion has been associated with considerable improve-
ments in technique which have resulted in still greater

+ The authors are Assistant Staff Engineers, Radio Planning and
Provision Branch, E.-in-C.’s Office.
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Fic. 2—GrowTH OF H.F. TRANSMITTERS ON PUBLIC TELEPHONE
AND TELEGRAPH SERVICES.

growth in traffic capacity than is indicated by the number
of transmitters. Nevertheless, the number of installed
transmitters has been recorded since it is this which is of
direct interest when considering the provision of a trans-
mitting station.

Although considerable expansion had taken place at all
Post Office transmitting stations between 1940 and 1945,
the pressing need for additional circuits led to the expansion
of the Rugby A station from 11 to 20 h.f. transmitters
between 1948 and 1951 and to plans for a new station to
house a further 28. After long and careful search it was
decided to locate the new station also at Rugby on an
adjacent site of 700 acres. Building work was started in
1952 on the new site, now known as the Rugby B station.?

GENERAL FACTORs IN THE DESIGN OF THE STATION

Much traffic and engineering information is taken into
account before a new station is planned; the design of the
station is determined primarily by the service requirements,
contemporary techniques and assessment of development
trends, other information determining the more immediate
scale and incidence of expansion being only of transient
interest.

The new station had to cater for a considerable expansion
in radio telephone services, a few multi-destination press
services {mostly using single-channel telegraphy) and a
variety of single-channel and multi-channel public telegraph
services. Fortunatelyit has been clear for some time that the
independent-sideband system? of transmission should
be used for radio telephone circuits. The variety of tele-
graph services is, however, considerable and the technical
characteristics of each have to be agreed with the different
administrations in the distant countries. Standardization
of the technical characteristics is being pursued as rapidly
as possible but even so the wide range of services to be
covered at Rugby necessitates considerable flexibility in
meeting the different technical characteristics. Neverthe-
less, for economic and operational reasons, it is most desirable
to standardize the transmitting equipment as much as
possible. A most valuable degree of standardization of
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equipment has been achieved by dividing the transmitters
into two parts:—

(1) low-power drive units, of only two types, to produce
all the required forms of signals at a fixed and common
intermediate frequency,

(2) transmitter-amplifiers, all of the same design, which
translate the common intermediate-frequency signals
to the radiated frequencies and amplify them to the
required power.

The transmitter-amplifiers account for 80 per cent of the

transmitter costs.

Of the two types of drive unit, one caters for telephony
and the other for telegraphy, and an important feature of
station design is that both are segregated from the trans-
mitter-amplifiers. This segregation is economical in space
occupied, whilst giving considerable scope for developments
in drive units without change in the overall design of the
station.

To reduce staff costs all the transmitters are operated
from a central control position, where 28 small control
panels carry the control switches and monitoring signal
lamps for the individual transmitters. A simple six-position
switch on each panel selects the preset conditions necessary
for all normal frequency changes on the transmitters and
the associated switching of aerials.

The factors determining the types of aerial used may be
of interest. Up to 1938 the larger aerials built by the Post
Office were of the Franklin, Kooman’s or TW types.® These
are essentially resonant, and satisfactory performance
is achieved over a narrow band of only a few per cent of the
frequency of optimum performance, depending on the size
of the aerial and the feeder arrangements. For these types
of aerial it is therefore necessary to know the working
frequency within the same few per cent before designing
and constructing the aerials. The tremendous increase in
the use of the h.f. spectrum since that time has greatly
increased the difficulty of obtaining frequency assignments
for new services, and many assignments are only proved
feasible after long tests with directional aerials at each end
of the required circuit. Thus non-resonant aerials with
suitable radiation characteristics over a range of frequencies
of one octave or more are now even more attractive than
formerly, as they can be designed, erected and used for
testing before the exact working frequency has been agreed.
The rhombic type of aerial which is in general use nowadays
by the Post Office is a good example of the non-resonant
type of aerial. Asinstalled in 1938 its performance in service
was quite good at frequencies of 15 Mc/s and above, but its
deficiencies at frequencies of 10 Mc/s and below became
very evident during the sunspot minimum around 1950.
The provision of larger and higher rhombic aerials has
largely overcome these deficiencies.

Hence at the Rugby B station rhombic aerials have been
adopted for point-to-point services with only one exception,
i.e. for the New Zealand route, on which the azimuthal
angle of propagation varies widely during the effective
transmission periods. For this service stacked arrays of
dipoles are used to give a horizontal radiation pattern
controllable in three switched steps to cover the very wide
variations in angles of transmission whilst retaining a
moderate gain by restricting the vertical radiation pattern.

Over 70 aerials have been envisaged as a possible future
requirement, and the switching of 28 transmitters to this
large number of aerials is a major problem. It could be
minimized by restricting the operation of each transmitter
to one service only, but even so, it would be necessary to
cater for daily frequency-changes which for most services
would require the switching of the transmitter between two
aerials. The restriction of each transmitter to use on one
service only is a handicap in making maximum use of the
equipment and in any case additional facilities must be
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provided to cater for breakdowns of transmitters. If, in
contrast to the restriction of one transmitter to one service,
all transmitters were made immediately available to all
services a complex and massive switching system would
result, the complexity and size being proportional to
the product of the number of transmitters and the number
of aerials. The arrangement adopted at the Rugby B
station lies between these extreme solutions; up to six
aerials can be made available to each transmitter by manual
pre-selection, and the transmitters are switchedautomatically
to each of their available aerials as required. Any aerial
can be connected to any transmitter and any transmitter
substituted for another by manual changes of the connexions
on the switches. These facilities can also be used in the
event of a breakdown of equipment or for temporary traffic
and test transmissions.

The choice of the type of feeder connecting the trans-
mitters to the aerials via the switching mechanism depends
upon several considerations such as economics, safety
of personnel, convenience and freedom from interaction.
The aerials are all of the balanced-to-earth type and have
input impedances of the order of 600 ohms. Open-wire
lines can be readily designed to have the same impedance
and also for a given loss are much cheaper than coaxial
cables. In addition, it is necessary to ensure that excessive
energy is not fed from one transmitter feeder to another,
in order to avoid intermodulation in the transmitters and
consequent generation of unwanted products. A further
reason for avoiding such coupling is that the energy
transferred would be radiated from other aerials and would
be likely to cause interference. Although the open-wire
lines are inferior to coaxial cables from the aspect of
“crosstalk”, it must be remembered that the feeders are
connected to aerials which themselves interact to some
extent. Open-wire lines are therefore satisfactory if, as
has been done, the crosstalk between feeders is kept to the
same order or less than that between the aerials, and they are
therefore desirable for the long external section of the
feeders. Within the building, however, the problem of
accommodating and switching such a large number of
lines in a confined space, with due regard to safety of
personnel and freedom from crosstalk, can be best solved
by the use of coaxial cables. The consequential problem
of matching internal coaxial feeders to external open-wire
lines was considered and after some preliminary experi-
ments it was decided that a cheap and simple form of
exponential line could be constructed to match balanced
impedances of 200 ohms and 600 ohms. The matching of
balanced to unbalanced impedances at a power of 30 kW
appeared to be relatively difficult and uneconomic. Thus
pairs of coaxial cables have been adopted inside the building
and open-wire feeders outside, thereby obtaining the
advantages of both where they are most important.

SITE AND BUILDING

The site, shown in Fig. 3, is of flat, mixed arable and
pasture land of 700 acres extent adjacent to the existing
station, and the layout of the aerials and feeders has
been arranged to interfere as little as possible with the
agricultural use of the land.

The site area and shape have been chosen so that the
foreseen requirements for aerials are met, together with a
moderate allowance for future developments. Between
1949 and the present the Post Office has doubled the length,
height and breadth of rhombic aerials and, even so, the
site area required per aerial system might not yet have
reached an economic limit.

The close proximity of the new station to the original
site permits joint administration, staffing, emergency power
supplies, land-line communications and transport, with
consequent econornies.



*Denotes two rhombic aertals on the same set of masts.

F16. 3.—S1TE PLAN oF THE NEW RUGBY RADIO STATION.

The building, shown in plan in Fig. 4, is divided function-
ally into four main areas; one, the single curved wing
which contains the administration and welfare rooms; a
second, which is labelled the rack apparatus room; the
third, which consists of three wings containing the trans-
mitter-amplifiers; and finally the area at the centre of the
cruciform section, housing the control position. The main
entrance is at the junction of the curved wing and one arm
of the cruciform section.

Thus the whole of the operational equipment is con-
centrated in the four wings radiating from the Central
Control Position (C.C.P.), which forms the nerve centre of
the station where the operational control and supervision
of all the transmitters is exercised. The C.C.P. is housed
in a glazed structure raised some 2 ft above the general
floor level.

The three transmitter wings are each 105 ft long and
30 ft wide; and in wing 3 there are five transmitters on
each side. In wings 1 and 2 the arrangement is almost
identical except that four transmitters only, making 28 in
all, are accommodated on the west sides where the fourth
arm of the cruciform structure joins the central area. The
three transmitter wings are flanked by fire-proof cubicles
for oil-filled equipment and, alternating with these, cubicles
for air-cooling plant for each transmitter.

TRANSMITTER HY
SWITCHGEAR

TESTING AND TRANSM
DEVELOPVENT BLOGH
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F1c. 4 —PLAN oF THE NEwW BUILDING.

On the fourth side of the central hall are two transmitter-
aerial switchrooms and the adjacent rack-apparatus room.
The latter is 48 ft X 44 ft and contains drive and monitoring
equipment for the transmitters and also repeaters and
terminal apparatus for land-lines. The transmitter-aerial
switchrooms project above the roofs of the transmitter
wings, and coaxial feeders are led out through the rear
walls and along the roofs of the transmitter wings.

INTERNAL EQUIPMENT

The internal equipment includes a wide range of units,
which have been segregated into several groups, as follows:—

(a) Repeater and terminal equipment for land-lines.

(b) Drive units for transmitters.

(¢) Frequency-control (or carrier-generating) equipment.
(d) Transmitter-amplifier units.

(¢) The Central Control Position (C.C.P.).

(f) Test, supervisory and monitoring equipment.

From these groups, chains of equipment can be set up for
transmission using independent-sideband telephony (A3b),
double-sideband telephony (A3) and on-off or frequency-
shift telegraphy (Al, A2 or F1). Multi-channel frequency-
division telegraph signals generated in the voice-frequency
range are applied to the independent sideband (i.s.b.)
equipments. Such a chain of equipment with alternative
choice of drive units for telephony and tele-
graphy is shown in Fig. 5.

Telephone signalsfrom the Radio Telephone
Terminal arrive at the station on audio-
frequency land-lines having a band-width of
0-1 to 6 kcfs, and after equalization and
amplification are applied to the inputs of
i.s.b. drive units. Each audio line can carry
two telephone channels, which are associated
x_ at the Radio Telephone Terminal in the

¥ frequency range 0-25 to 6 kc/s. Two audio-
frequency lines are connected to each drive
unit, in which the input from each line is
translated into a single-sideband signal with
a suppressed carrier at 3,100 kc/s; one
resulting in an upper sideband and one a
lower sideband relative to the carrier. The
output of the drive unit comprises the two
i.s.b. signals and a reintroduced low-level
pilot carrier of 3,100 kc/s, and is extended
via a 75-ohm cable to the transmitter-
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The indications of faults or abnormalities
are initiated in a variety of equipments.
Automatic monitors compare the radiated
signals with the corresponding land-line
signals; the level of the pilot carrier of each
i.s.b. emission is monitored by equipment
built into the i.s.b. drive unit; and the

reflection coefficients on the coaxial cables
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Monitoring and Test Equipment.

The automatic signal-monitors, provided

N

-~

for checking the operation of the trans-

<8
~F SN ~36,
b MAx J P Sl

mitters on single-channel telegraphy and

i
I’

I &
8
7
’

7
] I
[

ANGLES OF ELEVATION

FOR MAXIMUM RADIATION
AND -6d8 POINTS, DEG

on telephony, have two inputs; one taken

/
[ 4717

i

[’l

6B

from the incoming land-line signal and
one from the output of the transmitter
after conversion to the same form as
the land-line signal. For telegraphy
the signals are in direct-current form
and the two signals cause charges to be built up on
two resistor-capacitor circuits, and whenever the dif-
ference in potential on these networks exceeds a pre-
determined value the event is recorded on a counter; a
second counter is also operated and if more than four
such events are recorded in half a minute an alarm relay is
operated. The same counting units are used for monitoring
telephone signals, the input circuits being modified so that
the envelopes of the two audio-frequency input signals are
compared.

A variety of test equipment is provided for checking
levels on land lines and other parts of the equipment and
as far as possible this equipment follows normal Post Office
practice. A trolley-mounted spectrum analyser, developed
initially to measure the spread of any radio-frequency
emission in the range 3 to 30 Mc/s, is used to measure the
intermodulation products. It is essentially a narrow-band
receiver which is repeatedly tuned through the spectrum
of the signal under examination and gives a display of the
components on a cathode-ray tube. The vertical trace is
logarithmic over a range of 30 dB and the horizontal trace
is linear with frequency. The range of scan can be adjusted
from 300 c/s to 40 kc/s, and the period of scan in three
steps of 1, 10 and 30 sec. Three narrow-band filters are
available (6, 30 or 150 c/s band-width) to suit the range
and rate of sweep. After adjustment of the maximum
level to be used as a reference, the vertical display can be
switched to show levels from 0 dB to — 30 dB or — 30 dB
to — 60 dB relative to the reference. This equipment
has proved extremely useful as a general test instrument
at 3-1 Mc/s and throughout the final radio frequency
range; two equipments are available as maintenance
tools.

EXTERNAL AND AERIAL-SWITCHING PLANT

About 70 aerials have so far been provided and space
has been reserved for more. The requirements of some
radio circuits are easily met by aerials of moderate
gain operating over a moderate frequency range away
from the lower end of the hJ{. spectrum and not
radiating at very low angles of elevation. For these circuits
aerials suspended from spliced poles are provided. Other
circuits, however, are much more difficult to work satis-
factorily, and require aerials of the highest practicable

20 ° [ 20 o ) 20
FREQUENCY, Me/s

*This gain 15 6 dB less than the gamn referred to a dipole 1n free space.

F1G. 11.-—CHARACTERISTICS OF LARGE RHOMBIC AERIALS.

gain covering substantially the full h.f. spectrum and radiat-
ing at low angles of elevation. To achieve a sufficient gain
at a frequency of about 4 Mc/s aerials of twice the size of
those referred to above are necessary, and to keep the angle
of elevation of the main beam low the aerials have to be
supported at considerably greater heights. It is for such
cases that pairs of large concentric rhombics are used, the
larger and higher ones covering the lower part of the
frequency spectrum and the somewhat smaller and lower
ones covering the upper part of the spectrum. The pairs
of rhombics used for transmission to Australia are also made
reversible, because propagation conditions are sometimes
better on the long route than on the short route. The
characteristics of three designs of pairs of large rhombics
are given in Fig. 11. Because of the height of these aerials,
light steel masts are used for their support.

The sides of all rhombics are constructed of three wires,
the spacing of which is varied along the aerial to preserve
constancy of impedance and thus avoid reflection of power.
The power that reaches the far end of a rhombic aerial has
to be absorbed in a dissipative resistance, which, for high-
power transmitting rhombics, takes the form of a 2-wire
line built of highly-magnetic iron wire.

For the New Zealand circuits, on which deviations in the
direction of propagation of up to 4- 30° from the mean
direction have been observed, resonant aerials giving wide
angular coverage in azimuth are provided. By de-phasing
these aerials (under remote control from the station building)
the normal beam can be split into two beams lying one on
each side of the mean direction, and by further switching
the direction of transmission can be reversed. These aerials
are suspended from three 325-ft masts.

The open-wire transmission lines to all aerials are con-
structed of 400 1b/mile hard-drawn copper wire and have an
attenuation of about 1 dB/1,000 yd at 10 Mc/s. To minimize
electrical discontinuities the insulators are of low capacitance
and binding-in wires are not used.

The two-wire transmission lines are terminated mechanic-
ally at a steel gantry which is parallel to, and 135 ft from,
the building; there they are connected to the exponential
matching lines which continue to the building parapet,
where connexion is made to the coaxial feeders from the
internal switching-mechanisms. The layout of the feeder
and matching-line system at the building is shown in
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Fic. 14.—ScHEMATIC DIAGRAM OF POWER SUPPLIES AT THE NEW STATION,

grid-controlled mercury-arc rectifiers in the transmitters
willclear overloads more quickly thancananycircuit-breaker,
the medium-voltage bus-cables have to be protected against
catastrophic failure only, and this is achieved most simply
by high-rupturing-capacity fuses in the group and
individual feeders to the transmitters.
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Book Reviews

“Correcting Television Picture Faults.” John Cura and
Leonard Stanley. Iliffe. 69 pp. 149 ill. 3s. 6d.

This is a most useful little paper-backed handbook with 149
photographs illustrating the many different forms of distortion
and interference that can appear on a television picture due to
incorrect setting of the controls, faults in the receiver, or
interference from external sources. The pictures are by John
Cura, who has made a considerable name for himself by
photographing pictures from the television screen; the accom-
panying text, on the adjustment of receiver controls and
assisting in the diagnosis of faults and the identification of
sources of interference, is by Leonard Stanley.

On the whole the pictures are excellent illustrations of the
effects they represent, but the very first two pictures on page 1
are open to some criticism. These purport to show the B.B.C.
and I.T.A. tuning signals correctly reproduced, but in fact
the I.T.A. signal has been compressed a little in the vertical
direction so that its aspect ratio is wrong. As the two illus-
trations appear side by side the error is particularly noticeable.
But apart from this the booklet will prove most helpful in
enabling the uninitiated to identify troubles occurring in their
television receivers.

T K.

+

“Introduction to Color TV.” M. Kaufman and H. E. Thomas.
Chapman & Hall, 156 pp. 87 ill. 25s.

The authors introduce their subject by posing a number of
questions of interest to the layman—and giving the answers.
In reply to the question “How much will a colour television
receiver cost?’’ they suggest that it would not be surprising to
see a table model at less than $500 before the end of 1956.
In this their judgment is good, for a model is now (October
1956) advertised at $499.95!

They go on to discuss in a simple and clear manner the
fundamentals of colour as far as is necessary for colour tele-
vision, and follow with a description of the N.T.S.C. system
adopted for use in the U.S.A. The major portion of the book
is devoted to a description of colour television receiver circuitry
with particular reference to the differences between mono-
chrome and colour receivers. Included are the complete
circuit diagrams for the C.B.S. Columbia Model 205 and the
R.C.A. Model CTC 4 receivers.

The final chapter of the book deals with the adjustment of
colour television receivers. Without going into great detail
the chapter gives an idea of the complexity of adjustment of
colour receivers—one of the major problems to be faced when
a colour television service is introduced in this country. The
book will serve as an excellent introduction to those who have
to deal with this problem.

T. K.
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A New 4-Mc/s Coaxial Line Equipment
—C.E.L. No. 6A

U.D.C. 621.395.44:621.315.212.029.56

M. E. COLLIER, B.c. (Eng), AM.LEE.
and W. G. SIMPSON, B.sc., AMILEE.T

The coaxial line equipment described in this article (C.E.L. No. 6A) is the first equipment not of Post Office design to be adopted for
large-scale use in the United Kingdom. It is suitable, without alteration, for the transmission of either 16 telephony supergroups
(960 circuits) or a 405-line television signal. C.E.L. No. 6A differs from systems of Post Office design in that a single amplifier with
most components duplicated is used instead of duplicate amplifiers with automatic change-over; also, the compensation of changes in
attenuation due to changes of cable temperature is effected by varying the gain/frequency characteristic of the amplifier instead of by
inserting and removing fixed equalizing networks. These features erable a very simple supervisory system to be used. The equipment
is of 51-type construction and is operated entirely from an a.c. mains supply; power being fed over the cable to a maximum of six
dependent stations on each side of a power-feeding station.

INTRODUCTION

r I HE extensive coaxial cable network in the United
Kingdom has, in the past, been fitted almost exclu-
sively with line equipments of Post Office design.

Following the trial system put into service between London
and Birmingham in 1938! and extended in 1940 to Man-
chester, standardized systems were developed—Unit Bay
1B,2 Coaxial-Equipment, Line, (C.E.L.) No. 1, 1A, 2,
2A and 2B—which were suitable for installation on standard
$-in. coaxial cable pairs with repeater sections not
exceeding 6 miles long; these systems provided a working
transmission band from 60 kc/s to 2,540 kc/s with a capacity
of 600 speech circuits, i.e. ten 60-circuit supergroups. With
the exception of three links equipped with a British manu-
facturer’s design of line equipment, these systems are at
present providing all the telephone circuits on the coaxial
cable network.

Later developments have been C.E.L. No. 3%—a system
for the transmission of a 3-Mc/s television signal using
line frequencies in the range 3-7 Mc/s—and C.E.L. No. 4,2
4A and 5. C.E.L. No. 4 is a system for the transmission of
a 3-Mc/s television signal using line frequencies in the range
60 kc/s to 4,340 kc/s, and C.E.L. No. 4A is an improved
equipment which is equally suitable for the transmission
of 17 telephony supergroups. C.E.L. No. 5 is a simplified
version of C.E.L. No. 4 for use on short television links.

Coaxial Equipment, Line, No. 6A—the line equipment to
be described in this article—is the first equipment not of
Post Office design to be adopted for large-scale use in the
Post Office coaxial cable network. It has been derived
from a system designed by Standard Telephones & Cables,
Ltd.,3 which is in service in a number of overseas territories.
The design follows that of an earlier 2-6-Mc/s line equipment,
first produced in 1946, which has been used for telephone
service on two routes in the United Kingdom and has
given very satisfactory performance. An installation
of the early Standard Telephones & Cables, Ltd., 4-Mc/s
equipment was made in the United Kingdom in 1952
and was subjected to an extensive field investigation of
its performance. As a result of this experience the new
system—Coaxial Equipment, Line, No. 6A—was developed
to meet Post Office requirements. The early equipment was
subsequently modified to be suitable for the transmission
of 405-line television signals and in 1955 was placed in
service as the first part of the permanent B.B.C. television
link to Europe.

C.E.L. No. 6A transmits a band of frequencies from 60
kc/s to 4,092 ke/s and is suitable, without change to the
line equipment, for the transmission of either 16 telephony
supergroups (960 circuits) or a 405-line television signal.
It is intended for use on 2-in. coaxial pairs with repeater-
station spacing not exceeding 6-125 miles and conforms to
the recommendations of the C.C.I.T.T. (formerly C.C.I.F.)
for such line systems. There are two important differences

T Mr. Collier is with Standard Telephones & Cables, Ltd., Wool-
wich, and Mr. Simpson is an Executive Engineer in the Trans-
mission and Main Lines Branch, E.-in-C.’s Office.
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between the existing systems of Post Office design and
C.E.L. No. 6A. First, C.E.L. No. 6A does not use duplicate
amplifiers with automatic change-over but has a single
amplifier with most of the components in each valve stage
duplicated; arrangements for manual change-over to a spare
amplifier are, however, provided for maintenance purposes.
Secondly, the compensation for changes in cable attenuation
with temperature is effected by varying the gain/frequency
characteristics of the line amplifiers instead of by inserting
or removing fixed equalizing networks. The variation is
controlled automatically by the level, at the output of the
line amplifier, of a 4,092-kc/s line pilot signal. As a result of
these features only a very simple supervisory system is
needed and remote control of intermediate stations is
eliminated. Greater reliability in the supervisory system is
thereby achieved and the power consumption of the stations
is reduced, thus allowing more stations to be fed from a
power-feeding station. The reduction in the number of
power-feeding stations contributes to increased reliability
of the system as well as to reduction in cost.

The power-feeding circuit of the C.E.L. 6A system is
balanced to earth, using the centre conductors of the two
directions of transmission with a potential difference of
1,000V r.m.s., 50 c/s (bOOV between each centre conductor
and earth), and up to six stations can be fed on each side
of a power-feeding station.

All the equipment is of 51-type construction, and there
are three types of repeater station equipment:—

(i) Terminal stations, identical equipments being used at
each end of the line link.

(ii) Power feeding, or ‘“‘main,” stations, used as inter-
mediate power-feeding stations and giving facilities for the
insertion and extraction of circuits, if required.

(iii) Dependent, or auxiliary, stations, used at all other
intermediate stations.

’

DESIGN OF THE SYSTEM

The equipment has been designed for use primarily on
the present Post Office standard type of coaxial cable
{type 375E), which has an outer conductor of 0-375 in.
internal diameter and polythene disk separators. The
attenuation/frequency characteristic of the cable is as
shown in Fig. 1. At frequencies above 1 Mc/s this may be
represented very closely by,

3-754/f + 0-01 f dB/mile at 10°C,
where f is the frequency in Mc/s.

The term involving 4/f represents the losses due to the
effective resistance, and the term involving f represents the
losses due to leakance. The resistance term increases with
increasing temperature, the temperature coefficient being
0-21 per cent/°C, half that of the resistance of copper.
The leakance term hasa small temperature coefficient and
as this term itself is small it can be neglected, at least up to
4 Mc/s, resulting in the attenuation changes with tempera-
ture being almost exactly proportional to 4/f.
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A typical impedance/frequency characteristic for a
repeater section of the cable is shown in Fig. 8. The irregu-
larities, due to minor reflections caused by impedance
mismatches at joints and between manufacturing lengths,
are normally well within the specified maximum deviation
of 3 per cent from a smooth curve.

Principles of Design of the High-Frequency Path.

The most important characteristic limiting the design of
long-distance high-frequency cable systems is usually
noise. Noise is contributed by all the equipment in a
system, frequency-translating equipment and line equip-
ment, and hence the signal/noise ratio on a given circuit
depends on the number of line amplifiers, i.e. on the
length of the line, and the number of frequency-translation
processes at terminal and intermediate points. To assist
designers the C.C.I.T.T. has therefore specified a “hypo-
thetical reference circuit’”® for carrier telephone circuits
routed over coaxial cable pairs containing a defined number
of frequency translations, the number being reasonably
great but not the largest number that could be obtained in
extreme cases. This reference circuit is shown in block
schematic form in Fig. 8 and has a length of 2,500 km
(1,560 miles), which gives an average of 280 repeaters in
each direction of transmission for circuits using Coaxial
Equipment, Line, No. 6A. The mean psophometric power
at a point of zero relative level on a telephone channel
routed over the reference circuit, with a psophometer
including the 1951 telephone circuit weighting network,?
should not exceed 10,000 pW (— 50 dBm*) during any hour.

*dBm—decibels relative to 1 mW.

Ae—foaf— e

Audio to group frequency translation stage

._a._

-g-— Basic supergroup to line frequency translation stage J

e —--—=x Coaxial line; mean length 1s 175 miles and i1t 1s assumed that no section
exceeds 300 miles.

Basic group to supergroup frequency translation stage or conversely

The ciremt is 2,500 km (1,560 miles) 1n length and comprises three audio to-audio links
tn tandem, each having the circuit formation shown above.

Fig. 3—C.C.I.T.T. HvroruericalL. MaximuMm-LExgTH CIRCUIT
oN CoaxiaL CABLE.

Of the total noise, one quarter is allocated to the frequency-
translating equipment, and the remaining three quarters
to the high-frequency line. This means that the average
psophometric power produced by the line during any
hour should not exceed 3 pW/km (47 pW/mile) when
measured at a point of zero relative level.

Noise arises in carrier systems from three main sources:
basic noise, comprising thermal-agitation and valve noise;
intermodulation noise due to non-linearity; and induced
noise (including crosstalk) from external sources. On
carrier systems in symmetrical pair cables and on open-wire
lines noise induced from external sources and other systems
is an important contributor to the total noise, but in
coaxial cable systems induced noise is negligible because of
the extremely good self-shielding properties of the coaxial
pairs at the relatively high frequencies used. The total
permissible noise in a coaxial cable system is therefore
divided between basic and intermodulation noise, and for
C.E.L. No. 6A approximately equal values are allocated to
each source.

The relative contributions of thermal-agitation and
valve noise to the total basic noise of the line amplifier
is determined by the step-up ratio which can be achieved by
the transformer network coupling the line to the grid of
the first valve and the noise performance of the input valve.
For wideband amplifiers suitable for use as line amplifiers
in coaxial cable systems this usually results in the total
amplifier basic noise being about 2-3 dB higher than the
thermal noise in the resistance closing the input. From this,
and the basic noise allocation, is determined the lowest
test level to which a signal may be allowed to fall. For a
telephone channel and with a repeater spacing of about
6 miles this is of the order of — 60 dB. (Test level being the
level at a point in a transmission system, resulting from the
application of a signal of 1 mW at the point of origin,
usually the two-wire side of the hybrid coil.)

Intermodulation noise is a consequence of non-linearity in
the transmission path, primarily in the output stage of the
line amplifiers, and is dependent in a complex way on the
total load (speech, pilot signals, signalling tones, v.f. telegraph
channels, etc.) being carried by the path at any instant.
Several methods of estimating the total noise power result-
ing from intermodulation have been proposed and it is of
interest that two of these methods®® with different
approaches agree closely when the same fundamental
data are used. The intermodulation-noise power produced
by a line amplifier, determined by the distortion coefficients
of the valves in the output stage and the amount of negative
feedback which can be applied at the highest frequency
used, increases rapidly as the output level is raised and
sets the upper limit to the level at the amplifier output.
As discussed later, the total power to be delivered by the
output stage of the C.E.L. No. 6A line amplifier is reduced
by the use of an output-coupling network giving maximum
transference of power at the highest frequency. It will be
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seen that consideration of these two main sources of noise
establishes the maximum repeater section loss that can be
used, which for this system is 48 dB and at 4-1 Mc/s corre-
sponds to a section length of 6-125 miles—the length already
in use on existing coaxial cables in the United Kingdom.

For television transmission, basic noise is a limiting factor
but, as the vestigial sideband method used in the British
network® employs a high level of transmitted carrier,
non-linearity mainly results in a pattern interference by
the second and third harmonics of the 1:056-Mc/s carrier.
To reduce the magnitude of this interference a shaping
network that reduces the level of the carrier relative to
the video sideband by some 18-20 dB is inserted in the
output of the television translating equipment at the
transmitting terminal, and an inverse network is placed in
the output of the receiving line terminal.

Although crosstalk does not make an appreciable con-
tribution to the circuit noise of telephone channels, intel-
ligible crosstalk between the two directions of transmission
of a system becomes significant for music (program)
circuits. The C.C.I.T.T. recommendations for such circuits
1,000 km (621 miles) in length is 74 dB crosstalk ratio, and
C.E.L. No. 6A has been designed with this in mind.

Equalization.

Equalization, the correction of the variation of cable
attenuation with frequency, may be carried out either by
using passive equalizer networks having an attenuation/fre-
quency characteristic that is the inverse of the cable
characteristic, or by shaping the line-amplifier gain to
equal the loss of the cable at all frequencies. A “shaped-
gain” amplifier is used in the C.E.L. 6A system; the shaping
being provided by the input and output networks, which
together equalize the loss of 6-125 miles of 375E cable at
frequencies above 2 Mc/s. Compared with flat-gain net-
works, a greater step-up ratio can be obtained for the highest
transmitted frequency at the input and more power can be
transferred to line at the output, resulting in an improved
basic noise performance and a reduced power-handling
requirement, rtespectively. Further advantages in these
respects are also obtained in the C.E.L. No. 6A amplifier by
not providing 75-ohm amplifier input and output imped-
ances. The system is designed so that approximately
equal intermodulation noise power is produced in all
channels and this is achieved by having equal signal
voltage for all channels at the grids of the output stage.
As a result of the shaping given by the output network
the relative level* at the amplifier output varies with
frequency, as shown in Fig. 4. The equalization at frequen-
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Fic. 4. —TELEPHONY RELATIVE LEVEL AT LINE AMPLIFIER QUTPUT.

cies below 2 Mc/sis provided by external constant-impedance
networks, which also improve the return loss of the equip-
ment impedance presented to the cable at the lower
frequencies, where the low loss of the cable makes it import-
ant to minimize end-to-end reflections.

The amplifier gain can be varied by altering the resistance

* Relative level (dBr) is the ratio, in decibels, of the power at
a point in a line to the power at the origin of the circuit (usually the
2-wire point).

26

of a thermistor element forming part of the feedback
network. The deviations from nominal gain are propor-
tional to the square root of the frequency and are used to
compensate for the changes in cable attenuation with
temperature.

The nominal amplifier gain, modified by the loss of the
external equalizer networks, is designed to compensate for
the loss of a repeater section of 6-125 miles of 375E coaxial
pair at 10°C, and, for section lengths less than this, line
simulators build out the electrical length to this value.

Stability of the Overall Gain of the System.

An important requirement of any long-distance trans-
mission medium is that the overall loss shall remain con-
stant within close limits. The margin against singing that
has to be allowed on a telephone channel is determined
by the variations in loss that are likely, and this margin is
only obtained by increasing the nominal loss of the circuit
and hence degrading the transmission.

The most important causes of variations in the loss of a
line link are:—

(2) The change in the attenuation of the cable due to a

change in its temperature.

(b) The effects of ageing of valves.

(c) The effects of variations in power supplies to the

amplifier,

(d) The effects of changes in ambient conditions of the

equipment (temperature, humidity, etc.).

The change in cable attenuation is the largest effect
and for a change in temperature of 20°C (the normal
maximum range encountered in this country) amounts to a
4 per cent change, this being some 33 dB/100 miles at 4 Mc/s.
This change is big enough to warrant compensation at
intermediate repeater stations so as to avoid increasing the
basic noise or intermodulation noise. As mentioned above,
this is done by varying the negative feedback of the line
amplifier and is controlled by measurement of the level of a
4,092-kc/s pilot signal, a deviation from the nominal level
causing a change in the power supplied to the heater of the
thermistor in the feedback network. This pilot, and one of
308 kc/s (used for monitoring the system stability and for
frequency comparison of the master oscillators in the
carrier-generating racks of the translating equipment) are
transmitted at a level 10 dB below the relative level of the
adjacent telephone channels. With this method of com-
pensation it should be noted that an error in the corrected
pilot level at one station, or even a complete failure to
regulate, will be corrected at the subsequent stations and
the overall accuracy of correction at the pilot frequency is
dependent only on the performance of the regulator at the
receiving terminal station and the stability of the trans-
mitted pilot. Because of this a more accurate regulator is
used at the terminal and a second regulator is used to
monitor the performance of the working regulator and be
available as a spare in the event of a fault. Another feature
resulting from the use of tandem regulated amplifiers is
that, owing to the delay inherent in the controlling loop
at each station, a periodic variation in pilot level at a
particular low frequency may be amplified by the regulating
action instead of reduced, and with a long line containing a
large number of regulated amplifiers a large amplitude of
variation could be produced. In this system dynamic
stability is ensured by having relatively coarse regulation at
intermediate stations, and by careful control of the phase
relationships of the control loop.

A manually adjustable equalizer is fitted at the receiving
terminal to compensate for the effects of valve ageing,
though at the present time the effect is reduced by a regular
replacement of valves, staggered in time so that the average
age of the valves on a given route remains fairly constant.

With the use of stabilized mains supplies, power-supply









feeding supply, and to produce the minimum of distortion
in the h.f. band. Each filter operates at 500V r.m.s. to
earth, and the series capacitors in the high-pass section are
of a special type designed to withstand several thousand
volts, and to have an ionization-inception voltage of not
less than 1,000V. Each filter is contained in a sealed unit,
and the power supply and line terminals are specially
screened to prevent accidental contact.

A coaxial choke is inserted in each side of the repeater,
between the power-separating filters and the cable terminals,
to reduce any longitudinal crosstalk which may arise from
imperfect earthing. Each coil comprises a few turns of
flexible connecting cable round a toroidal permalloy core.

Pre-emphasis and De-emphasis Networks.

A pre-emphasis network precedes the transmit terminal
line amplifier to give the required level/frequency character-
istic at the output of the amplifier. The amplifier gain/fre-
quency characteristic has a slope of approximately 21 dB
between 1 and 4 Mc/s, the gain increasing with frequency.
The attenuation/frequency characteristic of the pre-
emphasis network has a slope of approximately 11 dB,
loss increasing with frequency; the amplifier output-level/
frequency characteristic then has the required slope of
10 dB, as shown in Fig. 4. A de-emphasis network at the
receiving terminal restores the levels to a flat characteristic,
this network having a slope of approximately 10 dB with
loss increasing with frequency.

A pair of these networks is included at main repeaters to
provide a point of flat level/frequency characteristic for
supergroup derivation and to facilitate residual equalization.

The networks are of the constant-impedance bridged-T
type and are contained in sealed cans.

POowWER SUPPLIES FOR THE EQUIPMENT

To avoid the necessity for reliable and stable local power
supplies and standby plant at all repeater stations, power
for the dependent repeaters is fed over the coaxial pairs
from a terminal or main repeater. In this way mainssupplies
are required only at intervals of some 80 miles, although in
practice for geographical reasons the spacing is often
closer than this. An a.c. “constant-voltage’ system is used,
200-260V r.m.s. being derived at all dependent repeaters
to feed the power units serving individual rack-sides of
equipment.

“Rack-side’”’ Power Units.

The power units on the individual rack-sides of equipment
are of conventional design, employing selenium rectifiers,
and operate from 200-260V 50-c/s supplies. They provide
220V d.c. h.t. and 6-:3-0-6-3V a.c. heater supplies; separate
units provide 130V d.c. for signalling and alarms, and 12V
for charging the microphone battery and operating relays.

Sockets are fitted in the standby amplitier positions to
provide h.t. and lLt. supplies for the portable selective
level measuring set.

Power Feeding of Dependent Repeaters.

Fach terminal repeater can feed power to a maximum of
six dependent repeaters, and each main repeater six on
each side. The arrangements are shown in Fig. 9. Two
power-feeding transformers are used, with their primary
windings connected in parallel, and their secondary wind-
ings connected in series with the centre point earthed, to
give a line voltage of 1,000V r.m.s., balanced to earth.
Two transformers are employed to divide the weight

Delay Equalizers. TERMINAL OR MAIN REPEATER CABLE DEPENDENT REPEATER
Delay equalizers are equipped at HF LINE EQMT---- l ~——HE LINE EQMT———
terminal stationsin the receive direction zH ol o=z |=]+g
only, although facilities for adding them | EMERGENCY gg%si o
to the transmit direction and at main EMERGENCY CABLE POWER SWITCH  SWITCH DEPENDENT
repeater stations are provided. A range SWITCH SWITCH T o}o—cfr D—%
of separate equalizing units is available TS ! LEQMT {_oJrg:
for selection on site. A unit for equal- 5 L i L-UNTS ] !
izing the distortion due to pilot-stop £ LE%AL{‘"REI -L,i—v 2305} | (000V
filters is also available. The method of Bl l A CMAINS (7 01 4
design takes account at the outset of i SUPPLY. o _3
the magnitude of the ripples in the E CIRCUIT ' 3 o
delay characteristic that will be intro- L BREAKER DEPERDENT
duced by equalization, when determining B .
the number of equalizer sections to be HF LINE EQMT--—~- = -~ -HF LINE EQMT~— —
used. To ensure the stability necessary
to achieve a smooth overall group delay/frequency charac-
teristic each unit is in a sealed can and great care has been

taken in the mechanical layout to minimize the effects of
stray inductance and capacitance.

Pilot-Stop Filters.

Band-stop filters for 308 kc/s and for 4,092 kc/s are
equipped in the transmit and receive terminal paths. The
transmit filters serve to suppress television signal frequencies
that would interfere with the pilot signals, and prevent such
frequencies reaching the line from other sources (e.g. from
other types of coaxial system interconnected with the C.E.L.
No. 6A). The receive filters suppress the pilot frequencies
to prevent interference with television signals or with the
pilot signals of other systems.

To facilitate switching between telephone and television
working, all four filters are in circuit continuously. Tele-
phony demands very narrow stop-bands to avoid inter-
ference with adjacent speech channels and consequently
crystal filters are required. All spurious resonant “spikes”
of the crystals occurring within the transmitted band
have been suppressed.

Fic. 9.—PowER-FEEDING CIRCUIT.

between two units of equipment and to utilize standard core
sizes compatible with mounting on the 5l-type rack-side
framework. The nominal rating of a pair of transformers
is 1-2 kVA.

At each dependent repeater a transformer raises the
incoming cable voltage to 1,000V for onward transmission
to the next repeater, using the primary winding as an
auto-transformer, and derives a 200-260V supply for the
local rack-sides via a secondary winding. The 200-260V
supply is adjusted to equal the nominal local mains supply
voltage, if such a supply is available, as switching facilities
are provided to enable local supplies to be used in an
emergency. There is no centre-tap earth at dependent
repeaters. Discs of Metrosil, a material whose resistance
varies inversely approximately as the fourth power of the
voltage across it, are fitted across the transformer secondary
winding to limit voltage surges, which can occur under
some switching conditions.
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The relatively high voltage of 1,000V was chosen to
reduce the line current and thereby reduce voltage changes
due to changes of load and cable temperature.

Line Circuit Breakers.

A circuit breaker is equipped at all power-feeding points
to switch off power from the cable automatically under
fault conditions, such as serious overload or an open-circuit
cable. The breaker is of the magnetic type with two trip
coils, one coil in the transformer primary circuit and one
in the connexion to earth from the centre-tap of the
secondary winding. The former coil responds to overloads
connected between the two ‘“legs” of the power-feeding
circuit, and the latter to unbalanced overloads between
one leg and earth or to an open-circuit of one coaxial tube.

Operation is retarded for a few seconds by a thermally
operated delay device to avoid accidental tripping when
switching on.

Power Consumption.

Typical power consumptions for fully equipped rack-
sides, but excluding test gear and standby amplifiers, are,

Terminal Repeater 450 VA,
Main Repeater 200 VA,
Dependent Repeater 150 VA,

and the additional total load at a terminal or main repeater
for feeding power to six dependent repeatersis approximately
1-1 kVA. The voltage drop in the coaxial cable is
approximately 10V in the last section over which power is
fed, 20V in the last but one section, and so on. The power
factor is approximately 0-9, there being some compensation
between the inductive loads of the rack-sides and the
capacitive load of the cable.

Precautions Where High Voltages Are Used.

The relatively high voltage transmitted over the cable
demands similar precautions to those used on previous
coaxial systems to ensure the safety of men engaged on
maintenance and cable repairs. At each repeater station
the cable-sealing-end is contained within a cable terminal box
which is locked, and can be opened only with a key that is
kept in a wall-mounted key-box (a different key being
required for each cable terminal box).

Also, a cable-power switch that can be operated only with
a key is mounted on a rack-side at each station. The key
can only be removed when power is switched off and it is
then used to release the keys of the cable terminal boxes
from the wall-mounted key-box. (At dependent stations,
switching off the power feed to the cable also connects
local mains supplies to the station equipment, as shown in
Fig. 9.) The keys of the cable terminal boxes associated
with one system can be released only by the key that
operates the cable-power switch of that system. There are
also “token” keys that can only be released when the keys
of all cable-power switches serving systems on one cable
are freed, i.e. when the power feed to all coaxial pairs
in the cable has been switched off. Cable repair staff do not
work on the cable unless they have in their possession the
appropriate token keys for the cable section on which they
are working.

The power-separating filters are carefully designed to
withstand high voltages. All high-voltage wiring in the
rack-sides has extra-thick insulation covered by a tinned-
copper braid, and the dust covers of all panels that carry
high voltages incorporate safety links that disconnect the
power when the cover is removed.

THE SUPERVISORY EQUIPMENT

The supervisory equipment comprises a 4-wire audio-
frequency telephone circuit and d.c. calling and alarm
circuits, the latter permitting location of faulty repeater
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stations. Although a total of 14 interstice wires are re-
quired, this arrangement has the merits of simplicity and
reliability.

The Speaker Circuit.

The speaker circuit is provided over two interstice pairs,
and is equalized over the frequency band 300-3,400 ¢/s.
The attenuation of these pairs is approximately 1-0 dB/mile
at 800 c/s and 1-8 dB/mile at 3,400 c¢/s. Amplifiers are
inserted at every alternate repeater station (i.e. approxi-
mately every 12 miles) and a standard repeater equipment
includes one such amplifier, which is strapped into the
“A to B” or “B to A” direction of transmission at alternate
stations. The amplifier is a single-stage feedback amplifier
employing one EF 37 valve and has a maximum gain of
37 dB. Together with an equalizer (of Post Office No. 9,
universal, type) and repeating coils for the non-amplified
direction of transmission, the amplifier occupies a 2-unit
panel. A relay in the anode circuit of the valve automatic-
ally by-passes the amplifier in the event of valve or power
failure, thereby permitting a degraded service under
fault conditions.

Every repeater station is equipped with a microtelephone
handset with a platform-type switch recessed into the
rack-side. A 5V nickel-iron battery provides the micro-
phone voltage; it can be charged when required from the
12V relay-power supply unit.

Calling Circuits.

Calling equipment is operated from the 130V power units
equipped at all terminal and main repeater stations. The
phantom of one pair of the speaker circuit serves all inter-
mediate repeaters simultaneously, and the phantom of
the other pair serves only the terminal stations; a single
interstice wire is used as a common return path. To deter-
mine the direction from which a call is originated, two
parallel relays with associated rectifiers are fitted at each
intermediate station. One of these relays operates and
automatically connects the telephone to line in the direction
of the calling station, and control from the other direction
is rendered inoperative when the handset is removed from
its platform. A bell and alarm lamp are equipped at every
intermediate station and only a lamp at terminal stations.
The bells are operated from the microphone battery in the
event of power failure. All calling signals are repeated at
main stations.

At terminal stations facilities are provided for through
connexion of calls and speech on a 2-wire or a 4-wire basis
and for extending a 17-c¢/s ringing signal from a switchboard
as a d.c. calling signal to line. At main stations facilities
are provided for connecting the speaker circuit to “spur”
routes on a 4-wire basis. A ‘“‘conference” facility at terminal
stations permits speaking and listening in both directions
from intermediate stations by unbalancing the hybrid coil.

Alarm Circuits.

Faults occurring at any station operate or release relays
which apply short-circuits to interstice pairs, provide
closed loops for connexion to the station alarm circuit, and
light rack-side alarm lamps. The following conditions
cause alarms to be given:—

(a) Power-Fail Alarm, operated from a relay connected

across the 12V power unit.

(b) Pilot-Fail “A-B,” operated from a relay controlled by
the marginal meter-type relay in the 4,092-kc/s pilot
regulator for the “A-B” direction of transmission,
or from the marginal meter-type relay of the 4,092-
ke/s pilot oscillator/stabilizer at terminal stations.

(¢c) Pilot-Fail “B-A,” as for (b) above but for the other
direction of transmission.
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time, has been the use of factory test results in the field.
The aim is to use these results to reduce the amount of
field testing by using sampling techniques and so allow the
Post Office specification to call for fewer field tests.

Method of Line-up.

The following is a brief description of the method of

line-up at present used on C.E.L. No. 6A routes:—

(a) The 4,092-kc/s and 308-kc/s pilot levels are measured
at all stations up to the first main station, with the
line amplifiers set to nominal gain. The results are
compared with the measured rack gains and the
calculated cable losses.
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pilot levels are measured at all

stations in the second main

section with the amplifiers in
this section set to nominal gain. The results are
compared with estimated values asin (4). Operations
(b) to (d) are then carried out on the second main
section.

(f) A line residual equalizer is designed and fitted at the
second main station, and the procedure is repeated
for each main section until the receive terminal is
reached.

It will be noted that much use is made of comparisons
with estimated results or previous measurements; this is
most valuable as a check against possible faults arising
during the line-up. A typical overall gain/frequency
characteristic is shown in Fig. 17, and an overall group-
delay/frequency characteristic in Fig. 18.

MAINTENANCE

Maintenance processes may be considered as falling into
three divisions: preventive maintenance, fault location and
repair of equipment.

Preventive maintenance is designed to detect defects and
known ageing or seasonal processes in advance of their
causing reported faults on circuits. On the earlier types
of coaxial line links the seasonal effect of temperature on
cable attenuation was the main change to be controlled
by suitably timed measurement and adjustment. As
described earlier, this is done automatically on C.E.L. No.
6A, but introduces the complication that a fault may be
compensated by the regulator, this compensation being
proportional to the square root of the frequency. Faults,
which are usually not of root-frequency shape, are detected
by a test at a frequency remote from the controlling pilot,
e.g. by monitoring the 308-kc/s pilot level. Regulator
faults can be detected by monitoring the level of the
4,092-kc/s pilot signal, and with the aid of the dependent
station pilot alarms. Thus the overall tests carried out are,
a check of the variability of the gain, using recording decibel-
meters to indicate the levels of the pilots, and periodic
checks of gain/frequency response. Additionally it may be
desirable to make overall intermodulation tests.

To detect ageing components, equipment tests are also
made as follows:—
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(a) Checks of panel supply voltages, to detect ageing of
power-supply rectifiers and increase the significance
of the other tests,

Checks of valve anode currents to detect valve
ageing.

Periodic overhauls, using vibration test methods, to
remove deteriorated connexions. Such overhauls
will be made when the pilot recorder charts show them
to be necessary.

The only other regular maintenance work required is the
regular calibration of the fault-locating panel, charging of
speaker batteries and adjustment of the manual setting
of the terminal regulator.

Fault location within a line link requires varying methods
according to the nature of the fault. Power failure and
complete failure of the h.f. path are indicated and located
by the system supervisory equipment. Changes of gain/fre-
quency characteristic are located using inter-supergroup
pilot signals and selective pilot measuring equipment
which allows the gain/frequency response from the terminal
to any intermediate station to be measured without taking
the line out of service. In addition it has been found useful
to record and check the variation of thermistor heater
voltages on the line amplifiers at each dependent station as
a means of tracing amplifier and regulator faults.

Equipment repair is mainly to be done at one or two of
the larger repeater stations on each route, where equipment
such as the 74505 R.T.E. is provided to enable faults on
amplifiers and regulators to be traced to a unit or com-
ponent and to enable these panels to be re-aligned after
clearance of a fault or change of valves. Spare parts and
units are held at these centres for replacement purposes.
For major overhauls, and the clearing of faults within
sealed units, the equipment is returned to the Test and
Inspection Branch of the E.-in-C.’s Office for repair.

(6)
()
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Book Reviews

“Television Engineering, Vol. 2: Video-Frequency Amplifi-
cation.” S. W. Amos, B.Sc., AM.ILE.E.,, and D. C.
Birkinshaw, M.B.E., M.A.,, M.ILE.E. Iliffe. 272 pp.
156 ill. 35s.

This book is the second in a series of B.B.C. engineering
training manuals dealing with television. The first dealt with
fundamental television principles, camera tubes and optics,
and was reviewed in the April 1954 issue of this journal. The
present volume deals with video-frequency amplification. It
may seem surprising to the uninitiated that a whole volume
can be written on this subject, but it is not, of course, confined
to the video-frequency amplification found in television
receivers. There are many points in the complete television
signal generating and transmitting chain at which high-quality
video amplification is required.

The first chapter of the book is devoted to a discussion, in
the simplest possible terms, of the requirements of a good
video amplifier and the effects that distortions in the amplitude-
frequency and phase-frequency characteristics have on the
transmitted waveform. The different types of distortion are
illustrated both by means of step-response diagrams and also
by an excellent series of photographs of Test Card C showing
the effects of the various distortions on the picture.

The main body of the book contains an analysis of the
simple RC intervalve coupling, together with methods of
compensating for its inherently falling gain characteristic at
the upper frequencies. Simple shunt-inductance compensation
1s dealt with fully and more complicated circuits using four or
five compensating elements are briefly touched upon. Series-
inductance filter couplings and cathode compensation are also
described.
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An all-too-short chapter is devoted to the very interesting
subject of the distributed amplifier, which enables prodigious
band-widths to be obtained with conventional valves. Such
amplifiers are now coming into use in some oscilloscopic work.
The phase-compensation of video amplifiers, the low-frequency
response, and such practical matters as decoupling are dis-
cussed, while the final chapters are devoted to the use of
feedback in video amplifiers and the problem of amplifier noise.

The book is a very worthy companion to Volume 1 and
should find its place on the bookshelf of every television
engineer.

I.P.O.E.E. Librvary No. 2394. T. K.

“Electric Wiring Diagrams.” G. E. Stubbs. Second Edition.
E. and F.N. Spon, Ltd. 50 pp. 83ill. d4s. 6d.

The title does not reveal that the chief contents of this
pocket booklet are 54 circuit diagrams showing how to connect
standard switches to control electric lamps, bells, heaters and
small motors. The simpler circuits would be helpful to the
novice and the more complex form a ready reference for the
experienced wireman. There are also a list of abbreviations
commonly used in wiring diagrams and details of identification
lettering of the terminals of 2-phase and 3-phase motors.

A few elementary circuit diagrams for battery charging,
rectifiers, testers, fluorescent lamps, an earth leakage circuit
breaker and a 13-A ring main complete the 50 pages, but the
associated explanations are insufficient for the student. An
index instead of “Contents’ and the descriptive matter on the
same pages as the diagrams would improve ready reference,
the purpose for which the booklet is intended.

D.J. H.












Introduction of Increased Transmission

and Signalling Limits in the Design of
Local Line Networks

U.D.C. 621.3.091.1: 621.395.743

G. A. E. FUDGE, AM..EE,
and C. B. MILLERY}

In anticipation of the introduction of the new telephone® of superior transmission performance, a review was made of the transmission
and signalling limits to be observed in the design of local line networks. As a result of this review, it was decided that the
transmission limits for all automatic and common battery (C.B.) exchanges and the signalling limits for some automatic exchanges
could be increased. This article outlines the present policy of the Post Office, discusses the effect of the increased limits on the
design of the local line network, and describes the modifications to exchange equipment required because of the increased signalling limit,

INTRODUCTION

N 1946, the normal transmission limit for automatic
Iexchanges having 50V ballast transmission bridges was

600 ohms (T.E.R.)* and the signalling limit 650 ohms.}
In certain circumstances a transmission limit of 720 ohms
(T.E.R.) was permitted but, in general, the design of the
network was to the lower transmission limit. Different
limits applied to other types of exchange. In 1951, a
committee was set up to guide the development of a new
telephone instrument, and to determine the future policy
regarding the planning limits to be observed in the design
of local line networks. Some electrical prototypes of these
new telephones, known as the 700-type, have now been
produced. The committee decided that:—

(i) The transmission limit for automatic exchanges
having 50V ballast transmission bridges was to be
raised to 860 ohms (T.E.R.) in 1953; later, in 1955,
when the probable performance of the new telephone
had been more accurately estimated, the limit was
further increased to 1,000 ohms (T.E.R.).

(ii) The transmission limits for other types of automatic
and C.B. exchanges were to be increased to be
equivalent to the 1,000 ohms (T.E.R.) limit for 50V
ballast exchanges, i.e. 50V non-ballast, 920 ohms
(T.E.R.); 40V C.B. manual, 880 ohms (T.E.R.);
22V C.B. manual, 700 ohms (T.E.R.).

(iii) With the adoption of the 1,000 ohms (T.E.R.)
limit, certain of the older and less efficient types of
telephone were to be restricted in use to the shorter
lines in the network.

(iv) The increased limits were to be adopted immediately,
in advance of the availability of the new telephone,
so that some economic advantages could be obtained
for the large program of work then in hand.

(v) The signalling limit was to be raised to 1,000 chms
line resistance for all new automatic exchanges of
the 2,000-type (director, non-director and U.A.X.s
No. 13 and 14), and all new U.A.X.s No. 12 (50V
non-ballast). Subsequently, ‘“‘new’’ exchanges were
defined as those ordered after June 1955.

(vi) Where economically justified, existing exchanges
were to be modified to permit the adoption of the
1,000-ohms signalling limit.

Except for (iii), the foregoing decisions have been

implemented.

The increase in transmission limits was occasioned by the

projected introduction of the new telephone of superior
performance. But, because of the use in the network

T Mr. Fudge is an Executive Engineer in the Local Lines Branch
and Mr. Miller is an Assistant Engineer in the Telephone Development
and Maintenance Branch of the E.-in-C.’s Office.

* The Transmission Equivalent Resistance (T.E.R.) of any line
of given length and gauge of conductor is defined as the d.c. resistance
of a 6%-1b line of the same grade of transmission. The T.E.R. of a
line is thereby expressed in ohms and its magnitude is equal to the
magnitude of the d.c. resistance of the line multiplied by a factor.

I Unless otherwise stated, the transmission limits quoted are for
automatic exchanges having 50V ballast transmission bridges and
the signalling limits are for 2,000-type automatic exchanges.
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in increasing numbers of the current type of telephone
(No. 232/332 with Receiver Inset No. 2P) which affords
better performance than those telephones considered in
determining the previous (1946) limits, and because it takes
several years for a change of planning limits to become
effective, it was decided to adopt the increased limits in
advance of the new telephone. To obtain the maximum
benefit from the increased transmission limit it was essential
that the signalling limits should be increased also.

Arising from the foregoing major decisions, other changes
followed, namely:—

(@) The raising of the exchange plus extension line signal-
ling resistance limits for P.B.X.s, when the limitation
was not set by the P.B.X. equipment.

(b) The introduction of a new switchboard, N. 1070
(65-line cord board), which has a better signalling
performance than, and gives similar facilities to,
the AT 3796 switchboard.

(¢) The raising of the transmission limits for local-feed
P.B.X.s and for auxiliary signalling units (i.e. where
the P.B.X. battery supplies the transmitter current
to the extension on exchange calls). The trans-
mission allowance remains unchanged for the standard
exchange-feed type of P.B.X. (i.e. where the public
exchange battery supplies the transmitter current
to the extension).

(d) The discontinuance of the use of local-battery tele-
phones on P.B.X. extensions in C.B. and automatic
exchange areas.

(¢) The use of one common set of multiplying factors for
all types of exchange in place of a set for each of the
four main types, and one conversion table, slide
rule, and one value for feed-cable mileage. The
multiplying factors are required for calculating the
T.E.R. value of the various conductor gauges (the
multiplying factors are, 0-8 for 4lb; 1 for 6% Ib;
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1-2 for 10 1lb; 1-5 for 20 lb; thus, for example, the
T.E.R. value of 1,000 ochms of 4-1b conductor is
800 ohms (T.E.R.)).

The effect of the increased transmission and signalling
limits on the design of the local line network can be seen
from Fig. 1, which shows the transmission limit for each
gauge of conductor, appropriate to the present 1,000 ohms
(F.E.R.), and the previous 600-ohms (T.E.R.) limits,
Iogether with the 650-ohms and 1,000-ohms signalling
imits.

TRANSMISSION

The transmission performance ratings of three telephone
circuits, for various values of line resistance in 63-Ib
conductor (i.e. the T.E.R. value), are shown in Fig. 2.
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Each circuit includes an exchange transmission bridge of
the 50V Dballast type, and the three telephones are
(a) Telephone No. 162 with Bell Set No. 25, having a trans-
mitter No. 13, areceiver1L and an induction coil No. 18.35A ;
(b) Telephone No. 332, or similar type, having a
transmitter No. 13, a receiver inset No. 2P and an induction
coil No. 27, and (c) the new, 700-type telephone (as estimated
at present). The performance ratings are relative to the
Standard Local Telephone Circuit§ and are based on articu-
lation tests, with a 6-dB correction for the 332- and 700-type
telephones in the receiving direction of transmission. This

correction has been applied recently and is explained
elsewhere.l

The send and receive ratings®3 of the telephone normally
differ; the lesser of the two line resistances at which the
curves cross the zero axis (Fig. 2) being regarded as its
limiting value. Thus, for the 700-type telephone, the
limiting resistance value is 1,000 ohms of 63-1b conductor
(3+7 miles), i.e. 1,000 ohms T.E.R.—the value adopted for
future planning.

Cabling designed to this limiting value would also serve
existing types of telephone. Fig. 2 shows that for short
lines having a T.E.R. value less than 600 ohms, the per-
formance of the three telephone circuits is better than
standard in both directions of transmission but, as the line
resistance increases towards the limiting value of 1,000
ohms, circuits with Telephones No. 162 and 332 are below
the transmission standard. The performance of a connexion
between any two subscribers’ installations in this country—
apart from the inter-exchange trunk and junction links—can
be appraised by combining the respective send and receive
ratings of the two telephones. Thus, if two 700-type
telephones are interconnected, each on a limiting local line
of 1,000 ohms T.E.R., the send rating (0 dB) and receive
rating (- 6 dB) give an overall rating of + 6 dB relative
to the Standard Local Telephone Circuit in both directions
of transmission. Interconnexions involving the use of the
other types of telephone on similar lines will afford lower
combined ratings. The lowest rating will be when two
Telephones No. 162 are interconnected, when the combined
rating will be — 9 dB in both directions. There are a few
older types of telephone in service with even lower perform-
ance ratings. Thus, as far as the local line network is
concerned, the transmission performance afforded by a sub-
scriber’s installation will be influenced very much by the type
of instrument and the T.E.R. value of the line. It will also
be observed that there is a wide difference between the
combined ratings of two 700-type telephones on short lines
and two Telephones No. 162 on long lines.

In appraising these ratings against the performance of
the national network, it is necessary to consider the proba-
bility of calls being set up which have varying combinations
of telephones, local lines, and trunk and junction links. Such
consideration must include the future trend as well as the
existing state of the three components of a connexion.
Some aspects of the distribution of these three components
are discussed in the following paragraphs.

Telephones—The quantity and distribution of tele-
phones in the network cannot be accurately assessed.
There are no fewer than eight types of telephone, each
with different combinations of transmitter, receiver
and induction coil and with differing transmission
performance rating. The 332-type of telephone (and
types having similar transmission components) is in
current supply and this type, together with telephones
having ratings slightly less than the Telephone No. 332,
predominate in number. The Telephone No. 162 and
other older and less efficient telephones are available for
re-issue and will continue to be for some considerable
time.

Local lines.—The distribution of subscribers’ lines
differs in each exchange area and is largely dependent
upon the size and location of the area. At one extreme,
there are the few congested small areas—such as those in
the centre of London—where no lines approach the
previous limit of 600 ohms and where little, if any,
advantage can be obtained from the increased limits
with the use of present gauge conductors. At the other

§ The Standard Local Telephone Circuit comprises a Telephone No.
162 with Bell Set No. 25, connected by a line of 10-1b conductor
of resistance 450 ohms (2-56 miles) to a 50V non-ballast automatic-
exchange transmission bridge having 200 -~ 200 ohm relays.

39



extreme there are the exchange areas, mostly provincial,
having long lines and large telephone growth at the
boundary. A study was made in 1954 of the distribution
of subscribers’ lines in 62 exchange areas of various sizes
and locations. This study indicated that the national
average T.E.R. value was of the order of 250 ohms
representing a send rating of - 5 dB and receive rating
of + 2 dB for circuits having Telephones No. 162.
It also showed that approximately 3 per cent of the
exchange connexions were around the limiting trans-
mission value.

The adoption of the increased limits in designing local
line networks will take a long time to have any effect.
First, a period of at least 12 months usually elapses
between the planning and execution of a scheme.
Secondly, development schemes planned in 1955 to the
1,000-chms T.E.R. limit were somewhat limited by the
then overriding signalling limit of 650 ohms. Schemes
making full use of both the 1,000-ohms T.E.R. and
1,000-ohms signalling limit are at present few in number
but some lines of high T.E.R. value will shortly begin to
appear in the network.

Trunks and Junctions.—Local telephone circuits

having sub-standard ratings (see Fig. 2), would yield’

satisfactory transmission on local calls, but should two

inferior telephones, each on a limiting local line, be

interconnected on a long-distance call, there would be a

big risk of unsatisfactory transmission. This would be

particularly likely where the trunk or junction route is
operating on or near its limiting transmission value.

In practice, these calls form a very small proportion of

the daily total.

From the foregoing paragraphs it will be gathered that
with the present network the probability of setting up calls
between local telephone circuits having sub-standard
rating is extremely remote. Nevertheless, it is necessary
to consider the future network planned to 1,000-ohms T.E.R.
and to reduce the risk of sub-standard calls to a minimum.
With this object in view, consideration is being given to the
introduction of a procedure for some degree of zoning of
telephone installations according to their respective
transmission efficiencies. Broadly, this would mean that
the new, 700-type telephone would be used on long lines
and the other telephones on short lines.

The practical application of zoning is now being studied.
Its adoption would gradually improve the transmission
performance of the network, and would reduce the wide
differences between the ratings of connexions.

Light-Gauge Conductor.

At present 4-1bjmile conductor is the lightest in use in
the network, but some thought is being given to the
development of 24-1b conductors in order to take advantage
of the increased limits. The field of use for 21-Ib conductor
may be in large local cables in sections near the exchange
and especially in congested areas in London and the larger
cities, but the provision of this conductor may, under
certain circumstances, interfere with the provision of
miscellaneous and external extension circuits.

Crosstalk.

The effects of the 700-type telephone, lighter gauge
conductors and perhaps longer lines will tend to worsen
crosstalk in the network. The volume efficiences of the
700-type telephone are greater than those of the current
telephone No. 332 with receiver 2P, by approximately
5 dB in the sending direction and 3 dB in the receiving
direction, and thus it may be inferred that two adjacent
circuits having 700-type telephones in place of Telephones
No. 332 would result in 8 dB worsening of crosstalk.
This worsening would, however, be tolerable for a vast
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majority of connexions and would be noticeable only in the
few cases where conditions were already onerous. The use
of a conductor one gauge lighter worsens crosstalk by
approximately 2 dB and longer lines increase the risk of
crosstalk by a slight amount. The consequent increased
risk of crosstalk is, to some extent, being offset by the
adoption of Paper Core Unit Twin (P.C.U.T.) cable
instead of Paper Core Quad Local (P.C.Q.L.) cable for
new work. A study of crosstalk performance, as shown by
field tests in local line networks, proved that the crosstalk
attenuation of P.C.U.T. cable was some 10 dB greater
(better) than that for P.C.Q.L. cable. There is, however, a
considerable amount of P.C.Q.L. cable in the network
which, with the new telephone, could give rise to an increased
risk of crosstalk.

LINE PLANT SAVINGS

The application of the increased transmission and signal-
ling limits to the design of the local-line cable network
enables economies to be effected by the use of cables
having lighter gauge conductors than wused hitherto.
In general, except where 4-1b conductors are already in
use, conductors of the next lighter gauge can now be used.

The amount of the savings for new cable work is largely
influenced by the length of the cable route. The greater the
route length, the greater the opportunity for taking advan-
tage of the increased limits and for using light-gauge
conductors. For route lengths less than about 1-5 miles, no
saving can be achieved as this length of the minimum
gauge conductor, 4 1b/mile, already meets the earlier limits of
600-ohms T.E.R. and 650-ohms signalling. As the length
increases beyond 1-5 miles, the savings also increase; there
being a broad relationship between the savings and route
length.

In 1952, a detailed study was made to determine the line
plant savings. Twenty-four exchange areas were selected
and line plant layouts were designed to cater for the 20-year
development on the basis of (2) the then existing limits
(transmission, 600-ohms T.E.R.; signalling, 650 ohms), and
(b) a transmission limit of 860-ohms T.E.R. and a signalling
limit of 1,000 ohms; the cost differences gave an indication
of the line plant savings. (Subsequently, the effect of the
1,000-ohms T.E.R. limit was pursued, showing a further
slight increase in the savings.) From the study, the per-
centage savings in present value of annual charges (P.V. of
A.C.) per added line for varying lengths of cable route were
as shown in Fig. 8. The percentage savings for similar

30
£ /
a . /
g 20
s
>
1]
vz
(|
o /
< 10
58
>:<

I 2 3 4 5

CABLE ROUTE LENGTH (MILES)
FiG. 3.—SAvVING PER ADDED LINE (CABLE WoORK OKNLY).

lengths of route differed, especially for the longer routes;
the curve shown representing the best fit of the 78 routes
studied.

By relating this curve to the percentage distribution of
added lines (anticipated) with respect to cable route
length for director and non-director and for U.A.X. areas—
including the routes below 1-5 miles, where no savings are
obtained—the average savings per added line (P.V. of A.C,,



cable work only) were calculated as approximately 7 per
cent for director and non-director exchange areas and 11 per
cent for U.A.X. areas. The percentage savings of inclusive
capital cost were of the same order.

A further saving will be achieved in conserving duct space
by the use of smaller-diameter cables or by using a cable
of more pairs in a duct way. For example, the maximum-
diameter cable that can be drawn into a 33-in. self-aligning
duct is 3-0 in. This space can be filled with either 800 pairs,
10-1b; 1,200 pairs, 61-1b; or 1,800 pairs, 4-1b P.C.U.T. cable.

Against the savings shown above must be set the addi-
tional costs incurred in the provision and maintenance of
more sensitive exchange equipment capable of giving
satisfactory performance with subscribers’ lines of 1,000
ohms.

Size of Exchange Avrea.

As a result of the increased limits, either economies
can be made in the line plant costs of an area or the area can
be enlarged for the same line plant cost. The size of an
exchange area depends upon many other factors, e.g.
growth, exchange equipment, accommodation, junctions,
tariffs, state of existing plant, etc. As the existing plant
in any area has been provided after such consideration
of economics, the effect of a change in any one of these
factors can only be gradually realized over a very long
period. However, in the case of small-size exchange areas,
it is more likely that line plant cost will have an immediate
influence on the determination of the size of the area.
Thus, in these cases, it may prove economical to eliminate
a small automatic or manual exchange and transfer its
area, or parts of the area, to a neighbouring exchange
(or exchanges).

SIGNALLING

The signalling performance of certain items of existing
automatic exchange equipment does not permit an increase
in the subscribers’ line signalling limit from the present
value of 650 ohms. Such items are those which, in general,
have been designed to work solely in conjunction with
subscribers’ lines. In this category are 1st code selectors,
final selectors, subscribers’ line circuits and some miscel-
laneous circuits. Other items, such as auto-to-auto relay
sets, which can be seized by either a junction or a sub-
scriber’s line and which have been designed to meet the
more stringent signalling requirements of junction working,
will adequately cater for subscribers’ lines of 1,000-ohms
loop resistance. A study was undertaken to determine
the extent of the essential changes to director, non-director
and U.A.X. equipment necessary to permit the use of
subscribers’ lines of 1,000 ohms, and the costs of these
changes were assessed. The following factors were taken
into consideration in determining the limiting performance
of the existing types of equipment and in designing more
sensitive equipment where required:—

(1) A subscriber’s line of 1,000-ohms loop resistance.

(ii) A telephone instrument signalling resistance of
350 ohms at 15 mA, 330 ohms at 20 mA, and 300
ohms at 30 mA.

(i) An earth resistance of 150 ohms in cases where the
most onerous calling condition is that extended by a
shared-service telephone.

{iv) The lower limit of exchange battery voltage.

Subscribers’ Line Cirvcuit in Divector and Non-Director

Exchanges.

The subscriber’s line circuit in standard director and
non-director exchanges employs uniselector calling princi-
ples and incorporates 600-type relays. The sensitivity of
the existing subscriber’s line relay is not such that it will

meet, with full safety margins of operation, the require-
ments of a 1,000-chms line. The use of a more sensitive
single-coil line relay would, however, increase the risk of
what is termed “‘uniselector chase” under fault conditions.

An earth fault on the B leg of a subscriber’s line may cause
the subscriber’s line relay to operate and the faulty line
to be connected to the line relay of a 1lst code selector or
Ist selector in the normal manner. Only the battery-
connected winding of the selector line relay will be energized
and if the resistance of the fault to earth is above a certain
value, the selector line relay may fail to operate. This
being so, the selector will not be seized and a holding earth
will not be connected to the subscriber’s line circuit via
the P wire, and consequently the switching relay, K, in the
line circuit will release and the faulty line will be recon-
nected to the subscriber’s line relay. This cycle of events
will be continuously repeated with the result that either
the subscriber’s uniselector is driven round its bank from
contact to contact, or the relays in the subscriber’s line
circuit interact continuously, the uniselector remaining on a
particular contact.

With the most onerous adjustments applied to existing
subscribers’ line equipment, and 1st code selector or lst
selector, the range of earth-fault resistance over which
uniselector chase may occur is 750 to 5,000 ohms for
director exchanges and 1,600 to 5,000 ohms for non-
director exchanges. The lower resistance limit is governed
by the sensitivity of a 1st code selector or 1st selector line
relay energized over one winding and the upper limit by
the sensitivity of the subscriber’s line relay. This upper limit
would be raised if the sensitivity of the relay were increased.

The subscriber’s line relay in director and non-director
exchanges has a release lag to cover the delay that occurs
between the disconnexion of the line relay and the con-
nexion of a holding earth to the K relay from the 1st code
selector or st selector. It was found that if the standard
subscriber’s line circuit is operated from a line of resistance
greater than 650 ohms, the reduction in line current, together
with the short energization time that is obtained when the
subscriber’s line circuit switches to an early outlet, could
result in the release lag of the line relay being insufficient
for satisfactory operation of the circuit. A more sensitive
single-coil 600-type line relay would have, of necessity,
an even smaller release lag than the standard design
because improved sensitivity could only be obtained by
increasing the winding space at the expense of the space
available for the slug. It is, therefore, essential that, if a
single-coil 600-type line relay is used with a subscriber’s line
of up to 1,000-ohms loop resistance, some means must be
adopted to ease the release timing requirements of the
relay. This can be done by providing what is called a
“fast guard” facility in subscribers’ 1st code selectors and
1st selectors.

When a Ist code selector or a Ist selector of existing
design is taken into use, a guarding and holding earth is
connected to the incoming P wire by a contact of a relay
that is dependent for its operation on a contact of the
selector line relay. If it is arranged that the earth is
connected to the P wire earlier in the seizure sequence,
directly by a contact of the selector line relay, satisfactory
switching of the existing standard subscribers’ line equip-
ment can be obtained when associated with lines of 1,000-
ohms loop resistance. Fig. 4 shows the basic circuit elements
of 1st code and 1lst selector equipment that provide this
facility.

Subscribers’ Line Civcuits in U.A.X.s No. 12, 13 and 14.

The subscribers’ line circuits in U.A.X.s No. 12, 13 and
14 incorporate 600-type relays and are associated with
linefinder equipment. The line relays will not cater for
subscribers’ lines of 1,000 ohms with full factors of safety.
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(a) 1st Code Selector.

Notes: 1. The strap shown in (b) between U-points 8 and 9 is inserted when the selector is used as a subscriber’s
1st selector in a uniselector exchange.
2. Modifications to existing equipment are shown by bold lines.

Fic. 4.—Basic Circuit ELEMENTS PrRoOVIDING Fast GUuarD FaciLity.

In exchanges employing linefinder principles, a condition
of “linefinder chase’” may occur under line fault conditions.
Linefinder chase is similar to uniselector chase except that,
as the line relays of 1st selector equipment associated with
linefinders are pre-operated, these relays have only to be
held and not operated by earth-fault currents. In conse-
quence, the ranges of earth-fault resistance over which
linefinder chase may occur are less than those for uniselector
chase. On the other hand, the effect of linefinder chase is
more serious as it results in increased wear of linefinder and
common control equipment, which is costly to replace.
Whilst linefinder chase may occur in a U.A.X. No. 14
over a range of earth-fault resistance dictated solely by the
relative sensitivities of subscribers’ line and 1st selector
relays, the risk of chase is reduced in a U.A.X. No. 13 and
obviated in a U.A.X. No. 12 by the fault-lock-out feature
incorporated in the subscribers’ line equipments in these
exchanges. The use of more sensitive subscribers’ line
relays to cater for the increased line limit would increase the
risk of linefinder chase occurring in U.A.X.s No. 13 and 14.

Consideration of Designs of Subscribers’ Line Relays.

There are several possible ways by which the sensitivity
of subscribers’ line relays could be increased to meet the
requirements of 1,000-ohm subscribers’ lines.

(i) A 3,000-type relay could be designed to have the
desired sensitivity and to give sufficient release lag
to be able to dispense with the need for the provision
of fast guard facilities in 1st selectors. Such relays
are, however, larger than the present line relays,
and line equipment racks and U.A.X. units would
have to be re-designed, and more accommodation
would be required.

(ii) New 600-type line relays could be adopted, attendant
on the provision of fast guard facilities in 1st
selectors. The risk of uniselector and linefinder
chase could be minimized by the adoption of two-
winding line relays, one winding being connected
to each leg of a subscriber’s line. Earth-fault currents
would flow only through the battery-connected
winding, and the relay would therefore be less
sensitive to these currents than a single-coil relay.
The risk of chase could not be completely eliminated
as there would be a limit to the minimum sensitivity
of the battery-connected winding of such a relay,
dictated by the more onerous earth-calling conditions
extended from a shared-service telephone. Further-
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(b) Group Selector.

more, the adoption of a two-winding
relay would necessitate modifications
being made to other exchange equip-
ment, such as final selector circuits,
in order to prevent the unwanted
operation of the line relay over its earth-
connected winding by the ringing return
battery on an incoming call. Any major
changes to the design of the present 600-
type line relay would involve departures
from present manufacturing practices,
and it is probable that the cost of a new
design with extra features would be
somewhat greater than that of the present
600-type relay.

The existing designs of subscribers’ line
relayscanbe retained and narrower limits
of permissible adjustments accepted. It
was found that the existing subscribers’
line relays will meet the requirements of
1,000-ohm subscribers’ lines, except when
they are in the most onerous permissible
adjustment, provided that associated lst
code selectors or 1st selectors give a fast
guarding earth on the P wire.

The last solution has been adopted as it offers considerable
economic advantages. Existing designs of subscribers’
line relays have not been changed, but, when necessary,
these relays are adjusted individually to meet the require-
ments of subscribers’ lines of loop resistance in the range
of 650-1,000 ohms. The range of earth-fault resistance over
which uniselector or linefinder chase may occur will not be
worsened, but the chances of it occurring will be increased
to some extent as more subscribers’ line relays will tend to
be in light adjustment. Fast guard facilities are being
provided in 1st code selectors in director exchanges and in
Ist selectors in non-director exchanges. In non-director
exchanges switching difficulties might result if group
selectors, other than those used as subscribers’ 1st selectors,
gave a fast guard earth, and therefore, in order to avoid
the provision of a special design of subscribers’ 1st selector,
the fast guard facility is an optional feature on new group
selector equipment, provided by the strapping of shelf
jack U-points when required (see Fig. 4). Since U.A.X.
subscribers’ line circuits employ linefinder principles, fast
guard facilities will not be required from U.A.X. 1st selector
equipment.

Re-Design of Other Exchange Equipment.

In addition to the changes required to 1st code selectors
and 1st selectors to provide fast guard facilities, changes
are being made to the designs of the following relays in
order to obtain the required performance with 1,000-ohm
subscribers’ lines:—

Ring-trip relays (F) in final selectors in U.A.X.s No. 12,
13 and 14, director and non-director exchanges and in
miscellaneous equipmexts such as service interception and
linemen’s ring-back circuits.

Supervisory relays (D) in final selectors in U.A.X.s
No. 13 and 14 and director and non-director exchanges.
[The existing D relays in U.A.X. No. 12 selectors operate
satisfactorily with 1,000-ohm subscribers’ lines.]

Line relays in 1st code selectors, certain selector-level
relay sets and circuits associated with test equipment,
e.g. relays LA in test interception circuits in director and
non-director exchanges.

Consideration is also being given to the changes required
to test-desk, test-rack and test-case equipment in order that
maintenance tests may be made on subscribers’ lines of
the higher order of resistance, and on the exchange equip-
ment associated with these lines.



Effect of Increase in Subscribers’ Line Limit on Pulsing
Performance and Limats.

The present limits for loop-disconnect working were
based on a subscribers’ line limit of 600 ohms, which was
later increased to 650 ohms. The limits were determined
under adverse conditions assuming the output of a sub-
scriber’s dial to be 63 per cent to 72 per cent break ratio.
The effect of an increase in the subscribers’ line limit will
be to increase distortion in such a sense as to cause an
increase of the pulse break periods. Tests have shown that
the additional distortion resulting from an increase of line
resistance to 1,000 ohmsis of the order of 2 ms and introduces
some increase in the risk of failure should all factors
affecting pulsing be simultaneously adverse. It is expected
that this increase in distortion will be offset by the rapidly
increasing use in the telephone network of the new trigger-
type dial, the pulse output of which is expected to remain
more constant over long periods than that of the earlier
type of dial, due to the compensatory effects of wear on
different parts of the pulsing mechanism.

Application of the Increased Line Limits to Existing
Exchanges.

The application of the increased signalling limit to existing
exchanges gives rise to certain difficulties; for example,
pre-2,000-type 1st selectors and D.S.R.s cannot be readily
modified to give a fast guarding earth. It has therefore
been decided that the new signalling limit can be applied
to existing exchanges only when a detailed study has
demonstrated that the overall savings would be sufficiently
high to justify such action, and when the exchange equip-
ment concerned falls into one of the following categories:—

(1) Exchanges with wholly 2,000-type equipment (in-
cluding U.A.X.s No. 13 and 14).

(2) U.A.X.s No. 12.

(3) Linefinder exchanges with pre-2,000-type selectors

employing 3,000-type relays.

(4) As (3) but which are extended by uniselectors and
2,000-type selectors. In these exchanges, uniselectors
that are trunked out to pre-2,000-type lst selectors
or D.S.R.scannot be used on lines with loop resistances
exceeding 650 ohms.

The question of increasing the signalling limit retro-
spectively at manual exchanges is still receiving considera-
tion but it has been found possible to increase the limit
from 500 ohms to 700 ohms for direct exchange lines
connected to certain types of 40V C.B. exchanges.

R NhA

ACKNOWLEDGMENT

The authors wish to acknowledge the help received in
the preparation of this article from colleagues in the
Local Lines and Telephone Development and Maintenance
Branches of the E.-in-C.’s Office, who have been concerned
in the implementation of the measures described in this
article. )

Refevences.

1SpenceERr, H. J. C., and WiLson, F. A. The New, 700-Type
Telephone. P.O.E.E.]., Vol. 49, p. 69, July 1956.

2 FupGE, G. A. E. Introduction and Application of Transmission
Performance Ratings to Subscribers’ Networks. I.P.O.E.E. Printed
Paper No. 198, 1949.

3 BarnEs, E. J., Woop, A. E., and RicHARDS, D. L. Standards
of Transmission and Local Line Limits. P.0.E.E.J., Vol. 40, p. 8,
Apr. 1947,

Book Reviews

“Musical Acoustics.” (Fourth Edition.) Charles A. Culver.
McGraw-Hill Book Co. 297 pp. 215 ill. §6.00.

Being a fourth edition, and very largely re-written as a result
of experience with earlier editions, this is undoubtedly a good
book for its main purpose, namely ‘‘as a text for use by music
majors in colleges and universities.”” It is easy to read and
takes for granted from its reader little knowledge of either
music or acoustics. It can therefore be of interest to a much
wider public, to anyone who enjoys music and is not daunted
by a little very elementary physics.

The elementary physics is introduced in the first four
chapters with little use of mathematical expressions. Then
follows a chapter on hearing, which includes the concepts of
intensity and the decibel scale as well as some notes on the
structure of the ear and its semsitivity in different circum-
stances. Thereafter the physical and the psychological aspects
of acoustics are closely interleaved; thus “‘resonance’ precedes
“pitch,” ““quality”’ includes methods of recording and analyzing
waveform, and short discussions of vibrating strings, air
columns and rods and plates precede the descriptions of the
corresponding groups of musical instruments. The human
voice is properly included with the wind instruments in this
section. A chapter on “musical intervals and temperament”
introduces the section on musical instruments; it deals with the
arithmetic of musical scales and chords and exposes some
mysteries of the piano-tuner’s art. Chapters on recording and
reproducing sound and on architectural acoustics conclude the
book—superficial, of course, but evidently domne from con-
siderable knowledge and with a good sense of proportion.

The book is well written, well produced and generously
illustrated. The selection of illustrations is open to criticism
(from a general reader’s point of view) in that the photographs
of the musical instruments are too few and too small to be of
much use for illustrating the detail in the text. On the other
hand there are a number of oscillograms of the waveform of
sustained sounds which do not seem to serve a useful purpose.
They are additional to charts of spectra of the sounds, which
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show the relative magnitudes of the different harmonics; the
text is not concerned with the relative phases, even if one
could read them from the waveform.

Those who teach may find useful the few simple questions
and problems at the end of many of the chapters. All can
benefit from the book if the author’s belief is correct ‘““that a
knowledge of the means and processes by which music is
produced, recorded and transmitted will serve to contribute to
the greater enjoyment of this, the noblest of the arts.”

W. W.

“Hi-Fi from Microphone to Ear: Modern Sound-recording and
Reproduction Technique.” G. Slot. Philips Technical
Library. Cleaver Hume Press Ltd. 169 pp. 118 ill
17s. 6d.

This little volume is an English translation of a publication
from Philips of Eindhoven, and is concerned mainly with the
high-fidelity reproduction of gramophone recordings. The
author disarms criticism by his explanation in the foreword
that the book is written for “‘music lovers without technical
training whose aim is to reproduce music and speech ds faith-
fully as they can,” and with that aim in view the emphasis
throughout is on the simple non-technical explanation.

After an introductory discussion of the general principles of
disc recording, detailed chapters follow on the characteristics
of the various types of pick-up, and on the frequency response
required for reproducing modern recordings. Other sections
deal briefly with amplifiers and loudspeakers, and there is a
short chapter on the principles of tape recording.

Although the communications engineer will find little that
is new in the book, it is nevertheless written in a very readable
style, and it should prove very popular with the type of reader
for whom it is intended. It is excellently illustrated, and if an
occasional phrase jars—such as the use of “‘richness of tone”
to describe a quality of a gramophone pick-up (on page 33)
—perhaps difficulties of translation should be blamed rather
than the author.

I.P.O.E.E Libvary No. 2414 F.E W.
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An Electronic Error-Correcting Multiplex Telegraph System

U.D.C. 621.394.14 : 621.394.441

inevitably occur to a greater or lesser degree in the

radio transmission of telegraph signals, the employ-
ment of protective codes and automatic repetition has
grown over the past 20 years, particularly during the post-
war period. In thelate 1930’s Moore and Mathes introduced,
for use with the Radio Corporation of America multiplex
system, a 7-unit code in which the characters were each
represented by permutations comprising three marking and
four spacing elements, this enabling mutilations, other
than those which might be fortuitously self-compensating,
to be detected and indicated as errors in the received copy.
Van Duuren (of the Netherlands P.T.T.) adapted this basic
code-form and extended its usefulness by devising means of
automatic translation from, and to, the International
Alphabet No. 2 used for teleprinters. [The teleprinter
code comprises 32 5-unit permutations, and for switched
working (e.g. telex) two other conditions, continuous mark
or space, require to be transmitted. Seven-unit code gives
128 permutations of which 35 have the required character-
istic (8M and 4S).] He also conceived the idea of automatic
error-correction by repetition of the faulty character
when an error in reception is detected. The 35th code
permutation (or RQ signal) is transmitted back to the
originating station when an error is detected, and causes
the character, which is automatically stored for a period
sufficient to cover the double transmission time, to be sent
again. During this period for repetition, normal transmis-
sion is suspended and printing 1s resumed only when the
character that has been rejected is received again and
conforms to the correct code ratio. Other forms of protec-
tive code are known, but the van Duuren code and repetition
system is the most widely used at present.

During recent years, much attention has been given to
the possibility of replacing electro-mechanical apparatus
by electronic equipment and, in the cause of investigat-
ing the merits of various forms of protective code, an
electronic error-correcting multiplex system has been
developed by the Post Office Research Branch, using the
basic principle of automatic repetition (ARQ) mentioned
above.

The apparatus is a 2-channel synchronous time-division
multiplex system for the interconnexion of teleprinter
networks operating at the international standard speed.
The circuit techniques employed comprise thermionic
valve and cold-cathode tube elements. In general, the
former are used for control and drive-circuits and the latter
for pulse distributors, counting and signal storage. The
common apparatus consists of the time-division multiplex
proper, including the basic time generator, transmitting
and receiving distributors with synchronizing correction
and both manual and automatic initial phasing of elements
and channels at the receiver; code-converters for transla-
tion from teleprinter code to the protective code and vice
versa; and the error detector. Individual channel apparatus
comprises: at the transmitter, the character store, which
stores up to the last four characters transmitted; input
control circuits; and the repetition sequence counter, which
controls the store during a repetition cycle; and at the
receiver, a start-stop signal generator which accepts, from
the decoder, retranslated 5-unit permutations derived
from incoming 7-unit signals that have been found correct
and sends them out as standard teleprinter signals.

The basic timing supply is provided by a crystal oscillator
via several stages of frequency division (the first of which
provides a four-phase output) to give a pulse-repetition
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3. S a palliative to overcome the mutilations which

frequency equal to the required aggregate modulation rate
(931 bauds). This pulse train drives the transmitting
distributor directly, the resultant seven pulse trains being
gated by the coder, according to the permutation to be
transmitted. A channel distributor is stepped at the end
of each 7-unit cycle so that the input of the coder is con-
nected to the next channel in the sequence.

The input to each channel is by a 6-wire system, five
wires for the normal code permutations and the sixth to
indicate supervisory conditions, from a tape reader (which
can be part of a receiving-reperforator-retransmitter).
At the commencement of the character cycle, the channel
input is transferred to the first rank of the store (comprising
cold-cathode triodes) which, via the channel gates, controls
the coder. When the character has been transmitted, it is
transferred to the next rank of the store, and so on to the
last rank in succeeding character cycles, and then, if no
repetition has been demanded, it is discarded. But if a
repetition has been requested, or a faulty character has been
detected by the corresponding return channel, a pulse
actuates the repetition sequence counter. This suspends
temporarily the operation of the tape reader, sets up the
RQ combination for transmission on the channel and loops
the store so that all the characters in the store are retrans-
mitted in their original sequence. The capacity of the store
in this equipment can be readily varied to cater for loop
propagation times up to 450 milliseconds.

The received signal, reinverted for one of the channels,
gates pulses from the receiving distributor to record the
received 7-unit permutation in the register. The optimum
phase-relationship between the received signals and the
distributor drive is maintained by a correction system
which integrates algebraically the early and late instants of
restitution of the signal and, when the integral exceeds a
certain number, causes the divider chain feeding the dis-
tributor to be connected to an advanced or retarded phase
of the 4-phase divider mentioned earlier. Whilst the
signal is being registered, the number of marking elements in
the permutation is counted and if this is correct (three) at
the end of the cycle, the resulting output of the coder is
transferred to the appropriate (determined by the channel
distributor) channel start-stop transmitter. Should the
count be wrong, no character is retransmitted, but the
repetition sequence circuit of the corresponding return
transmitting channel is actuated to initiate a repetition
cycle, and the output remains blocked until the cycle (or,
if necessary, subsequent cycles) iscomplete and the character
has been received again correctly. An additional protection
is provided by a “tested RQ” facility which checks that,
during a repetition cycle, the RQ permutation and subse-
quent characters are received correctly, and should this not
be so, continues the repetition process. ARQ operation
necessitates a 2-way circuit, but this apparatus can
be switched to give error-indication instead, if unidirec-
tional operation should be desired, in which case the
detection of an erroneous permutation prevents the decoder
output from being transferred to the channel start-stop
generator and substitutes permutation No. 32 (five spaces),
which may be used to print an error-sign.

The automatic phasing depends on the fact that, if the
system is out of phase, although each terminal will be
generating RQ signals, none will be received correctly.
After a predetermined delay period of no RQ signals, the
receiving distributor is retarded in phase by one element
period, at intervals of the RQ cycle, until the RQ permuta-
tion is detected. LKW.
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INTRODUCTION

HE International Telegraph Consultative Committee

I (C.C.1.T.) held its Eighth, and last, Plenary Assembly

at Geneva in December, 1956, The meeting of the
Plenary Assembly was preceded by meetings of all the
Study Groups to prepare final reports on their work for
submission to the Plenary Assembly. The meeting of the
Eighth Plenary Assembly of the C.C.I.T. was immediately
followed by the First Plenary Assembly of the new Inter-
national Telegraph and Telephone Consultative Committee
(C.C.1.T.T.), which combines the functions of the old
separate committees for telegraphy and telephony.

Since the Seventh Plenary Assembly of the C.C.L.T., held
in Arnhem in May, 1953, the work of the C.C.L.T. has
been carried on through the medium of the Study Groups
set up by the Plenary Assembly. Each of these Study
Groups has met at least once during the intervening period
to study the 80-odd questions remitted to them by the
Plenary Assembly.

TECHNICAL DIisCuUssiON

In general the work of the technical Study Groups of the
C.C.I.T. has been concerned with problems associated with
the expanding use of switched telegraph services in the
international field and the integration of wire- and radio-
telegraph services. Broadly, the problems fall into three
categories: transmission, telegraph apparatus, and switching
apparatus.

In the field of transmission, work has been done with a
view to improving and extending the technique and
definitions relating to telegraph transmission so as to take
better account of the requirements for the measurement,
prediction and specification of telegraph distortion and
telegraph transmission performance on tandem-connected
telegraph channels. These requirements arise mainly from
the need for the greatest possible accuracy in the difficult
transmission conditions imposed by the international telex
service and the need to take account of the different trans-
mission conditions affecting radio circuits as compared
with wire-line circuits. As a part of the attack on the
problems concerned, the definitions have been extended to
include matters concerned with error rates, the probability
of the distortion on a circuit exceeding an assigned value,
and the effect of signal mutilation as distinct from signal
distortion.

Other problems tackled have been the analysis of the
various factors contributing to the distortion and signal
mutilations arising on international telegraph circuits, and
the best methods of measuring, observing and specifying
the performance, both of the individual telegraph channels
and of the international trunk circuits carrying the multi-
channel telegraph systems. This latter aspect of the work
has, of course, been undertaken in co-operation with the
C.C.LF. One of the more important points under con-
sideration is the extent to which the performance of the
telegraph channels is being degraded by transitory effects
leading either to sudden changes in the level, phase or
frequency of the transmitted signals or to the transitory
occurrence of high-level noise. A strong recommendation
has been made that Administrations should actively pursue
all practical measures to reduce these disturbances, which
ultimately limit the accuracy of transmission possible on
international switched telegraph services.

So far as the telegraph channels themselves are concerned,
apart from the question of improved testing techniques,

1P.O.E.E.]J., Vol. 46, p. 121, Oct. 1953.

methods of improving the performance of amplitude-
modulated voice-frequency telegraph systems have been
studied as well as factors affecting the introduction of
frequency-shift-modulated voice-frequency telegraph sys-
tems. While experience must yet be acquired in the use of
systems of the latter type in the international service before
full standardization can be achieved, it has been recognized
that there are potential advantages to be gained from their
use, and agreement has been reached on those standards
necessary to enable Administrations to proceed to their
introduction by mutual agreement. Other questions coming
under review included the use of start-stop regenerative
repeaters, transmission conditions in national telex net-
works in relation to the international service, and improve-
ment of fault location and maintenance arrangements and
of the facilities for the speedy withdrawal of faulty circuits
and equipment from service.

In the field of telegraph apparatus there has been some
further standardization of detail, and standards have been
agreed in relation tothe use of 7-uniterror-correcting systems
on the radio part of combined wire- and radio-teleprinter
communications. The question has been studied of more
accurately determining the transmission performance of
telegraph apparatus installed at subscribers’ premises, by
means of measurements carried out at the telex exchange.
Among the new questions set for study is one related to a
possible need for extending the facilities offered by the
present 5-unit telegraph alphabet, perhaps by the intro-
duction, under agreed conditions, of a 6-unit code.

In telegraph switching the most important problems
under study were those related to the introduction of
subscriber-to-subscriber dialling in the international telex
service, Despite the fact that two somewhat different
systems of signalling, with individual variants, have come
into use—one normally (although not necessarily) associated
with dial selection, and the other normally associated with
teleprinter keyboard selection—a large measure of stan-
dardization has been agreed upon as well as a basis on
which the different systems can co-operate. This should
allow the process of providing full subscriber-to-subscriber
dialling in the international telex service to proceed with-
out undue technical difficulty. Further standardization is,
however, desirable and the study is being continued to
this end. Recommendations have also been issued in
connexion with numbering schemes, standardization of
dial pulses, and the utilization, in switched telegraph
services, of circuits including radio links employing error-
correcting systems. New questions for study include the
means of barring certain classes of international communi-
cation in automatically-switched networks, methods of
selectively inserting regenerative repeaters, and signalling
standards for the proposed European switching network for
the general public telegraph service.

A special mixed exploitation and technical Study Group
was set up at Arnhem to consider the problem of establishing
a switched network for the general public telegraph service
in Europe. The problem was complicated by the fact that
some countries were already operating a combined switched
network for their telex and national general telegraph
services, while others had separate switched networks for
the two services. In addition, some countries envisaged
the connexion of the national switched networks to the
international general telegraph switched network, while
others envisaged connexions to the international network
only by means of specialized exchanges. The setting up of
a network incorporating all these possibilities has therefore
had to be catered for. A number of important recom-
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mendations have been issued covering the principles upon
which the the proposed network should be established and
operated, aad these are sufficient to enable a start to be
made with the building up of an international service.
As a result, the work of the mixed Study Group has been
considered as terminated, outstanding problems being left
for study by the appropriate exploitation or technical
Study Group. On the technical side, the more important
problems outstanding are the standardization of the
signalling conditions and agreement as to the technical
means to be adopted to prevent telex subscribers obtaining
access to telegraph offices in another country.

In the field of facsimile and photo-telegraphy a revision
was undertaken of the existing recommendations to bring
them up to date and, in particular, to take account of the
possible use of frequency modulation as an alternative
to amplitude modulation. Means of increasing the speed
of photo-telegraph transmission on modern carrier telephone
circuits have also been considered, but further experience
is necessary. The question of the facsimile transmission of
weather charts was also studied and a report on the subject
prepared for transmission to the World Meteorological
Organization. An important recommendation was issued
defining the direction of scanning for all direct recording
facsimile systems. New questions set for study relate to
such subjects as the possible use of asymmetric sideband

operation on metallic telephone circuits for increasing the
speed of facsimile transmission, methods of recording
facsimile signals with a view to their re-transmission, and
the possible introduction of a new international service for
the facsimile transmission between subscribers of business
documents.

CONCLUSION

The Plenary Assembly of the C.C.I.T. was immediatelv
followed by the First Plenary Assembly of the new Inter-
national Telegraph and Telephone Consultative Committee
(C.C.I.T.T.), at which the Study Group organization for the
new Committee was determined. From the telegraph point
of view the main changes were that, as part of a plan to
reduce the number of Study Groups, the facsimile and
photo-telegraph group was amalgamated with the telegraph
apparatus group, and the whole of the Study Groups
dealing with exploitation and tariffs for telegraphs were
combined as one Sub Study Group of a main Study Group
charged with the co-ordination of all exploitation and tariff
questions. To improve the co-ordination of transmission
problems a sub-group of the main Study Group for line
transmission was established to deal with questions related
to the use of international lines for telegraphy.

E.H J.

V'S
hg

The XVllith, and Final, Plenary Assembly of the C.C.L.F.,
Geneva, December, 1956
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INTRODUCTION

P‘]j‘\HE International Telephone Consultative Com-
mittee (C.C.ILF.) held its XVIIIth, and final,
Plenary Assembly at Geneva in December, 1956.
The Plenary Assembly was preceded by meetings of all
the Study Groups of the C.C.I.LF., and a brief account is
given in these notes of the work of the Study Groups since
the XVIIth Plenary Assembly? at Geneva in October, 1954.
After the XVIIIth Plenary Assembly of the C.C.IF., the
First Plenary Assembly was held of the new Committee
that now combines the functions of the old C.C.ILF. and
C.CI.T.—the International Telegraph and Telephone
Consultative Committee (C.C.I.T.T.).

In addition to the winding-up of the C.C.I.F., the
closing stages of the XVIIIth Plenary Assembly was the
occasion for a formal farewell to M. Georges Valensi,
Director of the C.C.IF., who was retiring from Inter-
national Telecommunication Union activities.

FIRST STUDY GROUP—PROTECTION FROM INTERFERENCE
CAUSED BY POwER LINES

This Study Group pursued the study of 24 questions.
Its work was primarily concerned with the co-existence of
power transmission and distribution systems, including
electrified railways, and telecommunication lines. Current
developments in the transmission of electric power by very
high voltage a.c. and d.c. systems, including long undersea
links, and the increasing use of 50-c/s a.c. for railway trac-
tion, are typical matters that engaged the attention of this
group. Another question considered was the risk to which
underground telecommunication lines are exposed when
high earth potentials, due to power system faults, occur in
their vicinity. This question is of particular interest when

1 P.O.E.E.]J., Vol. 47, p. 239, Jan. 1955.
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telecommunication circuits are taken into power stations
or high-voltage switching stations.

A tfurther matter considered was the elimination of noise
in telecommunication circuits in cables when the sheaths
of the cables are connected to power cables, water or gas
pipes, pipe lines or electrified railways to effect a communal
cathodic protection scheme.

In addition to the above, a sub-committee of the group
had been revising the current ‘“‘Directives concerning the
protection of telecommunication lines against the adverse
effects of electric power lines.” Three meetings of this
sub-committee had been held since 1955. The work will be
carried to completion by the appropriate study group of
the new organization.

Other work in hand was the revision of the current
Volume II of the C.C.ILF. Green Book, setting out the
recommendations for the protection of telecommunication
lines and the constitution of telephone cable sheaths. This
work was being carried out in co-operation with Study
Group 2.

SECOND STUDY GROUP—PROTECTION AGAINST CORROSION

The program of this Study Group covered a range of
19 questions. Of these, that dealing with the impregnation
of wooden poles seems to have given rise to considerable
interest. It has been suggested that it would be useful to
publish a summary of information on this subject. This
task will be undertaken by a working party of the new
C.C.I.T.T. study group concerned.

Consideration was also given to the problems of cables
with entirely plastic sheaths; cables having the conductors
insulated with paper and plastic materials were dealt with
separately. A further subject under study was the problem
of protecting underground cables against lightning.



It has recently been decided that the current “Recom-
mendations for the protection of underground cables against
corrosion (Paris, 1949)” and ‘“Recommendations for the
protection of underground cables against the action of
stray currents from electric traction systems (Florence,
1951)”’ should be brought up to date and reprinted as
quickly as possible. This undertaking has been handed on
to the C.C.I.T.T. organization.

THIRD STUDY GROUP—LONG LINE TRANSMISSION

The 66 questions dealt with ranged as usual over the
whole field of telephone and television transmission. Only
the major points of interest can be mentioned here.

It was agreed to adopt a standard power loading on a
carrier channel in designing new systems. This value
(32 microwatts at a zero-level point) is a long-term mean
power and is divided into 10 microwatts for signalling tones
and 22 for speech and all other signals carried. This figure
will be used in future noise calculations; and in this respect
the figure of 7,500 pW for the total line noise on a 2,500-km
system is now to be taken as the average value over the
busy hour. This is in agreement with a C.C.I.R. proposal
and will therefore apply both to radio and line systems.
It has not yet been possible to agree on a maximum figure
or a statistical distribution for the noise power. More
precise recommendations were also made concerning the
hypothetical reference circuit for symmetrical pairs and
for coaxial systems.

Two frequency allocations were agreed for 120-circuit
systems. Both employ supergroup No. 2 (312-552 kc/s)
for the upper supergroup, but one employs 12-252 kc/s
and the other 60-300 kc/s for the lower supergroup. Other
recommendations made concerned the stability of the
many pilots now used on coaxial systems, symmetrical-pair
systems and group and supergroup reference pilots. It was
not possible to make a firm recommendation for the stability
of inter-supergroup frequencies, but the specification of the
through-supergroup transfer equipment was so arranged
as to reduce interference between these pilots. A complete
recommendation for the characteristics of supergroup
transfer equipment was put forward, including the super-
group demodulating equipment as well as the through-
supergroup filter. The specification for the through-group
filter was also modified to include all group transfer equip-
ment.

In the cable field, recommendations were made for the
limits of regularity and also for the characteristic impedance
both for repeater sections and for manufacturing lengths
of coaxial cable. It was also agreed that a voltage of
1,000V r.m.s. and current of up to 5 amp might now be used
on the standard coaxial cable for power feeding. The
recommendations concerning the use of telephone circuits
for voice-frequency telegraphy were brought up to date,
to include the use of frequency-modulated telegraph sys-
tems. Slightly lower power levels per channel were specified
than for amplitude-modulated systems, except in the case
of circuits routed on long open-wire systems. The speci-
fication of the variation of the loss with frequency of a
telephone circuit used for telegraphy was also made more
precise.

Much time was spent on proposals to extend the fre-
quency range of coaxial systems above 4 Mc/s. Preliminary
proposals were formulated for a 6-Mc/s line, more par-
ticularly for carrying 625-line television, but many points
remained outstanding. In addition, a frequency allocation
for extending the range up to 12 Mc/s was tentatively
agreed; and Administrations are required to confirm by
July, 1957, that they can accept the proposals. This
frequency allocation uses the existing spectrum up to and
including supergroup No 16 (4,028 kc/s). Above this

range, the assembly is by means of six master-groups, each
consisting of five supergroups, which are translated from a
basic master-group in the range of supergroups No. 4-8
(812-2,044 kc/s). Two fairly wide gaps, of approximately
300 kc/s, have been left—one between supergroup No. 16
and the first master-group, and the other at approximately
8 Mc/s with three master-groups on each side. The purpose
of the wide gaps is to make direct filtration possible at line
frequency. The gaps between othermaster-groups are88kc/s.
In addition to wholly telephone use, it is intended that the
system shall be suitable for the simultaneous transmission
of television and telephony. Many new questions concerning
the system were placed for study.

In the field of television transmission, the group studied
the C.C.ILR. proposals (which included much of the
C.C.I.F.’s past work) for the performance of a television link
and methods of testing it, and suggested some modifications.
These proposals applied to a 1,000-km circuit, and it will
be the function of a joint C.C.LLT.T. and C.C.L.R. study
group in the future to continue the study and extend the
limits to apply to a 2,500-km circuit. Various recom-
mendations were made concerning television terminal
modulating equipment for line transmission, to enable
systems to inter-work satisfactorily.

In addition to the above, many other questions were
covered, ranging from the more precise specification of the
performance of sound broadcast circuits to crosstalk in
repeater-station cabling.

FourtH STUDY GROUP—LOCAL TRANSMISSION

Much of the time of Study Group 4 was devoted to
studying the effects of circuit noises of various characters
arising from power induction, carrier and coaxial circuits,
radio links and so on. This study began with articulation
tests, but it has led on to a new method, suggested by the
British Post Office, of determining the degradation of speech
transmission, based on the collection of opinions expressed
by ordinary telephone users taking part in special con-
versation tests. Several administrations have carried out a
program of tests and useful results are being obtained.

The A.EN. clauses in the C.C.I.F. Green Book were
clarified; and it has been made clear that there is every
reason to expect that the A.E.N. technique will eventually
be superseded by a method based on objective measure-
ments. Suitable objective measuring methods, particularly
of transmitters and receivers, will be elaborated by the
corresponding study group of the C.C.I.T.T., together with
the development of a reliable calculation technique.

The use of new telephone sets of greater sensitivity may
lead to difficulties, not only by providing excessive loudness
of received speech, but also by overloading transmission
equipment; and the question of suitable maximum sensitivi-
ties will require further consideration.

FirtH STUDY GROUP—INTERCONNEXION OF LINE AND
Rap1o SysTEMS

The fifth Study Group was largely concerned with
co-ordination between line and radio systems. Under that
head, the group reviewed new recommendations and wishes
of the C.C.L.R. and of C.C.LLF. Study Groups 3 and 9, in
addition to considering specific questions of its own.

Particular points considered include the following:

(a) Compatibility of wideband line and radio systems in
respect of the interconnexion of standard assemblies
of channels, groups and supergroups. The “master-
group” (equal to five supergroups, or 300 channels)
introduced on coaxial cable systems appeared as a
new unit of flexibility to be considered in radio
systems.
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() Noise requirements on line and radio systems. The
group contributed some useful observations to the
project of Study Group 3 and the C.C.LLR. for
determining the permissible statistical distribution
of noise.

(c) Various topics relating to service requirements for
radio systems incorporated in the main trunk net-
work (e.g., service channels, reserve channels,
switching interruption etc.).

Questions to be studied by the group’s C.C.LT.T. suc-
cessor concern the interconnexion of television channels on
radio and line systems, including arrangements for simul-
taneous or alternative transmission of telephony and tele-
vision, and problems arising from the possible introduction
of tropospheric-scatter radio links.

SIXTH AND SEVENTH STUDY GROUPS—OPERATING AND
TARIFFS

These groups dealt, respectively, with operating and
tariff questions. As these notes are limited to a brief
account of engineering aspects of the work of the XVIIIth
Plenary Assembly, it is not proposed to enter into any
detail of the work of these two groups, although it will be
appreciated that they had a heavy and interesting program.
Included among the many matters considered by these
groups were such questions as operating procedures, bases
of circuit provision, routing of international traffic, semi-
automatic operation, the ordering and charging arrange-
ments for international television relays, the costing of
semi-automatic calls and of calls on v.h.f. radio links, and
preliminary consideration was given to the charging aspects
of international subscriber dialling.

EicutHE STUDY GROUP—SIGNALLING AND SWITCHING

Much of the work carried out by this Study Group and
its associated Sub-Commission for Rapid Operating Methods
was directed towards consolidating the ground previously
prepared for the introduction of international semi-
automatic telephone operation. The result is that the
signalling and switching specifications contained in Volume V
of the C.C.ILF. Green Book remain substantially un-
affected; and the modifications and additions decided upon
have for their object a clarification rather than a change
in the previous recommendations.

The sub-commission established a plan for the routing of
international semi-automatic telephone traffic in Europe,
which shows that the majority of European countries plan
to introduce semi-automatic operation on international
routes by 1960. The plan also makes provision for a sub-
stantial amount of international transit operation, with
the establishment of important international transit
switching centres at Belgrade, Frankfort, Copenhagen and
other convenient points. The inclusion in the European
telephone network of transit switching facilities brings to
the fore the possibilities of the alternative routing of
international telephone traffic. Both the group and the
sub-commission made studies of the various methods used
for calculating the number of direct and indirect circuits
required under alternative-routing conditions; and although
this can be a complicated process if very accurate results
are required, it was found possible to recommend two
methods of calculation that are relatively easy to apply and
reasonably accurate in their results.

Such is the speed at which automatic telephone operation
is developing in Europe that, before the plans for the
introduction of international semi-automatic operation
have had time to mature, the emphasis on future studies
within the new C.C.IL.T.T. is being placed on problems
associated with international subscriber dialling. These
studies have acquired some measure of urgency, not only
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because in certain countries favourable conditions exist
for the early introduction of international subscriber
dialling but because of the desirability of taking this into
account in the development of national subscriber-trunk-
dialling schemes.

NINTH STUDY GROUP—MAINTENANCE OF INTERNATIONAL
CIRCUITS

Up to 1954, questions concerning the maintenance of
international circuits were dealt with by the Permanent
Maintenance Sub-Commission, a Sub Study Group of Study
Group 3. At the 17th Plenary Assembly of the C.C.I.F. in
Geneva, 1954, the sub-commission was raised in status and
became Study Group 9. This group reported directly to the
Plenary Assembly for the first time in 1956.

A major task of the group during the period 1955-56
has been the revision of the maintenance instructions for
international circuits. The initial drafting of the revised
instructions was entrusted to a working party, which met
in Geneva in June, 1955, the revised text being completed
at a meeting of the study group in Paris in October, 1955.
The instructions are published as part of Volume III of
the C.C.LLF. Green Book and are also available as a separate
book entitled ‘“Maintenance.”

A working party set up by the group has carried out
further work on the study of the variation of loss with time
on international circuits in the European network. Two
series of tests were carried out, each of three or four months’
duration, on selected international circuits of relatively
simple constitution, i.e. circuits in direct carrier groups
without demodulation to audio frequencies at intermediate
points. The tests were made using level recorders to record
the level of an 800-c/s signal at the sending and receiving
ends of each circuit, supplemented by daily measurements
using transmission measuring sets. The tests have shown
that for direct circuits on carrier groups in the European
network, standard deviations for the variation of circuit
loss with time of the order of 1 dB for circuits of 350 to
400 miles can be achieved.

Other questions studied covered various aspects of main-
tenance for circuits in carrier and coaxial systems; and the
conclusions reached have been incorporated in the revised
maintenance recommendations. .

A draft text giving recommendations for lining-up and
maintaining circuits for international television trans-
mission has been prepared. The general organization and
arrangements for setting-up these circuits have, as far as
possible, been made similar to corresponding arrangements
which the C.C.I.F. recommend for setting-up international
circuits for sound program transmissions. The recom-
mendations for international television transmissions will
be included in a future issue of the ‘“Maintenance” book.

Questions concerning the maintenance of radio-relay
links forming part of the international telephone network
have been studied, taking account of the relevant recom-
mendations made by the C.C.ILR. at its VIIIth Plenary
Assembly (Warsaw, 1956). The study of these problems
will be continued by the maintenance study group of the
new C.C.I.T.T.

TENTH AND ELEVENTH STUDY GROUPS—SYMBOLS AND
VOCABULARY

At these meetings approval was given to modifications
and additions to graphical symbols for voltage-limiting
devices (consistency with proposals for similar classes of
items dealt with at a recent International Electrotechnical
Commission (I.E.C.) meeting being achieved) and to those
for symbols for various types of free and controlled selectors.
Proposals were also tabled for other additions and modifi-
cations to the list of graphical symbols provisionally agreed



tpon at the XVIIth Plenary Assembly, including proposals
ecently made by the LE.C.

The study of the guiding principles for the use of
raphical symbols and of symbols for waveguides was
ontinued, and agreement was registered on a form of
equence chart for relay operations, for use by those
equiring them. On the classification of diagrams according
o their purpose it was decided to await the publication
f the LLE.C. document which is now circulating for the
greement of National Committees.

The need to set up a Joint Commission of the C.C.I.s
f the I.T.U. for the purpose of preparing a list of graphical
iymbols for telecommunications to be submitted for the
;onsideration of the I.E.C. was recognized and recorded
or action by the First Plenary Assembly of the new
S.CLT.T.

Modifications and additions to relay terms included in the
Draft List of Essential Telephone Terms were recommended
>y Study Group 11, and approved by the Plenary Assembly,
vhich also approved that study should continue of further
imendments and additions necessary to bring up to date
‘he list that was approved in Florence in 1951. The
sombination of this list with the Draft List of Telegraph
Ferms is the next step, but in the meantime the individual
Draft Lists will be taken into account by the L.E.C. in
sonsidering the section of its vocabulary covering Telephone
ind Telegraph terms. Thus, a great measure of co-
rdination between the I.T.U. and I.E.C. should be prac-
sicable with the resultant benefit of a single agreed definition
»f each term appearing in international vocabularies.

PrRESENTATION TO M. GEORGES VALENSI

M. Valensi’s services to the telephone world were outlined
oy Mr. Gneme, of Italy, the oldest delegate, who referred to
1is important original research on telephone engineering
oroblems and to his early treatise on telephony (“‘an
spoch-making volume on which all technical progress in
telephony since then has been based”) and spoke of the
sreat achievements of the C.C.I.LF. under the =gis of its
Director.

Mr. Barron, Assistant Engineer-in-Chief of the British
Post Office Engineering Department, followed with a
valedictory speech, in which he referred in warm terms to
M. Valensi’s personal qualities.

Mr. Barron said that he had no fear of sounding insincere
through over-praising the Director, for it was impossible
to overstress the value of the contribution made to the
C.C.LF. by M. Valensi; and the warmth and sincerity of the
lelegates’ feelings for him were abundantly clear.
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Nearly ten years before, when Mr. Barron had first
become associated with the C.C.I.F., he had looked forward
with considerable interest to meeting this man, who was
then already almost a legendary figure. He remembered,
with appreciation, the courtesy and warmth of the welcome
he had received at M. Valensi’s hands, from which had
sprung an association and a friendship that he would
always value. In this experience he knew that he was by
no means alone, for nobody who had had the privilege of
knowing the Director could have failed to realize that he
was truly an outstanding and altogether exceptional man.

M. Valensi had not only been the architect of the C.C.L.F.
edifice; he had taken part in the practical building work
and was familiar with all the activities being pursued, on
every floor and in every room. Unlike many men in high
office, who either fell into the error of concentrating
overmuch on detail to the detriment of wider issues, or, in
their preoccupation with high policy and administration,
found it impossible to have much knowledge of the more
detailed operation of their organizations, M. Valensi
had the rare gift of combining administrative ability of a
high order with a capacity for retaining mastery of detail.
This was the secret of his success in coping with the heavy
demands made on him by the C.C.LLF., an organization
with many complications and a wide technical span.

The departure of this engineer, administrator and (in the
best sense) politician, with his fluency in languages, his
efficiency, humour and humanity, would be a grievous loss.

The farewell speeches concluded with the presentation
by the Chairman of a silver tray and some flowers on behalf
of all M. Valensi’s associates.

In the course of his reply, M. Valensi likened the world
telecommunication network to a road system. There were, he
said, already many paths and alleyways and quite a few
city streets and secondary roads, but certainly not enough
inter-urban long-distance routes. Furthermore, the existing
roads would shortly be too narrow to cope with traffic.
True, plans had been made to increase the width of certain
major roads (from 4 Mc/s to 12 Mc/s) but we should have
to build real motor highways earlier than might be thought.
A lot had already been done in investigating the possi-
bilities of a highway 500 Mc/s wide, equivalent to 80 x 900
telephone circuits plus 80 television circuits. This would
take the form of a tube some two inches in diameter, filled
with (for example) purified nitrogen and carrying milli-
metric waves modulated by coded pulses. These pulses
would faithfully carry millions of human thoughts and emo-
tions from one end of the tube to the other, where they
would be reproduced as vocal sounds, music, written pages
or moving coloured pictures.

The First Plenary Assembly of the C.C.L.T.T.
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HE question of the fusion of the C.C.LL'T. and
I C.C.ILF. was the subject of discussion at the Pleni-
potentiary Conferences at Atlantic City (1947) and
Buenos Aires (1952), and in consequence of a resolution
adopted at Buenos Aires it was further discussed by the
Plenary Assemblies of the C.C.I.T. and C.C.ILF. and
finally approved by the Administrative Council after
consultation with the countries that are members of the
International Telecommunication Union. The first Plenary
Assembly of the new combined committee, named the
C.C.I.T.T. (Comité Consultatif International Télégraphique
et Téléphonique), was held in Geneva in December, 1956.

The first task of the Assembly was to appoint a Director
for the new organization. Neither M. Valensi, Director of
the C.C.LLF., nor Mr. Townshend, Assistant Secretary-
General of the I.T.U., who had been acting as interim
director of the old C.C.I.T., was available to serve in the
new capacity, and M. Rouviére, Director-General of
Telecommunications of the French P.T.T., was appointed
to the vacant post.

The next task of the Assembly was to approve the Study
Group organization of the new Committee. A meeting of
chairmen and vice-chairmen of the existing Study Groups
had already made a detailed examination of this question
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TABLE

C.C.I.T.T. Study Groups and Sub-Gvoups

Study
Group

Title

Previous Study Groups

C.C.I.LT.

CC.LF.

Remarks

CO-ORDINATION OF STUDIES OF LINE
TRANSMISSION AND GENERAL TRANS-
MISSION PROBLEMS

Sub Study Groups.—
1/1 Specification of trunk lines
1/2 Use of international lines for telephony
1'3 Use of international hines for telegraphy
1'4  Use of international lines for transmission
of sound and television programs

II (in part)

GENERAL CO-ORDINATION FOR OPERA-
TION AND TARIFFS (including regulations
relating to leased circuits and private networks)

Sub Studv Groups:—
2’1 Telegraph operation and tarifts (including
telex)
22 Telephone operation and tarffs
2’3  Costing
24 Telephone semi-automatic and automatic
operating

VIII (in part)
IX, X, XI

Sub-Group 2/4 works 1n co-operation with Study
Group 11 (Telephone Switching and Signalling)

INTRODUCTION OF RADIO RELAY LINKS
INTO THE GENERAL LINE TELECOM-
MUNICATION NETWORK. LINKING-UP
OF RADIO CIRCUITS TO THE GENERAL
NETWORK

Worhs 1n co-operation with C C.I.R.

MAINTENANCE OF THE GENERAL TELE-
COMMUNICATION NETWORK

PROTECTION AGAINST DANGERS AND
DISTURBANCES OF ELECTROMAGNETIC
ORIGIN

Sub Study Group .—
5/1 Revision of Directives

PROTECTION AND SPECIFICATIONS OF
CABLE SHEATHS AND POLES

Sub Study Group —
6/1 Revision of Recommendations

DEFINITIONS, VOCABULARY, SYMBOLS

VI

10, 11

TELEGRAPH APPARATUS AND LOCAL
CONNECTING LINES. FACSIMILE AND
PHOTO-TELEGRAPHY

111, IV

Works 1n collaboration with Study Group MP

QUALITY OF TELEGRAPH TRANS-
MISSION, SPECIFICATION OF CHANNEL
EQUIPMENTS, AND DIRECTIVES FOR
MAINTENANCE OF TELEGRAPH
CHANNELS

10

TELEGRAPH AND TELEX SWITCHING

VII,
VIII (in part)

11

TELEPHONE SWITCHING
SIGNALLING

AND

Works in co-operation with Sub Group 24 °

12

TELEPHONE TRANSMISSION QUALITY
AND LOCAL TELEPHONE NETWORKS

Responsible for the laboratory for telephony

MP

JOINT C.CI1.T.T-C.CIR. COMMITTEE FOR
PHOTO-TELEGRAPHY

v

Reports to Plenary Assembhies of C.C.I.R. and
C.CIT.T, but 1s admimstered by C.C LT.T.
‘Works 1 collaboration with Study Group 8 and
with C.C.I R. Study Group 3

PLAN

GENERAIL PLAN FOR DEVELOPING THE
INTERNATIONAL NETWORK

A Commuttee outside the normal Study Group
orgamuzation of the C.CITT. It contains
representatives from the C.C.I.R., I.B.O., E.B.U,
ICAO, LATA. and WM.O. Although 1t will
be admumistered by the C.C.LT.T., it does not
submit recommendations to a Plenary Assembly
but confines itself to the drawimng-up of the
program and plan for developing telecommunica-
tion networks
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and produced proposals directed to meeting the general
desire to limit the number of Study Groups and avoid
overlapping. These proposals, with some further modifi-
cations, were adopted by the Plenary Assembly. They
entail the retention of 12 Study Groups with 10 Sub
Study Groups and two special committees outside the
normal Study Group structure.

The Study Groups and Sub-Groups of the C.C.I.T.T. are
listed in the Table, together with the C.C.I.T. and C.C.I.F.
Groups whose work and responsibilities have been taken
over by the new Groups.

A further task for the Assembly was that of approving
Rules of Procedure for the new Committee. The working
methods of the old C.C.I.s were similar in many respects
but there were some important differences and the new
rules were drafted by the meeting of chairmen and vice-
chairmen. One of the chief differences was related to the
duties of the chairman, and appointed “‘rapporteurs,” in
connexion with the reporting of the work of the Study
Groups, vis-a-vis the use of the Secretariat. There were also
some differences in regard to the translation and distribution
of documents. Recommendations were made as regards

using the C.C.I.F. methods, which called more extensively
on the services of the Secretariat in connexion with report-
ing and analysing the work of the Study Groups. As
regards the question of translation of working documents,
provision has been made so that at the discretion of the
chairman, in agreement with the members of his Study
Group, the documents may be distributed in the original
working language and translation into the other working
languages dispensed with.

The old C.C.Ls had submitted to the new C.C.LLT.T.
various proposals for the continuing study of existing
questions and the setting for study of new questions,
including the setting up of working parties to deal with
specific problems. The changed organization involved
some modifications in the attribution of questions between
the various Study Groups; however, these changes were
not of a character such as to affect, to any extent, the
working arrangements which had already existed for co-
operation between all interested parties in the prosecution
of particular studies. It now remains for the new C.C.I.T.T.
so to order its activities that both telegraphy and telephony
will secure the maximum benefit from the new arrangements.

Associate Section Notes

l.ondon Power Centre

The London Power Centre has now completed its first year
as an independent Centre of the Associate Section.

The 1956-57 session opened to a good start with the presenta-
tion of the Institution’s certificate of merit to Mr. J. Greenfield
for his paper ‘“Generating and Metering (E.H.T.)”’; the cere-
mony being performed by the Sectional Engineer (South
Postal Engineering Section), Mr. D. W. Roy. Mr. Roy compli-

+

mented the Centre on its achievements to date and wished |

members every success for the future. He said he was particu-
larly pleased to officiate on this occasion because he was making
a presentation to one of his own men.

The first Session has been a creditable one, all of the following
papers having been produced and formally presented at
Ordinary meetings:—

“Control and Voltage Regulation of D.C. Generators,”
by R. Finden (Senior Section).
‘“‘Static Capacitors for Power Factor Correction,” by P. J.

Froude (Associate Section).

“Principles of Photography,” by B. Cramphorn (Associate

Section).

‘“Planning a Low-Pressure Hot Water Central Heating

System,” by T. Mitchell (Associate Section).

“The Construction and Maintenance of Secondary Cells,”
by P. Bryant (Associate Section).
“Maintenance in a Mechanical Era,” by J. S. Liptrott

(Associate Section).

‘“The Maintenance of Electrical Machinery,”’ by P. Maguire

(Associate Section).

“Electricity Supply Metering,” by J. Greenfield (Associate

Section).

In addition to these papers, the Centre has published two
useful technical pamphlets entitled ‘“Notes on Oil-Fired
Boilers,” by J. T. Robinson (Senior Section), and ‘‘Notes on
K.E.B. Sub-Station,” by E. Bettany (Associate Section).

The Committee, having decided to award £2 2s. 0d. for the
best paper written by a Youth-in-Training, were pleased with
the response; four papers have been received for adjudication,
as follows:—

“Electric Motors,” by B. A. Parry.

“Electric Lifts,” by L. V. Adams.

“Fluorescent Lamps,”” by B. A. Baker.

“Stamp Cancelling Machines,”” by J. E. Lavender.

The publication of the ‘“Newsletter’”’ every two months
continues, and a good supply of material has been obtained to
ensure its continued success. The Committee have decided
that future prize-winning papers shall also be published through
this medium.

D*

Visits have averaged one per month and they have been
found both an education and a pleasure.

Our thanks are due for the valuable guidance given by our
Liaison Officer, Mr. Mascall, and Area Liaison Officers, Mr.
Short (L.T.R. Power) and Mr. Patrick (L.P.R.).

We would welcome correspondence on Associate Section
matters from other Centres. The address is, The Secretary,
ILPOE.E/LP.C, c/o Engineering Branch, London Postal
Region, King Edward Building, London, E.C.1.

P.B.

Canterbury Centre

The 1956-57 Session is almost at an end, and looking back
we have had a fairly successful year, with a slight increase in
membership and a full and varied program.

The winter session opened on the 2nd October with a visit
to Bowater Lloyds Paper Mills at Sittingbourne, and was
followed one month later by a very successful visit to the
Kent Oil Refinery at the Isle of Grain, where we were given a
very interesting tour of the plant and very substantial refresh-
ment. A further visit, to London Airport, had to be cancelled
due to the petrol crisis.

Our first evening meeting, on 6th November, was a film show
of general engineering interest. The next meeting, on 4th
December, consisted of a talk by one of our own members,
Mr. Green, who expounded on ““Sailing” with the enthusiasm
known only to the yachtsman. On 8th January we held a
speaking contest, always a popular feature, and received a
good attendance at a local pub. A talk by Mr. Collett, Execu-
tive Engineer, on “‘atomic energy”’ followed on 5th February,
and provided an excellent insight into this fascinating subject.

Talks for the remainder of the session include ‘‘Concrete
Construction,” by Mr. Haliburton, Area Engineer, and
“Valves,” by Mullard Valves, Ltd., followed by the annual
general meeting and dinner in April or May.

J.C. L

Portsmouth Centre

The present session opened with a well-attended wisit
to the Farnborough Air Display on 8th September, which
proved to be a very enjoyable occasion. The next event, which
took place on 17th November, was a Quiz with Bath Centre.
General and technical questions were answered in an atmosphere
of high-spirited rivalry, but Bath managed to secure the
winning point. Those present derived much enjoyment from
an entertaining evening, and we thank Mr. F. Gibbs, our
Quizmaster, for his great interest in our affairs.

On 29th November, a talk entitled ““The Development of the
Telephone Area” was given by Mr. S. Paterson, Mr. F. Gibbs,
and Mr. G. W. Dootson at the Air Balloon Hotel. Mr. Paterson
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spoke about ‘“‘telephone development” from the traffic angle,
whilst Mr. Gibbs and Mr. Dootson explained the engineering
planning and constructional aspects. This talk was well
attended and most ably presented.

A visit to Morris Motors factory at Oxford, attended by
37 members, took place on 5th December. The tour of the
plant was skilfully arranged, and many very interesting
manufacturing techniques were to be seen. This visit was so
much enjoyed by our members that another visit is contem-
plated in the future.

On 30th Japuary Mr. Newnham, B.Sc. (Vice-President of
the Radio Society of Great Britain), gave a talk on ““Some
Aspects of Amateur Radio,” at the Station Hotel. The
speaker dealt enthusiastically with radio as a hobby, and
illustrated his talk with film strip.

Other events were:—

27th February. Quiz with Guildford Centre.
21st March. Film Show.
28th March. Quiz with Bath Central.
W.L H.

Bishop’s Stortford Centre

The 1956-57 session of the Bishop’s Stortford Centre
started last July, when a visit was made to the Rye House
generating station.

In August, after extensive negotiation, a small party were
privileged to visit the B.B.C. television studios at Lime Grove,
and in September a very pleasant afternoon was spent visiting
the London Fire Brigade Headquarters and the River Brigade.

In October a very good talk was given on photography by
a professional photographer from Great Dunmow, and in
November a party visited the R.A.F. Station at North Weald
for a very interesting talk on weather forecasting by the
R.AF. meteorological experts.

A full program was planned by the committee for the
winter months, of both technical and non-technical subjects,
and we are pleased to report that the section is still running
smoothly and is well supported by all grades.

J. P

Tunbridge Wells Centre

The Tunbridge Wells Centre has the distinction of having
Institution Certificates awarded for two papers submitted
during the 195556 session:—

“The Coaxial Line Link,” by J. E. Bridger.
“Some aspects of Circuit Provision,” by W. T. Waghorne.

The awards are to be presented at the Aprnil meeting of the
Tunbridge Wells Centre, when it meets its near neighbour,
Hastings, for the Annual Quiz.

H. F. C

Huddersfield Centre

In Aungust, 1956, a meeting attended by more than 40
members of the engineering staff in the H.P.O. at Huddersfield
decided to start an Associate Centre of the LP.O.E.E. Already
the centre has a membership of nearly 70 out of a total staff
numbering approximately 100.

The activities of the Centre to date have been a film show,
the main film showing the Automatic Telephone & Electric
Co. constructing automatic telephone equipment for the
Post Office, followed by two visits. One of these was to the
repeater station at Manchester, the other to a local engineering
works that specializes in electronic testing equipment.

The two remaining meetings of the current session have
been devoted to a paper on “The Departmental Approach to
Efficiency,” given by Mr. R. Powell, and a full-day visit
to the cable works of British Insulated Callender’s Cables,
Ltd., near Liverpool.

Office bearers are:—

Chairman: Mr. P. H. Wade; Secretary: Mr. B. Haigh:
Treasurer and Libvavian: Mr. B. B. Howell; Committee : Messrs.
H. Burden, P. Holroyd, T. F. Johnson, D. M. Lee, B. Stephens,
and L. Thwaite.

B. H.

Glasgow and Scotland West Centre

The Transatlantic Cable lecture was well received and
attracted the largest attendance so far this session. Mr. Boag
gave a most interesting description of the project in all its
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phases and confidently answered all the questions fired at him
afterwards. Mr. J. R. Atkinson (University of Glasgow
Lecturer) made atomic energy seem very simple during his
talk on “Energy and the Atom.” His analogies and explana-
tions were gems of description and enabled us to explore with
him the realms of electrons, protons, neutrons, etc., with ease.
The Telephone Manager’s illustrated talk on a Holiday in
North America was so much enjoyed (until 11 p.m. by some!)
that arrangements are being made for 1t to be repeated.

Some of the work of the E.-in-C.’s Circuit Laboratory was
most interestingly explained to us by Messrs. E. W. C. Hubbard
and G. L. Mack in their talk “Mechanical Developments in
Telecommunications.”” The high-speed photography of selector
mechanisms that failed to work provided some excellent and
instructive photography. This talk has whetted our desire to
know more about the E.-in-C.’s Office and the developments
tested and carried out there.

J.F.

Edinburgh Centre

At the February meeting of the Edinburgh Centre, Mr. D.
Lambert gave an interesting talk on ‘“Model Railways,” the
practical demonstrations being of particular appeal. Although
the session is drawing to a close there are still one or two
interesting items left on the program.

A visit has been arranged in March to the Salvage and Refuse
Depot. Visits to the various public utilities have proved
popular and among the most interesting of our outdoor tours.

There has been a slight falling off in enthusiasm for the
Centre’s activities during the past year but it is hoped that
this 1s only temporary and that there will be bigger attendances

next session.
J. R . H.

Sheffield Centre

A visit was made on 4th December, 1956, to the Department
of Glass Technology, Sheffield University, where a very
interesting lecture and film show was given by Mr. M. Parkin
on the technique of making and processing glass. We were
very pleased to have one of our own members, Mr. S. Brasher,
give a really excellent talk and demonstration on “Tape
Recorders,” on 24th January, 1957, and a visit was made to a
modern power station at Rotherham on 2Ist February, 1957,
which was very successful. Great interest was created by the
visit of Messrs. J. A. Lawrence, F. L. Samuels and G. S.
Gregson, who gave a talk and demonstration on “Electronic
Circuitry” on 21st March, 1957. The present session will end
with a talk on a very controversial subject “Promotions and
Appraisements’” to be given by the Telephone Manager, Mr.
Loosemore, on 11th April, 1957. The Annual General Meeting
will be held some time in May and members are urged to
attend so that all points of view can be fully discussed and a
new committee elected.

J. McC.

Sunderland Centre

Since the last notes were published the following visits and
meetings have taken place.

On Saturday, 17th November, 1956, nine of our members
toured the factory of Ericcson Telephones, Ltd., Southwick,
Sunderland. The number attending was small but consequent
benefit was had from the four guides available to the party.
A wide range of products for the home and overseas market
was shown to our members, and it was most informative to
observe the assembly and the rapid adjustments of components
into their complete and familiar shape. It was apparent that
much thought had been given to the question ot placing
the right type of person to the right type of task and the
impression gained was of a smoothly run community.

On 5th December, 1956, Mr. F. M. Inglis of the Edison-Swan
Electric Co. gave an informal talk with demonstrations on
magnetic tape recording. Mr. Inglis was ably assisted by Mr.
Gales and the 21 members present were keenly interested.
All members recorded their voices and while the play-back was
remarkably truthful it was indeed enlightening and surprising
to “‘hear ourselves as others hear us.” We are indeed grateful to
Mr. Inglis for his visit on this occasion.

A visit to the Henley’s Telegraph Cable Works at Birtley,
Co. Durham, on 12th December, 1956, was very interesting

(Continued on p. 66)





















manual switchboard. The trunk unit, equipped with motor
uniselectors, is accommodated on the ground floor and gives
access to eight zone centres and six group centres. The local
unit, which has a multiple capacity of 5,700 lines, covers the
whole of the first floor. The divided-battery-float power plant
occupies the greater part of the second floor and the auto-
manual switchboard the whole of the third floor. Noteworthy
features of the exchange are the latest-type trunk test racks,
the directory inquiry suite with call-queueing facilities, and
the verbal delay-announcing facilities.

The preliminary work in connexion with the transfer was
complicated by a late decision to turn into the new exchange
certain audio cables from the west, north and east, which
necessitated the provision of amplifying and terminating
equipment. A single-break-jack scheme had been designed to
cut out the old exchange, but in order to maintain the trunk
service at the old exchange prior to transfer, it became neces-
sary to introduce double break-jacks for all amplified circuits.
A further result of the installation of amplifying equipment in
the exchange was the decision to transfer all emergency
circuit and part-time private wire switching from the repeater
station to the exchange, the switching jacks being installed on
the trunk test rack adjacent to the “‘busying keys.” Due to
there being three frames to take into consideration—the
M.D.F. on the ground floor, the I.D.F. on the first floor and
the R.D.F. on the second floor—the jumpering arrangements
for many of these circuits were complicated, one particular
circuit requiring over 40 jumpers. Fortunately the Area was
able to meet all its commitments by the 26th November, 1956,
the completion date of the call-through test.

End-to-end testing of all circuits connected to both the trunk
and local units commenced on 27th November, with a target
completion date of 29th December. This latter date was
vital, for it had been decided to commence the transfer of the
U.A.X. junctions to the new exchange on Wednesday, 2nd
January, and to open the trunk exchange for restricted working
on the same date. Thanks to the excellent co-operation received
from distant Regions and Areas the trunk testing proceeded
at a most satisfactory rate and was completed, including
traffic tests, by the evening of 21st December. Testing of the
junction circuits connected to the local unit also made excellent
progress and all work was completed in advance of the target date.

Carlisle is the parent exchange for 25 U.A.X.s, and the trans-
fer of the 222 U.A.X. junctions to the new exchange com-
menced at 8 a.m. on Wednesday, 2nd January, and was
completed without incident by noon on Friday, 4th January.
Simultaneously with the commencement of the U.A.X. transfer,
approximately one-third of the circuits connected to the trunk
unit were changed over, and during the next few days these
were augmented until, by Monday, 7th January, half the trunk
circuits had been transferred. No further transfer of trunks
took place until Friday, 25th January, and the mid-morning
of Saturday, 26th January; at that stage 80 per cent of all
circuits connected to the trunk exchange had been changed
over and tested. A number of circuits to and from dialling-in
exchanges connected to the local unit were also changed over
during the first week in January. The second stage of the
U.A.X. transfer—tandem dialling testing—commenced on
Tuesday, 8th January, and was completed in just over one
week. This was much quicker than had been expected,
bearing in mind the limited staff available and the fact that
the majority of U.A.X. dialling code lists contained from 20
to 30 codes. The call offices were transferred in the three
weeks preceding the 26th January.

To cater for traffic between the old and new exchanges, 100
transfer circuits were provided between them, 50 in each
direction. Due to the limited opening of the trunk exchange,
which allowed the operating staff to dispose of trunk traffic
from U.A.X.s and call offices direct from the auto-manual
suite, the number of transfer circuits proved adequate. Addi-
tional relief was provided for the Carlisle operating staff by
permitting the group centres, from the 4th January, to dial
their own U.A.X. calls via the trunk unit.

The transfer of the 4,000 subscribers’ lines and the remainder
of the trunk and junction circuits was accomplished smoothly
and efficiently at 1 p.m. on 26th January. The opening
ceremony was somewhat unusual as, owing to the restricted
space in the ground floor apparatus room, it was necessary for
the guests to be accommodated on the fourth floor of the

building. Theyv included the Mayor and Town Clerk of Carlisle,
the Lord Lieutenant of the County, the Regional Director and
many other civic and departmental representatives. To enable
them to follow the progress of the transfer, a system of remotely
controlled lamp signals was installed which, aided by an
“effects”” loudspeaker, proved eminently satisfactory. The
signal to commence the transfer was given by the Mayor, who
subsequently made the first call to ““TIM.”

At a luncheon held immediately after completion of the
transfer, fraternal greetings were passed between the civic
leaders of Carlisle, England, and Carlisle, Pennsylvania, U.S.A.,
via the new transatlantic telephone cable. Arrangements for this
call were made by the External Telecommunications Executive.

These notes would be incomplete without reference to the
General Electric Co., who installed the exchange equipment
and whose staff co-operated so whole-heartedly with the
Post Office to ensure what the Telephone Manager afterwards
called ““the very successful transfer of the Carlisle Exchange.”

L.A T, ,and J. N.

Home Counties Region
UNUSUAL EXPORTS

“One day late last October a big lumbering crane rolled
awkwardly down a quiet English country lane, past quaint
thatched-roof cottages, on a strange assignment.”

So began a report written by American press-men following
an unusual bit of Post Office export business to the dollar
countries.

It all began with an article in a British timber magazine
a few years ago, stating that some 8,000 telegraph poles in-
stalled well before the turn of the centuryv were still in service.
That article was read by Mr. R. Holmes, Vice-President and
General Manager of the Tar Products Division of Koppers Co.,
Inc., Pittsburgh, U.S.A., who then started proceedings to
purchase some of these poles and transport them to America for
research and exhibition.

Mr. Holmes contacted the English creosote firm of Messrs
Burt, Boulton & Haywood, Ltd., and they in their turn made
arrangements with the Post Office Supplies Department and
the External Plant and Protection Branch of the E.-in-C.’s
Office to trace where some of these venerable old poles still
stood. Some were found to be still in use after 80 years, but
the Post Office did not have the purchase records to prove it.
Attention was drawn to the village of Dorchester within the
Oxford Telephone Area.

Two poles, one with a strut, were visited and photographed,
showing the dates of pressure creosoting to be 1893 and 1894.
They were part of the main Oxford to Henley route, built
between 1895 and 1900, but now only serving the local telephone
network.

The next stage was to replace these poles and excavate the
old poles ready for the ceremonial recovery. Both poles and
strut were blocked, the strut block being in a very ‘““dog-eared’’
condition, but the blocks recovered from the poles were perfect,
as were the poles—except for innumerable scars of hinemen’s
spikes.

Late in October, in the very distinguished company of Mr.
Holmes, the Telephone Manager, Oxford, and representatives
from Messrs. Burt, Boulton & Haywood, Ltd., the E.-in-C.’s
Office and the Supplies Department, together with a reporter
and photographer from the United Press, the poles.were hauled
out of the ground by means of a crane. Subsequent examina-
tion showed—in addition to the three crowns and 36 stamped
on the base of the poles—the letters BH. & Co., clearly
discernible, this being a trademark used by an old-established
Norwegian pole-shipping firm. During all these operations,
numerous photographs were taken.

The poles were then stacked to await transport to London
Docks, where they were loaded on to the M.T. Ewina and
shipped to the port of Norfolk, Virginia. On arrival there,
on 17th November, they were taken to Koppers Research
Laboratories at Verona, P.A., where they were studied to
determine how much creosote still remains in the cellular
structure of the poles after their long and successful battle
against the ravages of time, the elements and other normal
enemies of wood. Later they will be used in a permanent
exhibition, demonstrating the long-lasting preservative qual-
ties of creosote. J.J. C
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The provision of the manual board circuits was kept as
simple as possible. An engaged test was not provided on the
manual board circuits, full dependence being placed on the
free-line signalling. All calls were ticketed.

It gave great satisfaction to everyone to know that ‘611"
carried an eighth of a million calls, comfortably handling all
the traffic offered, as the overflow meters indicated. In the
busiest half-hour there were 3,800 calls, and 60 erlangs were
estimated to be offered. E. H.

YORKSHIRE IL.T.A. TRANSMITTER

Emley Moor, the Independent Television Authority’s new
television station in Yorkshire, came into full program service
on 3rd November, 1956.

This new station, 850 ft above sea-level, is situated 6 miles
from Huddersfield. Its 445-ft self-supporting transmitting
tower carries twin 8-stack high-gain aerial arrays, providing an
effective radiated power of 200 kW on channel 10, beamed for
maximum radiation 70° east of north.

In order to link the transmitter with the I.T.A. studios in
Manchester a broadband radio-relay link was planned by the
Post Office for the vision signal between Telephone House,
Manchester, and Emley Moor, with an intermediate repeater
station at Windy Hill (an existing radio-relay station on
the Manchester—Edinburgh television route). The path between
Manchester and Windy Hill was to use existing aerial para-
boloids, interference with the Edinburgh route being prevented
by the use of waveguide filters. For a satisfactory radio path
between Windy Hill and Emley Moor a 325-ft mast was required
at Windy Hill, with the paraboloid at Emley Moor 100 ft up
the I.T.A. tower.

The necessary aerials and waveguide feeders were installed
but the permanent radio equipment was not available to
meet the opening date. To provide service, four mobile outside-
broadcast s.h.f. equipments were fitted to form a single-
hop link, giving two vision channels from Manchester to
Emley Moor with both channel signals demodulated to video at
Windy Hill. These temporary equipments were coupled
to the permanent aerial waveguide feeders and separation of
the two channels, at frequencies of 4,052 and 4,500 Mc/s, was
achieved by waveguide filters.

At Emley Moor the video channels are passed to the I.T.A.
equipment at 1V peak-to-peak as two separate signals, the
particular channel used for modulating the transmitter being
selected by means of a key on the I.T.A. control desk. A
similar arrangement is used for sound, two independently
routed sound circuits from Manchester being supplied to the
I.T.A. Lost program time, due to failure of either the sound or
vision circuit supplying the transmitter, 1s thus reduced to a
minimum, the I.T.A. control desk operator having only to
operate a key to bring in the second channel.

Overall tests on the video links are made daily by Post Office
staff from Manchester and Leeds, using waveform response
techniques. Initially full-program-hours staffing was employed
at all three link stations because the long-term stability and
reliability of the temporary equipment was questionable. A
six-weeks’ trial period showed satisfactory results and only a
daily attendance was found necessary to check the response
of the link and carry out minor adjustments to bring the
circuits up to the initial “X* ratings. Three months’ operation
of this temporary equipment has produced only two actual
breaks in programs attributed to the link, each break being
only the two or three seconds necessary for the I.T.A. controller
at Emley Moor to change to the alternative channel.

The permanent radio equipment is now being installed and
consists of two independent parallel radio channels from
Manchester to Emley Moor and one channel in the reverse
direction, with no standby or reserve equipment at any of the
three stations. The single aerial paraboloids at both Emley
Moor and Windy Hill are to be used for both directions of trans-
mission, waveguide branching filters separating the channels.

P.T.

Woales and Border Region

TRUNK AUTOMATIC SWITCHING.
FIRST PROVINCIAL UNIT OPENED AT SWANSEA

Swansea is not a new place for pioneering in the telephone
service. It was there in 1881 that the first Post Office exchange
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was opened and, 1n 1924, that the first Siemens No. 16 type of
main automatic exchange was brought into service. It is
therefore appropriate that on the 5th January, 1957, the first
provincial trunk switching equipment should have been put
into service there, and that it should have been manufactured
and installed by Messrs. Siemens Bros. & Co., Ltd., using the
motor uniselector developed by them. A function, attended
by civic officials and other prominent persons, was held to
inaugurate the equipment, and both the Telephone Manager
and the Mayor of Swansea gave addresses in which progress
of the trunk service was the theme. Prior to this, on Ist Decem-
ber, 1956, a new local automatic exchange, to which the trunk
unit forms an addition, had been successfully opened. The
local unit is equipped with 5,200 subscribers multiple, with
provision for extension to 10,000, and gives multi-metering on
calls up to four unit fees. Itis the central exchange in a linked
numbering area that includes five satellite exchanges.

The trunk unit, which carries the traffic from 25 exchanges,
is composed of three ranks of motor-uniselector group selectors
giving access to 16 trunk routes. Delay announcement
facilities are provided for through-dialling operators. The
A.C.1 and D.C.2 systems of signalling are used on the main
trunk routes, and differential or generator signalling from
selector levels to the several manual exchanges waiting
conversion to automatic working. The trunk and local units
have a common M D.F. and equipment I.D.F., the latter
being arranged to grow in one direction for extension of the
local exchange and in the other for extension of the trunk
unit.

The new switching equipment, together with a terminal
repeater station, maintenance control and a suite of trunk
test racks, is housed in a newly erected building, but the
manual switchboard and many of the associated relay sets
have been retained in the Head Post Office, which is situated
across the road. Interconnexion is by four 1,040-pair quad
cables, run between the equipment I.D.F.s in the two buildings.
The usual M.D.F. protecting devices have not been provided for
these cables, the short distance involved and the careful
construction methods used making them unnecessary. The
convenience of having the pairs terminated on the I.D.F.s
and the need to keep the resistance as low as possible were
factors influencing the decision to make this arrangement.
The resistance of the exchange earth at the two buildings is
greater than that of the lead cable sheath between them, so
that the greater part of the return signalling currents flows
in the sheath. To avoid corrosion the cables have an additional
polythene sheath.

The whole of the replaced Siemens No. 16 equipment has
been allocated for use elsewhere and a program of recovery
and shipment has been worked out with the receiving parties
to ensure that it will be in service again in the course of a few
months.

S.E.N.

Scotland

EVACUATION OF WISHAW EXCHANGE

On the 26th November, the telephone exchange at Wishaw
was evacuated and service withdrawn from about two thirds
of the subscribers’ lines. This step was taken to meet a situation
described at the time as one of real and imminent danger.
Wishaw is an industrial town situated in the Lanarkshire
coalfield. Mining has been carried out in the area for many
years, and from time to time subsidence has occurred due to the
collapse of old workings. The danger to the building containing
the Post Office and telephone exchange first became apparent
when test bores were made 50 yards away on the new exchange
site. Investigation under the Post Office itself revealed that it
was only the arching of the clay subsoil that was preventing
the collapse of the surface ground. The Consulting Engineer,
who made the examination, reported on 19th November that the
site could be consolidated and the building made safe by a
process known as cementation, but this would take several
months to complete, and in the meantime there was a grave
risk of collapse. Immediate action was necessary. The Post
Office, on the ground floor of the building, had to be evacuated
to allow the consolidation work to proceed. The problem was
what to do about the manual exchange on the first floor.
The Consulting Engineer’s report emphasized the danger of






Staff Changes

Promotions
Name Date Name Region Date Name Region
Regional Engr. to Chief Regional Engy. Asst. Engr. (Lumited Competrtion)—continued. Tech Oftr. to Asst. Engr.—continued
Baunes, J. 1.6.56 | Grav, H. J T LT Reg. 1656 ; Poole, N. C. G. W.B.C. 4.7.56
Diechmann, D. J. E.-n-C.0. 4656 | Mack, G. L. E.-in-C.O. . 8.9.56
Asst Staff Engr. to Chief Regional Engr. };\'arburton, J. E. E.1n-C.0. 4656 | Thornton, T. C. LT. llgeg. to E.-in-C.O. . 8.9.56
A, n-C.0. . Reg. . 29.105 armer, P. Scot. 4.6.56 | Martin, R. W, L T. Reg. to E-n-C.O. . 89.56
Hough, F. A E-n-C.0. to L P. Reg. . 29.10 56 Barker, A L. E.-in-C.0. 4.6.56 | Stroud, L. JJ LT Re(g). to E-in-C.C. 8.9.52
3 Engr to Staff Ener Parker, D. J. E.-n-C.0. 4.6.56 | Henshaw, J. H. -n-C.O. 1.10.5
?sg St‘f\’;’ 3 ;: o Staff 211056 | Phillips, 7. L. E-n-C.O. 29.556 | Purslow, J. E. LT. Reg. 19.3.56
obin, W. . -0 90 1 Milhner, D. E.-n-C.0. 4.6.56 | Brachey, E. H, L.T. Reg. 1.8.56
Childs, A. J. .. L.T.Reg 4.6.56 | Thorpe, T. W. L.T. Reg. 18.4.56
Area Engr. to Regional Engr. Atkmeon, T.L.H. . N.E Reg, 1856 | McLeod, W. A. L. LT. Reg. 9.1.56
Hawlkins, W, N 16.6.56 | warner, D. G. .. Mid. Reg. 4.6 56 | Bower, M. G. L T. Reg. 8.6.56
Warren, F N.W. Reg to W.B C. 2.756 | Treacher, R. J. L.T. Reg. 4 6.56 | Thulborn, R. A. L T. Reg. 14.4.56
Blight, M. G. L.T. Reg. 9.4.56
Snr. Exec. Engr. to Asst. Staff Engr. Inspector to Asst. Engr Preston, L. A. L.T. Reg. 1.4.56
Broadhurst, S. W. . 14.8 56 | Anthf, J, E. . S.W. Reg. 14.1.56 | Stern, L. R, L.T. Reg. 12.3.56
Wheeler, L. K. 17.8 56 | Hughes, G. H P. . S.W. Reg. 81.2 55 | Browne, V. J. L.T. Reg. 12.3.56
Scowen, F. 14856 | Bond, W. T. . S.W. Reg. 3.456 | Dellar, K. G. L.T. Reg. 19.3.56
Hales, A. C. . 14.8 56 | Watkins, R. S.W. Reg. 2.1.56 | Breeze, K. S. L.T. Reg 5.3.56
Watt-Carter, D. E. 10.9.56 | Bayls, D F. S.W, Reg. 2.1.56 | Campbell, A. Scot. 3.9.56
Bonothan, R. J. S.W. Reg. 2.5.556 | Ferguson, J. G. Scot 14.5.56
Exec. Engr. to Area Engr. Barler, ].O S.W. Reg. 2.156 { Brown, D. b Scot. 395512
W TE. C. . 12.10. Leach, B. O. S.W. Reg. 6.2 56 | Mackenzie, D. Scot. . 3.9.
nathng, . 3. 120008 | Marmott, 1.D. .. Mid Res 1.4.56 | Searle, W. F, E.-n-C.0. . 8.9.56
? Davies, D. T. B, ... W.BC. .. 28.2.56 | Sheppard, K. W. C. %.T EC 18 E.-m-C.O. 24.9.55)2
Engr. to Snr Evec Engr. Tennvson, A. W.B.C. . 27.2 56 | Wise, J. H. . -1n-C.0. . 8.9.
Ié”ef Hano, EJ i 12.7.56 | Cannon, T. T, L.T. Reg. 11.6.56 | Shipman, L. V. E.-n-C.O. . 8.9.56
aiear E anCO. to Fac. Dept. 2 6,56 | Navior, N. V. L.T. Reg. 18.5 56 | Longman, H. T. E.-n-C.0. 8.9.56
aley, & . n-L.0. to Fac. Dept. 29.6. Waddell, T. W. F. Scot. 23.4.56 | Craddock, N. \év %TE tg E.-in-C.0. 21.9.56
Tompkins, F. R, . S.W. Reg. 1.8.56 | Biddlecombe, C. ~1n-C.0. 8.9.56
Eaec. Engr. (Open Competation) Clean P, .. HC. Res 37.56 | Wills, G. J. ET.E. to E.-in-C.0. 20.9.56
Bartlett, G. A, 18556 | Bartholomew, R. F.  H.C. Reg. 3.7.56 | Vaughan, R. T. E -1n-C.0, R 8.9.56
Jackson, J. N.W. Reg. 7.856 | Hathaway, H. A. E.-in-C.O. 8.9.56
Asst. Engr. 10 Exec. Engr. Ellerbeck, A. J. W.B.C. 1.6.56 | Walson, N. E.-in-C.0. 8.9.56
Pearson, G. D. LT 11.6.56 | McBane, C. F. L.T. Reg. 1.8.56 | Parker, A. E. . ETE. to E-n-C.O. .. 29.9.56
Davies, H. C L.T. 1.6 56 | West, J. . L.T. Reg 18 6 56 | Heath, G. S. . E.T.E. to E.-in-C.O. 13.10.56
Orchard, G, A, L.T. 1656 Chamberlain, K. T.  ET.E. to E-m-C.0. 24 9.56
Powell, J. E. H LT. 1.6 56 | Tech Offr. to Asst, Ener. Graham, A, S. . E.-n-C.0. 8.9.56
Griffin, 8. J L.T. 1.6.66 | Newman, J. M. . H.C Reg. Fountam, V. A. E. E.-in-C.O. 8.9.56
Murray, A. J. ET. 11.6 56 | Norton, H. C. W. H.C Reg. Piesing, J. E. E.~n-C.0. 8.9.56
Maynard, L. W. L.T. 1.6.56 | Hannocks, E. A. H.C. Reg. Ward, S A. L. E.-mn-C.0. .- 15.9.56
Chapman, G. W. L.T. 1.6 56 | Butler, G. A, L. H.C. Reg. Kendall, P. C. E.-in-C.0. 8.9.56
Moon, W, J. L.T 1.6.56 | Bushby R.N. H.C. Reg. Burns, A. P. W.B.C. to E.-in-C.0. 8.9.56
Rose, S. L.T. 1.6.56 | Underhll, R. J. H.C. Reg. Howse, K. R. S.W. Reg to E.an-C.O 8.9.56
Fife, E. ... LT. 25.6.56 | Podmore, E. V. ... Mid. Reg. Holmes, A. D. N.W. Reg. to E.-in-C.O0. 8.9.56
Parkinson, S. Nw. 26.6.56 | Parkinson, A. R. .. Mid. Reg. Tucker, A. A. E.-n-C.0. 8.9.56
Hale, C. S. SW. 17.7 56 | Roberts, G. Mid. Reg Wardle, R. K. E.T.E. to E.-in-C.O. 22.9.56
Moore, H. C. N. 29.6.56 | Reaves, E. W. E.-m C.O Smith, G. W. E -1n-C.0. . 8.9 56
Weedon, N. W. . 7.8.56 | Hooper, W. F. W.B.C. 5 Fenning, J. C E.-in-C O. 8.9.56
Hallett, F. C. E.-1n-C.O 18.7.56
Asst. Engr. (Open Competition) Smale, L. V. Mid. Reg 9.7.56 | Lech. Offr. to Inspector
Manming. F. N. 27856 | Laylor, R.S. Mid. Reg. 18.6.56 | Haydock, R. W, HC Reg
Bond, B. 2 7.56 | Snead, C. G. W. Mid. Reg 9.1.56 | Gladwell, W. T. H.C. Reg.
T . Kelly, J. J L.T. Reg 1.3.56 | Pavne, F. J. .. H.C. Reg.
Smuth, W, P L.T. Reg 23 3.56 | Caunt, G. . . N W. Reg.
Asst Engr. (Lumited Comp tition) Beard, A. E. LP Reg 1 456 | Peacey-Nash, J. T. SW Reg.
Soutar, D. - 7.556 | Dixie, J. A. E. L.P. Reg. 1.4 56 | Kelsey, S. A, - HC Reg.
Ham, D M 7.5.56 | Burgess, H. C. L.P. Reg. 7.4.56 | Austin, G W. HC. Reg. .56
Aitken, J. F. 7.556 | New, R. . L.P. Reg. 7.4.56 | Pernn, L. J. L T. Reg .56
Wright, P. G. 10.5.56 | DeBoltz, B. W. H.C. Reg. 3 7.56 | Milkuns, A, E, LT. Reg. -56
Ledger, D. 7.5.56 | Pope, J. W. H.C. Reg. 37.56 | Parfitt, W. G, . LT. Reg. .56
Bram, J. E. 7556 | Tame, C. .. H.C. Reg. 3756 | Vardigans, A. G, ... S.W. Reg. .56
Allan, J. A. W. 7.56.56 | Swatton, H L. H.C. Reg. 37.566 | Jackson, K. D. . S.3W. Reg. 56
Dowson, F. H. 7.5.56 | Briggs, E. N.W. Reg. 47.56
Hammett, A, H. 7.556 | Balcomb, F. J. N.W. Reg. 4.7.56 | Tech. 1. to Inspector
Disley, C. G. 75.66 | Perdrx, R. L. Scot. 4.6.56 | Houghton, C. W, T. H.C. Reg. 13.1.
Pk, D. J. 7.5.56 | Pmner, L. E. Scot. 1.5.56 | Sykes, W, W, . H.C. Reg. 17.4.
Herford-Alley, H. E. D. 7.5.56 | Donaldson, S. C. Scot. 11.8.56 | Varney, G T. H.C. Reg. 17.4.
McNeill, W. N, 7.5.56 | Balfour, A. Scot. 3456 | Sunms, J. F. Mid Reg. 17.1.
Scott, P. A. 7.5.56 | Barefield, K. J. H.C. Reg 9.756 | Rees, T. H. Mid. Reg. 3.10.
Pavey, J. C. 7.5.56 | Shirt, A. L. N.W. Reg. 20.7.56 | Cotterill, F. F. Mid Reg. .. 24.10.
Nafzger, R. 7.5.56 | Powell, A, W ETE. 26.7.56 | Kirkham, C. E. Mid, Reg. . b2,
Glazbrook, J. W. 22.5.56 | Wheatley, R. T. E.T.E. 26.7.56 | Marshall, R. A, L.T. Reg. 74.
Jones, I. O. 7.5.56 | Brown, G. P. S.W. Reg. 6.2.56 | Wellington, P. F. L.T. Reg. 3.4.
Rogers, W. A 7.5.56 | Kohli, R. V. B. N.W. Reg. 29.8.56 | Lever, F. S. L.T. Reg. 12.3.
Wilson, J. S. 7.6 56 | Watson, E. A. E.-in-C.0. 8.9.56 | Jones, H. T. L T. Reg. 30.4.
Theobald, F. W, 22,556 | Colley, R. W. E.-m-C.0. 8.956 | Ells, S. . L T. Reg 18.2.56
Hayes, J. M. 22556 | Reynolds, A. St. J.  E.n-C.O. 8.9.56 | Roberts, G. W. Mid Reg 21.7.56
Elvidge, J. E. H. 22.5 56 | Bishop, G. . E.-in C.O 8.9.56 | Srmth, J. T. Mid. Reg 21.7.56
Foster, G. J. 46.56 | Lander, A. C. E.-in-C.0. .. 89586 | Petrie, R H.C. Reg. 3.7.56
Emery, S. R, 4656 | Holhgon, E. R, N E. Reg. to E.«mn-C.O. 15.9.56 | Allcorn, P, H. H.C. Reg. 8.7.56
Dolan, E. P. D. 22556 | Smuth, J. A, L.T. Reg. to E-m-C.O. . 8.9.56 | Mansfield, G. H. H.C. Reg. .. 3.7.66
Pine, R. 22556 | Poulton, W. G. S.W. Reg. to E.-in-C.0. 89.56 | Huxley, A. V. Mid. Reg. 21.11.55
Goldmng, A. W. 22.5.56 | Kmgdom, D. J. S.W Reg. to E.-m-C O 8.9.56 | Rigglesford, N.W.A.  Mid. Reg. 24 10.55
Rewill, E. 22.5.56 | Green, P. K. E.-1n-C.O. 8.9.56 | Bebbington, G. N.W Reg. . 4.7.56
Churchus, D. B. 22.5.56 | Tambhn M. P. ...  E.-in-CO. 89.56 | Dawson, B. N.W. Reg 4.7.56
Chids, R. .. 22 5.56 | Westaway, H. E. E.-in-C.O. 8.9 56 | Traynor, J. Scot. 3.4.56
Brenton, M. E. 22.5.56 | Izzard, A. . E.-n-C.0. 8.9 56 | Ferguson, J H. Scot. 17.8.56
Wardman, D, 22.5.566 | Hopton, R. E.-n C.O. .. 8956 | Crumley, J. A. ... Scot. 1756
Duffy, P. S. J. 29.5.56 | Young, D. . Mud. Reg. to E.-1n-C.0. 8956 | Bass, N. G. H.C. Reg. 9.7.56
Burwille, P. J. 22.556 | Higes, G. C. C. . S.W.Reg. to E-in-C.O. . 89.56 | Kingswood, G, E. . H.C. Reg 9.7.56
Llovg, E. G. 22.5.56 | Wallingford, J. F. .. E.-in-C.O. . 8.9.56 | Roast, B G. R. H.C. Reg. 9.7.56
Crudge, 1. J. 22.5.56 | Kite, C. R. A. . E.-in-C.0. 89.56 | Goswell, R. A, H.C. Reg. 9.7.56
Glover, L. O. 4.6.56 | Hammersley, S. E.-n-C.0. 8.9 56 | Gardner, E. Scot. 1.3.56
Harp, A. B 4.6.56 | Chnistian, K. A. E.-in-C.O. . 15.9.56 | Nutt, J. A. J. Scot. 3.9.56
Bell, K. F. 4.6.56 | Counsell, P. H E.-mn-C.0. . .. 8956 | McGache, D. Scot. 12.7.56
Hughes, L. E. 4.6.56 | Reilly, P L.T. Reg. to E -in-C.0. .. 8.9.56 | Medford, A. O. N.W. Reg. 19.7.56
Brind, R. R. L 4.6 56 | Bates, R. V. E.-1n-C.0. . . 8.9.56 | Jones, F. . N.W. Reg 7.8.56
McGowan, R. 4.6.56 | Goodman, E.T.J. . E.-m-C.0. 8.9.56 | Knight, J .. H.C. Reg. 10.8.56
Holroyd K. 22.5.56 | Stephens, J. E.-in-C.O. 8.9.56 | Fitt, C. J. H.C. Reg. 10.8.56
Noble, A. .E. 4.6.56 | Pendlebury, N. H N.W. Reg to E.-in-C.O. 22.9.56 | Burrows, S. D. N.W. Reg 14.8.56
Quek, J. . . 4.6.56 | Garrick, P. N.E. Reg. to E.-in-C.O. 8.9.56 | Kent, J. C. L.T. Reg. 18.5.56
Moncrieff, A. W. E 1 22.5.56 | Loomes, B, J. E.-1n-C.0. .. . 8.9.56 | Morris, W. S. LT. Reg. 1.8.56
Hornsby, R. J. LT. 4.6.56 | Crewes, C. R, E.~mn-C 0. 15.9.56 | Wheeler, N, W. L T. Reg. 19.8.56
Fielden, J. ET.E. 4 6.56 | Bunms, A. E.-n-C.0. 15.9.56 | Williams, H. C. S.W. Reg. 31.1.56
Chambers, J. A. E -n-C. 4.6.56 | Long, M. G. E.-in-C O. 8.9.56 | Graham, S. S.W. Reg. 30.1.56
Still, L. A. H. L.T. 6.6.56 | Weller, D. C. E.-m-C O. 8.9.56 | Radford, R. G. . SW. Reg. 148.56
Tiddy, K. S.W., 4.6.56 | Ryan, W. A. E.an-C.0. 8.9.56 | Jones, C. Q. . S.3V. Reg., 8.5.56
Doerr, J. L.T. 4.6.56 | Culley, L. J. W.B.C. 8.9.56 | Potentier, L J.T. . S W. Reg. 2.7.56
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Promotions—continued.

Name Region Date ! Name Region Date Name Region Date
Tech 1. to Inspector—continued. Exptl. Offr. (Open Competition)-—~—continued Asst. Exptl. Offr. (Limited Competition)
Parker, L. P. S.W. Reg. 28.12 55 | Lister, C. E.-mn-C.0O. 25.6.56 | Schroder, C. R. E.-10-C.O. 17.9.56
Stevens, J. M S.W. Reg. 1.10 56 | Jones, S. J. E.-1n-C.0. 30.7.56
Wonson, K. H. S.W. Reg. 13.2 56 | Morris, F E an-C.O. 10 9.56 | 4sst. (Sc) (Open C it
Drake, E. S. S'W. Res. 179.56 | Lazenby, F. E.1n-C.0. 5.10.56 ClS;tm('l ”T) (PP on Compe 'E"’_") €0 16.7.56
McCarty, J. W. S.W. Reg. 31.1.56 iton, L. b : -t 0. -
Snr. Prin. Sc. Offr to Dep Chief Sc Ofr. Asst. Exptl Offr. to Exptl. Offr. M.T.0. 11T to M.T 0. 11
Metson, . H. E.-m CO. 1.7.56 | Hauser, T. V. E.-mn-C.O. 31.5 56 | McConnell, D. A. E.-m-CO. 4.6.56
Sc. Offr (Open Competition) Mech wn Chargeto T.A. I
Brook, V. 5. (Miss) b.-m-CO 28.8.56 | Asst Exptl. Offr. (Open Competitron) Rover, E. V. E.-mn-C.0. . 22.10.56
Harrmgton, D. E.-in-C.O. 18 6.56 | Woolley, G R. Mid. Reg. 22.10.56
Exptl Oftr. (Open Competition) Fudge, R. E.-in-C O. 13 8.56 | Twycross, W. J WBC 22.10.56
Clarke, A A, E.-n-C.O 9.5.56 Fleury S T (Mlss E.-n-C.O. 20.8 56 | Mounteney, G. H. E.-m-CO . 22.10.56
Scott, G. C. E.-m-C O. 15 6.56 | Biggs, K J E -in-C.O. 111.56 | Boulton, H G. E.-in-C O. 22.10.56
Retirements and Resignations
Name Region Date Name Region Date Name Region Date
Chief Regional Engr Asst Engr —continued, Inuspector—continued.
Beer, C. A. N.E. Reg. 31.5.56 | Harns, K. T. Webber, J. P. L.T. Reg. 31756
- (Restgned) E -in-C.O. 26 6 56 | Caseley, R G. S.W. Reg. 15.8.56
Staff Engr. ) Glasby. P. A. Sanford, A. HC. Reg. 31.856
Penney, A. E. E.-in-C O. 13 8.56 (Resigned) E.-in-C.O. 30 6.56 | Raftery, F J L.T. Reg. 10 8.56
A E Childs, R. S. Field, W G. P. L.T. Reg. 18.8.56
Area Lngr. . (Resigned) E.-in-C.0. 30 6 56 | Menage, E. A. L.T. Reg. 31.8.56
Lyddall, A. G. L.T. Reg. 2.10.56 | Nalder, A. G. L.T. Reg. 14.7 56 | Judge, W. V. Mid. Reg. 15 9.56
Swr. Exec. Engr Nelson, L. C. E.-in-C.0O. 17.7 56 | Jones, E. W.BC. 17.9.56
2T, Lxet. Lngr. ) Cowley, F. H. H.C. Reg. 20.7 56 | Barr, A W. L.T. Reg. 23.9.56
Fox, P. C. ETE 21656 | Ostm, P. C. W.B.C. 30.7.56 | Gaughan, G W. N.E. Reg. 30.9.56
Small, S. R L.T. Reg. 31.7.56 | Yates, J. T. Mid. Reg. 310.56
Exec. Engr Mellors, H. R.
Guest, F. H C. Reg. 28.5 56 (Restgned) L.T. Reg. 6.7.56 | S _Sc. Offr.
Deighton, C. F. N.E Reg. 31556 | Stephens, J. S.W. Reg. 31.7.56 | Parkm, B. G.
Rogers, A H. W.B.C. . 81556 | Bradv, T. J. X T.E. 31.7.56 (Resigned) E.-mn-C.0. 31.8.56
Hey, H. E NE. Reg. " 31.10.56 Martindale, W. P. . N.W. Reg. 7.856 | Exbtl. Offr.
House, L. F. H.C. Reg. 14.6 56 | Whiteley, H. N.E. Reg 25850 | Trafford, D J
Dafforn, D. G A Wildig, H. N.E. Reg 31.8 56 Resioned) " Eon-C.O 30 9.56
(Resigned) W.B.C 10.6 56 | Collyer, F. H. HC. Reg 31.8.56 | (Resigned) ~n-C.0. -
Clarke, P, Ashiworth, W. N.E. Reg. 6.9.56 | Sc. Offr. _
A (Rm%zedé) T %{:;‘150- - 31-71g gg Wilson, A. N.W. Reg 7.9.56 | Kitching, R.
very, . -Reg. McGovem M. P. P Scot. 7.9.56 (Resigned E.-in-C.0. 15 10 56
Fifield, J. A. R. E.-in-C.O. 31.7 56 kel;lalxe, Id\) W, SW. R 6.956 Acton,gR . 7
{Resigne W, Reg. -9 5 R d] E.-m-C.0. 24 10.5
Asst. Engr. Liddiard, F. E. H.C. Reg. 31.1.56 (Resigned) m 6
Logan, H. D HC. Reg 8456 | Gardner, E. L.T. Reg. 31 8.56 | Asst. Exptl Offr
Kinnear, D. J. Scot. 85.56 | Townsend, j. L.T. Reg. 31.8.56 | Richell, D.
West, G. A. L.T. Reg 17.5.56 | Kennedy, D. L.T. Reg 17.9.56 (Restgned) E.-1n-C.O. 16.6.56
Thompson, R. L.T. Reg 17.556 | Young, G.F. ... NE. Reg. 18.9 56 | Hansson, O. K. H
Saunders, S. T L.T. Reg 25 5.56 V\'hlttaker W.N N W. Reg. 26.9.56 (Resigned) E.-n-C.0. 315.56
Bliss, A R. L.T. Reg 27.5.56 | Stafford, A. F. N.E. Reg. 30.9.56 | Kendrick, M. S.
Smerdon, J. H. L.P. Reg. 30.556 | Cartwright, H. T. E-m-CO. 5.10.56 (Mrs.) (Resigned)  E.-mn-C.O. 31.5.56
ZV‘ISO"‘: L:] é’-T Reg. 31 5-26 Smuth, D. A. Dmgam
Simpson, J. cot 31 5.56 E.T.E. . M .n-C. ¥
OSuthivan, P. WEC. 31556 (Restgned) T. 31.8 56 (Miss) (Rzﬂgned) E -in-C.O 30.6 56
Regan, F. M. C. L.T. Reg. 1.6 56 | Inspector Asst. (Se.)
Gosling, A. H. L.T. Reg. 1.6 56 | Cooper, W. G. R. H.C. Reg. 30.1.56 | Bradshaw, . M
Taylor, T. A N.W. Reg. 18.6.56 | Gannon, J. .. N.E. Reg. 21.5.56 (Mrs.) (Resigned) E.-in-C.O. 5.10 56
Reeves, H. S, L.T. Reg. 29 6.56 | Soutar, j. B. Scot. 30.6 56 | Davies, J. L
Lord, T. N. N.E. Reg 30.6.56 | Crisp, W R. H. L.T. Reg 6.6.56 (Resigned) E.-in-C O. .. 31.10.56
Jones, R. A. Mid. Reg. 30 6.56 | Cleghorn. A. H. L.T. Reg. 28.6 56
Woodcock, W. L.T. Reg 30.6 56 | Myatt, j. W. WBC. . 10.7 56 | Asst Reg. M T.0.
Barnes, T. C. L.P. Reg. 2756 | Parker, J Mid. Reg. 31.7 56 | Wilhams, § A. W B.C. 26 7.56
Transfers
Name Region Date Name Region Date Name Region Date
Chief Regional Engr. to Staff Engr. Exec. Engr, Asst Engr.—continued.
Phillips, R. S. L.P. Reg. to E.-in-C.O.  29.10.56 | Spiatley, E. W.F. . E.-in-C O. to H.C. Reg. 1.10 56 | London, A. G. E.-in-C.0. to Mm. of
Harms, P. M. E.an-C.O. to Min. of Transport and C.A. ... 2.7.56
Staff Engr to C.M.T.0. Housing and Loc. Gov.  3.9.56 | Hethenngton, T. .. Sudan to E.an C.O. 8.7.56
~dvelev. C. B, E.-n- Pember, A. L. .. E.-in-C.0O. to Malaya 9.5 51
Calveley, C. E. E.n-C.0. 291056 | Eye, Engr. to Snr. Sc. Offr. Hardmg, F. J. E.-n-C.O. to Malaya 4154
- Ross, J. D. E-mm-CO. to Mm. of Sanders, R V. E.-n-C O. to H.C. Reg. 27.7.56
Asst. Staff Engr. ) Supply 11056 | Goff, A P, N1 to E.-m-C.O, 6.8.56
Merniman, J. H. H. E.-in-C.O. to Treasurv dsst. E Adaur, J. C. E.-m-C.O. to Palustan
(seconded) . . 1856 | Asst. baer. _ (seconded) 18.8 56
Langnidge, F. R. J. E.-m-C.0. to Gold Coast 91052 | Marshall, N. E. E.-mn-C.O. to Palistan
Area Engr to Efficiency Engr. Crawford, A. . Nigeria (approved em- (seconded) 18.8.56
Wells, H. M. H. C. Reg. 2% 356 plovment) to E.-n- Edwards, A. E.-in-C.0. to H.C. Reg.  19.8 56
- . 2.5.56 | Glass, V. G. E-m-C.O. to L.T. Reg.  198.56
Sur. Exec. Engr to Area Engr. Jones, 8. 1. E %?:;gégértt:ndnélx o 22556 Vicar, C. D. L.T. Reg. to E.-in-C.O. 9.9.56
Rossiter, G. E. E.-in-C.O. to S.W. Reg. 4656 | Cook, R. B. E.-1n-C.O. to G.C.H.O. 4.6 56 -
Morgan, C. A, E-nCO toLT.Reg. 81056 | Summerland, L. A.  E-inC.O. to Ma.layaQ 2751 | At Engr. fo Aset. P "Smécomag” I B -
Bariett, R. . E-nCO.toL.T.Reg _ 17.6.56 | Collngs, R. €0 to W.B.C. 16.7.56
Snr. Exec Engr. Mowlem, B. A. L.T. Reg to Mn. of
Swatfield, J. E.m-CO to Admiralty 22356 Transport and C.A. 18.6.56 | Asst. Engr. to Welfare Officer
Truslove E. H. Factories Dept to E.-n- Spokes, F K. E.-n-C.O. to Min. of McChesney, J. E.-mn-C.0. 12.3.51
C.0. 206 56 Transport and C A. 2.756 | Pucher,C J F L. T Reg. 2 4.51
Deaths
Name Region Date Name Regron Date Name Region Date
Snr. Exec. Engr. Asst. Engr.—continued. Inspector
George, A. W. . H.C. Reg. 22.3.56
Jones, C, E. P. L.T. Reg. 16.56 Sandersolr\;, {};]C. ET lzeé. 1{1).2.?6 Henderson, W. C. .. N.W. Reg. 5.0.50
Beattie, N. W. ~in-C.O. 16.6.56 | 1 ckson, A E. .. L.T. Reg. 1.10 56
Asst. Engr. Pye, H. J. L.T. Reg. 17.6.56
Colburn, J. T. E.-in-C O, 10 5.56 | Gillard, J. A. L.T. Reg. 18.6 56 | Chief M.T.0.
Culf, A. E N.W. Reg 26 556 | Carter, R S W. Reag. 1956 | McDonald, A. G E.-in-C O. 11.2.56




Associate Section Notes—Continued from p. 52

and most informative to the 14 members who took part.
Commencing with the wire drawing department, the processes
of annealing, tinning and stranding were observed, followed by
the covering of the conductor by three different methods,
lapping, longitudinal and extrusion. The use of British and
American machines for covering jumper wire was next observed
and though creating a lot of noise was certainly intriguing.
The visit was completed at the armouring section where heavy
drag cables for coal mines were being armoured.

On Saturday, 12th January, 1957, 10 of our members visited
the printing works of the Sunderland Echo and Ship ping Gazette,
Bridge Street, Sunderland. Heads of various departments
met the members and explained the processes. Unfortunately,
the press wasn’t ‘“‘rolling’’ for the final stage of the visit but the
Echo made 1t clear that we would be welcome to call again
to witness this another day.

The Centre next met on 25th January, 1957, and on this
occasion Mr. J. Edmundson of the Senior Section came to
visit us and gave a talk on U.A.X's, which he amplified with
diagrams and slides. There followed a period for discussion,
questions and refreshments, which proved beneficial to all
present.

I am pleased to say that our centre is now really alive,
the membership having increased by 25 per cent since the
initial meeting in October last.

D. A C.

Leeds Centre

The inaugural meeting of the re-formed Leeds Centre was
held on the 14th November, 1956, at the Griffin Hotel, Leeds.

The speaker was Mr. R. W. Palmer, M.LLE.E., President of
the Associate Section, who gave an illustrated talk on ‘“Main-
tenance Abroad.” Aspects of maintenance methods in the
U.S.A. and Sweden were dealt with and great interest was
shown in the different approaches to mutual problems. After-
wards an informal discussion took place and Mr. Palmer ably
answered all the questions put to him.

The Centre has had a successful start and up to date over
120 members have been enrolled. The successful formation
of the Centre has been largely due to the efforts and guidance
of our Area Engineers, Mr. E. Hopkinson and Mr. F. E. Wright,
and the Area and Regional Liaison Officers, Mr. Hamel and
Mr. Holmes.

Visits have already been made to the B.B.C. North Regional
transmitters, Automatic Telephone and Electric Co.’s works
at Liverpool, John Smith’'s Brewery, Tadcaster, and Ledston
Luck Colliery, near Castleford; and talks have been given on
the Supervisory Control of Power Distribution, by Mr. C. E.
Dadson, AM.I.E.E. (Yorkshire Electricity Board), who dis-
cussed the various methods of controlling remote sub-station
equipment, with particular reference to the Leeds area. Mr.
Dadson extended an invitation to members to visit the main
control room of the Yorkshire Electricity Board.

Visits will be arranged throughout the summer months
instead of having a closed season.

The Committee for the 1956537 session is: Chatrman:
Mr. L. Smith; Secretary-Treasurver: Mr. A. A. George; Members :
Messrs. Baker, Bateman, Bates, Crowther, Newton and Senior.

The Centre will welcome communication with other Associate
Centres and the Secretary is available through the Telephone
Manager’s Office, 28 Park Place, Leeds, 1, or telephone,
Leeds 32811.

A A G

Colchester Centre

The Colchester Centre was formed by an interested group of
12 members of the engineering staff of the Area, who met on the
evening of the 31st October, 1956, and subsequently elected
the following committee and officers: Chayman: Mr. A. F.
O’Roark, Area Engineer; Vice-Chaivman: Mr. R. G. Cocker;
Secretary: Mr. T. T. Shanks; Treasurer: Mr. ]J. W. Jaggard;
Commiittee : Messrs. J. W. O. Baker, M. H. Martin, A. J. Russell
and T. G. Whitehead; Auditors: Mr. J. W. Bare and Mr. E. G.
Piper.

The inaugural meeting, with Mr. O’Roark in the chair,
was held on the 5th December, 1956, and was well attended.
The program consisted of a very interesting talk by Mr.
A. H. C. Knox on “Promotion,” followed by open discussion
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and then a short series of films of general interest. A tentative
program for the remainder of the winter session was an-
nounced at the meeting and two of the items have already been
completed; the first, in January, was a talk by Mr. D. W. Pyle
(Assistant Engineer), on ‘‘Photography as a Hobby,” illus-
trated by prints and colour slides, and in February a paper
entitled ‘‘Some Aspects of Long Distance Signalling”’ was read
by Mr. S. A. Watcham (T.O.). The paper was followed by a
demonstration on the actual equipment in Colchester automatic
exchange by Mr. J. G. Honneyman (T.O.). Both these meetings
were highly successful and well supported by the members.

A talk, with the aid of film, entitled “A Simple Approach to
Television,” by Mr. T. T. Shanks, was scheduled for March and
Mr. A. F. O'Roark has promised to contribute a paper in
April, which will probably coimncide with the Annual General
Meeting.

Arrangements for visits are in hand, including one to Mar-
coni’s Wireless Telegraph Co., I.td., at Chelmsford in mid-April.
This will be a whole-day visit with lunch at the works and has
evoked considerable interest and not a little difficulty in
deciding who will be among the 20 members to go.

A very useful technical library has been formed and is in
the capable hands of Mr. J. W. Bare, co-opted as librarian.
“We are indebted to members of the Senior Section, the Liaison
Officer, Mr. L. A. Farrow, and our own members, for the many
gifts of books and papers. Much of the success of this initial
stage of our venture is due to the practical help and guidance
of Mr. O’Roark and Mr. Farrow, both of whom have shown
an enthusiasm that is very encouraging and makes the project
very much worth while.

The membership to date 1s 104, which is very nearly half the
total staff in the Area who are based on Colchester.

T.T.S.

London Centre

Since its last report, the London Centre has completed two-
thirds of the current session, and is making provisional plans
for the next.

We were honoured by the presence of the President of the
Associate Section, Mr. R. W. Palmer, at our opening meeting
on the 12th September, 1956, when he kindly took the chair
to welcome Capt. G. S. Tuck, D.S.0.,, R.N,, of the Trans-
Antarctic Expedition staff, who gave an illustrated talk
entitled “The Trans-Antarctic Expedition.” In this he covered
the reconnaissance expedition of 1955-6, the objects of the
expedition proper in the International Geophysical Year,
and reports of the men stationed at Shackleton Base, who,
because of adverse weather conditions, had lost their hut and
had had to improvise the packing case of a Sno-cat vehicle as
workshop and dining-room, and sleep in tents. The talk proved
to be of such interest that Capt. Tuck has promised to follow-up
when the main party returns in 1958-59.

The next talk was “Cinephotography in the Post Office,”
by Mr. W. A. J. Paul, F.R.P.S., who dealt with the development
of the use of photography in the Post Office and illustrated his
talk with a film that must surely include many historical
excerpts. On the 7th October, Dr. P. R. Bray and Mr. G. T.
Crank gave a talk entitled ‘‘Electrical Tests during the Manu-
facture of the Transatlantic Telephone Cable,” which dealt
with the manufacturing processes and the tests carried out at
each stage and on the completed cable in its storage tanks
until it was loaded on to HM.T.S. Monarch.

Mr. J. M. M. Pinkerton gave a most interesting talk on the
5th December entitled ‘“The Electronic Digital Computer,”
outlining the basic principles, and progressed to the up-to-date
techniques incorporated in “LEO” Mk 2, of which Mr. Pinkerton
is the chief designer. In January, history was made inasmuch
that Mr. W. L. Newman, the Executive Engineer in charge
of the Television Control Centre at Museum Exchange, used
a closed-circuit television “hook-up” between Waterloo Bridge
House and Museum Exchange on the 24th January when he
gave a talk entitled ‘““The Post Office Television Distribution
Network.” The purpose of the closed link was to show the
audience much of the equipment that he had been talking
about. Our thanks go out to Pye, Ltd., for their co-operation
and assistance in this venture.

On the 19th February, Mr. D. H. Jones, a member of the
Post Office Research Station staff, lectured to our members on



“An Introduction to Transistor Circuits.” In this lecture
Mr. Jones dealt with the physical and mechanical properties
of germanium, and went on to the practical uses of transistors,
mentioning their known limitations. The success of this
lecture has prompted us to ask Mr. Jones to present 1t in a
series of articles in our Quarterly Journal, to which he has
agreed.

Our lecture on the 12th March, 1956, was arranged for
those members who complain of being fed-up with the job as
subject matter for lectures. It was ‘““Some Medical Problems of
Interplanetary Travel,” given by Mr. C. R. Armstrong
On the 9th April, Mr. P. W. Goodwin will give a lecture
entitled “An Introduction to Standard P.A.B.X.s,” and on
30th April a lecture—“Electronic Circuitry—Are Diagrams
Really Necessary’’—will be given by Messrs. J. A. Lawrence,
F. L. N. Samuels and G. S. Gregson. The Annual General
Meeting will again be held in the Small Hall of The Institution
of Electrical Engineers on Thursday, 30th May. The Annual
General Meeting will be preceded by a lecture entitled ‘“Colour
Television,” to be given by Mr. I. J. P. James, of EM.L

Research Laboratories.

This session will see the forwarding of at least three papers
read by Associate Section Members ‘for adjudication by the
Senior Section, one of which has already been read. This
one merits attention, inasmuch that the lecturer, Mr. K. O.
Verity, of the Long Distance Area, was requested to give his
paper, “Power from Nuclear Fission,”’ a second reading to the
members of Stone Centre. This is only the second occasion
that a member of London Centre has read a paper in another
Centre.

The session 1957-58 will see the occasion of the Silver
Jubilee of the Associate Section (or the Junior Section as it
was originally called). To mark this occasion the London
Centre intend to hold an Exhibition. "The title is “Communica-
tions, Past, Present and Future”’——the venue, Hotel Metropole
Ballroom, Northumberland Avenue, SW.1; the date 2nd,
3rd, and 4th October, 1957.

Further information will be available by early summer.
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Automatic Generating Plant

Quality, Sir, is a matter of detail.

Take a diesel engine and an alternator, bolt them down to a bedplate, couple them together
and supply some switchgear. There you have a generating plant. Good enough for some jobs,
perhaps, but not for the kind of job Austinlite plant is designed to do.

To see the difference you have to look closely. At the solid steel bearing housings with their
special high speed bearings ; at the patented bearing wear detection system ; at the subsidiary
emergency bearings which only come into play in the very unlikely event of main bearing
failure; at the electrical equipment specially ‘tropicalised’ by methods developed as a
result of much experience in the supply of plant designed to operate dependably in
hot, humid climates.

It is detail of this kind which accounts for the high reputation of Austinlite wherever
reliability is an essential. That, and one thing more ; Austinlite engineers always enjoy tackling
the jobs other people cannot fit. Because, although we make many standard types of
generating'plant, made-to-measure plant is our forte.

%&SMZ‘@ AUTOMATIC GENERATING PLANT

Tailor-made by STONE-GHANGE LTD.

(The Makers of Sumo Pumps & Stone-Chance Lighthouses) 28 St. James’s Square, London, S.W.1 - Tel.: Trafalgar 1954






ELECTRICAL CHARACTERISTICS

S

PAINTON
’/ K\\

By Sppointinent to the Pofessional Egincer

HIGH STABILITY

TYPE 76

TYPE 75

TYPE 74

TYPE 73

The electrical characteristic of a High Stability Carbon Resistor depends upon the
physical size of the units and upon the ohmic value. All the data given below relates
to the Type 73 Resistor. To obtain the equivalent ohmic values to which the
information is applicable in the other four sizes of Resistor the following factors

should be applied

Type 72x Type 74x2 Type 75x 4
YP yp YP!

FULL LOAD STABILITY

Up to {00 K.ohms the resistance change at full {oad
with an ambient temperature of 70°C., is fess than
0-75%, (average 0-25%) after 1,000 hours operation.
At | Megohm the change is less than 19 (average
075%)-

N.B. On D.C. locading the maximum voltages
stated in RCL 112 should be observed.

AGEING AND SHELF DRIFT.
Up to 100 K.ohms the average change ts 0-259, in
12 months (never greater than 0-75%). For !

Megohm resistors the average change is 069 i 12
months (never greater than | 25%).

CLIMATIC

Exposure to the two cycles of H.i. humidity as iad
down in RCS 112 shows a change of less than 079,
(average 0-4%) up to 100 K.ohms. At | Megohm
the change is less than 19 (average 0-7%).

TROPICAL EXPOSURE

Eighty-four days exposure to the standard 25°C./
35°C. 1009 humidity cycling shows a change of less
than 19 (average 0-5%) up to 100 K.ohms. Ac |
Megohm the change s less than 29 (average 1-694)

TEMPERATURE COEFRICIENT
The temperature coefficient is less than 0-04%,/°C.

up to 100 K.ohms. At | Megohm the coefficient
is approximately 0-055%/°C.
NOISE

MNaise which is generated in 2 resistor, as the
result of a direct voltage applied across it, varies
according to the ohmic value of the resistor, the
noise decreasing as the ohmic value increases. The
noise is also influenced by factors such as the size
of the resistor.

For noise which falls within frequency range of 0
to 10 Kc./sec., the Painton high stabiiity resistors
have noise levels which are between 0-05 and 0-4
microvolts of noise per applied direct volt, when
the resistor is dissipating power at its maximum
wattage rating.

VOLTAGE COEFFICIENT
Not exceeding 0-002% per voit D.C.

INT

Type 76 x 8

CARBON RESISTORS

DERATING FOR AMBIENT TEMPERATURES EXCEEDING 70°C.

WATTAGE RATING/AMBIENT TEMPERATURE GRAPH
(FROM RCL 112, ISSUE 2)

COMMERCIAL DERATING CURVE

4L
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Q’\e’ &
3 2 2,0 N
T G (3
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3 PE 72 Q \ ‘L TYPE 72 P,
-y \’\r\ [~
76 80 90 100 110 120 130 140 15 70 80 90 100 110 120 130 140 150
AMBIENT TEMPERATURE (DEGREES C.) AMBIENT TEMPERATURE (DEGREES C.)
TYPE RESISTANCE VALUES OUTSIDE THIS RANGE MAY
RANGE (ohms) BE QUOTED FOR SEPARATELY.
72 1% 4—700K +2% 4—10M +5% 4— 25M
73 +1%  4—i0M 429 4—20M 5% 4— 50M
74 419 20—20M 42% 20—40M +5% 20— 10.0M
75 419 20—30M +2% 20—50M +5% 20— 10-0M
76 +1% 20—55M +2% 20—90M +5% 20— 50-0M
TYPE n 73 74 75 76
Normal Commercial
Rating 70°C—watts i 3 2 ! 2
R.CS.C. style RC2-E RC2-D RC2-C RC2-B RC2-A
R C.S.C. Rating 1 3
at 70°C—watts 1 ! i ! '
R.CS.C. Rating
at 100°C—watts : i ¥ H 4
H £ 45 13 2%
DIMENSIONS
IN INCHES |— x 2 - = >
i3 13 13 13 12

N

M/{MMJI)}@ Dng land

xvii

























































	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99

