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The development of the quartz clock by radio engineers and its application by astronomers are discussed, the design and
performance of representative units are outlined, and brief details are given of equipment now being produced by the Post
Office for the Royal Observatory.

Introduction.

HE absolute standard of time is set by the

I rotation of the earth, and the astronomer, after

determining by stellar observation the period of
the earth’s rotation, uses special clocks to sub-divide
this period, and these clocks become the working
standard of time. From such time standards, radio
time signals are broadcast in many countries and
the rhythmic signals transmitted by Post Office
transmitters at Rugby and Leafield may be taken as
representative. (These signals, which are generated
by the Royal Observatory, are much more accurate
than, and should not be confused with, either the
six-pip signal transmitted by the British Broadcasting
Corporation or with TIM.)

During the past few years the radio engineer has
written another chapter in time measurement by
his development of a new type of clock, known as
the quartz clock, which, on account of its very
constant and predictable rate, is now being used by
astronomers in preference to the pendulum clock.

Before considering the detailed design of a quartz
clock it is proposed to outline briefly the calibration
of a frequency standard to illustrate how the radio
engineer has been able to improve the mechanism
which the astronomer uses to sub-divide the period
of the earth’s rotation.

The process of calibrating a frequency standard
in terms of radio time signals is accomplished with
the aid of a time indicator driven by an output
from the standard, the overall design being such
that when the standard maintains its prescribed
frequency the time indicator has a mean solar time
rate. An increase of frequency will cause the clock
to gain and vice versa, and hence, from a knowledge
of the clock rate, the standard frequency is deter-
mined. Assuming that the frequency of the standard
is 100-00001 kcfs, i.e., 1 x 10-7 above the nominal
value, and that a precise 24-hour calibration interval
is utilised—say, between successive 10.00 hr. signals
from Rugby, then, since there are 86,400 seconds
in one day the clock will gain 86,400 x 10-7 seconds
or 8-64 milliseconds over the interval. It is evident
that the accuracy of calibration is dependent on the
exactness of the 24-hour interval given by the radio
time signals, and should this be in error by 4+ m
milliseconds, the error introduced in the determina-

tion of the standard frequency in parts in 107 is
4+ (m x 107)/(86,400 x 1,000.)

With improved frequency standards of the crystal-
controlled type it became necessary to employ longer
and longer calibration intervals, since the actual error
in the astronomer’s determination of the interval is
sensibly independent of its duration. Thus an increase
from one to ten days in the calibration interval will
reduce the error to one tenth. One disadvantage of
lengthening the calibration interval is that the
calibration is in terms of mean frequency of the
standard over the interval and gives no information
of excursions about the mean. Although other
methods, which will be discussed later, are available
to determine the frequency variations during the
interval, the radio engineer found some inconvenience
in having to employ excessively long calibration
intervals to obtain the accuracy required in the
calibration of his frequency standard—an accuracy
which was imperative to enable him to meet the ever
tightening frequency tolerances demanded in new
equipment designs. However, astronomers were
quick to realise that, in view of major improvements,
the rate of a time indicator associated with a high-
grade frequency standard was proving capable of a
more constant short period rate than the best pen-
dulum clock, and they took steps to incorporate this
new type of clock—known as the quartz clock—
into their time departments. It will be appreciated
that the development is a most important one to the
astronomer and it is particularly gratifying to radio
engineers that in their efforts to provide and to
improve communications the comparatively new
sciences of radio and electronics have contributed to
one of the oldest sciences—astronomy.

The technique of time determination is proper to
the astronomer and is extremely complex. It is not
proposed to consider the subject in this article,
which only deals in broad outline with the design and
performance of quartz clocks produced by the
Post Office.

General

In its simplest form a representative quartz clock,
Fig. 1, comprises a crystal-controlled oscillator,
nominal frequency 100 ke/s, and electronic frequency
dividers providing a signal of one-hundredth of the
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ility approaching -40-005°C. is achieved for an
ambient range of some 22 to 25°C.

The drive circuit which maintains the crystal in
vibration is of the bridge stabilised type, the mounted
crystal, a metal filament lamp and two fixed resistors
forming the bridge, Fig. 4, which is connected to
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100 ke/s
MAINTAINING
AMPLIFIER

CRYSTAL

LAMP FIXED RESISTORS

Fic. 4.—ScHEMATIC DIAGRAM OF CRYSTAL-CONTROLLED
OSCILLATOR.

the input and output of a two-stage maintaining
amplifier. The bridge is balanced at the series resonant
frequency of the crystal and oscillation is maintained
when the amplifier gain exceeds the bridge attenuation.
Amplitude stabilisation is achieved by the lamp,
and in a typical unit the power dissipated in the
crystal is less than 1 mW. The effect of wvalve
and supply voltage changes on oscillator frequency
are extremely small. A 10 per cent. change of H.T.
or L.T. voltage results in a frequency change of
less than 3 x 10~ and change of amplifier valve
rarely gives a frequency change exceeding 2 x 10-8.

Frequency Dividers.

Frequency division from 100 to 1 kc/s is accom-
plished with dividers of the regenerative modulator
type, each of the two decade steps being carried out
in two stages, 2/1 and 5/1. This type of divider has
already been discussed inthe Journar?® and will
not be considered here.

Phonic Motor and Time Indicator.

The 1 kc/s control signal from the frequency divider
chain is amplified and fed to the phonic motor, of
which several designs are available. In one type
giving mean solar time rate the rotor, carrying 100
teeth on its periphery, is mounted on a vertical
spindle and rotates 10 times per second under the
influence of an electromagnet excited by a direct
polarising current plus,the 1 kc/s control current,
hunting being minimised by a damping device.
Through a 10/1 worm gear the rotor drives a shaft
rotating once per second and the clock hands are
controlled through an auxiliary gear train. Seconds
pulses are obtained via a contact which is operated
by the 1 r.p.s. shaft.

General Assembly.

Since the calibration, in terms of the earth’s
rotation, of the crystal-controlled oscillator in the
quartz clock gives only a measure of the mean fre-
quency over the calibration interval, and no informa-

s P.O.E.E.J., Vol. 35, p. 62.

tion of the frequency excursion about the mean, it
is usual to set up a group comprising at least three
oscillators and to intercompare the oscillators con-
tinuously to obtain information on their short period
stabilities.

PHASE COMPARATOR

RECORDING
COMPARATOR

——

BEAT COUNTER

100 ke & Ke/s 100ke/s
~CRYSTAL"|
CONTROLLED
OSCILLATORS

[ "] ovier 100/10 ket

[ ] ovioer /1 kefs

| kefs PHONIC MOTOR AND CLOCK

@
CHRONOMETER
L{:: TIME SIGNAL RECEIVER
Fi1Gg. 5.—ScHEMATIC DIAGRAM OF TYPICAL QUARTZ
CLOCK INSTALLATION.

A typical installation as illustrated in Fig. 5
comprises three 100 kc/s crystal controlled oscillators,
four comparators and a frequency dividing train
through the medium of which one of the crystal
oscillators drives a clock. The functions of the
comparators are respectively :— °

(a) The comparison of the clock rate with standard
time signals,

(b) The automatic comparison of the frequencies
of any pair of oscillators every few seconds
by the phase comparator to an accuracy of
+ 1 x 10-19,

(¢) The automatic recording of the frequency differ-
ence between each pair of oscillators every
two minutes to an accuracy of 4 5 x 10-9,

(d) The automatic counting of the beats between
pairs of the three oscillators.

Detailed analysis of these several records gives
the mean frequency of each oscillator in terms of
the time signals and also indicates the second-to-
second and daily stabilities of the individual oscil-
lators. The assembly, less the comparators, is
illustrated by Fig. 6.

Although there is no standard method of mounting
it is advantageous to install the crystal-controlled
oscillators in a temperature-controlled room remote
from the associated equipment, the main accommoda-
tion requirements being a fairly constant tempera-
ture, freedom from mechanical shock and vibration
and freedom from unwarranted interference.
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all quartz-controlled oscillators and the achievement
of the frequency stability now practicable at 100 kc/s
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on the very low frequencies whereby the complexity
of the quartz clock and its maintenance can be
simplified, are matters which are now receiving
attention.

It may be thought that sufficient finality in terms
of frequency stability to meet the needs of the radio
engineer has already been reached. However, this
is not so; there are applications to-day which call
for frequency measurements accurate to within
4 1 x 1078, and experience has clearly demonstrated
that the knowledge gained in improving present
standards is, in many cases, capable of direct
and useful application by the engineer who is con-
cerned with the general design and development of
oscillators for use in the Post Office line and radio
system. .

In conclusion, the author wishes to point out that
it has not been possible to convey in this article
more than a very brief outline of a complex and
specialised subject, but is hopeful that the picture
given may be of interest to many people who have
been curious during the past few months regarding
the origin and application of that new device, the
quartz clock.
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the AB pairs of two quads to be jointed together,
and the input terminals of an amplifier are connected
to the CD pairs which are connected together,
“ straight ” and “ crossed ”’ alternately by contacts
on a rotating switch. By virtue of the side-to-side
capacitance unbalance characteristics existing in the
quads there is developed across the CD pairs (and
hence across the amplifier input terminals) a voltage
which is different in the “ straight *’ and *‘ crossed ”’
conditions because the capacitance unbalance charac-
teristics add in the one condition and subtract in
the other. The output current from the amplifier is
passed via a rectifier and further contacts on the
rotary switch to a centre-zero galvanometer, the
scale of which is engraved “ Straight” to the right
of zero and “ Crossed”’ to the left. The contacts
on the rotary switch are so arranged that the change-
over of the CD pairs from ‘‘ straight ”’ to * crossed ”’
is accompanied at the same instant by a reversal
of the connections between the galvanometer and
the rectifier. Thus the rectified current resulting from
the ‘‘ straight ” connection of the CD pairs tends for
a period of time to deflect the galvanometer needle
to the left (i.e. the side engraved ““ Crossed ), whereas
that resulting from the “ crossed ”’ connection tends
for an equal period of time to deflect the needle to
the right (i.e. the side engraved “ Straight ”’). Since
the switch is continuously rotating during the test
at the rate of about ten revolutions per second the
needle takes up a position to the right or left of zero,
dependent upon the relative magnitudes of the
deflecting currents and so shows which of the two
deflecting currents resulting, respectively, from the
“ straight ”’ and “‘ crossed ** conditions is the smaller.
The better method of jointing to prevent accumula-
tion of the side-to-side capacitance unbalance is
thus directly indicated by the galvanometer needle
deflection. Phantom-to-side and side-to-earth un-
balances may be similarly treated by simple changes
of the circuit connections, as shown in Fig. 3.
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WITH PAIRS AB AND CD REVERSED.

Fi1c. 3.—CONNECTIONS FOR BALANCING, PHANTOM TO SIDE
AND EARTH TO SIDE

(2) Measurement of Crosstalk. The output terminals
of an oscillator and a crosstalk meter are connected
to the AB pair of a quad of which the side-to-side
crosstalk is to be measured (Fig. 4). The crosstalk
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------- CONNECTIONS FOR PHANTOM TO SIDE CD.
PHANTOM TO SIDE AB SIMILAR BUT WITH AB AND CD
PAIRS REVERSED

F1G. 4.—CONNECTIONS FOR MEASUREMENT OF CROSSTALK.

meter (described in detail later in this article) is
calibrated so that the ratio of the potential difference
across the terminals SS to that across the terminals
MM is known for various settings of the meter. The
input terminals of an amplifier of high input impe-
dance are connected alternately and for equal periods
of time to the CD pair of the quad and to the ter-
minals, SS, of the crosstalk meter, This switching
is effected by means of contacts on the rotary switch,
further contacts of which are arranged to reverse the
connections between the galvanometer and rectifier
in unison with the change of connections to the input
terminals of the amplifier. Thus the rectified amplifier
output current resulting from the voltage applied
to the amplifier input terminals when connected to
the CD pair tends for a period of time to deflect the
galvanometer needle to the left (i.e. the side engraved
“Worse Than ”), whereas that resulting from the
voltage applied to the amplifier input terminals
when connected to the crosstalk meter tends for an
equal period of time to deflect the needle to the
right (i.e. the side engraved ‘' Better Than”).
Since the switch is continuously rotating during the
test, the needle takes up a position to the right or
left of zero dependent upon the relative magnitudes
of the deflecting currents, but by adjustment of the
crosstalk meter the galvanometer needle can be
restored to zero by arranging that these deflecting
currents are of equal strength. This setting of the
crosstalk meter thus indicates the crosstalk between
the AB and CD pairs of the quad. The engravings
“Worse Than” and *“ Better Than’ enable an
operator to determine simply, without adjusting the
crosstalk meter, whether the cable crosstalk is worse
or better than that indicated by the meter setting.
Fig. 4 also shows the alternative circuit arrange-
ment for the measurement of phantom-to-side
crosstalk.
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Fig. 6. For one half of a revolution of the switch
barrel the contact strips ¢, and a; are in electrical
contact and for the following half revolution the
strips ¢; and b, are electrically connected (and
similarly for the strips c,, a,, by; c3, a3, by; and c,,
a4, by). The switch barrel is geared to the handle
shaft of the 17 c/s generator so that it rotates at about
3} times the handle speed (i.e. at about 10 revolu-
tions per second when the handle is turned at normal
speed).

Power Pack (Fig. 7). The output terminals of

é L c/s)
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Fi1g. 7.—PowER PAck.

the generator are connected to the primary winding
of a transformer provided with three separate
secondary windings, two of which are connected
directly to the filaments of the oscillator and amplifier
2V valves, the third being connected via a full-wave
metal rectifier and smoothing circuit to the H.T.
circuits of these valves. The A.C. filament and D.C.
anode voltages developed when the generator is
rotated at normal speed are approximately 1-8 and
140 respectively. The rise in these voltages occurring
with increased speed of rotation of the generator
is not sufficient to damage the valves.

Oscillator (Fig. 8). This is of normal type, grid
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F1G. 8.—OSCILLATOR.

bias being obtained by the grid-leak and condenser.
The load which is presented to the oscillator is
dlmost a pure capacitance, which varies according
to the length of cable under test. The nature of the
output circuit is therefore a matter of compromise,
and is such that for any length of cable up to 2,000
yards a satisfactory voltage is developed across the
cable pair to which the oscillator is connected.
The secondary winding of the output transformer
is balanced and screened.

Amplifier (Fig. 9). When the instrument is used
for cable balancing, a load which is almost a pure
capacitance is connected to the input terminals of

the amplifier. This capacitance, however, varies
according to the length of cable under test, and to
limit the range of capacitance presented to the
step-up input transformer (balanced and screened)
series condensers are inserted between the input
terminals and the primary winding of the trans-

cLT(x.7<:/s3

F1G6. 9.—AMPLIFIER.

former. Across the secondary winding of the trans-
former is connected a condenser of such value that
resonance with the secondary winding inductance
occurs when a méan condition prevails as regards
cable length. In this way sufficient sensitivity is
obtained for the balancing of short lengths of cable
or of lengths comprising a full balancing section of
2,000 yards.

When measuring crosstalk the cable pair connected
to the input terminals of the amplifier is terminated
with a resistance, which necessarily reduces the
sensitivity of the amplifier. This reduced sensitivity
is, however, sufficient for crosstalk measurements
down to 100 millionths (80 db.).

Centre-Zero Galvanometer. A unipivot galvano-
meter with a scale engraved as shown in Figs. 2-4
is used. The clamping device fitted to the galvano-
meter is automatically brought into operation when
the lid of the instrument is closed.

Galvanometer Rectifier. The output current from
the amplifier is rectified before passing to the gal-
vanometer, and for this purpose a full-wave metal
rectifier of the instrument type is used.

Ratio Arms. 1,000 ochms non-reactive ratio arms
are incorporated in the instrument for the purpose
of phantom-to-side and side-to-earth tests.

Crosstalk Meter. This item comprises a 1,000 ohms,
continuously variable, wire wound slide wire and two
fixed condensers joined up as shown in Fig. 10.

Fi1G. 10.—CROSSTALK METER.

Crosstalk in short lengths of cable is directly pro-
portional to frequency, and in order that the measured
value should be unaffected by small changes of the
oscillator frequency, condensers, instead of resis-
tances, are used in the crosstalk meter. At the
mean oscillator frequency the reactance of each
condenser is 50,000 ohms, which is the figure upon
which the calibration (millionths and decibels) is
based. Since the reactance of a condenser is inversely
proportional to frequency the meter reads ‘ high
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test clip No. 2 is connected to the cable
under test and test clip No. 1 may be
placed in the left-hand compartment with
its terminals in contact with the strips
labelled “C” (as shown in Fig. 12 the
connections between these strips and
artificial cable No. 1 are broken when the
instrument is being used for crosstalk

TTTT

measurements). If, after making a cross-
talk measurement, it is desired to know
the sign of the capacitance unbalance

characteristic giving rise to the crosstalk

d & 6 o P
A B C D B
ARTIFICIAL
CABLE Nol

p-q = 225 uuF)

F1G.12.—CONNECTIONS TO THE ARTIFICIAL CABLES.

the instrument is functioning correctly in its cable
balancing capacity, produce approximately } scale
deflections in accordance with Table 1.

it is only necessary to operate the key
used to convert the instrument to a cable
balancing device and rotate the generator
handle. The operation of this key com-
pletes the connections between artificial
cable No. 1 and the contact strips labelled
“C,’ and therefore rotation of the
generator handle results in a galvano-
meter deflection either to the right (i.e. the side
engraved “ — ") or left (i.e. the side engraved
“+”) of zero dependent upon the relative signs

TaBLE 1. CaBLE Barancing CHECK TEST BY MEANS OF ARTIFICIAL CABLES.
Terminals of Test Clip Terminals of Test Clip Galvo. Indications (approx. 4 Full Scale Deflections)
No. 1 in contact with No. 2 in contact with
Contact Strips labelled Contact Strips labelled AB/CD +/AB l +/CD Earth/AB Earth/CD
A B | “Crossed " | “ Crossed” | ““ Crossed” | ** Crossed "’ | *“ Crossed *
A D * ““ Straight * | * Straight *’ | *“ Straight ” | ‘“ Straight ”’
C D ‘“ Straight * * * *

* These positions need not be checked

The value of the side-to-side capacitance unbalance
characteristic of artificial cable No. 1 is 225 uuF,
which, by calculation from the formula previously
quoted, gives rise at 1,300 c/s to 72 db. of cross-
talk between two uniform and electrically long
lines of 1,100 ohms characteristic impedance. The
accurancy of the instrument as a crosstalk measuring
device can therefore be readily checked by making
a crosstalk measurement with test clip No. 2 making
contact with the strips labelled “ A.” A red check

of the capacitance unbalance characteristic of the
cable quad under test and that of artificial cable
No. 1.

Part 2 of this article will (4) describe field tests
carried out to demonstrate the extent to which
accumulation of unbalances can be prevented by
the use of such an instrument and (b) in the light of
the results obtained discuss the types of cable which
are likely to be balanced satisfactorily by means
of the instrument.
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structed and is shown in Fig. 4 with other mechanical
aids associated with the lathe.

The main item of testing gear provided for power
plant repairs is a motor-generator set which is
capable of delivering up to 300 A and 400 V D.C.
It consists of two independent motor-generator sets
mounted on a common bed. The motors besides
being each direct-coupled to a D.C. generator, are
provided with a grooved pulley for endless belt drive,
so that they may run in mechanical parallel. The
function of this device is to reduce the motor capacity
necessary to obtain full output from either set.
With testing gear of this sort, it seldom happens
that a generator is required to deliver its full rated

may therefore be run light, or partly loaded. A.C.
is obtained direct from the mains.

This equipment was designed and constructed in
the Section, the bed being fabricated from standard
sections by the arc welding process.

A 2,000 V flash tester is also provided in addition
to the ordinary measuring instruments, etc. It will,
no doubt, be readily understood that a great deal
of other testing gear might be of occasional use, for
example, if an alternator providing 100 cfs were
available it could be used for applying the standard
double voltage test to any plant of which the inter-coil
insulation was in doubt, but it will also be appre-
ciated that the workshop is not a testing or research
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current and voltage simultaneously, and it is there-
fore wasteful to couple it to a motor capable of
delivering its full output continuously. Instead,
therefore, each generator is coupled to a motor of
half its own capacity. If either generator is required
to give full output, the two motors are run in
mechanical and electrical parallel by fitting the
driving belts. A jockey pulley is used to simplify
belt adjustment.

To obtain the full range of voltage from the D.C.
machines, they are used as separately-excited genera-
tors, the field current being obtained from rectifiers
working from the mains. Previous plant used in the
shops included self-excited generators, but the
shunt characteristic rendered it virtually impossible
to obtain a steady voltage from a machine at any-
thing less than about half the maximum. One of
the generators will deliver any voltage up to 30 V
and currents up to 300 A, and is suitable for carrying
out drop tests on the largest of armatures. The
second machine will deliver any voltage up to 400 V
and currents up to 10 A, and almost any D.C. motor
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station, and that gear has not been provided for
which an everyday use has not been evident.

Lifting Tackle and Mechanical Aids.

Since the power plant is the heaviest part of the
equipment of a telephone exchange, it naturally
follows that the work involves a considerable amount
of heavy lifting, and this is not only tiring to the
staff who are called upon to undertake it, but can
be very wasteful of Departmental time unless it is
organised on the best possible basis. Certain aids
have therefore been introduced to this end. One of
the most useful is that illustrated in Fig. 5. This
frame, which is capable of lifting and shifting one
ton, can be erected in a few minutes. It is made up
from three units, two vertical members, and one
horizontal, and can be assembled in the room in
which it is required to be used. It will be seen that
it is mounted on swivelling wheels, and provided
with a runner along the top member. It will be
readily appreciated how its use enables a heavy
machine to be shifted from its base, and moved






Reuters’ Wireless Services
U.D.C. 621.396.3

W. WEST, B.A. MLEE.

An account is given of the principal developments connected with Reuters’ distribution of news from Post Office radio
transmitters. A brief description of the Hell-schreiber system of telegraphy is included.

Historical Outline.

N November, 1923, Reuters, Ltd., commenced a
I broadcast service of news distribution in morse to

European countries, renting radio transmitting
facilities from the Post Office for the purpose. The
example was sodn followed on a small scale by other
senders of news. The progressive policy which
Reuters have adopted towards this service has led
not only to very healthy growth and expansion of
the service, but also to some interesting develop-
ments in telecommunications technique, some ac-
count of which will, it is thought, be of interest to
readers of this Journal.

An outline view of the manner of growth of the
service may perhaps best be seen from a brief review
of the principal features since its inception. In July,
1928, the emissions were transferred from Northolt
to Rugby radio station for a ““ World ”’ broadcast
service of news, sent in code, from the powerful
radio-telegraph transmitter on 16 kc/s (GBR).
The keying centre was transferred from the Central
Telegraph Office to Reuters’ offices in November,
1929, though the operating was still carried on by
Post Office staff. The service was remodelled for
sending uncoded messages and extended by the
addition of two high frequency transmitters, with
omni-directional aerials, at Leafield radio station,
keyed simultaneously with the Rugby long wave
transmitter GBR ; following a short experimental
period this new “ World " service was introduced
on March 23rd, 1931. A supplementary service to
European countries was started on an experimental
basis on July 22nd, 1935, Hell-schreiber signals
being emitted from a low-frequency radio-telegraph
transmitter at Leafield (GIX, 43.2 kc/s). A brief
description of the Hell-schreiber system is given
later ; the system provides a facility similar to that
obtained by receiving on teleprinter instead of by
morse. To improve reception of Hell-schreiber
signals at the more remote European centres, a
high-frequency transmitter at Leafield was added,
and a visit was made in June, 1938, during the
experimental period of these emissions, to test
reception at Budapest, Prague, Belgrade and
Bucharest. The years immediately preceding the war
were of grave difficulty for Reuters’ wireless ser rices,
on account of severe competition from foreign
services subsidised for propaganda reasons. The
war brought controls by the Ministry of Information ;
it also necessitated many and frequent rearrangements
of transmitters and frequencies used for Reuters’ ser-
vices, arising from military requirements and from
the needs from time to time for various emergency
services from Post Office radio transmitters. During
the first half of 1941 replacement of the one very-low
frequency plus two' omni-directional high-frequency
emissions for Reuters’ “World” service by four or
five beamed high-frequency emissions was com-
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pleted, and testing with a view to the introduction
of Hell-schreiber signals on these emissions has now
commenced. In January, 1944, special aerials de-
signed for the high-frequency emissions to Europe
(and parts of N. Africa and Asia Minor) were brought
into use.

A fairly definite pattern can be traced in these
developments: a service is started for Europe only, on
a low frequency transmitter, then extended by means
of high frequencies. For purposes of presentation,
discussion will be continued under the two broad
headings, “ World "’ and ‘ European " service, with
an extra section on the Hell-schreiber system. It will
be appreciated that the type of service supplied for
Reuters by the Post Office is essentially multi-
destination (i.e. it is a broadcast service intended
for reception at more than one point) as distinct
from point-to-point, so that advantage of close
technical liaison with the recipient is not available ;
at the same time the number of recipients in any one
high frequency beam may be relatively small, and
attention to individual needs, e.g. in selection of
frequencies, can sometimes be given. The recipients
are news distributors, not wireless engineers, and
their reports on reception of the signals are generally
of a broad qualitative nature (especially if an im-
portant message has been badly mutilated in trans-
mission or not received at all); too often it is not
even possible to interpret from the report whether
poor reception was due to abnormally low field
strength or to interference or other local trouble
at the receiving end.

“World " Service.

A powerful low-frequency radio transmitter gives
good and reliable signals over a very wide area, but
the equipment and the aerial are expensive and the
signals are subject to atmospheric interference,
especially where electrical storms are prevalent. A
high-frequency transmitter with much lower power
and less costly aerial system can give as good,
though somewhat less reliable, signals at even
greater distances, provided that the frequency is
right for propagation at the time and to the place
concerned. A single omni-directional emission at
high frequency is quite inadequate for world coverage ;
several emissions at different frequencies give a
better chance of reception at any point. If there
are to be several simultaneous emissions it is better
for each transmitter to radiate from a directional
aerial to cover a particular receiving area, so that
the best frequency at any time for propagation to
that area can be used. For Reuters’ service, such an
arrangement has also the advantage of permitting
specialisation in editing and timing messages for
different parts of the world.

After consultation with Reuters as to their probable



future requirements an aerial system for radiating
six beams was planned and erected at Leafield radio
station.  The aerials are arrays, with reflectors,
suspended from triatics between 180-foot steel
towers ; there are about four for each direction (or
beam), each tuned to a separate, preselected, fre-
quency. Most of the arrays are horizontal, but some
for the longer wavelengths are vertical ; they have
generally a nominal beam width -+ 16°, i.e. at 16°
away from the axis, the field strength in free space

changing propagation conditions—as can be done in
point-to-point working—and it is necessary to
arrange a schedule of frequency changing for each
beam, based on calculations from radio propagation
data and theory. Forecasts, of which Fig. 2 is an
example, are regularly prepared by the Post Office
to show which of the frequencies available for the
service is likely to be best to use at any time for a
period some months ahead. These forecasts vary,
in a not very regular manner, not only with time of

has fallen 6 db. from the maximum. The map, day and season of year, but also with the phase in
Fig. 1, shows the great-circle paths of these six beams the sun-spot cycle. In addition, of course, reports
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Fic. 1.—ARRANGEMENT OF HIGH-FREQUENCY BEAMS FOR REUTERS’ SERVICES.

and the principal regions which they were designed
to cover. The beams are shown 32° wide, but in
practice the cut-off at the edges is not as sharp as
is indicated by this simple method of illustration ;
any of the beams can fairly easily be doubled in
width by alteration of the arrays, if required. New
transmitter construction enabled most of the beams
to be operated from Leafield, in addition to the
European service, in 1941, but during the course of
the war some rearrangements of these services have
from time to time been necessary and not all of the
beams are in use.

With a multi-destination service it is not possible
to make frequency changes at short notice to follow

of reception are taken into account in arranging the
frequencies to be used.

From the start of the war the time available on
the big Rugby transmitter GBR for Reuters’ services
became less and less, so these had to depend more
and more, and soon entirely, on the Leafield low-
frequency transmitter GIX for serving the nearest
centres and on high-frequency emissions for the
more distant centres. GIX compares with GBR
roughly as follows :—frequency ratio 11 to 4;
output power ratio 1 to 6 ; aerial height ratio 3 to 8 ;
it gives reasonably adequate coverage of Europe

. on morse. The use of the aerials of both these trans-

mitters was temporarily lost due to ice loading in
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January, 1940!; the damage to GIX was the more
quickly repairable.

Hell-schreiber System and Apparatus

The Post Office were approached by Reuters (in
July, 1933) to co-operate in investigating the possi-
bilities of application to their wireless service of a
new type of telegraph printing system (“ Dr. Hell’s
System ’), being developed by Siemens & Halske, of
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F1c. 2.—1944 TForecast oF FREQUENCIES FOR USE ON
REUTERS’ SERVICE TO N. AMERICA,

Berlin. The system was given the name of Hell-
schreiber, commonly abbreviated to Hell. Equip-
ments were obtained from Germany and tests were
made at Dollis Hill and over radio paths from Lea-
field (GIX) to Baldock, Dollis Hill and Berlin in
June, 1934. The system then used came to be known
as the 12-line system, to distinguish it from a later
development, the 7-line system which is now in
general use. The great advantage of the 7-line
over the 12-line system lies in the use of fewer ele-
ments per letter, hence a narrower frequency band
of radio emissions and a reduced liability to cause or
suffer interference,

The Hell system is essentially facsimile, i.e. the
characters are not printed from type face, but are
built up by a series of marks. In the 7-line system
each letter frameis divided into seven vertical strips (of
which two areleft blank to form spaces between letters)
and seven horizontal strips (of which two are left blank
to form marginal spaces above and below the words
formed on the tape). The frame for the letter proper
thus comprises 5 X 5 (i.e. 25) elements, in any one
of which a mark can be made by the received signals

1 P.O.E.E.J. Vol 83, pp. 33 and 134.
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as the tape passes the printing head. The marks
forming a letter are so close together that, when
viewed at normal reading distance, they appear as
a letter rather than as separate marks.

In the Hell-printer each mark is made by pressure
on the tape between the inked face of a helical tooth
on the printing wheel and a straight edge which is
parallel to the axis of the wheel. The straight edge
is attached to the armature of an electromagnet,
which is energised by the incoming signals, in accor-
dance with which the straight edge is moved towards
the wheel to mark the tape. The obliquity between
the tooth and straight edge is such that the area of
contact between the tape and the inked tooth is
small. The duration of the shortest signal is such
that the corresponding mark occupies one of the
25 frame elements. A complete vertical line, as in
the letter I, is formed by a signal duration of five
times the shortest; the speed of the tape is slow
relative to the peripheral speed of the helical tooth,
so that the line so formed is nearly, though not
quite, perpendicular to the edge of the tape. The
width of tape is sufficient to accommodate two letter
frames and the spacing between the helical teeth is
such that each operation of the straight edge makes
two similar marks (one by each of two adjacent
teeth) at corresponding positions in each frame ; thus
two parallel lines of printing are produced, to avoid
need for exact synchronism with the Hell sender. If
synchronism is not exact, the lines of print do not run
parallel to the tape, but- one or other can always be
read.

Before the war Hell-printers and senders were
obtained from Germany, and when this source of
supply failed the Post Office undertook to arrange
for production in this country. Stocks of Hell-
printers were then quite inadequate for supplying
new subscribers to Reuters’ service, which could not
therefore be expanded until supplies of these items
became available. As there then were requirements
for both 7-line and 12-line printers, design of a
printer which could accept either was produced by
the Post Office. Fig. 3 is a photograph of an early
model ; the printing wheel with the helical teeth
is just above the printing point on the tape, above
it i1s the inking roller and below it the box containing
the electro-magnet and the straight edge. To change
from 7- to 12-line, or vice versa, the printing wheel
only has to be changed.

At the normal speed of operation, five characters
per sec., the signalling speed is 245 bauds for 7-line
or 500 bauds for 12-line working. Such speeds are
too great for transmission over standard Post Office
voice-frequency telegraph channels with only 120 c/s
spacing. For passing the signals from the Hell
sender in Reuters’ office to the radio transmitter at
Leafield, terminal equipments have therefore been
installed at these two points to provide three one-
way high-speed channels, each 600 c/s wide, and one
two-way order wire within the frequency bandoccupied
by the 18-channel V.F. system. The three 600 c/s
channels are centred at 900, 1,500 and 2,100 c/s
and the two 120 c/s channels for the order wire at
420 and 540 c/s, i.e. they are the two lowest frequency
channels of the standard system.






mitter was not in use, trouble was encountered by the
nearer reception centres (who were relying on thistrans-
mitter) in getting good results from the high-frequency
signals. The difficulty was aggravated by the absence
at that time of any high-frequency radio receiver
really suitable for a service of this kind in com-
mercial production in this country—a deficiency
which has since been rectified. A visit was paid to
the Scandinavian and Low Countries in February,
1940, to help in overcoming difficulties in high-
frequency reception, not least of which arose from
variations in radio path conditions. A certain amount
of semi-skilled attention (of a kind not normally
required for receiving a low frequency) to controls
on the receiving equipment produced a considerable
improvement in the grade of service. This visit,
in common with the earlier ones, by technical per-
sonnel to the agencies abroad was useful, not only
in direct results, but also in stimulating interest in
the various technical matters discussed.

The course of the war reduced the number and
altered the geographical distribution of subscribers
to Reuters’ Hell service, but it did not thereby ease
the problem of supplying the service ; on the con-

trary, it raised the question of radiating high fre-
quencies efficiently to points so scattered as Stock-
holm, Moscow, Berne, Ankara, Tangier, Madrid
and Lisbon. To improve the service on high fre-
quencies, therefore, aerials were designed to distribute
radiation fairly uniformly within a wide horizontal
angle (of about 220°) at vertical angles ranging from
about 15 to 45° to the horizontal, to the exclusion,
as far as possible, of radiation in other directions.
The design takes the form of two horizontal radiating
elements at right angles to each other, each a half-
wavelength long with a reflecting element behind.
Aerials to this design were brought into use at
Leafield on Reuters’ service in January, 1944.

Conclusion.

These few notes on the technical developments
are necessarily incomplete; if the plans mature
for applying Hell-schreiber signals on all of Reuters’
services, a chapter of development will have been
closed, but it can confidently be predicted that
further chapters dealing with extensions or im-
provements of the services will follow sooner or later
in the future.

Temperature Indicating Materials

In many cases where heat is applied to or generated
in materials either in manufacture or in use, it is
necessary in the original design to be able to measure
the temperatures reached under test conditions and
in certain cases the use of the standard temperature
indicators, such as liquid thermometers, thermo-
couples, etc., is either impracticable or unsatisfactory.
A typical example is the design of a process sequence
for the sealing of wire-supported quartz crystal
elements! into valve type envelopes. In such a
process the weak spot is the low melting point solder
(180°C.) used to connect the support wires to the
burnt-on silver spot on the crystal and it is necessary
to adjust the temperature gradients occurring in
the sealing process to ensure that the solder-joint
shall never reach softening temperature.

In solving this problem, use has been made of the

properties possessed by various organic and inorganic .

compounds by virtue of which cortamn observable
physical changes occur at well defined ter peratures.
A whole range of such substances has been developed
and these are vended in various forms, thz chief
ones being :—

(a) Paints which may have one or more mainly
irreversible colour changes with increase of
temperature. = The transition temperatures
may vary according to the rate of temperature
change, but if this is determined the transition

1PO.E.E.J. Vol. 38, page 65.

temperature does not vary by more than a few
per cent. It is possible to determine in this
way some scores of spot temperatures in the
range 180°F. to 1,800°F.

(b) Lacquers which change from matt to glossy
surface at 25°F. intervals in the range 125°F.
to 350°F. and at 50°F. intervals in the range
350°F. to 1,600°F. with a quoted accuracy
of 4- 1 per cent.

(¢) Pelletswhich melt orsublime at the same sharply
defined temperatures as in the case of the
lacquers.

(d) Crayons, in stick form for marking surfaces,
which are otherwise similar to pellets.

Paints are marketed in this country by I.C.L,
Ltd. (Thermetric Colours) and by J. M. Steele,
Ltd., London (Thermindex Colours), and the latter
firm also supplies lacquers, pellets and crayons under
the trade names “ Tempilaq,” ‘“ Tempil Pellets,”
and ““Tempilsticks.”

There is a fairly wide literature on the subject,
but it is probable that the information is not generally
known to telecommunications engineers, who may
nevertheless find the materials useful in many
applications.

Some further information may be obtained from
British Standards No. 1041.
J.L.C.
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mechanical characteristics of the whole reed and
contact system, and is usually of the order of 100
cycles per second when contact pressures and “ follow”’
are of the right order.

Vibrators fitted with the separate drive contact
are referred to as separately driven types and on
account of their better reliability are mostly used
for important applications in preference to vibrators
of the self-driven type. The latter are not fitted
with a separate drive contact but rely on the inter-
mittent short-circuiting of the magnet winding by
one of the main tungsten contacts for sustaining
oscillation. Owing to waning popularity, however,
it is proposed not to deal further with this driving
principle.

For reference purposes a table showing various
types of vibrators in use to-day is given below :—

Type Reed and Contact Arrangement
(@) Non-synchronous Single changeover contact set,
self-driven no driving contact.

Single changeover contact set.
Drive contact fitted and elec-
trically connected to the main
contact set.

Two changeover sets of con-

(8) Non-synchronous
separately driven

(¢) Synchronous

self-driven tacts fitted. The centres are
electrically connected via the

reed. No drive contact fitted.

(4) Synchronous As (c) but driving contact

fitted.
Two changeover sets of con-
tacts, no electrical connection
between them. Drive contact
fitted.

All the above vibrator types can be, and in many
cases are, built around one type of magnetic circuit.

separately driven
(€) Synchronous,

split-reed

separately driven
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Fi1c. 2.—(a) NON-RECTIFYING VIBRATOR.
(b) RECTIFYING VIBRATOR.

Those shown in Fig. 2 are typical and form the
basis of a number of well-known makes of vibrator.

The heavy duty Services unit mentioned in the
introduction to this article is a special form of the
type classified under (¢) in the table. A description
of this unit is given later, after the principles on
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which complete converters operate have been dis-
cussed. In this way it is felt that the reasons for
various design features of the new unit will, to all
intent, be self-evident.

D.C. to A.C. Converter.

Turning to the general principles of converter
operation, Fig. 3 shows the basic circuit of a typical

sy ¢S
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Fi1G. 3.—Circuitr ScHEMATIC OF TyprcarL D.C.-A.C.
CONVERTER.

present-day converter for producing A.C. from D.C.

The vibrator V is of the non-rectifying separately
driven type, with external spark quench Q. When
the switch S is closed, operation occurs as previously
explained, at a frequency of 100 c/s approximately.

Contacts 4 and 5 on the reed now intermittently
close the transformer primary circuits P1 and P2
via the battery B. These primary windings are similar,
hence the transformer core is subjected to one pulse
of magnetisation in one direction and one in the
other for each excursion of the reed. The core flux
is hence of an alternating nature and is symmetrical.
This flux links with the secondary turns SY, and in
accordance with the well-known laws of electrical
induction, produces an alternating voltage in this
winding of a frequency equal to that of the vibrating
reed. The transformer is thus in effect a means for
separating the output voltage from the supply
voltage, and it is obvious that by choosing a suitable
ratio of primary to secondary turns a secondary
voltage of almost any desired value can be obtained.

The waveform of this wvoltage is of the form
shown in Fig 4, which is a reproduction of an oscillo-
gram taken of the no-load unrectified output of a
typical converter of approx. 45 V.A. output. The
rectangular waveform shown is very suitable for
rectification, since it requires less filtering than a
sinusoidal form of the same mean value. The problems
of waveform and spark suppression are to a certain
extent interdependent, and the secondary condenser
CS together with the resistance/capacitance circuit
across the transformer primaries are provided for
dealing with them. The value of the secondary con-
denser is so arranged that when the converter is
operating at its rated load, electrical resonance is
approached in the secondary circuit, hence producing
optimum conditions in the system at this load value,









much lighter reed systems. The magnet winding is
divided into two equal sections so that winding
efficiency (and hence power consumed) remains the
same whether on a 6 or 12 V supply.
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F1Gc. 8.—AIrR MiNisTRY TYPE 14 VIBRATOR—KEY DIAGRAM.

The magnet frame carries the reed and contact
assembly. This contact system is of heavier con-
struction than has been usual, and when operating
develops contact pressures of the order of 100 gms.
with sufficient movement to lift the contact springs
(2) well clear of the rigid buffers (3) ; tungsten con-
tacts are fitted. The tips of the buffers are shaped to
ensure good mating with the contact springs and
are brought well up to the contacts to provide
stabilisation and to assist contact cooling. A good
clearance between springs facilitates adjustinent—
tension in particular. Control of this is desirable so
that all contacts operate with uniform and known
pressures. This feature also contributes towards
uniformity of stiffness of the whole reed system and
so materially assists towards obtaining the close
frequency limit quoted. Final frequency trimming is
obtained by positioning the sliding weights (4).
Mica insulation is used between springs.

Owing to the robust action of the moving system
correspondingly high reactionary forces are generated,

and to prevent undue vibration from being trans-
mitted to the chassis, the unit is suspended on a
specially designed rubber mounting. This incorporates
two mechanically insulating suspension joints inter-
posed in tandem between the vibrator framework
and the container base. The first of these consists
of rubber grommets (5) placed in a position on the
magnet framework, about which the reactionary
forces of the vibrating reed and the magnet system
(which also oscillates slightly in accordance with
well-known laws) are approximately equal. This
state of balance is the condition when minimum
mechanical energy is transmitted from the moving
system to the mounting block (6) and means that
chassis disturbance also will be a minimum. The
second energy absorbing joint is formed at the
bonded junction of the mounting block and the
rubber base pad (7) and serves to reduce chassis
disturbance further. This base pad also carries the
ten brass contact pins (8), all of which are bonded
to the rubber. The pad itself is bonded to the con-
tainer and so forms a pressure seal.

Fouling of the container is prevented by the four
Sorbo rubber buffers (9) on the head of the vibrator.

Conclisston.

Converter design has been for many years the
subject of a good deal of attention, with the result
that there are many types of vibrators and con-
verters in existence. The designs described in this
article, however, are good examples of present day
practice, and their comparative simplicity serves
well to illustrate general principles.

Present development, in the main, aims at in-
creasing electrical output and producing equipment
for specialised purposes. Designs in which the output
voltage is stabilised against battery wvoltage and
load variation have been very successful, while
converters of 1 kW output, using multi-contact
vibrators, are claimed to be operating satisfactorily.
At the other end of the scale, miniature high fre-
quency vibrators for use in life saving and kindred
equipment have also given satisfactory service.
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Computation Problems in
Circuit Design

U.D.C. 5I18.1 : 621.3

G. T. BAKER, M.

(Automatic Telephone and Electric Co., Ltd.)

This article analyses certain computation processes and reproduces these in physical terms, using telephone type
apparatus. The technique is illustrated by an application to time measurement problems.

Introduction.

N the course of time, the circuit engineer en-
I counters a wide variety of computation problems.

Some of these are of obvious construction, but
more often than not they are disguised as some-
thing quite different. The method of attack given
herein is relatively simple to apply, since it consists
of a literal translation into physical terms of the
written methods studied in childhood.

Written computation work is based entirely upon
breaking down an extensive problem into a series
of elementary units. Each unit represents a simple
operation which is performed, usually mentally, on
part after part of the total problem in a defined
sequence. As an example, consider the addition of
the two numbers,

98,765
43,210

141,975

Each column is treated as a separate summation,
the only connection between the various columns
being ““carry”’ digits. The same layout will be
apparent in all computation methods, subtraction,
multiplication, division, finding square roots, etc.

The technique to be described reproduces these
stages exactly. A circuit is designed, using relays
and other standard telephone apparatus, to perform
the elementary unit operation. Then uniselectors
are used to apply this circuit to part after part of
the total problem, in a sequence defined by the
computation method under consideration.

THE BINARY SCALE

Scales of Notation. -
When any number, such as 13,579, iswritten, these
digits imply,

1% 10,000 4 3 x 1,000 4- 5 x 100 + 7 x 10 + 9.
Stating this mathematically, numbers are com-
monly expressed in the form,

a,. 10" 4 a,_; 10°1....a,. 102 + a, . 10! 4 a, . 10°.
Where a,, a,., a5, 3, 34 all are integers less than 10.

In the above examples, 10 functions as the radix
or base of the scale, and this scale has now been
universally adopted. For special purposes, however,
other scales may be used, e.g. e (= 2-71828), while
the base 2 has particular attractions for use in
computating apparatus.

A number in this scale is written as

a, 28 4+ a,, 2»1...... ay 22 4 a; 21 4 a, 20
Where a,, a5_q..00c.... a,, a;, a, are either 1 or 0.
Thus 1010101 represents 64-+0-4-16-+0-+4-+0-41=85.

The advantages of this scale lie in the simplicity
with which it can be represented physically, and
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the fact that all computation problems involve only
a single basic operation, i.e. the addition of ““ one”
and ““ one.”

Physical Representation.

The relay used in telephony has two positions,
i.e. operated and non-operated. Hence, numbers
in the binary scale can be expressed directly by one
relay per digit, the operated position indicating
“1,” and the normal position indicating “0.”
Other scales have a greater range of digits and con-
sequently a number of relays are required to express
each one. The decimal scale requires four relays to
reproduce its ten digits, these being operated singly
or in combination.

The digit or storing relays are required in quan-
tity in most problems, and accordingly should be as
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Fig. 1.—STORAGE RELAY.

simple as possible. Fig. 1 shows the unit that will
be assumed in all the circuits given later. One
make combination is required and the relay can
be of a miniature type. The relay is locked via a
resistance spool to negative battery in order that it
can be controlled over the single wire marked A.
Battery potential on this wire operates the relay,
and a full earth releases it by short-circuit. When
testing the condition of the relay, the operated
position of the relay is denoted by battery potential
on A. With very slight modification of the circuits,
the relay can be replaced by a condenserina charged
or discharged condition.

Binary Computation.

Since the average reader will be unfamiliar with
the binary scale, the following examples will show
1ts resemblance to the decimal scale, and illustrate
the general procedure.

Addition and subtraction are exceedingly simple,
the process being column by column, and 2 in any
column is carried as 1 into the next. For example,
adding 85 (1010101) to 37 (100101),

1010101 = 85
100101 = 37
1111010 = 122



Reversing the operation to illustrate subtraction,

1111010 = 122
100101 = 37
1010101 = 85

Similarly in multiplication, the multiplicand is
operated on digit by digit of the multiplier, and the
results added.

The division process is also identical to the decimal
equivalent, e.g.

(85) (3,145) (37)
1010101) 110001001001 (100101
1010101
1101010
1010101

1010101
1010101

It should be noted that in division the sequence
is from highest units to lowest, whereas, in addition,
subtraction and multiplication the operations are
conducted in the reverse order.

Addition Circuit,

This is shown in Fig. 2. The two numbers, set up
on relays, are connected to the banks of the uni-
selector at A and B. The relay on any contact

L

released, or both operated, the relay on A is unaltered,
but if either B or C is operated the relay on A is
reversed, i.e. operated if it were already normal and
vice versa. Relay D is operated if any two of relays
A, B and C are energised. When P releases, the
wipers step on to the next contact, and the condition
of relay D is transferred to C.

The action on this contact is repeated exactly as
on the preceding contact and it will beapparent that
the number set up on B is progressively added to
that on A. Since B is cleared down each cycle, a new
number can be set up, and a series of numbers
accumulated on A.

The changeover contact marked (—) is covered
in the next section. The resistance across the P locking
contact gives the relays aslight release lag to cover
the transit period of relay P. If the locking resistors
on the B storage relays are taken to the battery via
a common pilot relay, this can be used as a start
condition, and since the action is completed when
all the B relays are normal, the pilot relay would
then stop the cycle, and provide a self-interrupted
drive for the uniselector to return to the home
position.

Subtraction Circuit.

If the change-over combination marked (—) is
moved to an operated position, Fig. 2 will now
function to subtract number B from number A.

Provided the number of storage relays fitted on
bank A is in excess of that required on an actual

problem, a negative condition pre-
sents no difficulty. In this case,
all the later relays would be in an
operated condition, and the energi-
sation of the last relay could give
an indication of a negative result.

g

If, due to a further addition, the
result becomes positive, the later
relays are cleared down and the
correct result given. In this manner
the circuit can be used for mixed
additions and subtractions, even
though the result on A varies be-

Pt
B
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represents double the value of the relay on the
preceding contact, i.e. the power of the implied radix
increases as the wipers step.

The stepping is caused by the inter-action of relay
P and the driving magnet, and on each contact the
action may be divided into two stages. The wipers
reach the contact with relay P normal, and relays
A and B are set up according to the conditions
already existing on the contacts. Relay C has already
been set according to whether there has been a carry
forward from the preceding contact.

When relay P operates, the relays on the bank are
re-set. B is in all cases released since its value has
been transferred to A. If relays B and C are both

.H---—lh

F1G. 2.—BINARY ADDITION AND SUBTRACTION CIRCUIT.

tween negative and positive values.

Multiplication Circuit.

The physical reproduction again
follows closely the written method ;
the multiplication proceeds digit
by digit, and the results are summed. The
circuit is shown in Fig. 3, where the numbers whose
product is required are connected to banks A2 and
Bl and the product is given on bank Al.

The best way to study the operation of this circuit
is by means of an example, say, 37 on A2 and any
number on Bl. 37 is 32 + 4 4 1, or written in the
binary scale 100101, hence operated relays will be
located on the 6th, 3rd and 1st contacts of bank A2.
These relays would be fed via a pilot as described
earlier, and this would start the operation of the
circuit. Since a storage relay is energised on the
home contact of A2, relay SW will be operated and
both uniselectors will step forward together. When
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P operates, the relay on the home contact is shunted
down. On the second contact ON energises and
disconnects bank A2 which plays no further part
in this cycle. Banks Al and Bl and the remainder
of the circuit function exactly as the addition circuit,

e
ADM

Division.

This can be built up from two uniselectors with
wiper displacement as for multiplication.  This
time, however, the wiper of B starts several steps
in front of the wiper of A, and loses a step in the
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F1G6. 3.—BINARY MULTIPLICATION CIRCUIT.

Fig. 2. The number on Bl is virtually multiplied
by 1, and set up on Al. When the uniselectors reach
the home position, relay ON releases and breaks the
stepping circuit of uniselector B, since relay SW is
now normal. Uniselector A continues to step until
the third contact is reached. At this point SW re-
operates (due to the operated relay on the third
contact of A2) and completes a circuit for uniselector
B to move off home.

Relay ON again operates and the two uniselectors
step together, but this time the wiper of A is two
contacts in front of the wiper of B. Hence, when this
additive cycle takes place, a relay representing
“1” on Bl is added to Al as “4”7; “27” as ““8,”
etc. Thus the number on Bl is multiplied by 4 and
added to Al. The number on Al is now 5 times BI.

When uniselector B reaches its home position,
relay ON releases, and this time A steps alone until
the 6th contact. Here, relay SW is operated and
causes uniselector B to step as previously described.
Uniselector A is now 5 contacts in front of B, and
multiplies the number on B1 by 32 and adds this
on to Al. The total on Al is now 37 times the number
on Bl and since all the relays connected to A2 have
been released the operation ceases.

Fractions can be handled on this circuit provided
the binary (equivalent of decimal) point is placed
in the same position on banks A2 and BI.

60

home position every cycle. The number on Bl is
subtracted from Al and this leads to an apparent
difficulty ; the circuit will carry out the subtraction
even in those cases where “it won’t go.” This
difficulty can be overcome as follows :—Carry out the
cycle in all cases, and where this leads to a negative
result on Al set up “0” in the quotient. Displace
the wipers as usual and carry on to the next cycle,
but make this an additive process. If this brings Al
positive, set up “1” in the result and subtract on
the next cycle. If the result is still negative, set up
“0” and continue to add. The correctness of this
process can be demonstrated by working through some
examples and it enables division to proceed as a
straight cycle without any “ trial ”’ attempts.

CIRCUITS FOR OTHER SCALES
General.

Circuits for other scales can largely follow the
methods given in the preceding section, the only
difference being in complexity, since more than one
relay is required to express each digit. When the
normal computation method proceeds digit by digit,
the circuit to simulate this can be built up quite
readily and the result incorporated into the main
total by the arrangement given in the next section.
Failing this, circuits can be designed for converting
any number into the binary scale, carrying out the



necessary manipulation, and then re-converting to
the original scale.

Addition and Subtraction.

The particular combination of relays used to
represent any digit is usually immaterial to the
problem and often the cheapest and most convenient
method is to use the binary code within each digit.
Then the operation can follow the binary process
and it is only necessary to carry out a correction
between digits.

An example of this method of attack is shown in
Fig. 4, which adds, in a direct manner, numbers
expressed in the ordinary or decimal scale. Four
relays, designated W, X, Y and Z, are used toexpress
each digit, and the combinations used are shown on
the diagram. The operation on any digit, occupying
the first four of each five contacts on the uniselector,
follows Fig. 2 exactly, but on the fifth contact relay
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though not the most convenient, is shown on B.P.O.
Diagram AT. 4356. Uniselectors C and D would be
located by the received digits and the result given
on the bank wiring of D. The quickest arrangement
would be to use a selector of the cross-bar type and
feed one digit on to the ““ row ” magnets and the
other on to the “ column’ magnets. The result
could be taken off directly in code from the inter-
secting, operated spring combination. This would
be in the form of one or two digits and would be
added into the main total by a circuit as shown in
Fig. 4. In this way a high-speed multiplication circuit
can be built up since the lay-out of these problems
presents no difficulty.

Division.
The methods detailed in this article break down in

this case, since long division does not proceed digit
by digit, but involves the complete divisor at each
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Fic. 4 —DECIMAL ADDITION,

CV energises to perform the necessary correction.
The circuit ensures that any ‘‘ carry-over”’ to the
next digit is equivalent to 10, any difference being
fed back to the digit preceding.

A full description of all the possibilities of this
circuit is somewhat lengthy, and the operation can
be deduced quite readily by working through an
example. If two numbers are set up on banks A and
B respectively, it will be seen that after one cycle
of the uniselector, the number on B is cleared down
and its value added on to A.

The equivalent subtraction circuit can be evolved
without difficulty, and uses almost the identical
contact arrangements.

Multiplication.

A circuit for multiplying two digits can be achieved
using relays and two uniselectors. One method,

stage. Conversion to the binary scale is feasible but
slow, and it seems necessary to recourse to approxi-
mation methods adapted to each particular problem.
In one practical case encountered, a circuit was
evolved for conversion of a number to its logarithm,
expressed in the binary scale, subtracting by the Fig. 2
circuit and then re-converting to the decimal scale.
The complexity, however, was such as to render the
arrangement inferior to mechanical methods based on
levers and cams.

A PRACTICAL APPLICATION,
Time Measurement.

A very wide field was available from which to
select an example of the practical application of
these principles. Time measurement has been chosen
because it is a problem frequently encountered, and
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The Unit Bay IB Coaxial
Cable Transmission System

U.D.C. 621.395.44

R. A. BROCKBANK, Ph.D., B.Sc., AM.IEE., and
C. F. FLOYD, M.A, AMIEE ~

Part 4.—The Installation and Operation of Unit Bay IB Systems

In the previous three parts the complete repeater system and its terminal repeater bays have been described. The
fourth, and last, article describes installation and maintenance procedure.

INSTALLATION OF SYSTEMS
Installation of Equipment.
ARIOUS non-standard repeater systems have
s / been built during the war to meet urgent traffic
requirements with the minimum amount of
equipment. Because of these conditions it was
necessary for the complete installation, lining-up, test-
ing and final responsibility for their working to be
undertaken by laboratory staff. With the introduction
of the standard Unit Bay 1B, and as a result of the ex-
perience gained during the provision of these earlier
routes it has become possible for these duties to be
undertaken by the P.O. staffs normally concerned
with transmission installations. In future, Unit
Bays will arrive on site complete and will already
have been fully tested. The bays will then be in-
stalled by Regional staff, who will make the neces-
sary connection of coaxial tubes, telephone pairs
and power leads,

Testing and Lining-up.

A standard Unit Bay 1B Repeater System is

lined-up in the following ‘order :

(a) A.C. power is connected at each power feeding
station and the wvoltages at the dependent
stations are adjusted to the specified values.

(b) The general operation of each bay is checked.

(¢) The supervisory circuits are lined-up.

(@) The H.F. circuits are lined-up.

(¢) The necessary sub-equalisers are fitted and the
operation of the control and supervisory
equipment is checked.

Stages (¢), (d) and (¢) require co-operation between

the terminals and each station on the route in turn.

Overall Acceptance Tests.

Acceptance tests are now conducted to obtain the
performance of the wideband transmission path.

(a) Overall measurements are made on the H.F.
circuits in both directions of transmission: these
include attenuation frequency response, harmonic
production, overload characteristics, crosstalk be-
tween “go’’ and “ return’’ and noise.

(b) All ancillary equipment at each station is
checked and tests are made to see that the correct
fault indications are received at the control terminal
for various fault or operating conditions on the
route. The most important test results in each bay
are recorded in a framed table at each station for
reference during maintenance.

After the repeater system has passed its acceptance

64

tests it is connected at each end to the terminal
translating equipment so that overall circuit tests
can be made.

OPERATION IN SERVICE
Maintenance.

Experience has shown that repeater equipment
which has been properly designed, manufactured and
inspected gives more reliable service if it is allowed
to work undisturbed than if it is subjected to frequent
routine maintenance testing. An annual maintenance
routine only has therefore been instituted at inter-
mediate repeater stations and, when once a system
has been passed into service, no additional attention
beyond fault repair should be necessary.

The overall performance of the H.F. path is logged
regularly at the terminals, where various daily,
weekly and monthly readings are called for. At the
intermediate repeater stations monthly visits for
superficial inspection only are advisable. An impor-
tant item in the annual routine examination concerns
the valves: all valves in the H.F. repeaters are
replaced by new stock, but the valves in the remainder
of the equipment are tested and replaced as necessary.

Fault Procedure.

The staff at the control terminal are advised
immediately by the alarm system or by traffic control
of any fault condition on the system, and they
should generally be able to identify the type of fault
and its location. The Regional maintenance officer
concerned is then advised directly and he imme-
diately visits the station. Spare equipment, often
in the form of a complete bay, is held at not less
than one strategic point on the route so that the
speedy replacement of any faulty panel or com-
ponent is assured. The Regional and terminal staff
should work in close contact via the speaker circuit
and the wider experience of the control terminal
engineer—who is nominally in charge—is then
available for special maintenance. He is also re-
sponsible for testing the system before handing it
back into service.

If the fault is found to be in a section of cable the
Regional staff undertake the location and repair.

TEST EQUIPMENT
High-frequency testing of coaxial repeater equip-
ment is required for :—

(a) adjustment and testing during inspection at
manufacturer’s works ;






Miniature Relays
U.D.C. 621.318.5

J. S. YOUNG, AM.EE.

One of the requirements occasioned by the war was for small, light-weight, telephone type relays of reliable performance

which would withstand extremely severe conditions of use.

Introduction

HE requirements of airborne and parachute

I troops, carrier aircraft and advanced infantry

units in jungle country, in addition to the need
for greater compactness in army vehicles, small
naval craft, mines and a host of other war machines,
made it imperative to reduce the size and weight of
radio and telecommunication equipment for the
fighting services. To assist in this task of miniaturisa-~
tion the Inter-Service Miniature Components Sub-
Committee (I.S.M.C.S.C.), a sub-committee of the
Inter-Service Components Technical Committee, was
set up. Relays were among the components to receive
special consideration and the Inter-Service Component
Manufacturers’ Council was approached with a view
to the development, in collaboration with the
I.S.M.C.S.C., of miniature relays to replace, so far as
possible, the existing telephone equipment types for
miniature equipment.

The Council allocated the work to its Relay
Panel, which consisted of representatives of the British
telephone manufacturers. After preliminary dis-
cussion of the requirements this Panel decided that
the work fell into two distinct sections, viz. :(—

(@) General Purpose Relays.
() High Speed Relays.
and could be conveniently handled by two manu-

facturers so as to share the load and thus expedite
completion.

The work of development for the general purpose
relays was allocated by the Panel to the General
Electric Co., Ltd., and the high speed type to Messrs.
Siemens Brothers & Co., Ltd. At the request of the
I.SM.C.S.C. the G.P.O. furnished an officer ex-
perienced in relay design work to act as liaison
with the manufacturers’ designers.

The severe conditions under which Service com-
ponents were required to function presented many
new and difficult problems for relay designers. The
relays were required to function satisfactorily over
a voltage range of 4 20 per cent. from nominal,
a temperature range of — 40°C. to - 100°C. and
an air pressure range of 1,500 mm. to 120 mm. of
mercury, equivalent to analtitude of belowsea level to
40,000 ft. They should not be adversely affected by
immersion in 3 ft. of water, by salt spray, dust clouds,
accelerativeforcesof 9 g, shocks of 12 g or vibrations of
-002 in. at frequencies varying from 10 to 100 cycles
per second.

An exceptionally good tropical test performance
was required, the rate of changeof temperature
catered for being 2°C. to 3° C. per minute and the
rate of change of air pressure of 10 mm. of mercury
per second. The combination of these changes and
high humidities produces condensation to the point
of saturation on the surfaces of the relay.
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The author describes the relays produced to meet these needs.

Sealing of Relays

One of the best ways of ensuring that the relay
would withstand the above conditions was to seal the
relay hermetically. There were differences of opinion
as to whether the relay or the set in which the relay
was used should be sealed. It is not always prac-
ticable to seal sets, e.g. because of forced cooling,
and it is also required that spares (a certain number of
spare components are generally ordered for servicing
sets) should be sealed during transport to, and storage
in, any part of the world. The relay manufacturers
were therefore requested toseal individually eachrelay.

The technique of glass to metal sealing in the
manner required for relays was at this time in the
very early stages of development, whereas com-
pressed or sandwiched rubber seals, similar to those
mentioned later, had achieved some measure of
success. The I.S.M.C.S.C. therefore suggested that
rubber type seals be employed if no better method
had been found.

The anticipated possible repercussions due to
sealing the relays were :—

(@) Increase in temperature.

(0) Enclosure of sparking contacts in a damp
atmosphere would result in production of
nitric acid.

(c) Evolution of organic vapours from insulating
materials and finishes and their combustion
by sparking contacts would result in severe
pitting of the contacts and coating with carbon
deposit.

With regard to (a) the additional temperature rise
due to enclosure was expected to be very small in
comparison with the normal temperature rise of the
relay due to operation. The amount of nitric acid
likely to be produced was considered to be unim-
portant, but did indicate the need for having dry
air in the relay case. The pitting of contacts and
deposit of carbon was considered to be a real danger
and to counteract this and at the same time obtain
temperature stability it was stressed that all materials
used should be inert and suitably cured. Ceramics
were favoured wherever possible.

Important factors which had to be borne in
mind when considering the seal were the external
surface distance between terminal pins, the separating
surface material and type of surface. These now
became potential points of weakness when the relay
was subjected to high humidities.

It is well known that one of the contact materials
least affected by vapours and oxidisation is platinum.
For this reason it is also a good material to use for
contacts carrying speech currents when there is no
D.C. potential present. Platinum contacts are used
for all miniature relays where currents up to one
ampere are carried.












tightened and the relay adjusted and tested. A
wrapping of bakelised paper is put round the relay
before it is placed in the cover. Prior to pushing
the cover home it is passed through an oven at
160°C. for 3minutes and then the cover is closed down.

Marking of Relays

Due to the closeness of the terminals of the normal
relay and the ribbed reinforcement of the outer plate
of the high speed relay it was impracticable to mark
the terminals. Consequently a diagram, showing
the terminal positions and associated internal con-
nections, is stamped on the side of the relay cover,
as shown in Figs. 3 and 9.

Maintenance of Relays

It was decided during the early development of
the relays that should a relay fail the whole relay

would be replaced and hence the design does not cater
for replacement of piece parts or readjustment under
service conditions.

Conclusion

The development of miniature relays represents
no mean portion of the relay manufacturers’ con-
tribution to the war effort. It was carried out at a
very difficult stage in the war when shortage of man-
power, both technical and manual, was most acute,
and while they were struggling to meet the very
heavy demands of the Services for increased output.
It is to their credit that satisfactory designs were
produced in spite of these handicaps. It is also
gratifying to note that miniaturisation has been
achieved without loss of reliability in the product.

Thanks are due to the General Electric Co. and
Messrs. Siemens Bros, for kindly supplying samples
to illustrate the article.

Two Methods of Localising Cable Faults

U.D.C. 621.317.333.4

J. M. ALLAN

This article shows how localising difficulties due to transient currents may be overcome. A means of localising a fault
when no good wire is available is also described.

Introduction.

N the Varley test for localising a cable fault,
Ithe good pair used is that which has the highest

insulation resistance in the same cable. When
all the wires are faulty, a good pair in another cable
has to be used. It is often found in such circumstances
that the Wheatstone bridge is difficult to balance
because of varying induced currents in the good and
faulty wires.

One method of eliminating the disturbing effects of
the currents js by using a differential galvanometer
(Galvanometer No. 27A), which has been designed for
this purpose. The author has devised a different
method of nullifying the disturbing effects of these
currents, and it has the advantage that the ordinary
type of reflecting galvanometer can be used. Two
variable resistance boxes in addition to the one
normally incorporated in the bridge are required.

When no good wire in the cable or in any other
cable to the distant end is available, then a different
test must be employed. The impedance/frequency
test, the Poleck test, or that described by G. H.
Metson! may be used in such a case.

One other test has been used by the author and
as far as he knows has not been used elsewhere.
Unlike the other tests, this one depends upon there
being a certain amount of battery leakage from other
circuits to the pair under test. If there is not sufficient
leakage then this must be purposely made.

NEw TYPE CF VARLEY TEST

When a Good Wire in another Cable is available

When the Wheatstone bridge is connected to the
good and bad wires in the normal way it is often
experienced that varying currents originating from
the good and bad wires cause the galvanometer

1 P.O.E.E.J. Vol. 30, p. 99.
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needle to move very irregularly on either side of
zero. It is often hopeless to balance the bridge with
any degree of accuracy under these conditions.

The varying current in the loop is induced by the
transient currents of unbalanced telegraph and
signalling circuits. The fluctuating field of the current
in tramway rails, etc., which may run parallel to
the cable for miles is also a cause. The varying fault
resistance contributes in a lesser degree to the dis-
turbing currents. As the wires in one cable are not
influenced to the same extent as those in the other,
it is not surprising that induced current should
appear in the loop.

It has been found that the irregular currents in
a loop consisting of the A-wires of the good and
bad pairs are identical in direction and strength to
those in the loop of the B-wires. Fig. 1 shows how
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advantage is taken of this fact in cancelling out the
disturbing currents in the bridge galvanometer.
The value of R, is always made the same as R,.
To obtain the Varley reading P and Q must be
equal and the resistance R, and R, are adjusted in
step until the bridge is balanced. The value of R,



when the bridge is balanced is the Varley reading.
As will be seen later from the theory of the test,
the insulation resistance of the faulty A-wire should
not be identical to that of the B-wire. In practice
this condition is easy to comply with, especially in
“ third-stage ”’ faults. It is also assumed that there
are no high resistance faults in any of the conductors.

The Determining of the Faulty Conductor Resistance
and the Resistance to the Fault

The disturbing currents prevent the loop resistance
of the A-wires from being found with accuracy. The
B-wires and R, have still to be used to keep the
galvanometer needle steady. It will be apparent
from Fig. 1 that the loop resistance cannot be found
by connecting the battery between points C and D.
If the battery were so connected and the bridge
balanced, the value of R; or R, would depend on the
fault resistance. The lower the fault resistance the
greater would be the difference between R, and
the true value of the loop. If, however, the fault
resistance were as high as 2 megohms, such a con-
nection between points C and D would be per-
missible.

A method of obtaining the faulty conductor
resistance no matter how low the fault resistance
may be is shown in Fig. 2.
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The resistance boxes R; and R, are each fixed
at the Varley reading. The variable resistance
is adjusted until balance is obtained. In Fig. 2 (b)
the resistances R;, R, and both loops form a
network of four equal resistances, namely, EF, FD,
DH, and HE. The value of the fault resistance
between F and H can have no effect on the balance
of the bridge. Even if battery leakage from other
faulty circuits produced a P.D. between F and H,

there would still be no P.D. between E and D except
that due to the battery of the bridge.
Let V = Varley reading
Ry = value of variable arm of bridge in
Fig. 2 (a).
R, = resistance of good conductor.
R; = resistance of faulty conductor.
then in Fig. 2 (a) or (b)
R~ Rit RtV

Ry =2R; — (R, + V)

The loop of the good and bad wires
=R, +R,=2R, — V

The resistance to the fault

since P = Q

_2R;—V -V
2
=Ry —V
If X = distance to the fault in miles
and L = length of the faulty cable in miles
(Rg—V) L
then X = 2R, = (R, F V)

Theory of New Type of Varley Test

Let the value of R, be always made the same as R,.
In Fig. 3, N; and N, are the normal insulation
resistances of the good wires, and N and N, are the
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normal insulation values of the faulty wires. F and
H are the fault resistances. Suppose F and H did
not exist and N; =N, and N, =N,, then it is
evident that the bridge would balance for all values
of R, and R,. In practice it is generally possible to
choose wires such that Ny =N, and N; =N,
When faults F and H appear the bridge can only be
balanced by one value of Ry and R,. The bridge
galvanometer is therefore only influenced by currents
flowing through F and H and not by currents through
the normal insulation. In such circumstances no
‘“ correction factor " is required. It isalso evident from
Fig. 3 that F and H must have different values. This
condition is not difficult to comply with, as an incipient
fault tends to affect one wire differently from another.

To prove that F must not be equal to H, let Fig. 3
be represented by Fig. 4 (a). It is assumed that
N; = N,, N;=N,  The normal insulation can
therefore be neglected.

The symbols p, q, 1, s and t in Fig. 4 (a) represent
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conductances corresponding to resistances P, Q,
R,, Sand T in Fig. 3. By the star mesh transforma-

(b)
Fic. 4.

tion theorem, Fig. 4 (¢) may be represented by

Fig 4 (b), where

_ t r_fi_s o tf _ fff{-is'__
Fro Tt ' 1”{'{.5_54-*[4-1%’ rrTS-s+t+f

X: trf%s o h r—:—fg L th
£S+t+11 r—j—s+t+h £S+t+h

Balance is obtained when w -z =y 4+ v
. f{rs—t (r4s)} h{rs—t (r4s)}

e Whenrs+(t+f)(r+s) T rs+t(+h) (r+s)

It can be seen from the above equation that balance
can be obtained when f = h no matter what the
value of r may be. If f£h then balance can be found
only when 1s =t (r 4 s).

. Is .
le. when t = rFs OF resistance T = R, + S.

This is the condition for balance in the Varley
test. The value of R, is therefore the Varley reading.

The test begins to suffer from insensitivity when
F becomes nearly equal to H (Fig. 3). By careful
selection of the faulty pair this handicap can be
avoided. When there is a heavy earth fault on a
cable, F is always sufficiently different from H.
The shunting effect of the conductances u and x
(Fig. 4 (b)) on the galvanometer also introduces a
certain amount of insensitivity. This disadvantage
is far outweighed by the advantage of being able to
use the most sensitive type of reflecting galvano-
meter.

Test WHEN NO GooD WIRE IS AVAILABLE

In this test advantage is taken of the fact that in
multiple twin or in star-quad cables the wires are
maintained in quad formation from one station to
the other. If the paper insulation of the cable is
wet, then a battery connected to the C and D wires
of a quad, as in Fig. 5, will cause a small current to
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circulate in the A and B wires and milliammeters.
Before using the milliammeters they should be
checked to give identical readings when placed in
series.

Let d; = deflection in meter at Station 1 at a

given instant.
d, = deflection in meter at Station 2 at the
same instant.
p; = length of cable with same loop resistance
as meter at Station 1.
P, = length of cable with same loop resistance
as meter at Station 2.
L = length of cable.
Then distance to fault from Station 1
—x (G @ PP
X ‘ d1 + d2 ) pl

It is assumed that the gauge of the A and B
wires is uniform between the stations.

This test has the advantage that a large number of
pairs of simultaneous readings can be noted to find
the mean value of d,/(d;+d,). It has been found that
a milliammeter with maximum full scale deflection
of 0-5 mA gives the most satisfactory results. The
test is not made inaccurate by leakage from other
circuits as long as that leakage does not vary rapidly.
If sufficient leakage is obtained, then the circuit
on the C and D wires is not required.

Conclusion

The first method shows how, by careful selection
of the good and faulty wires, a high insulation resis-
tance fault can be localised from one end of the
cable only, and without a correction factor. The
test has the advantage of saving time in precision
testing, and it is hoped that it will be of use to those
engaged on this work. Although the second method
depends upon two meters being identical, it has the
advantage that no slide wire is required. The test,
which is more accurate for short cables than for
long ones, is useful when other tests become in-
accurate because of polarisation and battery leakage.
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Notes and Comments

Roll of Honour

The Board of Editors deeply regrets to have to record the deaths of the following members of the Engineering

Department :—

While serving with the Avmed Forces.
Birmingham Telephone Area Handy, J. B.

Blackburn Telephone Area. .

Bristol Telephone Area

Cambridge Telephone Area. .

Cardiff Telephone Area

Engineering Department
Engineering Department
Engineering Department
Engineering Department
Engineering Department
Glasgow Telephone Area

Guildford Telephone Area..
Guildford Telephone Area..
Region. .
Region. .
Region. .
Region. .
Region. .
Region. .

Nottingham Telephone Area

London Telecoms.
London Telecoms.
London Telecoms.
London Telecoms.
London Telecoms.
London Telecoms.

Preston Telephone Area

Scotland West Tele. Area.:

Scottish Region ..
Sheffield Telephone Area
Taunton Telephone Area
York Telephone Area

Recent Awards

Lucas, R. P.
Tombs, W. H.

Metcalfe, A. A. C.

Jenkins, R. S.
Dooner, E.
Glaysher, V. R. .
Higgins, W.
Meigh, T. D.
‘Wooll, C. W.
Griffin, G.
Luff, W. C.

Nicholls, G. F. ..

Barker, A. H.

Linehan, W. C. M.
Ratcliffe, F. P. ..
Robinson, R. C...
Saunders, R. R...

Taylor, F. A.
Hall, T. A.
WllklnSOI] J. N.
Arnott, J.

Nunn, J. J. .
Sanderson D. W
Connibeer, H. E.
Greenwood, L.E.

Unestablished Skilled Workman
Unestablished Skilled Workman
Labourer ..
Skilled Workrnan Class II
Skilled Workman, Class I
Labourer. .

Unestabhshed Skllled Workrnan
Unestablished Skilled Workman
Unestablished Skilled Workman
Cleaner ..

Unestablished Skllled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman
Skilled Workman, Class 11
Skilled Workman, Class II ..
Unestablished Skilled Workman
Unestablished Skilled Workman
Skilled Workman, Class IT ..
Unestablished Skilled Workman
Skilled Workman, Class 1T
Skilled Workman, Class IT ..
Unestablished Skilled Workman
Unestablished Draughtsman ..
Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman

Pilot Officer, R.A.F.
Sergeant, R.A.F.
Pte.,Yorks. & Lancs. Regt.
L/Corporal, Royal Signals
Major, Royal Signals
Corporal, R.A.S.C.

Flight Sergeant, R.A.F.
Flight Sergeant, R.A.F.
Flight Sergeant, R.A.F.

Corporal,Suffolk Regiment
L/Corporal, Royal Signals
Pilot Officer, R.AF.
Flying Officer, R.AF.
Signalman, Royal Signals
1/Sergeant, Royal Signals
Signalman, Royal Signals
Petty Officer, R.N.
Signalman, Royal Signals
Flight Sergeant, R.A.F.
Flight Sergeant, R.A.F.
Bombardier, R.A.
L/Sergeant, Royal Signals
Flying Officer, R.A.F.
Sergeant, R.A.F.

Sapper, R.E.

Pte., Gloucestershire Regt.

The Board of Editors has learned with great pleasure of the honours recently conferred upon the following
members of the Engineering Department :—

Aberdeen Telephone Area ..

Bedford Telephone Area
Belfast Telephone Area

Birmingham Telephone Area
Birmingham Telephone Area

Bradford Telephone Area ..

Bristol Telephone Area

Bristol Telephone Area

Canterbury Telephone Area

Coventry Telephone Area ..

Dundee Telephone Area

Buchan, C. M. ..
Mills, M. W.
Craig, G.

Pyatt, J. H.
Rees, A.S. M. ..
Neill, J. H.
Lucas, F. R.

Mansfield, A. L.

Elderkin, D. R.

Heawood, R. H.
Strachan, D. F.

Skilled Workman, Corporal, Royal Military Medal
Class I1 Signals
Skilled Workman, Flight Lieutenant, Distinguished
Class II R.AF. Flying Cross
Draughtsman, Staff Sergeant, British ~ Empire
Class I1 R.AS.C. Medal
Skilled Workman, C.Q.M.S., Royal Mentioned in
Class I Signals Despatches
Skilled Workman, Sergeant, Royal Mentioned in
Class I Signals Despatches
Skilled Workman, Sergeant, Royal Mentioned in
Class I Signals Despatches
Skilled Workman, C.Q.M.S., Royal British ~ Empire
Class I Signals Medal and
Mentioned in
Despatches
Skilled Workman, Captain, Royal American Bronze
Class I Signals Star
and Mentioned in
Despatches
Unestablished Sergeant, R.A.F. Distinguished
Skilled Workman Flying Medal
Skilled Workman, Warrant Officer, Distinguished
Class II RAF. Flying Cross
Skilled Workman, Lance Corporal, Mentioned in
Class II Royal Signals Despatches
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Edinburgh Telephone Area. .

Engineering Department
Engineering Department
Engineering Department

Engineering Department
Engineering Department
Engineering Department

Engineering Department
Engineering Department
Engineering Department

Engineering Department

Glasgow Telephone Area

Glasgow Telephone Area
Lancaster Telephone Area ..
Leeds Telephone Area
Leeds Telephone Area

Leeds Telephone Area

Leeds Telephone Area

Leeds Telephone Area

Leeds Telephone Area
Leicester Telephone Area ..
Lincoln Telephone Area

Liverpool Telephone Area ..
Liverpool Telephone Area ..
Liverpool Telephone Area..
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Aitchison, J. K.

Armstrong, R. G.
Gifford, S. J.
Heayel, W. J. ..
McMillan, D.

Ogden, R. S. I.

Redington, F. D.

Smith, W. O.
Toft, G.

Taylor, A. H. ..
Taylor, F. J. D.

Mole, H. H. R.

Milligan, W. J...
Bushby, J. H. ..
Biggin, C.

Cook, R. B.
Gavins, R. R. ..
Hollings, D.

Lee, E.

Newton, F.
Jones, H. C.
Green, W. H. R.

Bolan, N.
Davies, A. O. ..
Darbyshire, H...

Inspector

Assistant Engineer
Mechanic
Mechanic

Executive Engineer

Inspector

Assistant Engineer

Mechanic, Leading
Hand
Inspector

Motor Cleaner

Executive Engineer

Inspector

Skilled Workman,
Class IT

Skilled Workman,
Class IT

Skilled Workman,
Class IT

Skilled Workman,
Class IT

Skilled Workman,
Class I

Skilled Workman,
Class II

Skilled Workman,
Class II

Skilled Workman,
Class II

Skilled Workman,
Class I

Unestablished
Skilled Workman

Skilled Workman,
Class IT

Skilled Workman,
Class I

Skilled Workman,
Class IT

Captain, Royal
Signals

Lieutenant, Royal
Signals

Chevalier of the
Order of Leopold
with Palm, and
Croix de Guerre
1940 with Palm
Class 4 (Belgian)

Military Cross

Chief Motor Mechanic, Mentioned in

R.N. Despatches
Chief Motor Mechanic, Mentioned in
R.N. Despatches
Colonel, Royal Officer of the
Signals Order of the
British Empire
Captain, Royal Member of the
Signals Order of the
British Empire
On Loan to M.AA.P. Member of the
Order of the

Sergeant, R.A.F.

Flight Lieutenant,
R.AF.
B.Q.M.S, RA.

Major, Royal Signals Member of

Major, Royal Signals

Sergeant, Royal
Signals

Warrant Officer,
RAF.

S.Q.M.S., RAC.

Captain, Royal
Signals
Signalman, Royal
Signals
Signalman, Royal
Signals
Signalman, Royal
Signals
Sergeant, Royal
Signals
Signalman, Royal
Signals
Flying Officer,
RAF.
Corporal, Royal
Signals
C.S.M., Royal
Signals
Signalman, Royal
Signals

British Empire
Mentioned in
Despatches
Mentioned in
Despatches
Mentioned in
Despatches
the
Order of the
British Empire
and American
Bronze Star
Member of the
Order of the
British Empire
and Mentioned
in Despatches
Mentioned in
Despatches
Distinguished
Flying Cross
Mentioned in
Despatches
Mentioned in
Despatches
Empire
Medal
Mentioned in
Despatches
Croix de Guerre,
with Bronze Star
Mentioned in
Despatches
Mentioned in
Despatches
Mentioned in
Despatches
Mentioned in
Despatches
Empire

British

British
Medal

Military ~ Medal



Liverpool Telephone Area .. Jackson, R.

London Telecommunications Willshire, G. F.

Inspector

Skilled Workman, Driver, R.A.S.C.

Member of the
Order of the
British Empire

Military Medal

Lieut.-Colonel,
Royal Signals

Region Class IT
Manchester Telephone Area Barclay, D. Skilled Workman, Sergeant, Royal Military ~ Medal
Class IT Signals
Manchester Telephone Area Baxter, C. J. Skilled Workman, Flight Sergeant, Distinguished
Class II R.AF. Flying Medal
Manchester Telephone Area Grimshaw, G. E. Skilled Workman, Sergeant, Royal Mentioned in
Class II - Signals Despatches
Middlesbrough Telephone Area Little, C. Skilled Workman, Sergeant, Royal Mentioned in
Class IT Signals Despatches
Nottingham Telephone Area Durant, D. L. .. Skilled Workman, Corporal, Royal Mentioned in
Class II Signals Despatches
Oxford Telephone Area Fletcher, R. T... Draughtsman, Sergeant, R.A.F. .. Mentioned in
Class IT Despatches
Plymouth Telephone Area .. Connell, G. G. .. Skilled Workman, Lieutenant, R.N. .. Distinguished
) Class IT Service  Cross

Plymouth Telephone Area .. Hehir, J. S.

Skilled Workman,

and Mentioned
in  Despatches

Corporal, Royal Military Medal

Class I1 Signals

Scotland West Telephone Area Horne, F. A. Inspector Major, Royal Signals Member of the
Order of the
British Empire
and Mentioned
in Despatches

Sheffield Telephone Area Hellely, H. Inspector Lieutenant, Royal Mentioned in
Signals Despatches

Shrewsbury Telephone Area Turner, M. G. .. Draughtsman, Lance Corporal, Mentioned in
Class IT Royal Signals Despatches
Southampton Telephone Area Clubb, N. A. C.  Skilled Workman, Major, Royal Signals Member of the
Class I Order of the
British Empire

Stoke-on-Trent Telephone Area Griffiths, W. Unestablished Sergeant, R.E. Mentioned in
Skilled Workman Despatches
York Telephone Area Hill, S. Skilled Workman, R.S.M., Royal Member of the
Class I Signals Order of the
British Empire
York Telephone Area Snaith, J. Skilled Workman, Sergeant, Royal British  Empire
Class IT Signals Medal

Recent Appointments.

The Board offers its congratulations to the following
engineering officers in their recent appointments.

Col. H. B. Somerville, O.B.E., to be Regional
Director, Northern Ireland Region; Mr. W. West
to be Staff Engineer, Research Branch; Mr. H. R.
Harbottle, O.B.E., to be Staff Engineer, Training
Branch; Mr. F. C. Carter to be Staff Engineer,
Subscribers’ Apparatus Branch; Capt. W. H. Leech,
D.S.C.,, to be Staff Engineer, Submarine Branch;
and Mr. W. F. Boryer to be Chief Regional Engineer,
London Postal Region.

The Board is also pleased to note the.appointment
of the following ex-engineering officers to Regional
Director posts: Col. H. Carter, T.D. (W. & B.C.
Region) and Col. F. Reid, C.B.E., M.C,, T.D. (N.E.
Region).

Earth Currents in Submarine Cables.

It has long been known that submarine cables are
subject to earth currents of varying magnitude, often
of sufficient intensity to interfere seriously with the
location of faults. In a letter to Nature (published
in the 8th June, 1946, issue) Messrs. D. W. Cherry
and A. T. Stovold, of the Post Office Cable Test
Section, have shown that the fluctuations of the
earth currents in three cross-channel cables are semi-
diurnal and are directly connected with the change
in direction of the tidal stream over the cables.

From the direction of the current flow in relation to
the tidal flow, the inference is drawn that the earth
currents in these cables are due to the sea water,
acting as an electrical conductor, cutting the earth’s
magnetic field, the electric current flow being in the
direction given by Fleming’s right-hand rule.
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Scientific Film Association.

The Board has been asked by the Scientific Film
Association to draw attention to a catalogue of
industrial films which they are preparing and to invite
readers to assist them in their work by advising them
of the title of such films, the source from which they
may be hired or borrowed and any other relevant
particulars. Information on these points should be
sent to the

Hon. Secretary,
Industrial Committee,
Scientific Film Association,
34 Soho Square, London, W.1.

The Association has already prepared a pre-
liminary list, copies of which may be obtained from

the above address at a nominal charge of 2s. per
copy.

Increased Size and Circulation.

The Board of Editors is pleased to announce that
the allocation of paper to this JOURNAL has been
increased and that it is now possible to accept
additional subscribers.  Orders should be placed
with the local agents or direct with the publishers,
Birch and Whittington (Prop. Dorling and Co.
(Epsom), Ltd.), 49 Upper High Street, Epsom.

The increased allocation of paper will also enable
an increase in size of the JOURNAL and it is hoped
progressively to restore it to its pre-war number
of pages.

Book Reviews

“ Heaviside’s Electric Circuit Theory.” H. J. Josephs,
M.I.LE.E. 115pp. 15ill. DMethuen & Co. 4s. 6d.

Every student of alternating current theory is now-
adays taught the Steinmetz method of obtaining the
steady state solution of alternating current problems,
but if he is taught anything of methods for obtaining
the transient solution the “‘ classical ’’ method of solving
the differential equations involved is generally the only
one to which he is introduced. This method is un-
fortunately only applicable to comparatively simple
circuits. There are at least three other methods available,
namely, the Heaviside operational calculus and the
Fourier transformation and Laplace transformation
methods. 1In the last few years, a number of books
have appeared, of which the book by H. J. Josephs
is an example, which have attempted to interpret these
methods, particularly the Heaviside method, to engineers.
Many readers may think that the gap has not been
closed sufficiently in the present book, and that the
approach is still too much from the point of view of
the mathematician, but the author has made a real
attempt to explain the use of the Heaviside method
without introducing complex integration until the last
chapter.

The first chapter considers the steady state solution
for the currents in a linear network and the classical
transient solution. After showing the practical limi-
tations of the latter the author introduces the reader
rather abruptly to the Heaviside method. The Ex-
pansion Theorem is introduced in the second chapter,
where it is shown that this is of practical use only in
comparatively simple networks. Chapter 3 deals with
Heaviside’s power series solutions, pointing out their
wider application, which is further extended to ladder
networks in Chapter 4. Chapter 5 introduces impulse
functions and attention is drawn to an important
theorem of Heaviside’s which appears to have escaped
notice by engineers. The author shows in this and later
chapters how it is possible to deduce rigorously from this
theorem the Heaviside operational processes, and shows
the close relation to the work of Carson and Bromwich.

Brief mention of the Fourier integral is made in the
last chapter, but no mention of the Laplace transforma-
tion method preferred by some writers, e.g., Gardner
and Barnes in ‘‘ Transients in Linear Systems.”” This
method appears to have several important advantages
over the Heaviside operational method and the author’s
views on this subject would have been of value. The
author appears to have made a careful study of Heavi-
side’s original works and more specific references to
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these and a short bibliography would have been useful
to the reader anxious to study the subject further.
R.F.J.J.

“ An Introduction to the Theory and Design of Electric
Wave Filters,” by F. Scowen, B.Sc., A.Inst.P
164 pages. 60ill. Chapman & Hall, Ltd. 15s.

Electric wave filters are used so frequently now in
almost all types of telecommunications equipment that
any additions to existing literature on the subject is a
matter of considerable interest, particularly when the
publication is a British product. The author is backed
by a wide practical experience which makes itself
apparent in this book.

The treatment of the subject is very logical, com-
mencing with an introduction to the mathematics and
electrical theory required, followed by chapters on
constant K sections, and leading to “m” derived
sections of all types. After dealing quite fully with the
general theory of all normal types, a number of examples
of actual design are given. Points of interest in this
part are the use of templates to determine the number
and types of sections to give a specified total attenuation
and two useful nomograms ; one for the calculation of
attenuation of dissipative filters in and around the pass
band and the other for the calculation of insertion loss
and phase shift of a four-terminal network. There is a
short chapter on a subject of importance in modern
telecommunications equipment—the parallel and series
connection of filters.

The chapter on lattice filters deals very briefly with
the Cauer method of design and touches on crystal filters.
In view of the great and increasing use and importance
of crystal filters, more space might with advantage have
been devoted to them.

The final chapter deals with practical considerations
in filter construction and measurements on actual filters.
This matter is very rarely dealt with in any of the
existing standard works, and since at the higher
frequencies the method of construction has considerable
effect on the performance of a filter, this information
should be of considerable use to designers.

The author states that the book is not intended to
replace any of the standard works on the subject but
it can well be recommended both to the student and to
the telecommunications engineer, who may occasionally
find it necessary to design a filter. In this connection
the text might well be improved by the addition of a
list of symbols. y

The serious student of the subject will find the
presentation clearer than in many other books on the
subject, but it should not be inferred from this that the
book is by any means light reading. HW.



Regional Notes

London Telecommunications Region
BYRON AND HARROW AUTO MANUAL BOARD

In connection with the conversion of Harrow exchange
to automatic working, a 22-position sleeve control auto
manual board has been installed, together with a
6 volt power supply for free line signalling at Byron
exchange. The work was carried out by Standard
Telephones and Cables, Ltd., in conjunction with an
extension of the Byron automatic equipment. The
board will cater for the requirements of both Byron
and Harrow auto exchanges.

It was successfully cut over and brought into service
on Saturday, 2nd March, 1946.

It was decided to bring the new board into service
before the opening of Harrow auto for two reasons,
viz., to release certain M/B 1st code selector rack
space associated with the old bridge control board
for modification by the contractor, and thus provide
an increase to the Byron auto plant, and also to give
training to the operating staff in sleeve control working
prior to the opening of Harrow auto.

Some 64 I/C and 143 O/G circuits were involved in
the change-over, but these will be increased to approxi-
mately 158 I/C and 161 O/G circuits on the conversion
of Harrow. E.R.S.

Welsh and Border Counties Region
MAGNETIC STORM AFFECTS SIGNALLING

On the morning of 27th March several complaints
were made in the Cardiff Area of false calls on junction
circuits using battery signalling. On test, it was found

that a variable D.C. voltage appeared on the line when
testing via the balanced relay to earth at the far end.
The effect was not confined to oue exchange or direction,
but was more noticeable on the circuits leaving Cardiff
for the North and North East. Generator signalling
circuits were not subject to the trouble and, therefore,
it was thought that the cause was induction from
magnetic disturbance. Further tests proved that there
was not an induced voltage, but that the voltage
was the difference of earth potentials at the two ends.

The Engineer-in-Chief was advised and voltage tests
were carried out in the afternoon every 15 minutes on
nine circuits. These showed large variations up to 17
volts and rose to 30 volts at 21.45 hourson East and West
routes. At the same time the North-South voltage was
negligible, but rose to 10 volts after a quarter of an hour.

During the night there was no trouble. The same
effect was noticed the following day and to a lesser
degree on 29th March.

Observations were made on overhead and cable
circuits in the Swansea Area. There was no appreciable
difference between overhead and underground routes
in the same direction. It was, however, noticed that
when the circuits to the North were affected, those to
the West were not disturbed and vice versa.

In other areas it was found impossible to get through
on direct circuits, but possible via intermediate points.
This indicated that there was a voltage gradient between
the earths.

From reports in the daily press, submarine cable
circuits of Cable and Wireless, Ltd., were unworkable
on the 27th March. This lends support to the sugges-
tion that the differences of earth potential were due to
a magnetic storm. G. R.T.

Junior Section Notes

Doncaster Centre

An interesting evening was recently spent by the
Doncaster Junior Centre members when they visited a
nearby airfield and were introduced to radar.

A number of interesting talks were given and some
of the sets were demonstrated to them.

The talks covered a wide field, including radar time,
the advantages of pulse modulation over frequency
modulation and the essential features of the two basic
types of radar, namely, primary radar where no co-
operation is required from the object to be located,
except that it reflects energy, for example, aircraft
and ships, or ionosphere soundings, and secondary
radar where use is made of rangeftime measurements
but not reflection, for navigational aids and homing
devices. Measuring methods using the cathode ray
oscillograph with various types of display, for single-
sided time base, etc., were demonstrated.

A.E.D.

London Centre
The London Centre has been reformed on an Area
basis with the following representation on the Central
Committee —

Chairman, C. A. Hayes; Vice-Chairman, A. P.
Fleming; Secretary, E. L. Tickner; Assistant
Secretary, H. E. Williamson, Financial Secretary,
E. Davis; Senior Section Liaison Officer, C. A.
Pride ; Committee: G. E. Haslam (Centre),
W. Bates (City), L. G. Laycock (West), W. W.
Mott (East), E. R. Pilton (S.E.), E. J. Hookway
(S.W.), R. C. Gray (N.W.), E. E. Paul (N), G. L.
Mack (Cct. Lab.), J. A. Towell (Training Schools),

W. R. Blakebrough (Power), R. G. Stanesby (L.D.),
F. R. Brand (Radio and Research), S. W. Martin
(N. Postal), L. W. Kirk (S. Postal), H. T. Longman
(Test Section, Studd St.), P. H. Ashfold (Visits
Secretary). :

Newcastle-upon-Tyne Centre

On 25th January, 1946, the above Centre was visited
by the President of the Junior Section, Mr. D. Smith,
B.Sc., AM.I.E.E., who was welcomed by a good attend-
ance. Mr. Smith gave an informal talk on “Training,”
which was well received, and a lively and interesting
discussion ensued, the President ably dealing with the
various questions that were asked.

The following evening the Junior Section held a
Dinner in the County Hotel, Newcastle, when Mr.
Smith was again present. Lt.-Col. F. N. Lucas, B.Eng,,
AM.IE.E,, the Area Engineer, ably occupied the Chair
for the evening. Music and humour were provided by
Messrs. Murdy, Mark and Charlton. W.D.C.

Rochdale Centre

The 1945-46 session was brought to a close on 16th
April, when Mr. J. H. Seale of Heywood gave a cine
show of P.O. educational films. All the meetings
have been extremely well attended and many thanks
are due to Mr. Rothwell and assistants of Birch Hill
Institution, the management of Ferranti's and Kemsley
Newspapers for the able way in which our parties were
conducted.

The interest shown is reflected in the factthat members
enrolled well on into the session and the final member-
ship reached a total of 45, which is excellent for an
outstation the size of Rochdale. The committee thank
all members for their support and hope to see them
again in the 1946-47 session.
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Staff Changes

Promotions
Name Region Date Name Region Date
Asst. Contr. (Eng.) to Chief Regional Engr. Chief Insp. to Asst. Engr.
Boryer, W. F. LPR... 29.4.46 Crooks, R. H. L.T.R. 15.5.46
Stevens, E. C. C. E.-in-C.O. 15.5.46
Dep. C.RE. to Staff Engr. Shepherd, C. Mid. Reg. . 15.5.46
Harbottle, H. R. L.T.R. to E.-in-C.O... 12.5.46 Oldacre, A. G. N.W. Reg. to Scot. Reg 22.5.46
Howarth, H. N W. Reg. . 9.5.46
A.S.E. to Staff Engr. Larner, F. L. E-in-C.O. 9.5.46
Carter, F. C. .. E.-in-C.O. 28.5.46 Trimmer, W. J. S.W. Reg. 9.5.46
West, W. .. .. E-nCo. 1.5.46 Stovold, A. T. E.-in-C.O. 9.5.46
’ Smith, G. J. .. N.W. Reg. 9.5.46
Comdyr. to Sub. Sup:. Brown, E. B. LT.R. 9.5.46
Leech, W. H., Capt., H.MT.S.Ins to 1.446 | Xirkbam, W.D. H.C. Reg. 9.5.46
Ds.C E.-in-C.O. Insp. to Chief Insp.
Asst. Sub. Supt. to Comdy. Deamon, T. E. Mid. Reg. 25.3.46
- ey Linsell, W. LTR... .. 6.5.45
Finlayson, I. R. E.II:;SC.O. to HM.T.S. 8.5.46 Taylor, A. E. Mid. Reg. . 19.10.45
Kemp, F. G. H.C. Reg. 13.1.46
Regl. M.T.O. to M. T.O. I. Meredith, W. Mid. Reg. 1.1.46
. Wallington, F. S. S.W. Reg. 3.9.45
Wood, Col. E. W. Scot. Reg. to E.-in-C.O. 1.5.46 Roberts, E. W. W. & B.C. 7.4.46
Regl. Engr. to Dep. C.R.E. Wood, T. - - N.E. Reg. 10.3.46
Barnsdall, M. G. W, Mld Reg. to E -in-C. O 2.945
Moffatt, C. E. S.W. Reg. to L.T.R. 19.5.46 Jenkinson, H. C. E.-in-C.O. . 25.3.46
Johnson, E. S. Mid. Reg. to E -in-C. O 19.3.46
Exec. Eng.to 4.5.E. Savage, A. N.W. Reg. . 1.5.46
McMillan, D. E.-in-C.O. 1.3 46 Barron, H. N.W. Reg. to S. W ReO‘ 19.5.46
Chew, W. G. N.* E.-in-C.O. 28.5.46
Helman, S. L. E-in-C.O. .. .. 28546 | Insp.tod.T.S.
Lewis, N. W. J. E.-in-C.O. to S.W. Reg. 23.5.46 Dymott, G. W. T. E.-in-C.O. to L.T.R... 20.11.45
Davis, L. H. E.-in-C.O. .. 1.4.46 .
Draughtsman, Class I, to Senior Draughtsman
Avea Engr. to Telephone Manager Ackland, W. E. E.-in-C.O. 1.4.48
Knapman, D. E. W. & B.C. Reg. to 1.5.46 Horne, F. H. E.-in-C.O. 1.4.46
Cambridge Benstead, E. C. E.-in-C.O. 1.4.46
Asst. Eng. to Exec. Engr. Draughtsman, Class I1, to Draughtsman, Class I
Turley, T. G. LTR... 1.5.46 Jacklin, L. G. E .-in-C.O. 1.4.46
Clarke, E. F. S. E.-in-C.O. 23.5.46 Cooper’ G. A. E.-in-C.O. 1.4.46
Theobald, E. S. E.-in-C.O. .. 1.4.46
Asst. Engr. to P.R.O. Eyre, J. L. LT.R. to Factories 15.4.46
Endecott, A. H. E.-in-C.O. to Mid. Reg. 25.4.46 Dept. (B’ham)
*In absentia.
Retirements
Name Region Date Name Region Date
Sub. Supt. Asst. Engr. ’
Firmin, Capt. E. W., E.-in-C.O. 31.3.46 Ind, G.E. .. E.-in-C.O. 31.3.46
O.B.E. Baillies, D. C. Scot. Reg. 31.3.46
Cain, S. J. H.C. Reg. 30.4.46
Staff Engr. Chief Insp. with Allce.
Walmsley, T E.-in-C.O. 21.546 | Budd W.C. LTR & e
M.T.0., Class I IC-I:rrlsI R. S.W. Reg. 31.3.46
Strachan, L. D. E.-in-C.O. 50446 | CHefInsp. _
Pattinson, B. C. Mid. Reg. 22.3.46
Exec. Engr. Wilson, C. F. E.-in-C.O. 22.3.46
— Curni . R. .-in-C.0. .3.
Morice, L. F. E.-in-C.O. 3.3.46 urnin, H. R E-An-C.O 31.3.46
Romain, W. A. B. LT.R. 30.4.46 Insp.
Taylor, H. M. S.W. Reg. 31.3.46 O’Malley, E. C. N.E. Reg. - 28.2.46

78



Retirements—continued.

Name Region Date Name Region Date
Insp —continued Insp.—continued
Noble, J. . N.Ire. Reg. 10.3.46 Chislett, G. C. W. & B.C. Reg 30.4.46
Seach, G. E. .. H.C. Reg. 18.3.46 Jeans, C. W. L.T.R. 20.5.46
Knox, A. .. Scot. Reg. 27.3.46 . 7
Gallacher, F... Leafield Radio Station 12.3.46 Senior Draughtsman
Bradley, V. A. F. Mid. Reg. 31.3.46 Lawrence, J]. W. H... E.-in-C.O. 3.3.46
Lovell, R. W. R. LT.R. 31.3.46 Bulley, T. H. E.-in-C.O. 31.3.46
Nicoll, D. A. D. Test Section .. 31.4.46 Cross, C. A. .. E.-in-C.O. 31.3.46
Hayes, H. E. LT.R. 31.3.46 D ntsman. Class T
Morse, A. E. Mid. Reg. 15.4.46 raughisiman, =1ass
Munn, C. . L.T.R. 30.4.46 Smith, W. E.-in-C.O. 31.3.46
Smith, W. T. LT.R. 30.4.46 Tocher, H. LTR. 30.4.46
Resignations
Name Region Date Name Region Date
Asst. Engy. Insp.—continued
Atkinson, G. LTR. 11.3.46 Brown, W. J. E.-in-C.O. 15.3.46
Simmonds, J. C. E.-in-C.O. 16.3.46 Bennett, G. .. N.E. Reg. 23.3.46
Stoneman, F. W. N.W. Reg. 1.3.46 Price, C. A. .. S.W. Reg. 31.3.46
Insp Clarke, T. E... E.-in-C.O. 30.4.46
— Dain, G. T. E.-in-C.O. 30.4.46
Meades, G. Scot. Reg. 14.2.46
Transfers
Name Region Date Name Region Date
Asst. Engr. Insp.—continued
Ireland, J. C. H.C. Reg. to E-in-C.O. 8.4.46 reen, J. rggigx_lco/ © -
]ames, M. H. E.-in-C.O. to LP.R... 29.446 Nichol T Mid. Reg. to E.-in-C.O. 31.3.46
Glover, R. P. E.inC.O.toS.W.Reg. 5546 | webn B B. .. N. Ire. Reg. fo NE. 31.3.46
Hayward, R. K. Mid. Reg. to E.-in-C.O. 13.5.46 ’ Reg.
Woodhouse T. . N.E. Reg to N.W. Reg 20.5.46 Walker, S. H. E.-in-C.O. to N.E. Reg. 1.4.46
Chief Insp. with Allce. Reeves, L. N. Scot. Reg. to E.-in-C.O.  1.4.46
; Wicks, A. G. W. E.-in-C.O. to L.T.R... 30.4.46
Baldey, C Mid. Reg. to LT.R. .. 1446 | o G W. LT.R. to E-in-C.O... 1.5.46
Chief Insp. Cowan, R. T. B. E.-in-C.O. to Scot. Reg.  7.5.46
Stevens, E. C. C. N.E. Reg.to E-in-C.O. 10.3.46 Behets, F. J... E.-in-C.O.to N.W. Reg. 13.5.46
Bennett, H. V. E .-in-C.O.to N.W. Reg. 21.5.46 Stamp, R. G. Mid. Reg. to H.C. Reg. 13.5.46
Insp Gill, T. . E.-in-C.O.to N.E. Reg. 20.5.46
L . ) Scotten, R. ] L.T.R. to H.C. Reg... 20.5.46
Higson, R. P. . E.-in-C.O. to NW. Reg. 11.3.46 Ridgway, H. Criggion R/S to N\W. 13.4.46
Ash, F. J. .. E.-in-C.O. to Mid. Reg. 11.3.46 Reg. (S.W.1 at own
Lewis, R. E. E.-in-C.O. to Criggion 12.3.46 request)
R/S
Deaths
Name Region Date Name Region Date
Chief Insp. with Allce. Insp.—continued
Ralph, H. P... LT.R 11.4.46 Stafford, D. E. H. Mid. Reg. 29.3.46
Turner, A. C. L.T.R... 10.5.46
Insp. Menzies, W. C. K. Scot. Reg. .. 10.5.46
Hannah, C. R. N.W. Reg 13.3.46 Ballard, W. .. W. & B.C. Reg. 15.5.46
Smith, J. N.E. Reg 26.3.46
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CLERICAL GRADES

Promotions—Nil.

Transfers
Name Region Date Name Region Date
S.0. E.O.—continued
Topley, W. C., Major E.-in-C.O. to Contracts 1.4.46 Binmore, H. P. E.-in-C.O. to Contracts 1.4.46
Dept. Dept.
E.O. Haley, M. R. (Miss).. E.-in-C.O. to Contracts 1.4.46
- . Dept.
Crane, D. G. Bin O to Contracts 1446 patmer, w. . E.in-C.O. to Contracts  1.4.46
Page, G. R. J. E.-in-C.O. to Contracts 1.4.46 Dept.
Dept.
Death
Name Region Date Name Region Date
E.O.
Dickinson, P. R. E.-in-C.O. 30.4.46
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