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To provide mihtary ciscuits direct to Germany the Post Office laid in Sepsember, 1945, a coaxial cable between Lowestoft

and Borkum. Initially this provided 6 duplex telegraph channels, increased shortly afterwards ! y one speedn channel which

could also be used for 18-channel V.F. telegraphy. In Jume, 1946, a suhmerged repeater was inserted in this cable and

terminal equipment installed at the two ends which increased the capacnty of the cable to five speech circuits any of which
could be used for 18-channel V.F. telegraphy.

Introduction.

HE normal method of provision of circuits

I from this country to Germany involves transit

through Holland or Belgium. The distances
are such that until now it has never been feasible to
provide direct circuits. To provide military circuits
directly to Germany the Post Office undertook the
scheme to be described. Suitable landing points,
involving connecting circuits to the inland networks
were Lowestoft on the English side and Borkum, an
island off the N.W. coast of Germany. The final
scheme included the provision of asubmerged repeater,
but to bridge the time when this could be provided
temparary schemes were made use of, and the cable
laid without the repeater.

The Lowestoft-Borkum cable was laid therefore
between 13th September, 1945, and 20th October,
1945. Owing to its length (approx. 196-7 miles) it had
to be laid in a number of separate portions, the two
ships taking part being HM.T.S. Arie and
HM.T.S. Bullhead. The cable is of the coaxial
type used in a number of our submarine cables, for
instance the Anglo-Dutch Nos. 4 and 5 cables, except
that the dielectric is polythene.l: 2 At Borkum the
repeater station is close to the beach and submarine
cable as landed from the ship was carried directly
into the station. At Lowestoft, where the repeater
station is a little over } mile from the beach, special
lead covered submarine type core was laid between
the station and the beach in advance of the laying of
the main cable. In view of the high attenuation at
the low frequencies used on the cable it was necessary
to take special precautions against mains interference
and radio interference in this section, and con-
sequently an insulated outer conductor type was
adopted and a layer of polythene approximately
0-1 inch thick was extruded over the outer conductor
and then the lead sheath extruded over the whole.
To make the best use of the cable, whicl,, being in
stock could be provided relatively quickly, it was
decided to proceed in three stages.

! PO.E.E.J., Vol. 80, p. 222.
' J.I.E.E., Vol. 91, p. 218,

Stage 1, the provision of six duplex telegraph
channels only,

Stage 2, the provision of one 4-wire speech or
18-channel V.F.T. circuit in addition to
that provided on stage 1, and

Stage 3, the provision of five speech circuits, any
one of which could be used for 18-channel
voice-frequency telegraphy, which neces-
sitated the laying of a submerged repeater.

StaGEs 1 aND .

The equipment for Stage 1 is shown in the lower
section of Fig. 1, as it was arranged to work two Army
3-channel duplex voice-frequency telegraph systems
over the cable. The telegraph terminal equipment
was installed in London and in Hamburg. The
frequency range for the Ammy 3-channel duplex
systems when combined is in one direction 420-1,020
c/s and in the return direction 1380-1980 c/s. The
two land sections, therefore, were normal 4-wire
speech circuits and the equipment was combined at
the two coastal repeater stations by directional
filters so as to work over the single cable. This
equipment was required urgently and consequently
special terminal equipment installed at the repeater
stations was built up from existing equipment
and was mainly standard Post Office amplifiers
and filters from Army type voice-frequency telegraph
repeaters. Stage 2 was also required urgently, and
this also was therefore built up as far as possible from
available standard equipment. It will be seen from
Fig. 1 that filters were inserted to separate the band
of frequencies used for the 6-channel voice frequency
telegraph systems from the frequency spectrum above
this, and the second circuit was provided by transmit-
ting in the frequency band 3-4-6 kc/s in the direction
Lowestoft-Borkum and in the frequency band 9-9-12-5
kc/s in the direction Borkum-Lowestoft. These
frequencies correspond to those used on the Army
14-4 Carrier System?® and for Stage 2 one terminal of
this system was provided at Lowestoft and Borkum.
Special directional filters were built and the remainder
of the equipment provided by the use of the standard
P.O. Ampilifier No. 35, amplifiers from 3-channel opea

' PO.EE.J., Vol. 88, p. 1.
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wire systems, and equalisers made up from 12-channel
and 3-channel open wire units.

The additional circuit so provided was capable of
carrying either speech or one 18-channel V.F. tele-
graph system and it was used for the latter purpose.
The Army 144 system is not synchronised, arrange-
ments being provided for periodic check and adjust-
ment. In view of the importance of the circuits,
however, it was thought advisable to synchronise the
two ends. This was done by transmitting at low level
the 6 kc/s carrier in one direction and the 12:5 kc/s
carrier in the return direction. These were filtered out
at the receiving ends and used to lock the local
oscillators.

STAGE 3—THE FINAL SCHEME.

In the third and final stage, five telephone circuits
are provided between Lowestoft and Borkum using
channel equipment of a Carrier System No. 74
(Channels 8-12 only), special group modulating equip-
ment and one submerged repeater. The five channels
are first assembled in the frequency range 60-80 kc/s
(inverted sidebands) in the No. 7 equipment and are
translated to the frequency ranges 0-20 and 24-44 kc/s
(erect sidebands), using group carrier frequencies of
80 and 104 kc/s respectively, for the two directions of
transmission. The higher frequency band is trans-
mitted over the cable from Borkum to Lowestoft and
the attenuation at 44 kc/s is such that, with a 10 watt
transmitting amplifier at Borkum a maximum gain of
75 db is required in the submerged repeater. The
lower frequency band is not amplified in the sub-
merged repeater and since the cable attenuation at
20 kc/s is 112 db a 100 watt transmitting amplifier is
necessary at Lowestoft.

4 P.O.E.E.J., Vol. 34, pp. 101 and 161.
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General Arrangement.

A simplified block schematic diagram of the scheme
is shown in Fig. 2. The group and line equipments
only are included, both input and output being in the
range 60-80 kc/s, at levels —37 db and —8 db
respectively, from the standard channel equipment.

Fig. 3 shows the cable attenuation over the working
frequency ranges ; the working levels (relative to the
2-wire input) for the extreme frequencies in the two
directions of transmission are included in Fig. 2.

The line frequencies employed in the system are so
low and the cable attenuations involved are so great
that the elimination of crosstalk and external inter-
ference and the realisation of design attenuations in
the terminal equipment require very careful attention.
In high frequency systems these requirements are now
normally provided for by making the construction
“ coaxial ”’ throughout, each unit being arranged as
an expanded bulge in the coaxial cabling ; the Screens
then form part of the transmission circuit, must fully
enclose the internal elements and must be thick
enough to give the desired degree of shielding. In the
present scheme, this technique is only partially
effective as the necessary screen thickness would be
excessive ; although filters and equalisers have been
assembled in containers of this type designed for
higher frequencies, the amplifiers are of comparatively
open construction. The full attenuation of the filters
is realised and freedom from interference by earth
currents is ensured by the use of double-screened
transformers. These introduce high series impedances
in the earth circuits, thereby greatly reducing the
circulating currents which would otherwise flow via
the outer coaxial conductor, the cable sheath and the
repeater station earth connections. The outer coaxial
structure generally is insulated from the panels and
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racking and in no case is it permissible to make more
than one earth connection to any continuous run of
coaxial cable or structure between double-screened
transformers.

Terminal Equipment at Lowestcft.

Apart from the standard channel equipment, the
apparatus at Lowestoft is mounted on three 10 ft.
6 m. bays as follows :—

(i) Group equipment

(i) Transmit amplifiers

(i) Cable termination and submerged repeater

power supply.

Group Equipment Bay. The group frequency-changers
include conventional ring modulators, the group
carrier supplies (80 and 104 kc/s) being taken directly
from the channel frequency generating bay of the
No. 7 equipment via special carrier amplifiers, In the
transmit direction the gain necessary prior to the
main 100 watt transmitting amplifier is provided by a
standard P.O. Amplifier No, 35—a negative feedback
music amplifier having a gain of 50 db. Between this
and the 100 watt amplifier a transmitting equaliser
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giving about 12 db of pre-equalisation is fitted. In the
receive direction the equalisation partly precedes and
partly follows the first receiving amplifier ; both the
amplifiers in this path are to a standard design giving
65 db gain with three valves.

The directional filters are constructed in multi-unit
containers with air-cored toroidal inductors and mica
capacitors having foil electrodes. It has long been the
practice to avoid the use of ferromagnetic cores in
directional filters on account of the intermodulation
which occurs in such cores ; it is now known that in
extreme conditions such as exist in the present scheme,
silvered mica capacitors likewise cause excessive non-
linearity and must be avoided.

To synchronise the carrier generating equipment at
Borkum a 4 kc/s pilot tone is transmitted over the
cable from Lowestoft. It is introduced at the output
of the group modulator at a level approximately 5 db
below the channel relative level.

Spare amplifiers with U-link switching facilities are
provided at all points in the terminal equipment,

100 Watt Transmitting Am pl?iers. The use of 10watt
transmitting amplifiers in multi-channel carrier sub-
marine cable schemes has been usual since about
19385 ; such amplifiers have been driven from the
normal 130 volt anode supply. The present scheme is
the first in which 100 watt amplifiers have been used ;
at this power a substantially higher anode voltage is
essential. The design of the present amplifier is such
that, for the first time with a high grade negative
feedback amplifier, it is possible to operate the output
stage in Class AB push-pull. Feedback is applied
from the line side of the output transformer to the grid
of the input wvalve, so that the output signal is
adequately free from distortion ; the signals in each
output valve, however, are not free from distortion,
but the distortion products so arising cancel one
another in the output circuit. In earlier feedback
amplifiers of this type, Class A conditions have always
been used and each half of the output stage has been,

8 P,O.E.E.]., Vol. 35, pp. 79 and 121.
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convenient to rely on a measurement of second
harmonic as a routine check on the non-linearity of the
repeater. ‘Facilities are therefore provided to trans-
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F16. 10.—CIRCUIT SCHEMATIC OF SUBMERGED REPEATER.

mit a frequency of 24-5 kc/s to line at a level of 4-35db
(by sending 500 c/s on Channel 8 at Borkum) and to
measure the received levels of 24-5 and 49 kc/s at
Lowestoft.

Installation of Terminal Equipment.

The terminal equipment at Lowestoft and Borkum
was installed by officers of the Transmission and Lines
and Research Branches of the Engineer-in-Chief’s
Office with co-operation from the Eastern Region and
the Rhine Army. This installation and local testing
was completed prior to the laying of the submerged
repeater.
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Repeater Laying Operation.

Two repeaters were taken aboard H.M.T.S. Iris
which located the cable and cut it at a point 80-9 n.m.
(by cable resistance) from Lowestoft on June 29th,
1946, at about 06.30 hours B.S.T. Measurements of
capacitance, conductor resistance and insulation
resistance were made from the ship in both directions
and Lowestoft made impedance-frequency measure-
ments. A new length of cable, about 01 n.m. was
jointed to the Borkum side, making a total length of
196-8 n.m. between Lowestoft and Borkum Repeater
Stations. The Borkum cable was then jointed to the
repeater at the jointing chamber.

The inner conductor only of the Lowestoft cable
was also jointed to the repeater and the power
switched on. The terminal resistance at Borkum was
adjusted to give 250 volts D.C. at the repeater.
Transmission measurements were then made and
showed the position of the repeater to be satisfactory ;
a test was also made for harmonic production. The
power was then switched off, the joint completed on
the Lowestoft side and the two cables lashed together.
Transmission was again checked from end to end and
the power switched off.

The repeater was then lowered in a horizontal
position over the side; simultaneously the cables
were lowered on ropes passing over the bow sheaves.
All ropes were cut away when the repeater reached
the sea bed, the laying operation being completed at
18-30 hours B.S.T.

During the operation contact was maintained
between Iris and Lowestoft using the ship’s radio
and a ““Mobile Coast Station’” at Lowestoft. Borkum
was able to receive both Iris and Lowestoft on a
communication receiver.

The jointing operations were carried out in calm
weather but conditions were deteriorating by the time
the repeater was ready for lowering. The North
Sea at this point is 17 fathoms deep and the bed
consists mainly of gravel.

Overall Tests.

Wide-band line-up measurements, or what would
normally be called the ‘‘high-frequency’ line-up, were
made in both directions, although the term is rather
inappropriate in a system transmitting frequencies
as low as 300 cfs. For sending conditions appro-
priate to the nominal relative levels, Fig. 12 shows
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the output levels at the output of the final receive
amplifier at the distant station. For a cable having
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an attenuation of 166 db at the highest working
frequency, attenuation ranges of 62 db and 42 db in
the two bands and four pairs of directional filters,
these results can be considered as very satisfactory.
The system having been lined-up in July 1946, it
is of interest to note that in January 1947 the overall
attenuation of the cable at 24-5 kc/s had decreased
by about 2 db or 1-8 per cent due to the change in
temperature ; the harmonic generation in the repeater
had also increased to an extent corresponding to an
increase in level at the repeater of \about 1 db.

Channel Frequency Response. The overall response
of Channels 8 and 12 of the Carrier System No. 7 are
shown in Fig. 13. Channel 8 (76-80 kc/s) is trans-
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mitted as 24-28 kc/s, i.e. adjacent to the directional
filter cut-off, from Borkum to Lowestoft and in the
audio-frequency range from Lowestoft to Borkum.
Channel 12 (60--64 kc/s) is transmitted as 16-20 kc/s,
i.e. adjacent to the directional filter cut-off, from
Lowestoft to Borkum. These represent the worst
conditions and the frequency response of each inter-
mediate channel is better than that of Channels 8
and 12.

Crosstalk and Noise. With all channels idle, the
noise level was measured at the channel terminals
(+4 db relative level). The psophometric potential

difference varied between 0-9 and 1:1 mV at Lowestoft
and between 0-35 and 1:3 mV at Borkum, correspon-
ding to a worst value of about 0-8 mV at a point of
0 db relative level.

Non-linear interference between channels on the
system was tested by sending tones on one or more
channels at appropriate levels. JIn no instance did
the total noise P.D. at the channel terminal exceed
1:6 mV, i.e. under 1 mV at a point of O db relative
level.

For convenience, crosstalk between channels was
again measured with a psophometer with two dis-
turbing speakers each maintaining a level 4 db below
R.T.P. at points of 0 db relative level. The highest
level of interference measured under these conditions
was 17 mV at the channel terminal ; most of this was
due to residual noise.
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Book Review

** Electrical Testing tfor Practical Engineers.” G. W.
Stubbings, B.Sc., F.Inst.P,, AM.ILE.E. 261 pp.
E. &. F. N. Spon, Ltd. 12s. 6d.

& During recent years a considerable number of books
have been published dealing with specific phases of
electrical work and catering fo: the ' practical engineer "
whose main desire is to know what to do rather than the
theoretical reasons for doing it.

The present book is in this category: its subject is
the simple electrical testing that installation and
maintenance engineers may be called on to do. It is
eminently practical, it eschews mathematics and does
not] attempt proof of the formule or methods
recommended.
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After a brief introductory chapter, the book goes on
to describe the various types of electrical instruments
and testing gear with their particular uses and the
method of making voltage, current, power, insulation
resistance, etc., measurements. The tests necessary on
a new wiring installation are given in a useful chapter,
another covers the tracing of wiring faults, while three-
phase testing, in particular, is dealt with in a third.
Further subjects included are testing instruments and
switchgear, relays and relay connections.

The final chapter deals with insulation resistance and
temperature ‘' on site '’ tests of electrical machines, the
measurement of slip, etc., and ends with a orief reference
to the location of armature faults.

The book is well and clearly printed and altogether
one that should be valuable to those to whom it is
specially addressed. H. R M



Through-Group Working in the

Coaxial Cable Network

U.D.C. 62}.395.44 621.395.5 621.392.52
Part l.—Performance Requirements

C. F. FLOYD, MA, AM.EE,

Blocks of long trunk circuits may have to run over several coaxial cable systems in series, or may leave the main route at

points of system interconnection. Through-gronp working

enables this to be done economically in blocks of 12 circuits

withont reduction to audio frequencies. PartI of this article deals with the perforraance requirements ; Part IT will describe
a typical installation.

Introduction.

ULTI-CHANNEL coaxial cable trans-
Mmission has been standardised in this

country for the provision of really large
blocks of trunk circuits between major telephone
centres. As distances between adjacent trunk traffic
centres seldom exceed, say, 125 miles, the circuit
requirements are likely to take the form indicated in
Fig. 1. In this diagram A, B, C and D are large
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F16. 1.—A TvyPricAL SECTION OF A COAXIAL TRUNK
NETWORK WITH THROUGH-GROUP WORKING.

centres of telephone traffic which require interconnec-
tion by a substantial number of trunk circuits
provided over coaxial cable systems. To give such
a service there must be sufficient flexibility to set-up
blocks of circuits between major centres and, at the
same time, to provide spur connections to smaller
towns off the main route. At such points as A, B, C
or D it must therefore be possible to deal with circuits
in any one of three ways : (a) to extract them at audio
frequencies, (b) to extend them over 12-channel spurs,
or (¢) to continue them over other coaxial systems.

These conditions could be met if all channels on
each coaxial system were transferred to audio fre-
quencies at the points A, B, Cand D : but as each pair
of coaxial tubes may be carrying as many as 600
telephone circuits a large amount of frequency trans-
lating equipment would be involved in every inter-
connection process. A more satisfactory method,
where circuit routing in multiples of twelve can be
justified, is to employ through-group working for
conditions (b) and (c) and so avoid translations to
audio frequency at intermediate points. This results
in economy of equipment, improved transmission
characteristics, and greater flexibility in setting-up
long trunk circuits which run over several coaxial
systems in series.

The Basic 60-108 kcfs Group.

To appreciate the advantages of through-group
working it is necessary to examine briefly the process
by which individual telephone channels are assembled
via channel, group and supergroup translating stages
before transmission at high frequencies over a coaxial
cable. Fig. 2 shows this in simplified form for a part
of one supergroup. The other supergroups, which
are merely indicated in the diagram, are substantially
similar. At the transmit terminal, which employs
modulation processes, the direction of transmission is
from left to right. At a receive terminal, involving
demodulation, it is from right to left. It will be seen
that when the circuits start from, or return to, audio
frequencies, triple modulation is employed as this
permits simplification of the frequency translating
equipment design and enables a terminal to consist
of a number of standardised bay assemblies.

The frequency bands allocated to each translating
stage of modern coaxial, 12- or 24-channel instal-
lations, have been made the subject of intemnational
agreement, and all equipment in use in this country,
designed since 1938, ensures that all 12-channel
groups in any of these systems shall pass through the
48 kcfs wide basic-group frequency band, 60-108 kc/s.
This standardisation at once opened the way to the
possibility of setting-up trunk circuits in multiples of
twelve by linking 12-channel groups in successive
coaxial systems at the basic-group frequency band
without reduction to audio frequencies. As a result,
only two out of the three frequency translating
processes in a complete coaxial terminal would be
employed at the adjacent ends of two wideband
carrier systems which were to be interconnected.
Such through-group working was proposed in 1940,
but it has only recently become possible to use it
extensively in the trunk network.
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Advantages cf Through-group Working.

The advantages of through-group working may be
summarised as i—

(1) Coaxial cable systems and 12-channel routes
can be conveniently made to operate together as one
carrier trunk network. For example, the heaviest
traffic routes can employ coaxial systems, and 12-
channel cables can then provide spurs from suitable
distribution points,

(2) There is a considerable saving of expensive
equipment. The channel translating bays represent,
in current coaxial designs, the bulk of a complete
coaxial terminal, because a separate modulator-filter
unit is necessary for each individual channel. In the
group and supergroup stages each frequency trans-

(4) The labour involved in setting-up large blocks
of circuits is reduced, and a high degree of flexibility
is achieved. All 12-channel groups in a multi-channel
carrier terminal station, whether derived from
coaxial, 12- or 24-channel systems, can be brought
out to a group distribution frame for circuit routing.
Although the wiring on this G.D.F. is not quite so
straightforward as audio circuit jumpering-—as it is
sometimes necessary to interpose either an attenuator
or a high performance bandpass filter in the link
circuit—a given block of circuits can still be routed
with less labour. For exampl¢, the many single-pair
jumpers. necessary to route twelve 4-wire circuits on
an audio distribution frame would be replaced by
four separate coaxial leads.
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FIG.- 2.—METHOD OF ASSEMBLING CHANNELS IN WIDEBAND FREQUENCY SPECTRUM IN COAXIAL SYSTEMS,

lating unit carries 12 or 60 channels respectively and
consequently these two stages involve considerably
less equipment.

(3) The transmission characteristics of long trunk
channels are greatly improved. It is in the channel
translating equipment that individual channel pass-
bands are most liable to amplitude-frequency
distortion and adjacent channel interference, and it is
to assist in these factors that expensive quartz
crystal filters are generally employed in channel bays
in this country. Through-group working enables the
number of frequency translations necessary at the
channel stage on each direction of a single trunk
circuit to be reduced to the ideal minimum of one at
each terminal.
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Adjacent-Group Interference.

There are, therefore, important advantages to
justify using the principle of through-group working
in linking the various coaxial and 12-channel carrier
systems in a trunk network. Its general application
is straightforward, however, only if all the signal
frequencies in each group connected to the G.D.F.
are strictly confined to within the band of the twelve
wanted channels, namely 60 to 108 kc/s. If a group
has been derived by supergroup and group demodu-
lation from a supergroup on a previous system, it will
have had neighbouring groups immediately adjacent
to it in the frequency spectrum on at least one, and
probably both, sides. Unless all vestiges of signals
from these adjacent groups be removed from the



edges of the wanted group frequency band before
transmission to another outgoing group, they will be
carried over the through-group link and may appear
as adjacent-group interference in the outgoing system.

This is illustrated in Fig. 3 which shows, as an
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F1G6. 3.—ILLUSTRATION OF ADJACENT-GROUP INTERFERENCE
IN A ““SEND’’ CoAXIAL TERMINAL.

example, the condition which would arise if one such
group, already obtained by demodulation in the
terminal of an incoming coaxial system, were directly
connected to form a group in an outgoing coaxial
supergroup. hese 51gnal conditions appertain to
the point Q in At the top of the diagram are
the frequency spectra of five separate 12-channel
groups as they would appear after group modulation
-on the outgoing system. Nos. 1, 2, 4 and 5 are
assumed to have been derived from neighbouring
channel modulating stages and have, therefore,
precisely defined frequency bands 48 kc/s wide with
no vestiges of signals on the outer edges. The signal
band of group No. 3 is shown as if it had originated as
a group from another coaxial system and, if there
were no additional filtering, it would have an attenua-
tion-frequency characteristic with the sloping flanks
indicated. These represent diminishing vestiges of
signals from the groups originally adjacent to this
signal-group in the previous system and, when the
frequency spectra of the five groups are joined
together to form a basic supergroup as in the lower
part of Fig. 3, signal energy from these vestiges will

fall into the portions of the frequency spectrum proper
to the adjacent groups, Nos. 2 and 4. Although the
group bandpass filter following the group modulator
will have further attenuated the unwanted signals
these will still cause adjacent group interference, and
it will be most serious in the channels at the group
edges.

Adjacent group interference can be avoided only by
ensuring that the signal transmission band present in
each group intended for continuation over an out-
going coaxial system is restricted to within the range
60 to 108 kc/s, and that any signals outside this pass-
band are attenuated by not less than, say, 70 db.
relatively to it.

Such a high discrimination against unwanted
adjacent group signals may already exist in groups
from some sources. For example, in Fig. 3 groups of
channels obtained from the output of a coaxial
terminal channel modulating stage—that is, at the
transmit end of the first coaxial system in a trunk
line-—are free from any unwanted signal vestiges.
Through-group filters are, in fact, never necessary
between the channel and group stages in a coaxial
terminal, because the set of twelve channel filters
taken together is designed to have an envelope
characteristic which provides the necessary freedom .
from, or suppression of, unwanted signals. Since the
essence of through-group working is the omission of
the channel translating stages at points of connection
of two systems, means must be introduced to remove
the adjacent-group vestiges, and so avoid the inter-
ference shown in Fig. 3. This is done by providing a
high performance bandpass filter, known as a through-
group filter, in each group-to-group circuit connection,
so that the signal band of the group entering the out-
going coaxial system shall be free from adjacent
group signals. A further important function of the
through-group filter is to provide adequate suppres-
sion (not less than 20 db.) of the 60 kc/s pilot incoming
from a 12-channel line.

Comparison between Group-to-channel and Group -bo-
group Connections.

It is worth examining more closely the frequency
bands which occur during demodulation in a coaxial
terminal. Fig. 4 shows, for comparison, the signal-
frequency spectra associated with the two possible
methods of terminating a group of twelve channels at
the receive end of a coaxial system. These are by
group-to-channel and group-to-group connections,
The arrows show direction of transmission, starting
from the top, and the process is as follows.

A supergroup, comprising 5 groups of 12 channels
each, is first selected from the full coaxial trans-
mission spectrum by a supergroup filter. This is a
coil-condenser filter and it leaves vestiges of the
signals from adjacent supergroups at each end of its
passband owing to the sloping flanks of its attenuation
characteristic. This is shown in the diagram (after
demodulation to the basic supergroup) by the dis-
crimination curve abcd.

The signal band now passes to the group translating
stage where it is split into its five constituent groups
by the five group bandpass filters. There are no
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will show that if a complete supergroup-set of five
groups from system A is connected in undisturbed
order to a corresponding set of five outgoing groups
on system B, even if these are transmitted on a super-
group of different frequency, the adjacent group
interference conditions are less severe than those of
Fig. 3. Clearly, the adjacent group vestiges carried
over by, say, No. 3 group would be signals from the
upper and lower channels of groups 2 and 4 respec-
tively, and if allowed to remain as unwanted vestiges
on group 3, these would fall back on to the paths of
their originating signals in groups 2 and 4 in coaxial
system B. Ideally, therefore, through-group filters

appear unnecessary in this arrangement as far as.

crosstalk elimination is concerned. In practice, there
would be some amplitude distortion and this would
be affected by the phase differences which would
almost inevitably occur between the various inter-
goup connections. Nevertheless, a through-group
ter suitable for this case could be theoretically
allowed to have lower discrimination than that
intended for the general condition, except on groups
1 and 5, which would be subject to adjacent-group
interference from neighbouring supergroups.

If several supergroup-sets of groups can be con-
tinued without disturbing either group or supergroup
order, groups 1 and 6 will require no more selectivity
than do Nos. 2, 3 and 4, as adjacent supergroup
interference will also consist of “like signals.” When
the supergroup order is changed, the groups 1 and §
will require high performance through-group filters
despite the 8 kc/s gap in the interference created by
the frequency space between the supergroups (see
Fig. 2).

%t c)an be seen, therefore, that there is always some
advantage to be gained from routing through-group
connections in undisturbed order whenever possible.

Fig. 6 illustrates a part of a more complicated
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F1G. 6.—GENERAL ExAMPLB OF THROUGH-GROUP WORKING,

through-group terminal station, where group order is
changed and spur connections are also made to a
12-channel carrier system. High performance
through-group filters are, of course, necessary
between groups on the coaxial systems. Considera-
tion of the group signal-frequency bands which occur
in the 12-channel Carrier System No. 7 would make it
appear that high performance through-group filters
are not theoretically essential in all examples of
carrier-to-coaxial group connections. The filter
might perhaps be omitted, for example, without
detrimental effect on signal quality when a coaxial
group is connected to a 12-channel carrier link for
demodulation at the far end to audio frequencies : it
would have to be included, however, if the link were
connected instead to another coaxial group. When
such cases arise it must be remembered that double
modulation is normally employed in Carrier System
No. 7 and this, in a send terminal, leads to the
presence of signals which can be interpreted as
adjacent-group vestiges. It is therefore standard
practice at present to insert a through-group filter in
all types of through-group connection.

The Peir formance Necessary in the Through-group Filter.

The most difficult condition of adjacent-group
interference can occur when complete freedom of
inter-group working between two coaxial systems is
desired. The near channels in the unwanted adjacent
groups may then arrive at the G.D.F. with a relative
test level almost equal to that of the wanted channels,
so that the through-group filter must provide the full
discrimination necessary to avoid interference. Ex-
perience has shown that this should be set to a mini-
mum of 70 db. for good quality circuits. In the
passband, 60-108 kc/s, the filter cannot be allowed to
introduce more than a small variation in the frequency
attenuation characteristic, a desirable limit being
40-3 db.

Since the internationally-agreed frequency frame-
work for coaxial terminal equipment allows no
frequency gap between adjacent groups, the filter
designer appears to have a problem impossible of
solution. Fortunately, in practice there is a small
gap of some 700 cfs, due to two factors.

Firstly, the frequency response characteristic of
any individual channel does not completely fill its
4 kcfs wide frequency allocation, because the exact
shape of this curve (Fig. 7) is a compromise between
the limitations of channel crystal filter design and
avoidance of channel interference. Secondly, a
favourable psophometric weighting allowance is
available because the average subscriber using the
normal hand-micro-telephone experiences greatly
reduced sensitivity to frequencies below 200 c/s and
above 3,500 cfs. The efiect of this response variation
is interpreted electrically by the well-known psopho-
metric weighting curve. These two factors together
make the design of the through-group filter practi-
cable, because as a result the limits of the interfering
signal levels in the unwanted channels can be defined
by the curves shown as dotted lines in Fig. 8. The
necessary through-group filter discrimination can
therefore be obtained as long as the filter character-
istic remains above these limits.

61



The compilation of the exact specification for a
through-group filter is involved. The fact that
several similar filters may have to operate in tandem
in a long trunk circuit is a factor of the utmost
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F16. 7.—CHARACTRRISTICS OF A TYPICAL PARALLELED
CHANNEL FILTER.

importance as deviations from the ideal performance,
particularly in the passband, will be additive. The
attenuation characteristics of the group and channel
bandpass filters are important factors as these control
the range and relative levels of frequencies to be
suppressed. The effect of temperature, ageing, and
possibly humidity, on the filter components cannot
be neglected, nor can the permissible deviations in the
passband.

This specification can, at present, be met only by a
relatively complex crystal filter consisting of high-
pass and low-pass sections built to operate in series as
a single unit. The attenuation frequency characteri-
stic of such a filter is shown in Fig. 8: this filter has

already been described in this Journal! It is
designed to operate between 75 ohm terminations,and
attention must therefore be paid to the impedances
gresel?ted by associated equipment connected to the

.D.F. ‘

- Through-group filters have a passband loss built
out to 29 db. which accords with the level difference
standardised between corresponding send and receive
connection points on a G.D.F. If a through-group
connection is made without the insertion of a filter,
a 29 db.attenuator should be included in the circuit to
give the necessary level correction.
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Future Developments and Through-supergroup Working.

It is probable that, as the coaxial cable network
expands, through-supergroup working will be required,
whereby blocks of sixty channels will be intercon-
nected between coaxial systems at the basic super-
group frequency band, 312 to 552 kc{s. The associ-
ated transmission problems are similar to those de-
scribed for through-group working, but the difficulties
encountered in the design of the necessary through-
supergroup filters are increased by the higher
frequencies and wider passband involved. The
solution of this problem will bring within sight that
ideal of coaxial cable transmission engineers, a system
in which any supergroup can be blocked, filtered, and
re-introduced at its line transmission frequency.

1 = Crystal Filters,” Part 4, R. L. Corke, P.O.E.E.[.,
October, 1945, Vol. 38, Part 3,










mum compressive strength (works cube test) specified
was 3500 lb/sq. in. at 7 days.

For the foundation work the slump was maintained
between 2 and 3 in. for which the appropriate water
content is about 5-8 gallons per cubic ft. of cement.
For the lower mast sections, using the aggregate
graded up to } in., experiment showed that a satis-
factory consistency for the work was reached at
slump values of between 3 and 4 in. corresponding
to a water content of about 6-2 gallons per cubic ft.
of cement? The fineness modulus of the aggregate
was approximately 5-0 for this-material and 4-4 for
that graded up to § in.. Asmall increase in the water
content was needed to maintain the same values of
slump with the finer aggregate. The initial setting
time of the concrete is about 30 minutes after the
addition of water and it was ensured that hoisting,
placing and tamping were carried out within this
period. (When working in hot weather only 20
minutes was allowed.)

Shutters were allowed to be struck 48 hours after
completion of concreting but no loads were permitted
to be borne by any embedded fittings (e.g. stay fittings
or mast head details) until the elapse of 72 hours after
placing of concrete. At intervals the usual 6-in.
test cubes were filled at random during the course of
the work to ensure the minimum compressive
strength of 3,500 1b. per sq. in. called for in the
specification.

Res» forcement.

Reinforcement was supplied in the longest trade
lengths available (40-45 ft.) and was screwed and bent
where necessary on site. After removal of the
appropriate bolts in the circumferential flanges, the
reinforcing rods could be threaded into position through
the bolt holes. The stirrups were preformed on site
in two halves and were threaded over the reinforcing
rods as the latter were positioned. Short tails were
left on each stirrup to loop around the first bar of the
opposite half-section so maintaining continuity.
Where the section of the mast was variable, e.g. at
taper sections, stirrups were formed after the reinforc-
ing rods had been erected using }-in. diameter
material spaced at 9-in. centres instead of g-in. rod at
12-in. centres, the thinner rod being easier to bend in
the confined space available.

Reinforcing rods were joined (for reasons discussed
in Part I) by malleable cast iron couplings. After
positioning of the rods and stirrups, wire ties were
employed to maintain all in position during concreting.

Foundation Work.

The existing foundations, 8 ft. square, were to be
extended by an additional 3 ft. on each side. In view
of the age and uncertain condition of the existing con-
crete in an original foundation, the excavation was
carried out in three sections, each excavated section
being filled in with concrete before commencing the
next. As a further precaution, trench screws were
used to support the sides of the old foundations until

® The quantities of water quoted are for materials gauged
dry. Correction was made for the moisture content and
bulking of aggr:gate and sand.

concrete was placed, which provided some safeguard
against movement and possible disintegration of the
concrete foundation under heeling of the mast. So
that stirruping could be continuous, a sufficient length
of rod was allowed to project from each completed
section for coiling around the main reinforcing rodsin
the subsequent sections.

Reconstruction of Stay Anchor Blocks.

It has been mentioned that the existingstay anchor
blocks were to be strengthened and used for securing
the new stays. Excavation of theground and *' pick-
ing " of the exposed surface of the existing blocks
showed both concrete and the embedded steel to be in
fair condition. The weight of concrete in the blocks
(between 8 and 12 tons according to position) was
sufficient for the new loading after reconstruction but,
in view of the embedded ‘* hairpin ”* of 1-in. roq,
there was a possibility that under load this might be
dislodged and pulled out of the concrete if the block
were cracked or otherwise in bad condition. The
blocks were therefore strengthened by a 6-9-in.
capping of new concrete, suitably reinforced, extend-
ing over the surface and sides of the block to a depth
of 18 in. The function of the capping was to bind
together all parts of the anchor block and thus prevent
local cracking and perhaps eventual failure.

Concreting of Mast Sections and Renewal (f Stays.

After completion of the foundation, stirrups were
fitted for the base taper section and shutters erected.
The change from the square section of the foundation
to the round section of the existing mast was carried
out by wooden shuttering, provision being made for
retention of the manhole entrance by inclusion of a
shaped aperture in the concrete base through which
a man could pass. To enable the concrete to be
placed and tamped efiectively the upper boards in
the shutter were at first omitted and later replaced
as the level of the concrete increased. After striking
this shutter, the steel repetition shutters for the

"uniform mast sections were fitted. The shutters

were 5 ft. long and constructed in 4 sections by
bolting through wvertical flanges. Spigot and socket
joints were used to provide satisfactory alignment
for consecutive lifts of concrete. Suitable slots were
cut in the shutters for insertion of the hand rail
eyelets. Spacing details were fitted during filling to
maintain accurately the shutters at a constant dis-
tance from the surface of the existing mast. At the
stayed levels wooden shutters were used which could
be suitably formed and cut to allow of the necessary
projection of the embedded fittings. Similarly,
wooden shutters were most convenient for the taper
section of the masts at 170 ft. and for work at the mast
head. A

At each stayed level the embedded fittings for
attachment of the new stays were set about 2 ft. below
the point at which the old stays were secured to the
mast. The procedure was then to set up the new stay
attachment in position just beneath the existing stays
and complete concrete work to a point immediately
under the stays, thus embedding the new stay attach-
ment in position. After the hardening period (of 72
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and the fitting and tensioning of temporary stays at
selected levels. This was successfully carried out
while sighting from two theodolites arranged in
directions at right angles to each other. To reduce
the risk of collapse, the whole of the reinforcing rods
were first set up and loosely terminated to allow small
deflections of the mast but to restrain it against
failure of a corroded section. Straightening in the
lowest sections was first made and the mast concreted
over the straightened sections. After hardening, the
sections above could be similarly corrected and con-
creteC. In certain cases a slight over-correction was
intentionally made to allow for elastic returm, when the
stored energy due to deformation would be redistri-
buted within the finished reinforced concrete.

Inspection.

A recent inspection of the surface of masts made
eighteen months after completion, during which time
the structures had been exposed to high winds, re-
vealed no cracks or defects. A survey of the initial
tensions in all stays showed only small departures
(10 per cent.) from the tensions as set up on completion
of each mast. This variation was probably due to
slight longitudinal shrinkage ofthe mast and perhaps
a small bedding down of the strands of the stay ropes
despite the pre-stressing applied before erection.

Conclusion.
Work was commenced in April, 1943, and was con-

tinued until October of that year when operations
were suspended during the winter months. Work
was resumed again during April, 1944, and concluded
by the following October.

All work was completed without serious accident
and, except for one minor mishap in which a trans-
mission was interrupted for 28 minutes, the whole of
the reconstruction including all work at the mast head
was carried through without interruption to service.

The cost of the work amounted to about 40 per cent
of that which would have been involved for replace-
ment of the masts by new steel structures. Further.
the concrete surface of the reconstructed masts will
require negligible maintenance attention and avoid
the usual biennial expenditure for the painting of steel
structures.

The design and drawings were prepared by the
Post Office Engineering Department, and the work
carried out by Messrs. John Mowlem and Company
Limited.
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Book Review

‘“The Story of the Telephone.” .
209 pp. Pitman 10s. 6d.

The author of this book makes it clear that he is a
political journalist and that the book has been written
at the request of the Telecommunication Engineering
and Manufacturing Association. The engineer will not
find much to interest him from the technical aspect.
On the contrary, however, he will find a great deal of
well-written and interesting information, particularly
concerning past history.

The general theme is the great part played by
manufacturers in raising the standard of efficiency of the
British telephone system and that of the countries which
have adopted British standards.

Post Office engineers may consider that their own
contribution has been understated, but they may
temper such disappointment with the knowledge that
the volume is written from the manufacturers’ angle.

The book opens with the oft-told story of Graham
Bell, Watson, Elisha Gray and the contribution to the
art by Mr. Strowger; thereafter the reader is taken in an
engrossing manner through early development stages and
the transfer to the state of the National Telephone Co.
and a number of municipal undertakings. The author

H. Robertson.
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with the aid of extracts from correspondence, interviews
and official documents, vividly portrays to the reader
the intrigue and procrastination which occurred and the
vicissitudes encountered during the period following
and leads up to the implementation of the Bridgeman
Co mmittee’s recommendations from which time the
record is one of progressive improvement resulting from
the more intimate relationship between the admini-
stration and the manufacturers summed up later by the
author on page 281 :—

“That is the true, welcome ‘and enduring relation-
ship which exists between the Post Office and the
Industry. It maintains its strength because it is
founded on years of shared enterprise and en-
deavour.”

The autbor;has very clearly told the reasons for the
adoption by Great Britain of the Strowger System and
the subsequent inclusion of the ‘‘director’’; the develop-
ment of carrier and coaxial working and the impact of
the war on the industry are described.

Altogether a very interesting and readable volume.

C.W.B,



The Introduction of Manual Switching

of Teleprinter Circuits in the Public
Telegraph Service

J.D.C. 62(.394.74 :621.394.3

H.E.WILCOCKSON, AM..E.E.
C. W. A. MITCHELL, aM.EEe

Part 1. The Teleprinter Switching Network

The first part of this article outlines the reasoms for the introduction of a teleprinter intercommunication system for the

Public Telegraph Service, with switching on a manaal ba

sis, and describes the switching network provided, and the

programme of conversion involved. The second part will deal with the physicat and circuit features of the equipment employed.

'ntroduction.

HIS article is intended to describe not only
I the Teleprinter Manual Switching (T.M.S.)
system employed for the public telegraph
tervice and the equipment provided, but also to
butline the reason for its introduction and to set the
whole project in its correct perspective against the
background of war, which both fostered and hampered
its introduction. )
Firstly, it is necessary to stress that but for the
war, manual switching would never have been
applied to the network, since the system of automatic
switching, which had been designed and subjected to
satisfactory large-scale field trials prior to the out-
break of hostilities, would have been operative. This
automatisation scheme was, however, suspended at
the outbreak of war and thus, during the early war
years, the telegraph traffic continued to be handled
over the existing network of point-to-point circuits,
augmented as far as possible to meet the steadily

increasing traffic, the trend of which is shown in
Fig. 1.
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With this method of working, a high proportion of
the total traffic was dealt with at the Zone Centres,
but the loss of the telegraph instrument rooms at
the C.T.O., Liverpool, Bristol and Birmingham during
the 1940/41 blitz, rendered it necessary as a matter
of urgency to deconcentrate the telegraph traffic
away from the large and vulnerable towns. Under
the deconcentration scheme many additional Area
Centres were set up, and arranged in * triangles ** of
three, each triangle having at one or other of the
area centres concerned teleprinter point-to-point
connections to all other “ triangles.” The scheme
was brought into effect during the summer and
autumn of 1941, and although successful in relieving

the zone centres of a considerable volume of traffic,
it resuited in a substantial increase in the number of
retransmissions per telegram, with consequent increase
both in staff hours and transit time.

The immediate problem of security being resolved,
attention was next directed to a means for restoring
the quality of service without a corresponding
increase in man-power requirements. A reduction in
the number of retransmissions by the introduction
of switching methods was adjudged to provide the
most promising solution, the basis of the switching
scheme proposed being the connection of all outlets
from a particular “ triangle * to all other ‘* triangles ”’
via a switchboard, thus eliminating the need for
retransmissions at the intermediate area centre to
which these outlets were connected. :

At the outset, therefore, the switching scheme was
designed primarily as a means of teleprinter com-
munication between area centres only, and some
thought was given to the location of the necessary
switchboards at appropriate area centres. Study of
the equipment requirements showed, however, that
more efficient utilisation could be achieved by instal-
ling the switching centres at certain selected zone
centres, such that, provided the switching equipment
was sited in accommodation not more vulnerable
than the V.F. equipment, adequate safeguards against
dislocation of the service by air attack could be
obtained. The decision was taken, therefore, to site
the switchboards at selected zone centres, of which
there were ultimately to be six, and for the purpose
of a field trnial to install suites of five positions in
protected accommodation in the basements of the
H.P.O.s at Birmingham and Leeds.

The urgency of the scheme necessitated the avoid-
ance of any delay which the design and provision of
special switchboards would have involved, con-
sequently the type of switchboard used by the armed
forces on the Defence Teleprinter Network (D.T.N.}
was adopted for the field trials with only such
modifications as were necessary to meet the differing
technical requirements of the Public Service. Although
by this means the ntmost expedition was achieved in
providing and installing the field trial and subsequent
equipment, the P.O. Factories Department, which
undertook the manufacture of the equipment, was
already fully engaged in the supply of D.T.N. switch-
board equipment to meet the ever-growing demands
of the fighting services, and the authors desire to place
on record their wholehearted appreciation of the

! LP.O.E.E. Printed Paper No. 189.
69



good services provided both by the staff and works
personnel of the Factories Department, under
difficult conditions, in meeting these jomt require-
ments, the measure of which is given by the curves
in Fig. 2.
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The five-position suites at Birmingham and Ieeds,
comprising the field trial equipment, were brought
into service on January 14th, 1944, and from the
outset provided a satisfactory service, and afforded
a material reduction in retransmissions. Further
improvements in the service were expected as more
ofiices were connected, and hence the extension of
the switching system to the telegraph network as a
whole, by appropriate stages, each of which would
contribute its quota to the improvement of the
national service, was approved.

It should perhaps be recorded for those readers not
familiar with teleprinter switching systems that the
circuits terminated at these switchboards are suitable
only for the transmission of telegraph traffic and that
demands are passed to switchboards by teleprinter
messages. ‘
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Point-to-Point Working.

A brief description of the arrangements in force at
the outbreak of war, and after deconcentration, are
given below to provide an appreciation of the prob-
lems affecting the introduction of manual switching.

The number of telegraph offices at which telegrams
may be handed in is approximately 14,000, varying
in size from small Post Offices to the C.T.O. in London.
It follows that it was and is quite impracticable to
provide direct circuits between all telegraph offices, or
even all large offices, hence for telegraphic com-
munication purposes the country was divided into
11 zones, each of which was divided into areas, and
sub-divided into groups. Small telegraph offices
known as minor offices were connected to their group
centre, which acted as the transmitting office for all
such minor office traffic. Similarly, the area centre
acted as a transmitting office for all group centres in
its area, and the zone centre for its area centres.
Direct telegraph circuits were provided interconnect-
ing all zone centres (excepting Belfast, which had
connection to only seven zone centres), and in addition,
where traffic justified their provision, between zone
centres and area centres in other zones, or between
area centres. Fig. 3 (a) shows an arrangement of
zones and areas illustrating the foregoing principles,
and also the trend in the immediate pre-war years to
concentrate more traffic on the zone centres, by
reduction of the number of area centres and connecting
group centres to zone centres direct. The technical
arrangements adopted to provide the teleprinter
point-to-point circuits concerned have been the
subject of previous articles®3% and will not be
described here.

2 P.O.E.E. journal, Vol. 25, pp. 8.
8 P.O.E.E. journal, Vol. 26, pp. 163.
¢ P.O.E.E. Journal, Vol. 28, pp. 182.
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The foregoing covers the purely telegraphic net-
~vork, but the description would not be complete
sithout reference to the phonogram service and
:elephane-telegraph system, which together contribute
some 40 per cent. of the traffic to be handled by the
[nland Service. Telegrams handed in by telephone
mnay be received either from telephone subscribers or
from call offices or kiosks, this service being known
s phonograms, or from small Post Offices from
which the telegram traffic does not justify the
provision of teleprinters, this service being known as
telephone-telegrams. The centre at which this
telephone traffic is received, and at which special
phonogram and T.T. positions are provided and
staffed, is known as the * appointed office,’” and has
at least group centre status. Thus onward trans-
mission from the appointed office is nearly always by
teleprinter.

The net effect of the point-to-point system of
working above described was that a large volume of
traffic was concentrated at the zone centre, and
although this resulted in efficient utilisation of the
main links, an obvious drawback was that a large
proportion of the traffic was subject to one or more
retransmissions before reaching the objective office.
As telegrams have to be circulated for distribution
at each transmitting point, and then lined up for
onward transmission over the next link, an appreciable
aggregate delay was thereby incurred, and additional
staff and apparatus costs were clearly involved.

Deconcentration Arrangements,

As the name implies, the primary objective of the
deconcentration scheme was to re-route the telegraph
traffic to relieve the vulnerable zone centres of as
much transit traffic as possible and thus to safeguard
the network against dislocation by air attack. This
was achieved by creating many additional area
centres, and grouping these in * triangles *’ of threes,
each ‘‘ triangle "’ having, at one or other of the three
offices concerned, teleprinter outlets to all other
triangles. Furthermore, group centres previously
connected directly to zaone centres were reparented
on outlying area centres wherever practicable.
Fig. 3 (b) illustrates the principle of the arrangements
made, and shows clearly the cost involved in the
form of additional retransmissions to secure the
necessary safeguards.

Manwual Switching—Initial Routing Arrangements.

At the outset the Teleprinter Manual Switching
scheme was designed primarily as a means of com-
munication between area centres, thus eliminating
the retransmission required at intermediate area
centres under deconcentration arrangements. Each
area centre was to have bothway routes to two, or
sometimes three, switching centres, of which there
were to be six, located at selected zone centres, and
connected each to each by inter-switchboard circuits.
Exceptionally, a few large group centres were to be
connected to the switching network, generally by a
bothway route to the parent switchboard only.

With these arrangements, not more than two
switchboards were involved in setting up any cen-
nection, and the traffic from area centres requiring
two switching operations, particularly in the early

stages of the scheme with only two or three switch-
boards opened, and few group centres connected,
would be small. In the ultimate, however, with all
switching centres opened, a fair proportion of area
centre traffic and a large proportion of group centre
traffic would require two switchings, although no real
difficulty was expected, as most of the traffic over the
D.TN. network was being similarly routed without
difficulty.

Experience during the earlier stages of the scheme
showed, however, that the operator output on calls
routed through two switchboards was considerably
lower than on calls through only one switchboard,
the normal tendency towards which was increased
somewhat by the effect of the occasional connection
of follow-on calls to inter-switchboard circuits which
had not been cleared at the distant end, resulting in
delays in answering at the second switchboard, as
well as misrouted calls. This difficulty was ameliorated
by modifying the inter-switchboard circuits to
unidirectional working, but to provide a positive
solution the design and provision of inter-switchboard
line equipment to give full automatic signalling
facilities was put in hand. It was also observed, in
connection with the use of bothway teleprinter
extension circuits from the switchboards, that
operators dealing with outgoing calls resented the
connection of incoming calls, and therefore tended
to hold connections irregularly until ready to originate
the next call.

These factors, taken in conjunction with a proposal
to extend the number of group centres to be con-
nected to the switching network, led to the design
of modified routing arrangements employing uni-
directional circuits.

Manual Switching—Mod: fied Routing Arrangements.

The modified scheme for routing the switched
traffic over unidirectional circuits, and via only one
switchboard, is illustrated in Fig. 4, from which it

O area centre
O  GAOUP CENTRE

== |fCROUTE TO AREA ORGROUP
—e—  (/6ROUTE FROM ARL A ORCROUP
~== POINT-TO-POINT CIRCUATS

}Q‘G ROUTES TOALL
QTHER SWITCHING
CENTRES

SWITCHBOARD

F16. 4.—TvypricaAL SWITCHING ARRANGEMENTS, USING
UNIDIRECTIONAL CIRCUITS.

will be seen that all switchboard routes (with minor
exceptions) are divided into incoming and outgoing
circuits, and that each office will receive its incoming
traffic over the only incoming route provided, namely
from the parent switchboard. For outgoing traffic
all area centres will have at least one circuit to every
switchboard. Thus, from Fig. 4 it will be seen that
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a call from a to b will be routed a-B-b, whereas a call
from b to a will be routed b-A-a. Calls from area
centres to group centres will be similarly routed via
the home switchboard of the objective centre, e.g.
b-B-y, b-A-x. The routing of outgoing traffic from
group centres will vary according to its volume ; at
the smaller group centres point-to-point circuits will
be provided to the home area centre over which all
outgoing traffic will be routed for retransmission over
the switching network, whereas the larger group
centres will have in addition to the point-to-peint
route, outgoing switching circuits to the home
switchboard, and to other switchboards where
justified by traffic. These arrangements are typified
in Fig. 4 by group centres y and x respectively.

The routing of switched public traffic via two
switchboards has thus been eliminated, but a small
number of unidirectional inter-switchboard circuits
have been retained in use, for the routing of service
traffic. Later, the use of double switched connections
for a limited amount of public traffic, to meet special
cases where on balance a service advantage is realised,
is a possibility, and has not been precluded by the
technical arrangements made.

The use of a small number of bothway teleprinter
extension circuits for special purposes will of course
continue, mainly for the provision of service and
maintenance facilities, as follows :—

(@) Engusry Circusts. These circuits are provided
for dealing with enquiry traffic, and terminate
cn ““ EQ * teleprinter positions located near the
switchboard positions.

(b) Speaker Signalling Circuits. With the intro-
duction of manual switching, the speaker
circuits provided on control boards in instru-
ment rooms for use by the commercial staff in
the setting up of special circuits and so on,
have been converted from direct to switching
circuits, with consequent economy in the use
of V.F. channels. These ‘“Z" circuits appear
as bothway circuits on the switchboard, and
are terminated on special equipment at the
control boards.

Transmission Limits.

Allowing for a factor of safety which will ensure
satisfactory operation of a teleprinter under average
maintenance conditions, the switching circuits have
been arranged to ensure that on any switched con-
nection the number of V.F. channels in tandem should
not exceed three, when the distortion introduced by
anv physical section of the connection is negligible.

Teleprinter extension circuits (switchboard to area
or group centre teleprinter) are either a combination
of physical line and V.F. channels, or are wholly
physical. In the former case, the physical section
must not exceed the limiting distance for negligible
distortion, given in Column 4 of Table 1, whereas in
the latter case the limits in Column 3 of Table 1 are
applicable, and as the distortion may not then be
negligible, not more than 2 V.F. channels in tandem
may be employed on connections including such
circuits.
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The limits quoteddin Table 1 have been determined
with specific regard to the method of working
employed on the T.M.S. network, i.e. 2-wire simplex,
using double-current signalling.

TABLE 1.
T.M.S. Network-Limiting Distances for Physical Extension Circuits.
Limijting Distances (Miles)
Type of Conductors Used | For a circuit | For a physical
rouit (Note 1) wholly extn. from a
physical V.F. channel
(1) (2) (3) (4
2-wire simplex, | Star Quad, Twin, 20 10
non-relayed ar Multiple Twin
10, 20 or 40 Ib.
Single Screen, 40 36
40 or 70 Ib.
2-wire simplex, | Star Quad, Twin, 45 20
relayed. (Re- | or Multiple Twin
lay 299 or |10, 20 or 40 lb. -
Standard BN) [Single Screen, 90 75
40 or 70 1b,
2-loop simplex, | Star Quad, Twin, 90 36
relayed. (Re- | or Multiple Twin
lay 299) 10, 20 or 40 b,

Norg 1.—The limits quoted for Twin or Multiple Twin cabies apply
to side and phantom circuits.

Csrcust Provssson.

The T.M.S. network was necessarily planned to
operate on a ‘‘ no-deiay ”’ basis, delay working being
incompatible with the objective of improving the
over-all grade of service. Considering the groups of
unidirectional circuits from switchboards to area or
group centres, the circuit provision is determined by
the season busy-hour traffic (calculated in T.U.’s), in
accordance with the table employed for manually
selected ‘‘ no-delay "' telephone junctions. The inter-
switchboard circuit provision is similarly determined.
The circuit provision for the unidirectional routes
from area or group centres to switchboards is deter-
mined on a different basis, however, as the telegrams
are lined up for onward transmission and manual
selection of circuits is not involved. The circuits are
provided on an occupied time basis to meet an
operator output of 45 telegrams hourly, the average
call duration time being 1 minute.

To meet conditions where congestionmayexception-
ally arise on individual routes outgoing from switch-
boards, the operating instructions ensure that if the
second attempt to secure connection by a forwarding
office is ineffective, then the call will be routed on an
overflow basis to a teleprinter position at the switching
centre concerned for subsequent retransmission.
Experience has shown that the amount of overflow
traffic, with the above circuit provision, is very small.

CONVERSION PROGRAMME
General.

As an ultimate npation-wide teleprinter manual
switching-network was under consideration at the
planning stage, and the prevailing war-time limita-
tions regarding the supply of equipment and avail-
ability of installation staff had to be kept in mind,



it was envisaged that the switching system should
be introduced by a succession of stages, each stage
being self-sufficient, and comprising basically the
connection of a ‘ triangle ' of area centres to the
switching network, together with circuits from other
area or zone centres working to that triangle. The
programme thus provided for ready adjustment to
meet unforeseeable contingencies, with a maximum
of flexibility in securing the earliest practicable
completion date.

The initial programmne provided for 15 separate
stages to obtain completion of the network, the
necessity for the provision and opening to service of
the six switching centres arising as follows :—

Switching Centre. Stage.
Birmingham ) 1
Leeds [ "
Manchester .. .2
Bristol .. .. 8
Glasgow .- .. 10
London .. oo 12

In addition to the requirements for the manual
switchboard installations, the conversion programme
also called for the installation of extension teleprinter
positions at the various centres connected to the
switchboards, and for the necessary provision and
rearrangement of V.F. systems to meet the revised
line network. To deal in any detail with this latter
aspect would perhaps be outside the scope of this
article, nevertheless it will be clear that careful
planning and close control were necessary to ensure

PARTIAL IBOTHWAY
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OFFICES STAGE 2 DARLINGTON
BLACKPOOL 5 Q
BRISTOL 3

GLASGOW 6
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PRESTON 4
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swor! |swee 2
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BRIGHTON
BRISTOL
CAMBRIDGE
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the fulfilment of programme dates while, at the same
time, maintaining continuity of service.

A brief review of the progress made with the con-
version programme and the results obtained follows.
It will be noted that in the event a number of stages
have been merged to accelerate the programme, and
two stages (5 and 9) deferred for later introduction.

Initial Arrangements.

Stage 1 of the conversion was based on the provision
of full switching facilities to the Derby-Leicester—
Nottingham triangle of area centres, with switchboard
installations (using Switchboards, Teleprinter No. 17)
at Birmingham and Leeds. Peterborough, for
security reasons, and exceptionally the large group
centres of Rugby and Coventry, were also connected
as fully switched offices. The remaining group centres
in the triangle continued to work to their home area
centres over point-to-point teleprinter circuits, as
illustrated in the inset to Fig. §. From this figure,
the line network for Stage 1, comprising 200 working
circuits, may be discriminated. The outlets from the
switching network providing access to the unconverted
portion of the existing network are also shown in
tabular form in Fig. §. The extension teleprinter
circuitsinstalled at these “ partially switched *’ centres
were, of course, of the same design as those provided
at the fully switched offices, as described later.

After a period of operation with dummy traffic for

the purpose of staff training, the trial network was
opened for live traffic on January 14th, 1944. Special
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number of appearances of the calling lamps, and
consequent reduction in the number of cases of
simultaneous answering by two or more operators.

With the introduction of this phase, the provision
of equipment at the Birmingham, Leeds and Man-
chester switching centres catered for the ultimate
requirements, and from a traffic viewpoint, all 24 area
centres and a number of group centres in the zones
covered by these switching centres had been provided
with full switching facilities.

The modified and enlarged network was opened for
service on June 23rd, 1946, and functioned satisfac-
torily from the outset both as regards engineering and
trafhc facilities.

Stage 10.

The fifth switching centre, Glasgow, with six posi-
tions, was installed for this stage, and opened for service
on January 5th, 1947. The switchboard at the
Bristol switching centre was also increased to 18
positions. Belfast and the area centres in the
Scottish Region were given full switching facilities,
the totality of working circuits being increased to
1,051.

The proportion of the total public telegraph traffic
being passed over the switching network at this stage

was approximately 40 per cent., or some 70,000
telegrams daily.

Completion Stages.

The London zone was the last to be added to the
switching network. Because of its magnitude (17 area
centres and 54 group centres will be given switching
facilities), the conversion was arranged to take place
in three phases, of which the first was opened on
May 11th, 1947. The remaining two phases will be
completed later in the year. During this period, the
few residual area centres outside the London zone
not yet connected to the switching network will be
added as expedient.

The number of switchboard positions installed in
the C.T.O., London, to meet the phase 1 requirements,
was 16. For the ultimate requirements 39 positions
will be required, with a multiple capacity for 240
incoming circuits and 560 outgoing circuits.

The estimated number of switching circuits in use
at the completion of the conversion programme is
1,547, with a total of 134 switchboard positions. The
proportion of the public telegraph traffic passing over
the switching network is estimated to reach 75 per
cent. of the total.

Book Review

“Elementary Telegraphy.” E. Missen, AM.LE.E.
George Newnes Ltd. 840 pp., 108 ill, 12s. 6d.

Modern developments in telegraph technique- have
necessitated a change from the traditional presentation
of the subject as adopted in existing text books.
Whereas rationalisation of the technique has led to
simplification of practice, the translation of modern
theory into a form adapted to the needs of the elementary
student has not been simplified. The author of the
present text book has set out to cover a first-year course
in Telegraphy and it can be admitted that the satis-
factory accomplishment of such an aim now has its own
peculiar and not inconsiderable difficulties.

The practical descriptions of telegraph apparatus and
equipment follow normal lines and call for no special
comment. However, in his treatment of the theoretrical
side of the subject, the author can hardly be said to have
achieved his intentions and serious apprehension is felt
that, in the hands of an elementary student, not a few
passages in the book will breed discouragement if not
bewilderment. This is mainly because the author has
condensed the theory rather by abbreviation than by
simplification and limitation of scope resulting in an
unfortunate ambiguity and lack of lucidity which is
more confusing than instructive. He has also intro-
duced in several places brief references to points quite
outside the needs of an elementary student which can
only add to his confusion. Added to this there are not
a few inaccuracies of statement in relation to theory.
Examples bearing out the foregoing points follow.

A very confusing explanation of the governing condi-
tions on teleprinter motors is given on page 50 and an
inexplicable reference to the direction of rotation of the
governor on page 61.

A diagram illustrating the magnetic circuit of a

telegraph relay on page 100 shows reluctance in series
with magnetic flux.

A treatment of filter theory in Chapter III omits any
specification of the type of section dealt with and, what
is worse, is not correct for a single section of the type
illustrated.

A reference to “skin effect” is introduced on page 147
in relation to telegraph signal frequencies.

An ill-founded explanation of teleprinter margin is
given on page 285.

Most extraordinary perhaps are two paragraphs
headed ‘“Power per Channel” and ‘ Circuit Length
Limitations” in the chapter on Voice-Frequency Tele-
graphy. In the first paragraph, a somewhat confused
account of power levels when working on the 4-wire
portion of a normal zero loss trunk telephone circuit is
closed by the following sentence—'‘The overall trans-
mission equivalent of the circuit is therefore —4+4=
zero and the overall gain 8 db.”

The — 4 and -j- 4 refer to the normal levels at the ends
of the 4-wire portion of a telephone circuit which has
zero-loss between the 2-wire ends, while the author
seems to have the impression that their algebraic sum
gives the transmission equivalent of the 4-wire portion
of the circuit.

The second paragraph purports to interrelate the
band-width of the channel filters in a multi-channel
system and the maximum permissible line propagation
time, from which is developed a theory for establishing
the maximum possible length of a voice-frequency
telegraph line. The source of such a singular fallacy is
difficult to fathom but the unfortunate effect on the
unsuspecting student can readily be appreciated.

The foregoing examples, which could be extended, are
probably sufficient to justify a feeling of considerable
doubt as to the value the book canhaveforthe elementary

" student and it is much to be regretted that the author’s

labours in describing telegraph practice must be held to
have been vitiated by his treatment of theory.
H.J.
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The Prediction of Optimum

Working Frequencies for Short
Wave Radio Circuits

U.D.C. 621-396.11 621.396.812

H. STANESBY, M..ee. and
G. H. M. GLEADLE, M.sc.(Eng), A.M.LEE.

A brief amd comparatively non-technical account is given of the reasons why, when high frequencies are used for long-distance
radio communication, the most suitable frequency depends upon the location of the terminal points and the time at which
communication is desired. The method msed for determining the optimum frequency is also described.

Introduction.

HIS account has been written in response to a

request for a simple outline of the principles

. and methods used in predicting the optimum

workmg frequencies for short wave radio circuits. It

does not pretend to be exhaustive, and a list of

references is given at the end for the benefit of those
who would like to pursue the subject further.

The Ionosphere.

With short waves, earth absorption causes the
ground wave to die away fairly rapidly as the distance
from the sender increases, and long-distance trans-
mission is possible only because of the existence of
ionised layers in the upper atmosphere. The region in
which these layers are located is known as the iono-
sphere, and short waves travel from the sender to the
receiver by one hop or a series of hops from the earth
to the ionosphere and back again. Thus, a knowledge
of the properties of the ionosphere and its effect on
radio waves is the basis of all frequency predictions.

Certain components of the radiation from the sun,
and cosmic rays, are able to split loosely-bound
electrons away from their parent molecules in the
upper atmosphere, and so cause ionisation. The free
electrons have negative charges and the molecules
from which they are derived are left with positive
charges. These two components are called negative
and positive ions, respectively.

The ionosphere is composed of two main layers of
ionisation, the E-layer at a height of about 100 km.
and the F-layer at 200 to 300 km. The stratification
of the ionosphere is probably due to differences in the
pressure of the atmosphere at various heights and in
the wavelength of radiation required to split up the
molecules of the different gases, and because the
various components of radiation are attenuated to
differing extents as they penetrate more deeply into
the earth’s atmosphere,

The rate at which the ions recombine increases with
pressure and is therefore more rapid at the lower
levels. Thus, at night, the E-layer fades away alto-
gether and the ionisation of the F-layer decreases
considerably but does not disappear entirely. This is
partly because of the slower rate of recombination of
the ions at the higher levels, and, it is thought,
because the ionisation in the F-layer is to some extent
caused by cosmic radiation which is as intense at
night as in the daytime. During the day, the F-layer
splits up into two components, the F;- and Fg-layers,
which coalesce again at or near sunset.
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Effects cf the Ionosphere on a Radio Wave.

On the passage of a radio wave through the iono-
sphere the ions are set in motion by the electric field of
the wave and become elementary currents that re-
radiate the energy absorbed from the passing wave.
The positive ions, however, have far greater mass
than the electrons and their movement is relatively
insignificant ; their effect can therefore be negl >cted.
The field re-radiated by the oscillating electrons
interferes with that of the primary wave. This changes
the direction of the wave front and tends to bend the
wave away from regions of increasing ionisation, and
finally, if the ionisation is sufficient, the wave is
reflected, or more correctly, refracted, back again to
the earth. In other words, the electrons reduce the
refractive index in the ionosphere, and, as with light
waves, the radio waves are bent away from regions of
lower refractive index. If, however, the maximum
density of ionisation is not high enough a wave of a
given frequency will not be bent sufficiently to return
it toearth and it will passright through the ionosphere.
In general, waves of frequencies greater than about
50 Mc/s are rarely reflected sufficiently by the iono-
sphere to cause them to return to earth. The highest
trequency that is reflected by a particular layer when
a wave is projected vertically upwards is called the
Vertical Incidence Critical Frequency {V.I.C.F.) of the
layer. The V.I.C.F. for the ordinary ray for F,-layer
reflection’is written f°F,.

At the lower frequencies the electrons set in oscilla-
tion by a radio wave are able to acquire larger
velocities because the intervals between the reversals
in sign of the field of the wave are longer; in other
words the inertia of the electrons is less effective.
This means that low frequencies are more easily
reflected than higher frequencies. Since the angle
through which a wave must be bent to prevent its
passing through the ionosphere is less for oblique
incidence, waves of all frequencies are more readily
reflected at oblique than at vertical incidence. For a
given density of ionisation, a higher frequency can
therefore be reflected at oblique incidence than at
vertical incidence.

The oscillating electrons not only alter the direction
of the wave front but, because they collide with gas
molecules from time to time, they do not re-radiate
all the energy abstracted from the wave, and some of
it is dissipated. In other words, the wave is attenuated
in its passage through the ionosphere. Broadly speak-
ing, this effect increases as the frequency is reduced,
because, as explained above, the electrons can then



acquire larger velocities and the kinetic energy dissi-
pated is therefore greater. However, at frequencies
below about 1,000 kcfs, the presence of the earth’s
magnetic field reduces the attenuation below the
value that it would otherwise attain ; but to discuss
the mechanism of this action would be beyond the
scope of this survey. The main part of the attenuation
of a wave occurs in the lowest layers of the ionosphere,
in the D- and E-layers, where the atmosphere is rela-
tively dense and the frequency with which collisions
occur is therefore greater.

To re-capitulate, the electrons of the ionosphere set
in oscillation by the passage of a radio wave alter the
path of the wave and also cause attenuation. The
lower frequencies are always reflected back to the
earth, whereas the higher frequencies may be reflected
only atobliqueincidence, or not at all. Theattenuation,
which occurs in the lower layers of the ionosphere,
becomes less and less as the frequency is increased.
Thus, in choosing a frequency for a particular service,
the aim is, generally speaking, to use as high a fre-
quency as possible consistent with its being reflected
back to the receiving point.

Measurement and Prediction f the Characteristics ¢/
the Ionosphere.

For the moment, attention will be confined to
waves travelling in a direction perpendicular to the
ionosphere, i.e., to cases of normal, or vertical
incidence. In the daytime, the lower frequencies are
reflected by the E-layer, but as the frequency is
increased the waves penetrate more and more deeply
into the layer until a frequency is reached that pene-
trates as far as the level of maximum ionisation.
This frequency is the highest that will be reflected by
the layer at vertical incidence—the Vertical Incidence
Critical Frequency of the layer. Slightly higher fre-
quencies than this will pass right through the E-layer
and goon until they meet the denser F,-layerwhere they
will be reflected back to earth, passing through the
E-layer a second time. Still higher frequencies will
‘be reflected only by the Fy-layer. Finally, frequencies
higher than the V.I.C.F. of the F,-layer will pass right
through the ionosphere and will not, therefore, be
returned to earth. At night-time, however, the ions
of the E-layer recombine and the layer disappears,
only a single F-layer remains, and the picture
becomes much simpler.

Ionospheric laboratories, such as the Interservices
Radio Propagation Laboratory (I.R.P.L.), have been
set up in various parts of the world and regular
measurements are made from which, among other
quantities, the virtual heightstand the V.I.C.F.’s of the
various layers are deduced. It is also possible to
determine the highest frequencies that will be re-
flected by the various layers at other angles of
incidence ; or, in other words to determine the
** Maximum Usable Frequency "’ (M.U.F.) for various
distances between the sender and receiver. An

1 The virtual height of a layer iz that obtained by measusing the time taken
for & pulse to tiavel vertically from the earth to the ionosphere and back
again, and multiplying this time by the velocity of electcomagnetic waves in
vacuo. The actual velocity of propagation of a signal (group velocity) can be
much smmaller in tbe ionosphere than it would be in vacuo hence the highest
hpo.inht actually reached by the wave may be considerably less than the virtual

eight.

example of the results of virtual height and critical
measurements is shown in Fig. 1.

It has been established that the densities and virtual
heights of the ionospheric layers undergo fairly
regular variations throughout the day, the year, and
the sunspot cycle, and this makes it possible to predict
the average characteristics with reasonable accuracy.
Predictions for several months ahead are prepared
and issued by various organisations. Certain of the
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predictions are specially prepared to facilitate the
forecasting of the optimumn propagation frequencies
for radio circuits. One form in which the data is
presented is that of a series of world contour charts
showing the monthly average V.I.C.F.’s at various
latitudes and local times, it being assumed that for a
given local time the data is substantially independent
of longitude. An example of such a chart is shown
in Fig. 2. Additional predicted data is needed to
convert the V.I.C.F.'s into M.U.F.’s for oblique
incidence, and in one method this takes the form of a
series of ‘“ M.U.F. factors’ that are tabulated for
various transmission distances and local times at the
point of reflection. The M.U.F. is then obtained by
multiplying together the appropriate V.I.C.F. and
M.UF. factor. Another method of presenting data
for the forecasting of optimum frequencies is illus-
trated in Fig. 3 where the average monthly M.U.F.’s
for a given latitude are shown for various trans-
mission distances and local times at the point of
reflection.
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In practice, of course, the actual M.U.F. at any
time is likely to differ slightly from the average pre-
dicted value due to statistical variations, but when
auroral disturbances and certain other phenomena

reflect higher frequencies than the other layers, and
since ionospheric absorption is lower the higher the
frequency, it is generally more profitable to select a
frequency that leads to transmission by means of
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occur the divergencies may be considerable. Unfor-
tunately the incidence of such disturbances cannot at
present be predicted with any certainty.

Usually, for a given path, the F,Fylayer? will
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theory, but there is insufficient data available at present to
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F,Fy-layer reflections. For this mode of transmission
the longest hop is generally of the arder of 3,000 to
3,500 km.

Example «f Frequency Prediction.

The basic technique of frequency prediction may
be illustrated by considering an example, confining
attention to a particular month of the year and epoch
of the sunspot cycle. The successive steps in making a
prediction will be discussed briefly and then applied
to a particular case. The first step is to determine the
distance between the two stations. If the requisite
map is available, this can be done conveniently by
scaling from a Zenithal Azimuthal Graticule centred
on a point near to one of the stations. Such a map
gives true distances and directions from the reference
%J'mt, and an example, based on London, is given in

ig. 4. The path between the two stations is then
divided into the smallest practicable number of hops,
bearing in mind that the longest hop via the F-layer is
of the order of 3,000 km to 3,600 km. The reflection
points in the ionosphere are then located at the cen-
tres of the various hops. Contour charts similar to
that of Fig. 2 are used in conjunction with M.U.F.
factors, or M.U.F. charts similar to that shown in
Fig. 3, are employed to determine how the M.U.F. for
each hop varies throughout the 24 hours. The
M.U.F.’s for the various hops are then plotted against
G.M.T. At any time the M.U.F. for the whole path is
the lowest of the M.U.F.’s for the various hops. If
data is required for a whole year it is usually sufficient
to consider the winter, summer and an equinox.

An example of the use of these methods is illustrated
below, for a radio circuit to the United States,
September, 1946, The path is shown in Fig. 4.
The length of the path is 5,280 km. and it will be
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considered as a two-hop path. The reflection points
in the ionosphere are located at 53°N, 22°W and 47°N
59°W, and, referring all local times to G.M.T., 1}
hours must be added to local mean time (L.M.T.) for
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the first reflection point to obtain the
corresponding G.M.T., and four hours
for the second reflection point. The
average September M.U.F.’s for each
of the two hops, and for the whole
path, are shown plotted against G.M.T.
in Fig. 5. The M.UF.’s obtained in
this way are average or median values.
The actual M.U.F. will vary somewhat
about this value and at any time it is
as likely to be above the average value
as below. Thus, if the average M.U.F.
were used, then at those times when the
actual M.U.F. was below the average,
the wave would not be reflected back
from the ionosphere. To overcome this
it is desirable to adopt as an upper limit
a frequency that is likely to be below
the actual M.U.F. for at least 95 per cent.
of the time. On the other hand, too
drastic a reduction of frequency may
cause a considerable increase in the
ionospheric absorption. From con-
siderations such as these it is usual to
adopt an upper frequency limit that is
some 10 to 15 per cent. below the predicted M.U.F.

In practice, of course, the working frequencyis not
varied continuously to follow the M.U.F., but a few
fixed frequencies are used to cover the 24-hour period.
Thus, in the example considered, 10 Mc/s might be
used between about 0009 and 1100, 15 Mc/s between
1100 and 1300, 20 Mc/s, from 1300 to 2100, and then
15 Mc/s again from 2100 to 2400 G.M.T.

Conclusion.

Although the prediction of optimum working
frequencies has now reached a high degree of relia-
bility, it must be remembered that it is based on the
assumption of average conditions and it is not possible
to give firm predictions that allow for such pheno-
mena as ionospheric storms.

In such a short review as this, it is unfortunately
impossible to describe a host of interesting pheno-
mena associated with the ionosphere and with radio
propagation, e.g., little mention has been made of
the effect of the earth’s magnetic field, or of the
methods used for assessing the amount of absorption
of the wave in the ionosphere. However, if it is
desired to pursue the subject further, the references
listed below might be studied with advantage.

1 Analysis cf the Ionosphere, Karl K. Darrow, Bell Telephone
System Monograph, B-1241.

8 The Application cf Ionospheric Data to Radio Communi-
cation Problems, E. V. Appleton and W. J. G. Beynon,
Proc. Phys. Soc., Lond., 1940, 62, 618.

3 Radio Engineers’ Handbook, F. E. Terman, McGraw-Hill
Book Co., Inc.

4 Radio Pyopagation Handbook, Part I, Interservice Radio
Propagation Laboratory, National Bureau of Standards,
‘Washington, D.C.




Tension Limiting Gear for a Power-

L. L. HALL, A..eE, ALR.E, and

Driven Winch D. E. WATT-CARTER, Am.EE.

U.D.C. 621.863.5 : 621.396.67

The design and factory testing of a device for limiting the tension in large aerial halyards during bad weather is described.

It is fitted in each power-driven winch and consists of a band brake with fixed trailing and flexibly loaded leading ends.

Operation is substantially independent of the coefficieat of l:’riction ar(;g speed of operation, and it can absorb high power for
short periods.

Working Requirements.

OR supporting a large aerial which had to be
Ferected as expeditiously as possible during the

war, some 600 ft. towers, which had been
designed for a different system, were utilised. If the
aerial had been rigidly anchored, the loading to which
the towers could have been subjected under storm
conditions would have been excessive, so the power-
driven winches used for raising, holding and lowering
the aerial had to be fitted with devices for limiting the
halyard tension to 40,000 Ib. With the aerial raised
to the full height the halyard tension during calm
weather is 20,000 1b., but this tension is considerably
increased by wind pressure. It was assumed that
during the worst storm which might occur at the site
concerned the mean wind speed would be 70 m.p.h.
but that due to superimposed gusts the wind velocity
might, on occasions, rise abruptly to 110 m.p.h. at
which value it might be sustained for several seconds.
The winches were required to hold the aerial in winds
of 70 m.p.h. (at which value the halyard tension
would be 33,000 1b.) but when the wind velocity
exceeded that figure, to pay out the halyards fast
enough to limit the tension to 40,000 Ib, and ulti-
mately to bring the aerial to rest. The behaviour of
the aerial under these storm conditions was investi-
gated by experiments on a model, and the resulting
halyard conditions which the winches had to meet are
given below,

Maximum halyard tension . 40,000 1b.
b " velocity . 215 ft. per sec.
. ,»  acceleration .. 12 ft./sec./sec.

,»  power to be absorbed .. 1,290 h.p.

Total energy to be absorbed . 3,780,000 ft. Ib.
Total halyard pay-out . 115 ft.
Duration of movement . 12 seconds.

From the foregoing it is seen that the tension
limiting gear had to be capable of operating quickly
and absorbing a very large power. Further require-
ments were that the performance of the gear should
not be influenced by long periods of inaction and
exposure to the weather.

General Considerations.

Hydraulic, electrical and frictional methods of
meeting the working requirements were considered.
The first was rejected because of the instantaneous
power to be dealt with and the variation of perfor-
mance with temperature ; the second because of the
continuous expenditure of power under static condi-
tions and the possibility of a power failure at a crucial
moment—e.g. during a violent thunderstorm (the
radio station is served by a single long overhead
power line) but by the third method all requirements
could be met.
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It was therefore decided to examine the design of
some form of friction brake or drive which would
preserve a stable torque of predetermined value
under slipping conditions. Experience had revealed
the dangers inherent in the radially loaded shoe type
of brake due to the difference between the coefficients
of static and dynamic friction and the variation in the
coefficient of dynamic friction with relative speed of
the sliding surfaces. The latter point was exemplified
by the experiments of Westinghouse and Galton on
railway braking systems in which coefficients of
friction obtainable with cast iron blocks on steel rims
varied from 0-4 at low speed to 0-062 at 60 m.p.h. or
with steel blocks on steel nms from 0-14 to 0-04.

The only type of friction brake which can be mad:
substantially independent of the coefficient of friction
is the flexible band brake, but only when loaded to
a constant amount at the leading end. The general
theory of this type of brake is well known, viz. that if
the load applied to the leading end is F, and the co-
efficient of fraction is g, then the band tension F, at
%ny %ngle 66 radians from the leading end is given by

2= e

For any given value of F,, F,; can be reduced to a
very small value by making the product 6 sufficiently
lar%g, and so the braking torque, which is proportional
to F;—F,, can be made substantially constant. In
the case under consideration with a leading end
tension of 35,000 lb., the maximum value to which it
was thought advisable to allow the trailing end
tension to rise, to attain satisfactory stability of
braking effort, was 2,000 lbs. Thus the minimum
value of e+? was 35,000/2,000 from which ;.6 = 2-83.
(It should be mentioned that with these values of
brake band tension and zero acceleration, a halyard
load of 33,000 1b. results, the difference between this
and the limit of 40,000 Ib. being allowed for acceler-
ating the moving part of the winch.) The coefficient of
friction obtainable between metal surfaces, as indicated
above, is low and a very large angle of contact,
involving several turns of the band round the brake
drum, would have been required to reduce the trailing
end tension to small values. However, standard brake
fabrics working on steel give coefficients of friction
upwards of 0-4 and accordingly an angle of contact of
7 radians would have sufficed for the above-mentioned
degree of torque stability. By bifurcating the band as
shown in Fig. 1 an angle of contact of about 11
radians can be conveniently obtained allowing a very
stable braking effort to be obtained especially as a
fabric lined brake band can be accurately bedded
down by a running-in process.

A further important design consideration was the
absorption of the fairly large power developed which
would result in a rise in temperature of the brake
drum and the working surface of the fabric. It was









accident while the brake was partially unloaded,
provision should be made for the immediate re-
application of full braking torque. This was accomp-
lished by incorporating a cam operated tripping gear
in the unloading mechanism so that by depression of
a pedal any unloading thrust could be released. The
sudden recoil of a piece of mechanism which, prior to
release, might have been applying a thrust of several
hundred pounds necessitated the provision of a stout
shock absorber. A hydraulic thrustor was originally
considered for the unloading gear but was rejected
because suitable standard components were not
available.

Some reliable means of indicating hath the halyard
tension and the available braking effort was regarded
as indispensable for safe operation of the winch
especially during aerial lowering. As far as the
halyard is concerned the indication must be given for
all halyard positions with the halyard either in motion
or at rest and must not interfere with normal opera-
tions. To measure the braking effort accurately it is
necessary to measure both leading and trailing end
tensions, but as the latter is always small compared
with the former it was considered sufficient to
measure the leading end tension only. The instrument
employed for tension measurement is a proprietary
article made by Statimeters Ltd. and consists of a
hollow rubber ring held between specially shaped
steel compression plates, and connected by small bore
copper tubing to a pressure gauge. The whole is
filled with a mixture of glycerine and water. For the
measurement of the brake band tension, the stati-
meter was mounted at the leading end and was
calibrated to read the band tension directly. For
measurement of the halyard tension, the meter was
inserted in series with a pulley wheel which deflected
the halyard through a known angle, and was specially
calibrated to read the halyard tension directly. A
continuous reading of the halyard tension was thus
obtained with the halyard either at rest or in motion.

It will be recalled that the brake plays no part in
the limitation of halyard tension during winding in.
Accordingly an adjustable electrical contact was
incorporated in the halyard tension meter, so that

when the gauge needle reaches this contact the
circuit breaker feeding the electric motor is tripped.
Since the gear ratio between the motor and winch
cable drum is 373 : 1, the cable drum stops practically
instantaneously on tripping of the circuit breaker.

Acceptance Tests and Performance in Service.

The winches were tested in pairs at the manu-
facturers’ works prior to despatch to site. They
were arranged for a back-to-back test so that the
driving unit of one was tested against the braking
unit of the other. The braking action in every case
exhibited a gratifying smoothness and absence of
stiction, but was nevertheless subject to a cyclic
variation of about 1,000 lb., which in view of the
accuracy with which the drums were mounted could
be attributed only to inequalities in the brake drum
surfaces.

The drive units and ratchet proved satisfactory,
the latter being tested by impulsive loading.

Since the installation of the winches on site, the
weather has never been sufficiently severe to cause the
tension limiting gear to function, and owing to the
war service of the aerial, no opportunity has occurred
to test the brake as far as is practicable. It is
unfortunately impossible to simulate the loading
conditions imposed by storms. Minor defects have
come to light, notably a cyclic variation in the
leading end tension of one brake band of 2,500 lb.
This was found to be due to buckling of the springs
which caused them to foul the main tensioning rod,
and thereby impose a variable spring load. It is
extremely difficult to ensure even tempering of a
number of large springs, but pairs can generally be
matched so that tendencies to buckle can be can-
celled. This was effected in the case mentioned and
resulted in considerable improvement in the stability
of braking torque.

Apart from these minor defects, the winches have
operated satisfactorily and no doubt is felt as to the
correct functioning of the tension limiting gear should
the weather conditions for which they have been
designed ever be experienced.

Book Review

‘‘Philips Resistance Welding Handbook''—Philips In-
dustrial (Philips Lamps Ltd.) 210 pp., 182 ill
10s. 6d.

This is a first edition of a' book compiled with the
assistance of many experts to meet the needs of those
whose interest lies in the practical application of resis-
tance welding to aid production. It is not over-
burdened with theory, but a knowledge of the funda-
mentals of electrical engineering including electronics is
essential to obtain maximum value from the book. It
is also assumed that the reader has had practical ex-
perience in general engineering in order to appreciate
the advantages of resistance welding methods as applied
to production and so to avoid pitfalls in trying to use
the process in those cases where the design is not suitable
and cannot be made suitable.

The book is a very valuable addition to literature on
welding and incorporates the results of war-time
experience and development when resistance welding

was used to a very considerable extent, particularly in
the fabrication of light steel metal parts, and flash
welding was used to an extent not thought of priorto 1939.

The first three chapters are mainly descriptive and
deal with spot, protection, seam, flash and butt welders.
Further chapters are devotcd to the use of these
machines for various processes, and particulars of those
processes, etc., are included. The examples of actual
production jobs and the practical information on speeds
of welding and electrical loads are of considerable value.
There are separate chapters dealing with spot welding
properties of rust-pronfed mild steel, the spot welding of
light alloys and the metallurgy of resistance welding.
There are also chapters dealing specifically with timing
devices and with electronic control of the welding process.

The book is exceedingly well produced and the many
photographs and line drawings enhance its value to the
general reader who is, perhaps, not intimately connected
with the production aspects but who, nevertheless,
wishes to keep up to date on modern production methods.

W.T.G.
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Notes and Comments

Roll of Honour

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

Department :—

Brighton Telephone Area Paish, R. W. Draughtsman, Class IT Lieut. Pioneer Corps
London Telecoms. Region .. McKay, J. B. Unestablished Skilled Workman Flight Sergeant, R.A.F.
Norwich Telephone Area .. Pettit, K. C. Skilled Workman, Class IT (A).. Flight Sergeant, R.A.F.

Recent Awards

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

Bournemouth Telephone Area Ward, C. V. Engineer Captain, Royal Mentioned in
Signals Despatches
Bradford Telephone Area .. Joseph, S. S. Skilled Workman, Corporal, Royal Mentioned in
Class II Signals Despatches
Bristol Telephone Area Steadman, G. R. Skilled Workman, Corporal, Royal Mentioned in
Class II Signals Despatches
Engineering Department Forster, A. E. T.  Inspector Captain, R.E.M.E. Mentioned in
Despatches
Engineering Department .. Mitchell, A. Inspector Major, Royal Signals Mentioned in
Despatches
Engineering Department Organ, E. C. H... Assistant Lieut. Colonel, Officer of the
Engineer Royal Signals Order of the
British ~ Empire
Gloucester Telephone Area.. Keeble, T. A. Engineer Major, Royal American Bronze
Signals Star
London Postal Region Bush, A... Skilled Workman, Chlef ERA., R.N. British Empire
Class I Medal
London Postal Region Milford, A. ]J. Skilled Workman, Chief E.R.A., R.N. British Empire
Class I Medal
London Telecoms. Region .. Dedmen, F. F. .. Skilled Workman, L/Corporal, Royal Mentioned in
Class II Signals Despatches
London Telecoms. Region .. Head, W. H. Skilled Workman, Signalman, Royal = Mentioned in
Class II Signals Despatches
Manchester Telephone Area Childe, P. F. Assistant Corporal, Royal Mentioned in
Engineer Signals Despatches
Manchester Telephone Area Smith, G. Skilled Workman, Sergeant, Royal Mentioned in
Class II Signals Despatches
Manchester Telephone Area Wearn, R. G. O. Engineer Major, Royal American Bronze
Signals - « Star
Portsmouth Telephone Area Evans, J. W. G. Skilled Workman, Sergeant, Royal British Empire
Class II Signals Medal
Preston Telephone Area Pemberton, S. H. Unestablished Signalman, Royal = Mentioned in
Skilled Workman  Signals Despatches
Preston Telephone Area Topping, J. H. .. Skilled Workman, Sergeant, Royal Mentioned in
Class II Signals Despatches
Swansea Telephone Area .. De Jong, N. C. C. Area Engineer. .. Major, General List American Bronze
Star
York Telephone Area Cook, F. Technician Wt. Offr., Class II, Mentioned in
Royal Signals Despatches

Ten Year Index

The publication of the second 10-year index,
covering Volumes 29-38 of this Journal, was due in
1946 but was unavoidably postponed due to paper
shortage and printing difficulties. These have how
been overcome and copies of the index are being
distributed free to subscribers with this issue of the
Journal. Additional copies may be obtained from the
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Managing Editor, the publishers or any Journal agent,
price 6d. per copy.

Signals Reunion

We are advised that it is proposed to hold, in
London, a reunion of former members of the Line of
Communications Signals, Supplementary Reserve. All
who wish to attend should communicate with Lt-Col.
W. A. Peachell, O.B.E., No. 1. A.A. Mixed Signal
Regiment, W6 Camp, Derwent Crescent, London,
W.20.



institution’s Library

Recent additions to the Library include the following :

706

1706

1716

1717

1718

1719

1727

1728

1732

1733

The Electron Microscope.
(American 19486).

An introduction to its fundamental principles
and applications. The book aims at presenting the
physical principles upon which the operation of
the electron microscope is based without any
assumptions in regard te the technical knowledge
of the reader. The subjects covered include vision,
light, light microscopes, wave motion and media,
light waves and the microscope, electromagnetic
theory of light, the electron, electron emission,
dual theory of light and of the electron, motion of
electrons in electrical and magnetic fields, magnetic
and electrostatic focussing {electron optics) electro-
static electron microscope, uses and applications
of the electron microscope.

Intermediate Chemistry: Lowry and Cavell (British
1945).

A complete textbook of chemistry for Inter-
mediate and Higher School Certificate Examina-
tions.

Piezoelectricity. Cady (American 1946).

An introduction to the theory and applications
ofelectrochemical phenomena in crystals—an excel-
lent and comprehensive treatise.
Newnes Engineers Refevence Book.
(British 1948).

An up-to-date and authoritative work of refer-
ence on all branches of mechanical engineering,
free from overlapping, complete and exhaustive.
Technical Drawing for Tyade Students. Forbes
(British 19486).

Sound introduction to the essentials of technical
drawing. Deals with basic principles and should
speedily initiate the student into the rudiments
of most branches of technical drawing.
Fluovescent Lighting Manual. Amick (American
1942).

A book for all interested in the subject. Funda-
mental background knowledge and practical instal-
lation design and servicing information presented
in simple language.

Functions of a Complex Variable. Phillips (British
1940).

Deals with the complex variable theory and its
applications so far as is commonly required for a
university honours course. Its aim is to give a
clear and concise account of the fundamental ideas
and theorems. The chapters on conformal repre-
sentation should be found especially useful to
students of applied mathematics.

Worked Examples in Electrotechnology.
(British 1944).

Primary purpose is to supplement the reading
of students preparing for the Preliminary and
Intermediate Grade examinations of the City and
Guilds of London Institute in Electrical Engineer-
ing practice. Part I of the AM.L.E E. examination
and the Ordinary National Certificate in Electrical
Engineering.

Texthook cf Heat. Noakes (British 1945).

Range and standard expected of candidates for
Higher School Certificate and University Scholar-
ship Examinations.

Mathematics for Technical Students, Part
Geary, Lowry, and Hayden (British 1939).

Burton and Kohl

Ed. Camm

Pratt

1I.

1736

1736

1737

1738

1738

1740

Designed to cover the second year of a three
years’ National Certificate Course. Sufficient solid
geometry has been introduced to enable the student
to solve trigonometrical problems in three dimen-
sions and harder problems in mensuration.

Personnel Management. Northcott (British 1945).

The importance of the human factor is stressed
throughout this recent book on the principles and
practices of personne] management, and aims to
justify by the combination of theory and practice
the acceptance of its value not only in increasing
efficiency but in a better understanding of the
principles of human association. The author, with
long years of experience in the shapingofindustrial
relations, makes a useful contribution on the
subjects of organisation, functions and methods in
the management of a personnel department, the
supply and placement of employment, selection and
training, wages, education, incentives in industry,
psychology of work and of the working group,
joint consultation and training for personnel
management.

Electromagnetic Waves. White (British 1946).
Specially useful to university students and to
those engaged on research work connected with
the investigation of the upper atmosphere by
wireless methods. Deals with the electromagnetic
equations—Maxwell’s equations, theory of Lorentz,
applications of the dispersion theory, propagation
in a dispersive medium with an applied magnetic
field—wireless waves in the earth’s atmosphere.

Mathematical Theory cf Elasticity. Sokolnikoff
(American 1948).

Deals with a study of the behaviour of those
substances which pessess the property of recovering
their size and shape when the forces producing
deformations are removed, the prime concem of
the mathematical theory of elasticity being to
reduce to calculations the stresses and strains in
an elastic body subjected to the action of a
system of prescribed external forces. There are
chapters on the analysis of strain, stress and
stress-strain relations, and on extension, torsion
and flexure of homogeneous beams.

Autemobile Electrical Maintenance. Judge (British
1943).

A practical handbook for all car owners and
service and maintenance engineers. The subject of
electrical faults and their remedies is given
prominence throughout and the fault-finding tables
included enable a quick diagnosis to be carried out,

Elementary Telegraphy. Missen (British 1948).

Suitable for Grade I Telegraphy Syllabus of
City and Guilds. Deals with the principles of the
start-stop telegraph system, telegraph relays,
elementary line telegraph transmission, voice
frequency telegraphy, telegraph circuits and
instrument room equipment, signal distortion,
testing and measuring apparatus and telegraph
power supplies.

Principles of Elestrical Engineering. Wall (British
1947).

A generally comprehensive account of the basic
principles of the science, emphasis being placed on
the identity of the principles relating to both
heavy-current and light-current engineering prac-
tice. Among the subjects dealt with are funda-
mental units : structure of the atom—conductors
and insulators-—electric current and resistance ;
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Coulomb’s Law—fields of electric foroe--potential ;
capacitance—dielectric constant—energy of the
electric field ; current distributors and networks
—Wheatstone bridge; thermo-electricity—piezo
electricity ; electromagnetism; A.C. and A.C.
power ; oscillating systems ; non-sinusoidal wave-
forms—harmonic analysis—effect of waveform on
electrical mcasurements ; penetration of alternating
magnetic flux and A.C. (shin effect) ; propagation
of electric energy along transmission lines and
cables; propagation of electromagnetic waves
through space. Attention is given to simplification
in methods of solution of a wide range of technical
problems. New developments in application,
testing and materials are taken into account.
Generally, the book will be found very useful to

students studying for B.Sc.(Eng.) or AM.LLE.E.
Exams.

Elementary Wave Mechanics.
1945),

A simple introduction to wave mechanics that
can be understood by any physicist and chemist
who commands an elementary knowledge of
calculus and classical physics. It gives a good
general account of wave mechanics and the
Schrodinger equation with applications chiefly to
atomic physics and spectroscopy. To illustrate
the usefulness of wave mechanics for chemical
problems there are two chapters on the theory of
chemical bond and the quantum theory of valency.

The Diffraction ¢f X-Rays and Electrons by Free
Molecules. Pirenne (British 1946). .

Intended primarily to give an account of the
theoretical basis of the study of X-ray diffraction
by gases and of the information it has yielded
about the structure of atoms and molecules. The
scattering of X-rays by atomsin crystals is discussed
in relation to the scattering by free atoms, and the
chapter on intermolecular interferences in gases is
completed by a consideration of the diffraction of
X-rays by liquids. The chief aim has been to give
fundamentalideas and experimental results, special
attention being paid to the hypotheses and prin-
ciples underlying theories, as well as to limits of
validity. Mathematical formulz and numerical
data of importance have been included, but
extensive mathematical developments of the
theories have generally been omitted. A useful
book for those doing experimental research in the
field of molecular physics.

Pulsed Linear Networks. Frank (American 1945).
The purpose of this book has been to analyse
electrical transients in mathematical terms that
are familiar to most engineers, and is done by the
exclusive use of the classical method which employs
conventional differential equations only. The book
deals with fundamentals with little emphasis upon
practical applications. The following aspects are
covercd—differential equations and hyperbolic
functions—series networks and series-parallel net-

Heitler (British,

works containing resistance capacitance and
inductance.

The Organisation cf Electricity Supply in Great
Britain. Ballin. (British 1946).

A full account of growth and problems of the
industry.
Advanced Calculus. Stewart (British 1946).

The scope of this book is wide and includes
chapters on partial differentiation, multiple integ-
rals, functions of a complex variable, convergency,
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Bernoulli and gamma functions, vectors and
tensors. The treatment of the processes considered
is rigorous and amply illustrated by cases likely
to occur in applications. A useful work for
students in Honours Mathematics before specialisa-
tion in some particular branch, and much of the
contents is suitable for students in General Honours
or in Honours Physics. The subject matter of a
first course in calculus is included and special
features are the worked examples (with solutions)
at the end of each chapter.

The Commutator Motor. Teago (British 1946).

The author lays emphasis on the principle of
epergy transference which crystallises out the funda-
mental truths underlying the action of the induc-
tion motor in all its known forms. A detailed
mathematical treatment is not aimed at. Know-
ledge of the general ideas embodied in the circle
diagram of the ordinary induction motor is
assumed. The book covers the speed control and
power factor ideas, rotating magnetic fields, power
factor correction (compensating commutator), the
mechanism of energy transference and variable
speed operation, energy transference and power
factor correction (Schrage mechanism), combined
speed and power factor control (Schrage
mechanism), cascade operation and generator and
slip power operation.

Ultra High Frequency Technigues. Brainerd, etc.
(American 1942).

Concerned with bases of u.h.f. techniques rather
than with techniques themselves. The general
level is that of senior students in electrical engi-
neering and physics. Sufficient theoretical back-
ground is given for the various topics to make the
presentations convincing and to give the student
an appreciation of at least some of the possibilities
which -each topic offers, the difficulties which may
be encountered, and the actual or potential
applications. Although a reasonable mathematical
background is presented, particularly in those fields
such as radiation and hollow wave guides, never-
theless most of the text can be read by a person
seeking specific information without involvement
in the more detailed developments of the theory.
Covers linear circuit analysis; fundamentals of
tubes; power supplies; amplification; trigger
circuits (gates), pulse sharpening circuits and
oscillators; cathode ray tubes and circuits ;
modulation ; demodulation (detection); radio
receivers ; transmitters; u.h.f. generators; trans-
mission lines ; radiation; propagation; hollow
wave guides.

A First Course in Mathematics. Baker (American
1942).

Proceeds by easy stages with a greater degree
of emphasis upon vector ideas than is customary in
an elementary textbook. The treatment includes
trigonometric functions and vectors; numerical
computation—radian measure; solution of right
triangles ; rotating vectors ; language of algebra ;
linear function; simultaneous linear equations ;
theory of exponents; logarithms; analytical
trigonometry ; oblique triangles ; quadratic func-
tion; complex numbers; algebraic and trigono-
metric equations ; progressions ; analytic geometry
—the straight line ; the conics; transformation of
co-ordinates ; polar co-ordinates—plane curves ;
three-dimensional geometry ; derivatives and
integrals ; permutations and combinations.

L. A. CARTER,
Librarian.





















the British Isles. Out of these statistics, however,
emerge happenings which may be peculiar to areas
adjacent to hundreds of miles of seaboard such as
South and West Wales. Following the damage to line
plant after the abnormal snow and icing conditions came
severe gales bringing with them brine from the sea which
coated everything within reach for many miles inland.
Windows and cars were soon coated with wet brine
which was extremely difficult to remove. Next came the
inevitable low insulation faults, and dialling over circuits
of more than a few miles in length was next to impossible.
Insulators, spindles, arms and poles were coated with
thissaline solution, and excepting washing the insulators,
a change in wind direction and heavy rain was all that
could be hoped for to restore normal service. Linemen
were presented with an impossible task to clear all the
faults, because normal insulation resistance which in
this area during the winter months is between 800,000
and 900,0000 per mile quickly dropped to 3,000Q during
the storm.

By paying particular attention to D.P.’s, cross-arm
poles and other strategic points, U.A.X. junction units
to parent exchanges were kept working on a skeleton
basis, the insulation resistance being raised enough to
permit dialling over them. The high winds were also
responsible for the failure of many sleeve joints on
overhead wires, and it is the considered opinion of the
staff in the West Wales area, where gales of over
60 m.p.h. occur at least six times a year, that even 70-1b.
wires are not heavy enough to stand the continual
vibration set up by the wind, particularly where spans
of necessity exceed regulation length.

The lessons learned from the storm are many, and
although conditions may not obtain for many years
when a technician has to hire a fishing boat in order to
reach a U.A.X. to change over and charge the batteries,
because roads are impassable, it is obvious that rubber-
tyred vehicles are useless in deep snow.

All our transport was immobilised, and the possibility
of resort to tractors, ‘‘ Ducks ”’ and half-track vehicles
gives us and our transport officers much room for thought.

A pool of such vehicles may be considered because
even chains on rubber tyres were next to useless, and
it would seem that heavy lorries capable of being
readily converted to half-track caterpillar traction would
be one solution of the problem. C G W

OUTLET TESTING IN AUTOMATIC EXCHANGES

During the early life of an exchange, outlet testing as
a routine is not justified, but as wiring becomes old, dry
joints and disconnections are liable to develop, and a
relatively small number can cause a considerable
deterioration of service.

Outlet testing, carried out by a test lamp, in the
manner indicated in the Engineering Instructions, is a
long and tedious process and to give some measure of
relief a suitable circuit requiring a minimum of apparatus
has been developed in the Regional Office and made up
asa simple test box. The test box is used in conjunction
with a spare selector which is jacked into the shelf
position at the end of the bank multiple and to the
wipers, and magnets of this selector leads from the
test box are clipped. Continuity of the bank and grading
is confirmed by lamps in the box, when associated keys
are operated. The selector wipers are positioned in the
bank by dialling, and progressive stepping can be
obtained by dialling the * digit 1"’ after each outlet has
been tested. An indication is also given of engaged
conditions.

It would be possible to evolve a more elaborate tester
but this is a matter for consideration at Headquarters.
The simple test box described has, however, proved its
usefulness by field trial and is well worth constructing
for use until a standard item becomes available.

S.E.N.
H. L.

Junior Section Notes

Aberdeen Centre

The annual general meeting of the above centre was
held on April 10th. Before the appointment of office
bearers for the forthcoming year a very interesting and
instructive paper on cable distribution was read by
Mr. A. Birss. The following office bearers were elected :

Chairman : W. ]J. Cowie.

Vice-Chairman : T. I. Miller.

Secretary : C. L. Bannerman.

Librarian : J. Still.

The committee members were elected, Abcrdeen 4,
Inverness 2, Peterhead 1, Elgin 1, and Kirkwall 1.

The membership of the centre has now reached 165,
so a better attendance at the meetings is hoped for
next session. C.L.B.

Brighton Centre

The 1946/7 session opened with a visit to the Post
Office Tube Railway at Mount Pleasant, which was
greatly enjoyed by all the members attending.

The winter programme consisted of a series of excellent
paperscovering a wide field of interest, which were greatly
appreciated by our members.

The papers presented were as follows :

October 2nd, 1946. ‘‘Planning of Urban Electric
Supply Networks.”” Mr. L. J. Simmons, AM.LLEE,,
AM.II.A, Brighton Corporation Electricity Under-
taking.

November 6th, 1946. ‘“Principles of Railway

Electrical Signalling.”
Railway Signals Dept.
December 4th, 1946. ‘‘Application of Auto-Tele-
phone Apparatus, Outside the Field of Telecom-
munications.” Mr. H. M. Wells, AM.ILE.E., Home

Counties Region. With slides and working models.

January 8th, 1947. ““Operation Pluto.” The Design
and Manufacture of H.A.I.S. Cable. Mr. Shaw,
Siemens Bros., Ltd. With slides and films.

February 6th, 1947. “Reminiscences of Telecom-
munications Work by the Royal Corps of Signals in
the Middle East.” Mr. H. M. Wells, AMIL.EE,,
Home Counties Region. With film and phatographs.

. March 5th, 1947. “The Teleprinter No. 3.” Mr. R. F.

J. Beddis. Brighton Branch. With colour film and

slides.

The annual general meeting was held on April 5th,
1947, at which great appreciation was shown for the
above programme. It is hoped that more offers of papers
will be forthcoming for the next session from local
members.

On the election of officers Mr. K. W. Chandler was
elected chairman for the third successive year, togcther
with : Mr. F. G. Anderson, Vice-Chairman ; Mr. R. F. ]J.
Beddis, Secretary ; Mr. G. J. Pearce, Treasurer.

We hope that support for the branch will be as large
and active as in previous years.

Inspector Pantlin, Southern

R.F. ].B.
Doncaster Centre

A successful and well-attended winter session ended
on March 10th, when the annual general meeting was
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held. The following officers were elected for the next
session :
Chairman : J. Rhodes.
Secretary and Librarian : A, E. Davis,
Visits’ Secretary : J. D. Hill.
Committee : J. D. Hill, J. Lawson, ]J. L. Ousby,
F. Hinchcliffe.

At the conclusion of this business a '‘five-minute
paper”’ competition was held, in which Messrs. Taylor
(Joe), Hill, Hinchcliffe, Ousby and Smith took part.
The papers covered a wide field and the standard of all
of them was so high that five votes were taken before
the prizes were awarded as follows : Ist, F. Hinchcliffe :
U.G. Cables ; 2nd, J. D. Hill: Loading of Cables.

Full advantage will be taken of the free Saturdays
in planning the summer visits programme, which so far
includes trips to the B.B.C. at Moorside Edge and
Manchester, and the English Steel Corporation at
Sheffield. A.E.D.

London Centre

Since the last note on this Centre’s activities, two
papers have been read by Junior Section members.

* Radar ’* by D. O'R. Macnamara, a paper with a
naval flavour presented in a naval fashion—comprehen-
sive and easily understood. This paper had been read
at several area meetings previously, being very popular
and well received.

** 12 Channel Carrier System No. 7' by J. Gregory,
embraced channel and group modulation, carrier
frequency generation, synchronisation and inverters and
was well illustrated by slides made especially for the
paper.

The Annual General Meeting was held at Faraday
Building on 28th May, being honoured by the presence
of the President of the Junior Section, H. R. Harbottle,
O.B.E., BSc.(Eng), D.F.H.,, M.I.EE, and the Area
Engineer of L.D. Area, E. H. Jeynes.

The annual report showed that the first post-war
session of the Centre had been a very successful one and
was due in no small way to the enthusiasm and drive
of the retiring secretary, Mr. H. E. Williamson. The
membership stood at 1,016 members for the first time
for many years, the highest membership of any Junior
Centre in the country.

The following central meetings have been held during
the Session.

January 1946.—* The Wheatstone Bridge.” H. R.

Harbottle, O.B.E., B.Sc.(Eng.), D.F.H.,, M.ILE.E.

October 1946.—‘* Principles of Coaxial Cable Trans-
mission.” C. F. Floyd, M.\A.,, AM.LEE.
November 1946.—'‘ Television.”” H, T. Mitchell,

M.IEE.

December 1946.—‘* Kelvin—Master of Measure-
ment.” Film Show and General Meeting.
January 1947.— The Voice of the B.B.C. in

Wartime.” J. H. Holmes, B.Sc., AM.LEEE., A.C.G.I.

February 1947.— Radar.” D. O’R. Macnamara.
March 1947.—" 12 Channel Carrier System No. 7.”

J. Gregory.

There have been some twenty lectures and film shows
given in the various areas comprising the Centre and
twenty-four visits to places of interest arranged and
conducted by local area committees.

The A.G.M. was followed by a meeting of the London
Centre at which the President apologised for such a

boring paper but we ¢an assure him that his well-known
genial manner and method of delivery made the subject
matter one of great interest and introduced many of the
members to a new conception of the workings of the
carbon microphone.

The following were elected as Officers and Committee
for the 1947/48 session.

" Chairman, Mr. E. L. Tickner: Vice-Chairman,
Mr. A. C. Welling ; Secretary, Mr. J. Gregory ; Assist-
ant Secretary, Mr. D, E. P. Matthews; Financial
Secretary, Mr. E. Davis ; Visits Secretary, Mr. D. O’'R.
Macnamara; Librarian, Mr. W. P. Skinner.

Area Representatives

Mr. W. Peck (City), Mr. L. E. J. Penney (Centre),
Mr. A. C. Butcher (East), Mr. R. F. Howard (Circuit
Laboratory), Mr. A.-Lee (Long Distance), Mr. H. S,
Ulrich (North), Mr. W. F. E. Wellar (North-West),
Mr. T. Ashpool (South-East), Mr. A. L. Nickson
(South-West), Mr. L. W. Kirk (South Postal), Mr. H. T.
Longman (Test Section, Stud Strcet), Mr. S. E.
Trinder (West).

The following programme has been arranged for the
winter months of the 1974/48 Session.

September 1947.—** Television.”

October 1947.—‘ Modern Local Line Development
Practice.”

November 1947.—‘ The Trend of Modern Tele-
communications.”’

December 1947.—'* Reorganisation and Telecom-
munications.’’

January 1948.—‘‘ Television.”

February 1948.—'* The 2,000 Type Selector and the
New Standard Uniselector—Some Mechanical Develop-
ments."”

March 1948.—'* Impulsing.”’

April 1948.—" Frequency Modulation.”

May 1948.—“ A.G.M.”

It is expected that by the time this note appears in
print that the membership and programne card will be
in distribution and you will be aware of the lecturers and
the actual dates of the meetings. Members are asked to
make every endeavour to attend the meetings and to
utflise the facilities afforded by membership of the
Junior Section.

J. G

Swansea Centre

A successful winter session has been completed and
the total membership has now reached 52.
The following meetings were held during the session
and were well attended :
September.—'* The new City and Guilds Syllabus for
Telecommunications,” H. Huckfield (Senior Section).
October.—'* Valves and their uses,’”” M. G. Thomas.
November.—Exhibition of technical films supplied by
the Central Film Library.
January.—" Local Line Planning,” E. Walters.
February.—(Meeting cancelled owing to weather
conditions.)
March.—" The Cathode-Ray Oscilloscope.”
April—Annual General Mccting.
It is hopcd to maintain interest during the summer
months by arranging evening visits to local places of
interest. T. J. L P
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Staff Changés

Promotions
Name Region Date Name Region Date
Avea Engy. to Regl. Engr. Tech. etc. to Insp.—continued
Robinson, O. D. Mid. Reg. 8.4.47 Cook, G. A. .. .. N.E. Reg.toE.-in-C.O. 9.3.47
Avea Ener. to T.M. Bordiss, H. J. K. .. S.W.Reg.toE.-in-C.O. 9.3.47
P;:: m’;i C F. Scot. Re 19.2.47 Agate, M. S. . E..in-C.O. . . 9347
Y t : g o Whitzaker, T. H. N.E. Reg.toE. -m-C O. 9.3.47
Asst. Eng. to Ezec. Engr Edgar, F. L. .. E.-in-C.O. (U) .. 9347
Mew, R. J .. Test Section, London 1.4.47 Lockton, R. W. .. Mid. Reg.to E.-in-C.O. 9.3.47
Rogers, H. . o Test Section, London 1.3.47 Triplow, L. E. .. H.C.Reg.toE.-in-C.O. 9.3.47
Harding, J P. .. E.-in-C.O. 27.2.47 Preston, A. G. .. Cablc Test Section to 9.3.47
Wheeler, L. K. .. E-in-C.O. 26.3.47 E.-in-C.O.
Law, H. B. E -in-C.O. 26.3.47 Baxter, B. W. H.C. Reg.to E.-in-C.O.  9.3.47
Fryer, P. W. F. E.-in-C.O. . 26.3.47 - Eason, D. J. W. & B.C. Reg. to 30.3.47
Burr, A. H. .. LP.R. to N.E.R. 13.4.47 E.-in-C.O.
Roy, D. W. .. .. LP.R. 21.4.47 Radley, M. .. .+ E.in-C.O. (U) 11.5.47
Chief. Insp. to Asst. Engr. D sman Cl. I to Senior Dsn!.an
Helm 5. E.-in-C.O 11.5.47 Aris, F.C. .. .. E.-in-C.O. 20.4.47
' ‘ ' e o D’sman Cl. II to D'sman Cl. I
Tech. etc. to Insp. Hampton, T. E. E.-in-C.0. . 27.9.48
Flemons, J. C. .- Mld Reg.to E.-in-C.O. 16.3.47 Alexander, H. C. A... E.-in-C.O. .. 231248
Daggett, T. K. E-in-C.O. . 13.3.47 Sams, E. J. . E.-in-C.O. . 23.12.46
Troke, F. E. 1. LT.R. to E-in-C.O... 23.3.47 Caiger, J. E. L. E.-in-C.O. 27.4.47
Transfers
Name Region Date Name Region Date
Asst. Staff Engr. Asst. Engy —continued
Ellson, F. A. Mid. Reg. to E.-in-C.O.  8.4.47 Pugh, S.E. .. .. E.in-C.O. to LP.R... 21.447
Short, P. .. .. E.-in-C.O.toSW.Reg. 27.4.47
Exec. Engy. Sawyer, R. H. W. Scot. Reg. to H.C. Reg. 23.5.47
Trott, L. J. S.W.Reg.to E.-in-C.O. 10.4.47 .
Clarke, A.C. W. V... L.P Reg to Asst. Prin. 21.4.47 | ChiefInsp.
Min. of Works Jordan, T. .. .. N.E.Reg.to E-in~C.O. 4.3.47
Hawking, W S.W. Reg. (loaned) %o 1.5.47 : . :
W. & B.C. Reg. Insp.
Howlett, G. R. E.-in-C.O. to Test Sec- 3.3.47
Asst. Ener. tion, London
Thomas, C. F. LT.R. to E.-in-C.O... 6.3.47 Huby, T. A. .. E.-ir-C.O. to Test Sec- 3.3.47
Collins, P. T. .. E.in-C.O.to LT.R... 6.3.47 tion, London
Day,J. V. .. .« N.W.Reg.toN.E. Reg. 8.3.47 Low, F. A. .. E.-in-C.O.to N.\W.Reg. 16.3.47
Williamas, W... .. E.in-C.O.to NNW.Reg. 8.3.47 Newham, K. C. I.T.R. to E.-in-C.O... 14.4.47
Janes, J.D. W. .. E.in-CO. to Min. of 15.3.47 Robbins, R. A. D. E.-in-C.O. to H.C. Reg. 16.4.47
Town and Country Simmonds, J. P. .. E.-in-C.O.to H.C. Reg. 27.4.47
Planning Blair, G. M. .. E.in-C.O.to H.C. Reg. 27.4.47
Sherriff, L. .. S.W. Reg. to LT.R... 23.3.47 Ingram, E. A. .. N.E.Reg.to E-inCO. 1.5.47
Cooper, A. B. E.-in-C.O.to LT.R. .. 1.4.47 Wales, H. A... .. E.in-C.O. to H.C. Reg. 11.6.47
Oldacre, A. G. .. Scot. Reg.to LT.R... 1.4.47 Rudge, M. S. E.-in-C.O. to Expl. 27.5.47
Gibson, J. .. .. LT.R.toScot. Reg... 8.4.47 Officer, Min. of Supply
Harding, T. C. . LT.R. to E.-in C.O... 14.4.47 Saxby, F. H. E.-in-C.O. to Mid. Reg. 27.5.47
Retirements
Name Region Date Name Region Date
Asst. Staff Engr. Asst. Engr.
Gibson, W. W. M. E.-in-C.O. .. .. 28.2.47 Stevens, F. E.-in-C.O. .. .. 31.347
Eason, A. B. E.-in-C.O. .. .. 31.3.47 .
Exec. Eng . Chief Insp.
_—" . o . Mallows, F. J. L.T.R. . .o 5.347
Fraser, A. R. ‘e Tels;: r?lectlon, Birmning- 28.2.47 quper, H.G.sS. E.-in-C.O. B .. 31.3.47
Keeble, A. G. . E.in-C.O. N 31.3.47 Mﬂhngtpn, S. J.T. .. Mid. Reg. - .. 31.3.47
Stanton, E. P. .. E.in-C.O. (r&lgned) 2.4.47 Insp.
Sard, P. J. .. LTR . 24447 Keeble, W. R. .. E.-in-C.O. (resxgned) .o 14.2.47
Gunston, J. A. L.T. R .. . 30.4.47 Sparrow, L. F. LT.R 17.3.47
Maynard, H. O. LT.R. .. 30.4.47 Maasz, C. F. C. H.C. Reg 31.3.47
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Retirements—continued

Name Region Date Name Region Date
Insp.—continued Insp —continysd
Hankin, B. D. E.-in-C.O. (resigned).. 31.3.47 Sargent, T. E. N.Ire. Reg. .. -« 3L5.47
Frampton, A. D. H.C. Reg. .. 26.4.47 Dickson, F. M. N.Ire. Reg. .. .. 31.547
Davey, C. G... LT.R. .. .. 30.4.47 Easton, K. J. E.-in-C.O. (resigned).. 31.5.47
Williams, R. M. .. E.-in-C.O. (resigned).. 30.4.47
Greenland, S.H.].W. L.T.R. . .. 23.5.47 ARM.TO.
Jenner, A. .. .. H.C. Reg. - 27.5.47 Gregson, A. N.E. Reg. 30.4.47

Deaths

Name Region Date Name Region Date
Power Engr. Chief Insp.
Bawtree, K. O. N.E. Reg. 19.3.47 Thompson, J. N.W. Reg. .. .. 13.347
Asst. Engr. Insp.

Whenmouth, H. L.T.R. 14.3.47 Roberts, H. T. LT.R. 14.3.47
Walker, A. H. L.T.R. 26.3.47 Matthews, B. T. L.T.R. 17.3.47
CLERICAL GRADES
Promotions

Name Region Date Name Region Date
Staff Cficer to Prin. Clerk Cley. Officer to Exec. Officey
Oliver, S. R. . E.-in-C.O. 1.5.47 Hurdle, D. F. E.-in-C.O. 1.1.43
Exec. Cfficer to Staff Officer
Warden, ]J. G. H. E.-in-C.O. 1.5.47

Retirement

Name Region Date
Prin. Clerk
Andrews, G. C. G. E.-in-C.O. 30.4.47

BOARD OF EDITORS Binding Cases

A. J. G, B.Sc., M.I.LE.E., F.LLR.E,, Chairman.

F. E. Nancarrow, O.B.E., A.R.C.Sc.,, M.I.LE.E.

P. B. Frost, B.Sc.,, M.I.LE.E.

A. H. MumForp, O.B.E., B.Sc.(En:.), M.LLE.E.

C. W. Brown, AM.I.LE.E.

C. E. C. SKusE.

H. Letcr, B.Sc.(EnG.), M.I.LE.E., Managing Editor.

G.E. StvLes, AM.LEE, :

J. P. Harping, B.Sc.(ENG.), }%sg::(t)::t
AM.Inst.C.E., AM.LLE.E. '

A. J. BAKER, Secretary-Treasurer.

Copyright

The entire contents of this JOURNAL are covered by
general copyright, and special permission is necessary
for reprinting long extracts, but Editors are welcome to
use not more than one-third of any article, provided
credit is given at the beginning or end thus: * From
the Post Office Electrical Engineers’ Journal.”’

The Board of Editors is not responsible for the state-
ments made or the opinions expressed in any of the
articles in this JOURNAL, unless such statement is made
specifically by the Board.

Communications

All Communications should be addressed to the
Managing Editor, P.O.E.E. journal, Engineer-in-Chief’s
Office, Alder House, Aldersgate Street, London, E.C.1.
Telephone : HEAdquarters 1234. Remittances should
be made payable to “ The P.O.E.E. fJournal’ and
should be crossed *“ & Co.”

96

Cases for binding are available, and may be obtained
from the Local Agents for 2s. Subscribers can have their
copies of Volumes bound, at a cost of 7s. 6d., by
sending the complete set of parts to the Local Agents
or to the P.O.E.E. fournal, Engineer-in-Chief’s Office,
Alder House, Aldersgate Street, London, E.C.1. Orders
for binding for Vols. 1-19 should indicate whether the
original binding case with black lettering, or the later
pattern with gold, is required. Cases with gold lettering
are the only type stocked from Vol. 20 onwards.

Back Numbers

The price of the JoURNAL, which is published quarterly,
is Is. (1s. 3d. post free) per copy, or bs. per annum post
free. Back numbers can be supplied, subject to avail-
ability of stocks, at 1s. each (1s. 3d. post free). Orders
for back numbers may be sent to the Local Agents or
to the Publishers.

Advertisements

All communications relating to space reservations
should be addressed to the Advertisement Editor,
P.O.E.E. jJournal, Alder House, Aldersgate Street,
London, E.C.1. Communications regarding advertise-
ment copy, proofs, etc., should be addressed to the Pub-
lishers, Messrs. Birch & Whittington (Prop. Dorling & Co.
[Epsom], Ltd.), 49 Upper High Street, Epsom, Surrey.







































xv

gOOOGOGGOGOOGGQQOOOG9666999990099999000969999999909999999960909@0@009099990

SEC

COM/L/O /efe

[ ]

%I/LL)O 6I/Lt
Subscribers’ Instruments
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