















































counting chain being indicated by the cold-cathode
tubes N1, N2....

The cold-cathode tubes each have an anode, a
cathode and a primer. When the primer potential is
positive with respect to the cathode by a critical
amount called the striking voltage, it initiates an
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Fi1G. 1.—A DiIALLED IMPULSE REGISTER.

electric current through the gas, which then starts a
current between the cathode and anode. The anode
current can be stopped only by reducing the anode/
cathode voltage below a critical value called the sus-
taining voltage. In these examples it is assumed that
the primer striking voltage and the anode sustaining
voltage are both about 70V.

Taking the distributor first, initially the anode
voltage is zero, so that no tubes are struck. When the
register is taken into service, the anode voltage is
applied and this, operating through capacitor CD1,
causes the first tube, DI, in the chain to pass anode
current. In doing so, it raises the potential of the
cathode of D1 by about 40V and thus that of the
primer of tube D2 by a similar amount. A positive-
going impulse of about 40V applied to the distributor
impulse lead PD when added to the cathode potential
of tube DI will cause tube D2 to fire. The capacitors
connected between earth and the cathodes of the
counting tubes prevent the cathode potentials from
changing quickly. When tube D2 fires, therefore, its
cathode potential remains momentarily at earth
potential, and its anode, therefore, at the sustaining
voltage above earth potential. The cathode potential
of tube D1 remains momentarily constant, but its
potential is reduced by tube D2, and this extinguishes
the glow in tube D1. D2 will prime D3, but not until
the impulses through the capacitors CD2, CD3 . . .
have died away. Further impulses will operate in a
similar manner to advance the glow along the chain.
The glow is advanced one step for each incoming
train of digits by the hot-cathode valve V1, and its
circuit. The anode current of valve V1 is normally
cut-off. The first impulse of a train of impulses causes
the valve to conduct and remain conducting until the

impulses stop. This result is produced by the rectifier
and capacitor in the grid circuit of the valve. When
the impulses stop, the charge across the capacitor
leaks away until the valve V1 again cuts off its anode
current. In doing so, it applies to the distributor the
positive impulse necessary to advance the glow.

Each distributor tube when fired operates a rectifier
switch to allow a train of incoming impulses to pass to
a counting chain similar to that of the distributor.
When tube D1 is fired, for example, the rectifier QA,
which is normally biased to its high resistance direc-
tion by an amount about equal to the voltage of the
incoming impulses, becomes conducting. The in-
coming impulses are, therefore, communicated to the
counting chain which includes tubes N1, N2. . . . The
first tube N1 is primed from the anode supply voltage
until a tube fires and reduces the tube anode voltage.
The first impulse thus operates tube N1, and subse-
quent impulses operate the tubes in turn as described
for the distributor chain.

Coded Impulse Register.
Fig. 2 shows part of an array of gas-discharge tubes
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Fi1G6. 2.—A CopED IMPULSE REGISTER.

which is suitable for registering coded impulse
numbers. Each row of tubes registers a decimal digit
in four-digit binary code. The primer of each tube is
connected through two resistors, one to a column
common, and the other to a row common. The
distributor applies 80V positive to each row common
in turn as digits are received. As each digit comes in,
a signal receiver applies 80V positive to the column
commons according to the value of the digit. As a
tube will fire only when its two resistors are at 80V
positive, tubes will glow and register the digits which
are received. The digits may be received in coded
form, for example, by multi-frequency key impulsing,
or in any other form and be coded at the receiving
point. For example, if the number of dialled trains to
be registered is large, it is more economical to code
them into binary form before registering than to
register them in decimal form, as in Fig. 1.

Supersonic Delay Line Register.

Supersonic delay line registers have been invented
as memory units for automatic computors.2 Fig. 3

2 T. K. Sharpless. ‘“‘Design of Mercury Delay Lines.”
Electronics, November, 1947, p. 134.
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shows one form of delay line. A steel tube is closed at
its ends with insulating discs. Let into the inner face
of each disc is a metal electrode connected through the
disc to an external terminal. Stuck or in some way
pressed against each electrode is a quartz crystal.
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FiG. 3.—A ForM oF DELAY LINE.

After assembly the tube is filled with methylated
spirit or other liquid which wets the surface of the
crystal, and the liquid is then displaced by mercury
until the whole tube is full of mercury. The crystals
are X-cut so that they vibrate in thickness when an
alternating voltage is applied across them. A natural
frequency of vibration of the crystals of 10 to 15
Mc/sisoften used, but the damping by the mercury load
and other effects can be made to produce a frequency
response which is flat over a bandwidth of several
megacycles about the crystal's natural frequency.
The mercury is prevented from making contact with
the electrodes by making the crystal diameters greater
than that of the electrodes. An alternating voltage
may be applied to one of the crystals by applying the
voltage to the mercury and external electrode terminal.
An alternating voltage of suitable frequency applied
in this way causes the crystal to vibrate mechanically,
and thus to communicate pressure waves to the
mercury. The waves travel along the column and in
impinging on the crystal at the other end, produce a
voltage similar to that at the sending end, but delayed
and greatly attenuated. The frequency of the A.C.
applicd may be about 10 to 12 Mc/s, and the propaga-
tion speed of the waves in the mercury is about
1:5 metres per milli-second. If an impulse of, say,
12 Mc/s for one microsecond is transmitted into the
delay line, it will come out of the other end the delay
time later. If an impulse issuing from the delay line
is used to gate a new time-corrected impulse into the
delay line, an impulse once started can be made to
circulate indcfinitely. Impulses may be injected at
intervals down to one microsecond, or even less, and
all circulated together. In this way capacity for
1,000 impulses has been provided in a dclay line about
1:5 metres long. Tor a telephone exchange register a
capacity of about 100 impulses would suffice.

Fig. 4 (a)shows the circulation system schematically.
A gate GI has connected to it a pulse source which,
because it controls the timing of the circulating system,
is called the “clock” pulse. It is common for the im-
pulses of the clock pulse to be 0-2 microsecond long
and spaced one microsecond apart. The gate Gl lets
a clock impulse through to a second gate, G2, if when
the clock impulse occurs, there is a signal on either of
the two lcads A or B. The gate G2 also has connected
to it an A.C. generator, FX of frequency about equal
to the natural frequency of the quartz crystals in the
delay line. The action of the gate G2 is that when it
receives an impulse from the gate Gl it allows the
generator current to flow to the dcelay line input for a
fixed time, say one microsecond. An A.C. impulse
thus passed into the delay line will emerge alter the
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delay time. After amplification the impulse is passed
to the lead B and thence to gate GI, where it will gate
a clock pulse to gate G2 and thus start a new impulse
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F1G. 4.—SupERsoNIC DELAY LINE REGISTER—(a) SCHEMATIC
OF CIRCULATION SYSTEM. (b) PorTiON OoF CyYCLE As INDI-
CATED BY A CATHODE-RAY TRACE.

into the delay line. Initially there are no circulating
impulses, and impulses are registered by an impulse
generator which generates them at the right time and
passcs them into the system over lead A, after which
they continually circulate as described.

Fig. 4 (b) shows a portion of the cycle as it would
appear on a cathode ray tube connected to any part
of the circulation system. It shows two 5-binary
digit numbers registered, the first with impulses in
the second and fourth digit places, the second with
impulses in the third and fourth digit places, each
impulse being an A.C. impulse at the frequency of the
generator FX. These impulses are cyclically repeated
at intervals equal to the cycle time of the circulating
system which is controlled by the clock impulses. A
second clock pulse gives out impulses to mark the
beginning of each cycle. The whole of the recorded
information appears cyclically as impulses at a single
point anywhere in the circulating system, and use can
be made of this feature in translating operations.
The significance of any impulse is dependent on its
time position in the cycle. Registering and “reading”
digits is thus a matter of controlling and measuring
impulses in time. This needs somewhat complicated
apparatus which, however, is indcpendent of the
number of impulses in the cycle. Hence the system
may be very economical for registering a large number
of digits.

Cathode-Ray Tube Register.

Electro-mechanical registers have been made with
capacitors as register elements, the charges on the
capacitors constituting the record of the numbers
received. Fig. 5, which illustrates this system, shows
capacitors in four columns and two rows although
many more rows usually are necessary. Each
capacitor is shown with a leak resistor which in most
cases is the insulation resistance. For cach number
reccived capacitors in one row are charged according
to a code and constitute a record of the numbers
received for so long as the charges on the capacitors
persist. The record can be maintained indefinitely by
an arrangement which tests each capacitor in turn at
frequent intervals and “tops up” the charged ones to





























































































21st March.—“The 2,000-type Selector and its
Problems.” J. O. Thompson, B.Sc., A M.I.LE.E., and
F. Haythornethwaite.

18th April.—"Training for Management.” D. G.
Dafforn, B.Sc., AM.LE.E. (C.T.S.).
The Committee would be glad to receive offers of

papers from prospective authors for next Session or,
alternatively, suggested subjects for papers.

It was the pre-war practice to include in printed
papers a record of the relevant discussion and it would
assist towards a resumption of this practice if contributors
to a discussion would furnish the Local Secretary with a
written record of their remarks. W. H. F.

Recent Additions to the Library

1836 Machines that Think (or Giant Brains). E. C.
Berkeley (Amer. 1949).

Describes several large-scale mechanical com-
puters and sets these ‘‘Mechanical Brains” in
perspective by comparison with the human brain
and various languages.

570A Scientific Management. F. W, Taylor (Amer.
1949).

Collects in one volume ‘‘Shop Management,”
“Principles of Scientific Management,” and
“Taylor’s Testimony before the Special House of
Representatives Committee.”’

1937 Magnetism. D. Shoenberg (Brit. 1949).

Explains as simply as possible what magnetism
rcally is, and how it is used in many ways which
affect everyday lives.

1938 Applied Mechanics. A. Morley (Brit. 1943).

Covers the ground of the third and final year of a
three-year, part-time course of instruction leading
to an Ordinary National Certificate in Mechanical
Engineering.

1939 Radio Communication at U.H.F. ]. Thomson
(Brit. 1950).

Aimsat providing an account of modern develop-
ments in telecommunications employing radio
waves of lengths ranging from a few metres to a
few millimetres.

1940 The Electrolytic Capacitor. A. M. Georgiev (Amer.
1945).

Describes the construction, manufacture, func-
tion and testing of dry and wet electrolytic
capacitors, explains the operating characteristics
of the various tvpes, and indicates both their useful
applications and their limitations.

1941 Glued Laminated Timber Structures. R. T. Walters
(Brit. 1950).

A Timber Development Association’s Construc-
tional Research Bulletin.

1942 Timber Pests. Timber Development Association
(Brit. 1945).

Shows how to avoid decay by the proper use of
timber.

1943 Timber Preservation. Timber Development As-
sociation (Rrit. 1949).

Gives coucise information on the types of
preservatives available and their methods of
application.

1944 The Making of Scientific Management. L. Urwick
anl E. F. L. Brech, Vol. I—Thirteen Pioneers
(Brit. 1949).

Describes the parts played by the pioneers of the
scientific approach to management.

1945 Vol. 11—Management in British Industry (Brit.
1946).

An interpretation of the part played by manage-
ment in British economic history.

1946 Electric Circuits and Fields. H. Pender and S. R.
Warren (Amer. 1943).

Describes the more important effects commonly
described as electric and magnetic phenomena ; the
fundamental principles in accordance with which
these phenomena are related ; and their application
to some of the simpler problems that arise in
connection with the generation, transmission and
utilisation of electric energy. '

1947 Super-Regenerative Receivers. ]J. R. Whitehead
(Brit. 1950).
Introduces the whole subject of super-re-
generative receivers in the light of advances made
in wartime radar.

1948 Transformers. E. E. Wild (Brit. 1948).
Covers briefly the theory, design and operation
of transformers.

1949 Sound Reproduction. G. A. Briggs (Brit. 1950).
Gives in non-technical terms, a general outline of
the technique of sound reproduction under
domestic conditions.

1950 Cold-Cathode Fluorescent Lighting. H. A. Miller
(Brit. 1949).

Describes the principles, manufacture, operation

and installation of cold-cathode fluorescent lighting.

1951 Electronics in the Factory. H. F. Trewman (Brit.
1949).

Provides a fairly wide survey of the fields in
which electronics have been successfully applied in
aid of industry to improve the quality and quantity
of its output.

1952 The Theory and Design of Inductance Coils, V, G.
Welsby (Brit. 1950).t

1953 Progressive Mathematics. P. Clyne (Brit. 1950).*

1954 The Theory of Machines. T. Bevan (Brit. 1943).

Designed mainly for students preparing for a
University degree in engineering, or for membership
of one of the Enginecring Institutions ; but many
sections will appeal to the draughtsman and
designer.

19556 An Introduction to the Gas Turbine. D. G. Shepherd
(Brit. 1949).

This book aims at filling a gap between the
largely descriptive matter for the gencral reader
and the technical reports and papers for the
specialist.

1956 Inren'ions, Patents and Monopoly. P. Meinhardt
(Brit. 1950).

Presents a concise description of British Patent
Law and Practice under the 1949 Act.

460 Theory of Structures. A. Morley (Brit. 1948),

In this fifth edition new diagrams have been
made, and several sections of the book have been
rewritten.

W. D. FLORENCE, Librarian.
* Reviewed on p. 197 of this issue. .
t+ Reviewed on p. 218 of this issue.
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Regional Notes

South Western Region

COMMUNICATIONS FOR THE TRADE AND
TARIFF CONFERENCE, TORQUAY, 1950

In late 1949 it became apparent that advance pianning
was imperative if adequate telecommunications were to
be provided in time for the opening of the Conterence in
September of the following year. A list of hotels to be
taken over was obtained, therefore, and an estimate of
the telephones prepared, based roughly on the number of
rooms per hotel and bearing in mind other facilities, such
as main conference rooms, committee rooms and so on.
A large measure of flexibility was introduced by the
provision of three cross-connection cabinets and the use
of the M.D.F. at the Conference P.B.X. located in the
Princes Hotel. The cabinets were sited also to cater for
future local line requirements.

The line plant proposals necessitated additional under-
ground duct and manholes, comprising 3,060 yards of
duct, 8 manholes and 54 jointing chambers, provision
being completed in August 1950, by contract and direct
P.O. labour.

Following completion of the main tracks and leads to
the hotels, 4-3 miles of cable, of sizes from 30 to 1,000
pair, was pulled in and jointed by the Area staff, assisted
by loans of jointers from the Bournemouth and
Southampton Telephone Managers’ Areas.

At the outset, it was visualised that, in view of the
size of the Conference, some 42 countries being repre-
sented, a central Conference P.B.X. should be con-
structed. Consequently, at the hotel chosen for the
Secretariat, a P.M.B.X. 1A of 12 positions was installed
to give an ultimate extension multiple of 500 and a 100
exchange line multiple, a special feature of the extension
multiple being an ancillary lamp jack provided for a
proportion of the extension multipie. These ancillary
lamp jacks were left unlamped, but in the event of a
variation in traffic loading per position being required the
lamps could be removed from the home positions and
placed in the ancillary-lamped positions. The work
involved on the Conference P.B.X. required the running
of 2,000 yards of switchboard cable and the termination
of 36,000 wires.

At the Torquay auto exchange, an idea of the
additional engineering work can be gathered from the
following :—

(a) Provision of 60 additional circuits in the O.G.].

multiple of the auto-manual board.

(b) Fitting of a P.B.X. final selector rack, equipped
with 20 final selectors, 11 and over, cabled and
tested for the 20 outgoing lines to the Conference
P.B.X., together with the fitting of additional
group selectors and re-grading of two groups to
cater for increase in traffic.

(¢) Provision of 30 O.G. junction dial relay sets and 34
impulse suppression equipments for the provision
of V.F. dialling circuits to I.ondon ; the changing
of all the dials on the manual board.

In readiness for the increased traffic to London, the
London trunk circuits were augmented from 14 O.G.,
10 B.W,, and 12 I.C., generator signalling circuits to
34 O.G. V.F. dialling, 10 B.W,, and 32 1.C. generator
signalling circuits. The conversion to V.F. dialling was
something entirely new to the Area staff, and some brief
mention of the arrangements made with the concurrence
and assistance of the Engineer-in-Chief’s Office will not
be out of place.

A non-standard signalling system was employed, using
a separate V.F. telegraph channel for the dialling path,
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the V.F. signals being rectified at the distant end, and
thus able to operate selectors in the London trunk
network. To provide these facilities, a mobile V.F. unit
was located adjacent to the repeater station at Shiphay
Collaton, thus giving access to the carrier network used
for the V.F. systems. Three 12-channel V.F. systems
were housed in the mobile unit, and the separate V.F.
signalling channels were cabled via special conversion
units to the phantom circuit of the 4-wire speech path
between Shiphay Collaton and Torquay.

Besides housing the 12-channel V.F. equipments, the
mobile unit also contained amplifiers for the 4-wire line
circuits, together with the necessary power plant. The
main power supply for the V.F. equipment was arranged
by running an external lead from the repeater station,
cabled via a change-over switch, so that in the event of a
mains failure a standby 6-kW petrol engine set could be
switched in as required.

To meet telegraph requirements an 8-channel V.F.
equipment, consisting of two 4-channel bays of out-
station equipment, was installed at Torquay repeater
station to provide additional circuits to I.ondon for the
duration of the Conference and three additional teleprinter
positions were provided in the Torquay H.P.O. telegraph
instrument room.

Thanks to the assistance given by the hotel proprietors
it was found possible to block-wire the hotels while the
summer holiday guests were still in residence and in all,
24 hotels were block-wired prior to the taking over by
the various delegations and some 1,250 telephones fitted.

That the installation work was completed to time
was a credit to all concerned, and praise from the delegates
and tributes over the wireless and in the Press have amply
justified the remark that the work had been well done.

J.E. M.

ILFRACOMBE CONVERSION—MAGNETO TO
C.B.10

At Tlfracombe one more of the steadily diminishing
number of magneto exchanges in the country was
taken out of service. A transfer from magneto to
C.B. may leave something to be desired when the
automatisation of the country is the ultimate goal,
but in this case the H.P.O. which housed the old
magneto exchange did not have suitable accommodation
for an automatic exchange and the possibility of the
early provision of a new building seemed unlikely. A
C.B.exchange could be provided at the H.P.O., however,
arter some necessary floor strengthening and structural
alterations had been carried out, and it was decided to
go ahead and provide a C.B.10 exchange with 1,200
subscribers’ calling equipments and a multiple of similar
size spread over six A sections, with one B board and
the usual T. and P.U. section.

A feature of interest was the method used to
supplant the existing M.D.F. Development requirements
called for 26 verticals under the new conditions; 12
only could be provided at the outset as the old main
frame had to remain in situ and occupied most of the
space needed for the complete new frame. The 12 new
verticals were erected, two 800 pair cables brought from
the basement to the main frame (which is situated on
the second fluor) and working pairs were diverted to
these new verticals so freeing the line side of the old
frame whilst leaving the multiple side of the old frame
connected to the switchboard. Connection between the
two frames was carried out by means of switchboard
cable (plastic type mainly). The old frame was then
shifted bodily out of the way and the new frame extended
to its 26 verticals. Another 800 pair cable, plus the usual
junction cables, were next provided and terminated
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