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An Introduction to the Principles of
Woaveguide Transmission

C.F.FLOYD, m.A., AMLEE., and
W. A. RAWLINSON, B.sc. T

Part 1.—Fundamental Concepts; Generation of Microwave Energy

U.D.C. 621.396.11.029.64 :621.372.8

In Part 1 of this article the general principles of transmission in waveguides are described in non-mathematical termsandan outlineis
given of the means whereby electromagnetic waves are generated. Part 2 will describe how such waves aredetected,attenuated, switched
and measured in waveguides.

INTRODUCTION

HE concept of the transmission of broadband
signals comprising many hundreds of telephone

channels or several television channels is now becom-
ing familiar in the world of telecommunications. Broad-
band point-to-point communication systems can be realised
by transmission over either cable or radio, in the first case
by employing highly developed coaxial cable techniques
and in the second by the use of microwave radio frequencies.
Coaxial cables already form a major part of the national
trunk network, and many Post Office engineers are
intimately acquainted with the associated techniques and
equipment. Microwave radio links, on the other hand, are
not yet as well known in this country; but their develop-
ment is proceeding rapidly, and it may not be long before
they rival the coaxial cable in importance as a means of
transmitting broadband transmission channels.

The techniques of microwave equipment engineering
appear at first to differ fundamentally from those employed
in lower frequency transmission systems. There is, for
example, a notable absence of elaborate wiring; waveguide
replaces coaxial cable for carrying the broadband signals
to and from the aerials, and precision mechanical engineer-
ing becomes as important as electrical design. It is the
purpose of this article to describe in non-mathematical
language some of the general principles governing trans-
mission by waveguide, and to show the forms that the
associated fundamental components such as attenuators,
resonant circuits, oscillators and filters may take.

The illustrations and examples will be drawn largely
from equipment designed for use with 2% in. X 1} in.
waveguide operating in the frequency band 3,800-4,200 Mc/s
as this is the frequency range and the waveguide size in
which the Post Office has, so far, concentrated its own
engincering development.

FunDAMENTAL CONCEPTS
Wave Motion and Modes of Transmission i Waveguides.
Although the concept of transmission of energy in wave-
guides appears at first sight to be radically different from
that in transmission lines, an interesting analogy between
the two systems of transmission has been drawn by Barlow!

1 The authors are, respectively, Assistant Staff Engineer and
Executive Engineer, Radio Experimental and Development Branch,
E.-in-C.’s Office.

1 Barlow, ‘‘Microwaves and Waveguides,” Constable & Co.

and others. A brief description of the analogy will enable
the familiar transmission line concepts to be transferred
easily to the more recent technique of waveguides.

An ideal transmission line, consisting of two open parallel
wires one-quarter of a wavelength long, short-circuited at
the far end, appears at the input as an open circuit. If a
quarter-wave stub of this kind is placed as a bridge across
a transmission line, as shown in Fig. 1, the transmission
properties of the line are unaffected. If a large number of
stubs are imagined to be placed, side by side, above and
below the transmission line, power 1is transmitted
longitudinally as before and transverse standing waves will
be produced in the stubs. When the stubs are placed so
close together as to be touching, a section of waveguide is
formed, as in Fig. 2. A photograph of an actual length of
waveguide with connecting flanges is shown in Fig. 3.

Some interesting conclusions result from this picture of
the formation of a waveguide. Suppose that a fixed
frequency is transmitted in the waveguide of Fig. 2. As
the frequency is fixed, the length A/4 of the resonant stubs
must remain constant. The thickness, £, of each of the
original wires of the parallel wire transmission line can be
imagined as decreasing until, finally, ¢ is zere and the
original transmission wires vanish. There will then be no
vehicle for the transmission of energy along the guide; a
““cut-off”’ condition has been reached. The height, b, of the
guide in Fig. 2 is then A/2, or at cut-off A¢ = 2b, in which
Ac is the wavelength of the applied energy when the guide
ceases to propagate. At cut-off a standing wave is produced
across the guide in the dimension ‘4’ but no propagation of
energy takes place along the guide. Energy at frequencies

%— B ]

F16. 1.—QUARTER-WAVE STUB ON TRANSMISSION LINE.
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Fi1Gg. 2.—INFINITE NUMBER OF QUARTER-WAVE STUBS FORMING A
WAVEGUIDE.

FiG. 3.—A LENGTH OF WAVEGUIDE.

lower than that corresponding to the cut-off wavelength, A,
will not propagate along the guide, but at higher frequencies
propagation will take place. A waveguide is therefore
inherently a high-pass filter.

An understanding of the wave formation in the guide is of
importance in practical applications. Electromagnetic
theory requires that:—

(@) In a system of electromagnetic waves the electric

field is everywhere normal to the magnetic field.

() Where an electric field meets a conducting plane of

zero resistance it must be normal to the surface.

(¢) Where a magnetic field is in proximity to a conducting

plane of zero resistance it is tangential to the plane.
In an open-wire transmission line the electric field extends
from one conductor to the other and the magnetic field
encloses the conductors, as shown in Fig. 4. Both fields are

— ELECTRIC
FIELD

-~ - MAGNETIC
FIELD

F1G6.4.—F1ELD PATTERN ROUND AN OPEN-WIRE TRANSMISSION LINE.

in a plane normal to the axis of the conductors. The instan-
taneous intensity of the field varies sinusoidally along the
line and for a line with no loss, 7z# vacito, the whole field
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pattern propagates along the line with the velocity of light.
The field pattern repeats itself at a wavelength given by:
v

/
where v = velocity of propagation, and
[ = frequency.
For such an open-wire transmission line the wavelength is
identical to that for propagation atithe same frequency in
free-space as, for example, in the case of radiations from a
transmitting aerial. Inside a waveguide the wavelength is
not equal to the free-space wavelength,aswill nowbe shown.
Using the simple analogy, already made, of a waveguide as
a transmission line with an infinite number of quarter-wave
stubs attached, it will be apparent that the currents in the
stubs will add other components of electric and magnetic
fields to those in the original transmission line, modifying
the field patterns'considerably as compared with those in
Fig. 4. The resultant configurations of the electric and
magnetic fields in a waveguide when the energy is being
delivered into a matched load are shown in Fig. 5. The
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F1G6. 5.—F1ELD DISTRIBUTION IN RECTANGULAR WAVEGUIDE,

fundamental laws of electromagnetic theory, given above,
are, of course, obeyed. The fields are contained entirely
within the space enclosed by the conducting walls of the
guide and the currents in the guide walls are confined to the
skin of the inside surface. Screening is therefore complete at
microwave frequencies when -the walls have a thickness
greater than a few thousandths of an inch. At any instant
the current streamlines are as shown in Fig. 6.
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F16. 6.—CURRENT STREAMLINES IN WAVEGUIDE.

The current is produced by the dispersion of electric
charges which would otherwise accumulate on the guide
surfaces at the ends of the lines of electric field. According
to Fig. 6, however, the centres of current flow are apparently
not in the positions of maximum electric field strength
shown in Fig. 5. This anomaly is explained when it is
remembered that the ‘currents are 90° out of phase with
respect to the charges that produce them, and since the
patterns of fields and currents are moving along the guide
with the velocity of propagation, the centres of current
flow appear } wavelength along the guide from the positions
of the maximum electric field; i.e., at the centre of the
ellipses of the lines of magnetic field. The patterns of Figs. 5
and 6 apply only when the energy is being dissipated in a
matched termination. The conditions with a mismatched
termination will be considered later.

It is found that the relationship between the wavelength
in the guide and the wavelength in free space is given by:



A
Y = U= onaT

or,
1 1 1
AR ORTAE
in which, /\g = wavelength in guide,

A = free-space wavelength,
Az = cut-off wavelength.

The velocity of propagation of the field pattern in the

waveguide, or phase velocity, is therefore given by:

Ve = Af
which is always greater than the free-space velocity for the
medium filling the waveguide.

It may seem remarkable, at first sight, that in an air-filled
waveguide the phase pattern proceeds along the guide with
a velocity greater than the velocity of light. The pheno-
menon is more easily visualised, however, when it is realised
that, analytically, the propagation of energy in a waveguide
can be regarded as due to two intersecting systems of wave-
fronts with the axis of the waveguide bisecting the angle of
intersection, 26, each system moving forward normal to its
wavefronts at the speed of light. The velocity at which any
point of wavefront intersection advances along the guide
axis is obviously ¢fsin 8, which is greater than the speed of
light. The component of the wavefront velocity along the
guide axis is the velocity of propagation of energy, and this
is ¢ sin 6, which is less than the speed of light. The phase
velocity is also equal to w/B, where w = 2=f and B is the
phase angle. The group velocity V,, where Vg = dB/dw, is
the velocity at which energy is propagated along the guide.
These two velocities are related to the free-space velocity,
¢, by: Vp Vg = c% The free-space velocity, ¢, is equal to the
velocity of light if the space in the waveguide is vacuous;
otherwise,

velomty of light

 Ape
¢ = permeability of medium in the guide, and
¢ = permittivity of medium in the guide.

So far, only one mode of transmission in rectangular
waveguide has been considered. In theory, there is an
infinite number of modes of transmission, and propagation
can be madenot only along rectangular guide but also along
circular, elliptical, and guides of various other cross-sections,
as well as through coaxial cable and along a rod of dielectric
material. This article is confined mainly to transmission in
rectangular waveguides, and it is of interest to identify some
of the more common modes of transmission, though in
practice only one is of major importance. Unlike the field
configuration round an open transmission line, there is in
waveguide always a component of field, either magnetic or
electric, along the axis of propagation. The mode of trans-
mission is designated as an H mode when there is a com-
ponent of the magnetic field along the guide in the direction
of propagation, and as an E mode when the axial component
of field is electric. The complete designation of the mode is
made by adding two suffixes /, m, to the letter Hor E. In
rectangular guide the suffix / denotes the number of half-
wave patterns of electric (or magnetic) field across one
dimension of the cross-section of the waveguide, and the
suffix s denotes the number of half-wave patterns across the
other dimension. The suffix / usually refers to the shorter
dimension. The mode of transmission already described in
Fig. § is therefore the Hy; mode, ie., I =0 and m =1,
because H denotes that there is a component of magnetic
field along the axis of the guide, the suffix 0 denotes that
there is no half-wave pattern of field across the narrow
dimension, and the suffix 1 denotes a single half-wave
patternof field across the wide dimension of the guide section.

Other common modes of transmission in rectangular

where,

waveguide are shown in Figs. 7 and 8. It should be noted
that there can be no E,, modes in rectangular waveguide.
These modes would necessitate the magnetic field being
normal to and intersecting the walls of the guide, which
contravenes the electromagnetic laws outlined earlier.

SN NN
MHE@EEE
=& ¢ ="
=N /ﬁ;'-:—;\? /4-::‘-:‘*\‘ 172
IS (@))€
2 NENESS

Fig. 7—H,, MonE oF TRANSMISSION.
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FIG. 8.—131,1 MODE OF TRANSMISSION.

It has previously been remarked that a waveguide
behaves as a high-pass filter with a cut-off wavelength related
to the dimensions of the waveguide. For a given size of
waveguide the cut-off wavelength varies with the mode of
transmission. With guide dimensions ¢ and b, as before, the
cut-off wavelengths of various modes in rectangular wave-
guide are given in Table 1:

TABLE 1
Cut-off Wavelengths for Rectangular Waveguide
Maede* Cut-off Wavelength
A
H,, 2b
H,, b
H]:l and Ehl —2—b.___.
VI + (bja)?
H;_] and E2.l ———M#‘
V1 + (b/2a)

* In the literature, the H;,, mode is sometimes referred to as the
TE;,, mode and the E;, as the TM,,, mode.

In practice, only one mode of transmission is usually
desirable at any one time and it is necessary to find means of
suppressing the unwanted modes. Since the waveguide is
effectively a high-pass filter with different cut-oft wave-
lengths for various modes, an obvious choice of mode for
general transmission purposes is the one with the largest
cut-off wavelength (i.e., the lowest cut-off frequency). Ifthe
transmission band is restricted to wavelengths between this
cut-off wavelength and the next lower cut-off wavelength of
other modes, then only the wanted mode can propagate
freely. Examination of Table 1 shows that, for rectangular
waveguide, the Hy; mode has the largest cut-off wavelength
and if the ratio d/a for the guide cross-section is made equal
to two, a fairly wide transmission band is available before
unwanted modes begin to propagate. Infactthe transmitted
wavelength can vary between b and 2b, approximately.
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The Hp,; mode is usually termed the principal or dominant
mode in rectangular waveguide and is the mode of trans-
mission assumed in the literature on waveguide transmission
unless otherwise stated.

Wavegnide Iinpedance.

The concept of impedance in waveguide presents diffi-
culties because there areno actual terminals at which current
and voltage can be measured. The ratio of the transverse
component of electric field strength to the transverse com-
ponent of magnetic field strength has the dimensions of
impedance and is generally used in the definition of impe-
dance. Itcan be applied to any electromagnetic system.
Using this concept, the impedance of free space is found to
be 1207 ohms (377 ohms) and for guided waves in rectangular
guide the impedance becomes:

for H modes Z = 377\/i : l’\g ohms.
€

for E modes Zi—=gag. JEr ﬁ ohms.
€

Ag

In these formule the permeability ¢ and permittivity e
refer to the dielectric filling the guide. It is clear that the
impedance of a waveguide varies with frequency. At the
cut-off frequency, the impedance becomes infinite for H
modes and zero for E modes. Fortunately, the concept of
impedance is easily surmounted in practice by quoting the
ratio of the impedance of a component in waveguide to the
waveguide impedance. The “impedance” thus quoted is
referred to as the ‘“normalised impedance,” although,
strictly, it is a pure number. Normalisation of impedances,
or of admittances, is commonly employed in classical net-
work theory because the quantitative effect of a device is
thereby given independently of the circuit impedance. This
is of special value in the present application in which the
circuit impedance varies with frequency. ‘

Reflection and Standing VWaves.

Asin a transmission line, the phenomenon of reflection of
energy takes place in waveguides at positions in the guide
where there is a sudden change of impedance. A reflection
of this kind gives rise to standing waves in the guide, and
one or two examples of this will be considered. When there
is total reflection of energy, say due to a short-circuit, such
as can be obtained by fitting a metal sheet to the end of the
guide, the incident electric field produces currents in the
short-circuit which excite a wave motion in the opposite
direction to the incident wave. The incident and reflected
wavesinteract, producing a stationary field pattern in which
the positions of maximum intensity of electric field appear
in the centre of the ellipses of magnetic field, as shown in
Fig. 9. A complete standing wave is therefore produced and

S N CES D ME MDD
2N EEPNE)

ANTINODE NODE
F16. 9—FIELD DISTRIBUTION IN SHORT-CIRCUITED WAVEGUIDE.

no power is dissipated in the termination. A similar field
pattern could be obtained if the waveguide were open-
circuited, except thatanantinodein theelectricfield pattern
would appear at the end of the guide instead of a node. In
the case of total reflection of this kind, the centres of current
flow in the guide walls are coincident with the positions of
maximum intensity of electric field. Intermediate values of
terminating impedance give rise to lesser intensities of
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standing waves, and lesser phase shifts in the field pattern.
A partial transfer of energy to the load takes place also.

GENERATION AND LAUNCHING OF MICROWAVE ENERGY

The generator at microwave frequencies is usually a reflex
klystron or coaxial line oscillator valve for low powers, or a
magnetron for high powers. Details of these valves have
already been published in this Journal? but a brief reference
to the klystron is given here as it is commonly used in
microwave telecommunication circuits. Fig. 10 shows a
typical reflex klystron in which the resonant cavity can be
clearly seen with the tuning screws round its periphery.
The evacuated glass envelope has two circular metal discs

Fi1c. 10.—REFLEX KrLysTrON OsCiLLATOR TyYPE VX 5026,

moulded onto it, with glass-to-metal seals. The discs form
the upper and lower faces of the resonant cavity and connect
inside the glass envelope to two metal discs separated by a
small gap. The discs each have an orifice axially.through
the centre, through which the electron stream is directed
from the cathode and grid electrode system in the base of
the glass envelope. At the other end of the envelope the
connection to the reflector electrode can be seen. The
cavity resonator is connected to a potential about 250 V
positive with respect to the cathode and the reflector is
made about 150 V negative. Resonance in the cavity gives
rise to an alternating potentialacross thegap in the resonator
electrodes, which accelerates and decelerates the electron
stream passing through the orifices in the cavity. This
phenomenon in the electron stream is called ‘‘velocity
modulation.” As the electron stream moves away from the
cavity the accelerated electrons overtake the unaccelerated
electrons and produce ‘‘bunching” of the electron stream.
This process takes place, in space, near the reflector plate.
The negative potential on the reflector repels the bunched
electron stream back through the orifices of the resonator
cavity. Here, the electron stream functions as an alternating
current whose field induces an alternating field within the
resonator. The distance between the reflector plate and
cavity, and also the negative potential on the reflector, are
such that the bunches of electrons are in the correct phase
to maintain the cavity in oscillation. The correct phasing,
at any frequency within the tuning range of the oscillator,
is obtained by adjusting the potential on the reflector.
Energy is extracted from the resonant cavity of the klystron
by inserting a loop connected to the end of a coaxial line
through one of the tuning-screw holes into the cavity, as
shown in Fig. 10.

Several methods of launching an electromagnetic wave in
a waveguide are shown in Fig. 11. One of two principles is
generally employed; either the electric field is stimulated by
means of a small antenna placed in the waveguide, or the

2 P.O.E.E.]., Vol. 43, pp. 148 and 187.




(@) Electric Coupling. (4) Magnetic Coupling.

F16. 11.—METHODS OF LAUNCHING Hy, MODE.

magnetic field is stimulated by means of a loop. In both of
these methods the energy is fed to the waveguide by means
of a coaxial line from the microwave oscillator. The arrange-
ment shown in Fig. 11{a} is of an antenna placed in line with
the electric field. Energy transmitted from the left side of
the probe is reflected from the short-circuiting plunger and
returns so as to be in phase with the energy being propa-
gated along the guide. An actual launching unit of this type
is shown in Fig. 12 which shows a klystron oscillator coupled
to a section of waveguide. Theracks and knob for adjusting
the plunger as the frequency and wavelength are varied are
also shown. Fig. 11 (b) indicates three alternative positions
for a launching loop. In each position the loop intersects the
lines of magnetic intensity for the mode being transmitted.

Fi1G. 12.—LAUNCHING UNIT CoMPRISING IKLYSTRON OSCILLATOR
CouPLED TO SECTION OF WAVEGUIDE.

It is clear that the field configuration of the required mode
must be known for the effective placing of the launching
loop or probe. A third method of launching the wave is by
means of a coupling hole between two sections of waveguide
or between the waveguide and the microwave generator
itself. '

(To be continued.)

Book Reviews

“Introduction to Electric Fields.”” Walter E. Rogers.
McGraw-Hill Publishing Co. Ltd., London. 1954. 333 pp.
147 ill.  60s.

This book was written for electrical engineering students at
the University of Washington. Its object is to present
Maxwell’s equations as a logical summary of analytical experi-
ence in the use of vector methods of solving problems in
electrostatics and magnetostatics. Consequently, the vector
analysis approach to electromagnetic problems is emphasised
throughout and there is considerable discussion about vectorial
thinking processes which are assumed to be new to the student.
Since Dr. Rogers has assumed that the reader has had no
previous experience of vector analysis (and knows nothing
about the solution of partial differential equations) it follows
that he is compelled to develop the subject slowly. The very
slow pace of the book can be judged by the fact that the first
three chapters (which cover 101 pages) discuss only the theory
of potential gradients and electrostatic fields from the view-
point of Coulomb’s law. After this, the pace quickens some-
what, and the fourth chapter, which describes electric fields
associated with current-carrying conductors, is followed by a
chapter describing electrostatic fields from the viewpoint of
Gauss's law. Subsequent chapters deal with the theory of
images, dielectrics, magnetostatic fields and the equations of
Poisson and Laplace. The tenth chapter discusses time-
varying electric and magnetic fields and summarises most of
the material of the book by expressing Maxwell’s equations
in vectorial form.

A valuable feature of the book is Dr. Rogers’ description of
the fluid-flow model he uses to illustrate the direction lines
due to point, line and other charge distributions. The water
stream used in this model is dyed by crystals of potassium
permanganate placed in the flow channel before the demon-
stration. Of particular interest is the fluid-flow map (shown
on page 57) of the direction lines in the electrostatic field of a
triode vacuum tube without space charge. In addition to
these fluid-flow maps use is made of contour-lighted rubber-
sheet models to illustrate the analysis of problems involving
two-dimensional potential fields. There can be but little

doubt that these visual illustrations of electric fields are much
appreciated by students.

Although the mathematical pace of the book is slow, the
general discussion is always interesting: the author shows
the student that a vector equation is like a pocket map—a
map that must be taken out of the pocket and unfolded before
it can be of any real use. This vectorial unfolding calls for
analytical manceuvres and Dr. Rogers is careful to point out
the mathematical pitfalls that await the unwary. There are
places where he suggests that the tensor notation may be more
convenient than the vector notation for dealing with certain
special kinds of electric field problems.

It is made clear in the book that the vector method is of use
principally in proving general theorems. In concrete applica-
tions to electric field problems there is usually some asym-
metry about the co-ordinates that makes it necessary to
abandon the vector form at some stage in the work. Then
the question of solving boundary-value problems arises and
the use of the vector-potential concept in the solution of such
problems is discussed briefly in the eleventh and concluding
chapter. This book can be warmly recommended not only to
students, but to any general reader who wants a comprehensive
introduction to the theory of electric fields.

H.J J

““The Synchronous Induction Motor.”” J. Griffin, A.M.I.LE.E.
Macdonald & Co. (Publishers), Ltd. 136 pp. 55 ill. 18s.

This is a book which probably only the specialist will want
to have always at hand, but since the synchronous induction
motor is rarely treated fully in electrical engineering textbooks,
it will undoubtedly prove useful to students and lecturers
interested in electrical machines. There are chapters on
starting, synchronising, elementary theory, power factor
correction, overload capacity, variable excitation and inversion.
The book deals very clearly with the theory, design and con-
struction of these machines which are generally made in the
range of 50 to 2,000 h.p. or larger. The interesting history of
the 50 years’ development of the machine is included in an
appendix. The illustrations are useful and the diagrams are
well drawn, A IEE P
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Modern Indoor Lighting

Part 1.—General Principles and Design Factors

U.D.C. 628.972

P. E. MARRIOTT, B.sc.(Eng), AMILEET

This article, to be published in two parts, gives a general treatment of the subject of Modern Indoor Lighting and indicates the many

factors requiring consideration by lighting engineers. Part 1 is concerned primarily with design factors such as quantity and quality of

light, colour, location of fittings and maintenance requirements. Basic design methods and some details of lamps, fittings and control
circuits will be included in Part 2.

INTRODUCTION

HIS article deals with a branch of engineering which

I is an art as well as a science. A lighting installation

may be designed in accordance with well established
basic principles and yet be dull, depressing or even annoying.
Physiological and psychological factors are involved in
addition to the normal engineering ones. The test of a good
lighting installation is not only, as with most engineering
projects, “does it work?”’, but also ““is it noticed?”

It is emphasised that good installation design is not
merely a matter of arranging a light over each working
position but of making the lighting an integral part of the
whole accommodation. With existing accommodation this
is often difficult but with new work it can be done provided
that there is careful planning of the lighting at an early
stage in the planning of the building work and other accom-
modation services. Very often, however, the positioning of
heaters, apparatus, ventilation ducts and pipes is completed
before the lighting engineer is given an opportunity to
start his design; the result is that lighting fittings must be
located in the few spaces left free.

This article outlines the principles of good lighting and
shows how they form the basis of modern lighting practice.

DEFINITIONS AND UNITS

In view of recent changes in some of the basic terms,
symbols and units commonly used in lighting work it will
be useful to summarise them here. The unit of luminous
flux (F) is the lumen. Illumination (E) is expressed as the
incident flux per unit area in lumens/sq. ft. The obsolete
synonymous term for this unit is the foot-candle.

Luminous intensity (/) denotes the concentration of
luminous flux in a given direction and may be expressed as
flux per unit solid angle. The unit is the candela which is
defined from the luminance of a body at the temperature of
solidification of platinum. The luminous flux emitted by
a source giving one candela intensity in all directions is
47 lumens.

The brightness of a light source in a given direction can
be expressed as its intensity per unit area in that direction.
The usual units are candelas/sq. in.

The same applies to a surface which is luminous because
it reflects incident light. If such a surface is a perfect
diffuser, of reflection facter p, and receives an illumination of
E lumens/sq. ft., the luminous flux emitted will be Ep
lumens/sq. ft. The brightness is then said to be Ep foot-
lamberts. The term luminance (L) is used for the brightness
measured by a photometer, and luminosity for the bright-
ness experienced by an observer.

The foregoing are explanations rather than strict defini-
tions. The latter are given in B.S. 233.

LiGHT AND SIGHT

Sight is virtually the only sense with which the lighting
engineer is concerned and the success of any lighting instal-
lation depends solely on its contribution to efficient and
comfortable seeing. But age, condition of eyes, experience
with other types of lighting, temperament and even other
strictly irrelevant factors affecting personal comfort such as

t Executive Engineer, Power Branch, E.-in-C.’s Office.
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heating and ventilation may affect an individual opinion as
to what comprises “‘comfortable seeing’’; there can, in fact,
be a wide divergence of opinion regarding any particular
installation.

It will be useful, therefore, to consider briefly the visual
attributes of a “standard observer,” i.e. one with so-called
normal vision.! For instance, one of the most important
visual factors is visual acuity, which is the ability to
distinguish detail. A capital C is distinguished from an O by
detecting the gap in the C—about 0-05 in. for this print.
This gap subtends about 12 minutes at the eye at a distance
of 15 in. Persons with normal vision can distinguish the
details of a black object on a white background if the detail
subtends at least | minute at the eye. The reciprocal of
this angle gives a numerical value for the visual acuity.

It is the luminosity of a surface which is used in seeing,
rather than the incident illumination, and visual acuity
depends on the luminance of the task, that of the surround
and the natural contrasts of the work.

Experiments have shown that maximum acuity occurs
when the task luminance is slightly greater than that of the
surround.? Under these conditions acuity increases approxi-
mately logarithmically with task luminance, whereas when
the ratio of surround to task luminance (luminance ratio)
is high or low the acuity reaches a comparatively low
maximum at a moderate value of task luminance (this is
illustrated for low ratios in Fig. 1}.8 The importance of this
aspect of lighting is being increasingly acknowledged.

Lg=0il FT.-LAMBERTS

VISUAL ACUITY

SURROUND LUMINANCE L <=0

| 10 100 1000
TASK LUMINANCE (FT.-LAMBERTS) Ly
F1G. 1..—VARIATION OF VISUAL AculTy WITH LUMINANCE RaTIO.

As mentioned above the natural contrasts of the task
itself affect vision. These should be high. Task contrast is
usually given as (L,—L,)/L, where L, and L, are the
contrasting luminances. If the illumination E is uniform
and the respective reflection factors of the contrasting
surfaces are p; and p,, then
Epy —Ep,

Ep,
_ P2TP1

Task Contrast —

Pe
This contrast is often classed as high (above 60 per cent.),
medium (30-60 per cent.) and low (under 30 per cent.).
Thus for black print on white paper the task contrast would
be about
0-8 —0:05

08 = 94 per cent.



This is high and therefore good. (If the paper were placed
on a dark desk top with a reflection factor of, say, 0-08 the
luminance ratio would be 10, which is bad.)

Fig. 8 shows the relation between task luminance and
visual acuity for different values of task contrast.4

VISUAL ACUITY.

ol ! 10 100
TASK LUMINANCE (FT-LAMBERTS)
F16. 2.—VARIATION OF VISUAL AcCUITY WITH Task LUMINANCE.

It should be mentioned that the numerical values
obtained for luminance ratio and task contrast do not
necessarily give a good idea of the degree of contrast
experienced by an observer. For instance, taking the case
of a black area on a white background where the luminance
of the black is one tenth that of the white, the luminance
ratio is 10 and the task contrast is 0-9 irrespective of the
actual luminance values. In practice, however, it is found
that the observer’s impression of contrast increases with
the luminance of the visual field (adaptation level).

Visual acuity, depending as it does on illumination,
luminance ratio and contrast, is an important yardstick in
judging the quality of lighting. It is not the only one,
however, since for some tasks speed of perception is
important.

Experiments have shown that speed of vision increases
with size of detail, contrast and illumination. For a given
task, re. when size and contrast are constant, speed is
approximately logarithmically proportional to illumination ?
within limits. Thus the illumination of a moving task must
be increased to give the same visual efficiency as for a
stationary task. Alternatively, any task, such as sorting,
involving the viewing of a succession of fixed objects can
be done at a higher rate with increased illumination, again
within limits.

Finally, it is possible to provide an installation which is
efficient in terms of acuity and speed of perception but
which causes extreme visual fatigue. A working position
lit to high intensity locally without adequate general
lighting is a simple example.

These aspects will be discussed more fully in the next
section which deals with the many factors involved in
designing a good lighting scheme.

DESIGN FACTORS

The factors which must be considered in the design of any
installation may Dbe put under the broad headings of
quantity and quality. All the factors must be considered in
relation to the actual purpose of the lighting. For instance,
Is it primarily for illumination of some particular task, or
is it what may be called amenity lighting, such as for a
restaurant, where close attention to detail is not normally
required?

Usually some specific task is to we performed and its
severity varies from one such as packing, where discern-
ment of detail is not required, to one such as watchmaking
where continuous observation of fine detail is needed.
Details of the task which decide the intensity of light
required and which can usually be ascertained are:—

1. What is the size of the smallest detail to be observed?

2. Is observation continuous or intermittent?

3. How good are the natural contrasts of the task?

4. Is movement involved?

Other factors, which are normally of lesser importance
but which need consideration, relate to the need for shadows
and highlights and for colour discrimination. The age of the
worker also affects his requirements but this is not normally
a predeterminable factor.

Quantity of Light.

The experiments referred to previously indicate that
increased illumination results in increased acuity and speed
of perception, with the result that a given task can be
carried out more efficiently and possibly with less strain.
Apart from purely visual tests of lighting many field trials
of particular types of work have been carried out with
production as the criterion of the lighting. These show that,
within limits, increased illumination results in increased
production even in those tasks where it is not necessary to
discern a high degree of detail, for instance foundry work.

Owing, however, to the logarithmic relationship between
visual efficiency and illumination a very high illumination
would be required for maximum theoretical efficiency. Forin-
stance, if an increasein illumination from 1to 18 lumens/sq. ft.
gives a 10 per cent. increase in efficiency it would be
necessary to increase the illumination from 10 to 100
lumens/sq. ft. to give a further 10 per cent. increase. In
actual fact, with an illumination of 100 lumens/sq. ft.
efficiency would probably suffer due to discomfort from

lare. .

The Illuminating Engineering Society (London) illumina-
tion chart® takes into account both the size of detail and
the natural contrasts of the work and specities levels of
illumination which will give high (but not maximum) visual
efficiency. The size of detail is in six categories ranging
from ‘“‘minute” to “large” and the contrast in three
categories, ‘‘high,” “medium” and “low.” For instaunce,
this print has high contrast (above 60 per cent.), pencil lines
on drawing paper have medium contrast (30-60 per cent.)
and pencil lines on drawing paper covered by tracing paper
have poor contrast (under 30 per cent.). Characters with
indistinct edges make vision more arduous.

Thus this print, with ordinary detail and high contrast
needs, according to the I.E.S., 24 to 5 lumens/sq. ft. for
reading it comfortably. On the other hand 30 lumens/sq. ft.
are required for setting small type by hand, where the
detail is small and the contrast only moderate.

Where movement of the task is involved or where close
attention to detail is required for long periods, an increase
in illumination of from 50 to 100 per cent. on the values
given in the chart is recommended.

Quality of Light.

An indiscriminate increase in illumination will not neces-
sarily give more satisfactory lighting. An installation must
be carefully designed to give adequate quality as well as
quantity,

The chief cause of visual discomfort is glare; this has
been defined as ‘“‘the disturbance when portions of the field
of view have a brightness greatly in excess of that of the
average for the field of view”? or more concisely ‘“light out
of place.” This may be direct glare from the light source
or reflected glare from objects having a high reflection
factor. :

All formule for calculating the maximum comfortable
luminance of a potential glare source are of necessity
empirical and involve a “glare factor” or “index of
comfort.”” Hence no formula is universally accepted or
applicable. One of the best known is8

K L03
Lo= g
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where Le = maximum comfortable luminance of potential
glare source,

L, = luminance to which the observer was adapted
immediately prior to encountering the glare
source,

w = solid angle subtended by glare source, and
K = index of comfort which is taken as 75 for a
“normal’’ observer.

Although this formula takes into account the -chief
factors atfecting glare (L4 and w) there are others such as
the severity of the task, the position of the glare source and
the variation of luminance with time.

Normally a worker does not look at a task continuously
but from time to time looks away from the work. Thus the
luminance of the task and its immediate surrounds is not
the only factor to be considered, since a glare source may
exist which is only within the field of view when the worker
looks away from his task. In fact, the general luminance
distribution over the whole field of view is important and
this aspect will be discussed in Part 2 under the ‘“bright-
ness”’ method of design.

Colour and Harmony.

Light energy is perceived over a range of colours ranging
from violet (4,000 A wavelength) to red (7,000 A). ‘“White
light”” consists of a combination of the various colours. The
normal standard of white light is daylight although the
colour of this varies considerably at different times of the
day. Tasks which require accurate judgment of colours are
usually carried out by daylight from a north-facing window,
sunlight being excluded.

“White” light from artificial illuminants is subject to
even greater variation. The light from a tungsten filament
lamp is rich in red and deficient in blue as compared with
daylight; a small variation in colour can be obtained by
varying the filament temperature (and therefore the life and
efficiency) but, apart from the use of colour filters which are
very inefficient, little more can be done to change its colour.
With fluorescent lamps, however, variation of colour can be
obtained by using different fluorescent powders.

There are two aspects of colour, the appearance of the
light source and the appearance of coloured objects illu-
minated by the source. The latter, called colour rendering,
is important where colour discrimination is necessary. For
instance, a red postage stamp appears to be very dark
under a light source deficient in red. Also the colour of the
background considerably affects the apparent colour of the
viewed object.

We are used to the light from filament lamps which is
rich in red and find that decorations, food and people
appear “warmer’” and generally more acceptable under it
than under the “colder” light from fluorescent lamps giving
a larger proportion of blue. But the latter lamps give a
more stimulating light which blends far better with daylight.
When fluorescent lighting is uscd consideration must be
given to the colour rendering of work, furniture and
decorations by both daylight and artificial light. A colour
scheme which is very pleasant during daylight hours can
be drab or discordant under fluorescent lighting.

It is an essential part of a lighting engineer’s work to
ensure that the type, colour and position of the lighting will
harmonise with the architectural features and decorations
and also be suitable for the use to which the premises will
be put. Lighting which gives a “‘mill-bar”’ atmosphere in
a conference room is clearly inappropriate.

Installation of modern lighting to harmonise with the
architectural features of older buildings is a fairly common
problem. Although general rules are applicable to this
aspect of lighting, each of these cases must be treated on its
merits.
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Position and Type of Fittings.

The type of fitting will depend largely on the type of
lighting used. The types of lighting may be summarised
briefly as follows:—?

Flux Distribution
Type Typical Fittings
% up (9% down
Direct 0-10 | 90-100 | Fittings with opaque reflectors;
“built in” fittings; laylights.
Semi-direct 10-40 | 60-90 | Enclosed fittings; batten-type
fluorescent fittings ; fittings
with translucent refiectors.
General
diffusing | 40-60 | 40-60 | Enclosed diffusing fittings.
Semi-indirect | 60-90 | 10-40 | Translucent bowls.
Indirect 90-100 0-10 Opaque bowls; “built in'" fittings.

Direct lighting is efficient but with suspended fittings
the small proportion of upward light may result in severe
contrast between the luminance of the task and that of
the upper field of vision, especially the ceiling. Excessive
contrast can also be experienced where fittings are built
into a ceiling which receives no direct illumination. With
laylights and illuminated ceilings of the ‘““Louverall” type
the danger of excessive contrast is less great. Care must be
taken, however, that the luminance of the source is not so
high as to cause direct glare.

Indirect lighting is comparatively inefficient but may be
of high quality. In general it is unsuitable for working on
detailed tasks unless supplemented by local lighting; other-
wise the task luminance will be much lower than the ceiling
luminance and a feeling of gloom will result. Furthermore,
large areas of uniform luminance will give a ‘‘flat”
appearance.

Semi-direct and general diffusing lighting is very suitable
for most purposes, combining reasonable efficiency with
good quality and acceptable appearance. Special con-
sideration is necessary in the positioning of the fittings so as
to avoid glare and unnecessary shadow.

Economy.

The cost of an installation is not necessarily an indication
of its quality. Having set the standairds of quantity and
quality there are several ways in which economy can often
be effected. In all cases the most efficient use should be
made of the light provided by using decorations and
furniture with reasonably high reflection factors, say 0:5
for walls and 0-8 for ceilings. This is not always within the
control of the lighting engineer. Also a certain amount
of lacalising of light is often possible where high illumination
is required in only a few parts of a room. For instance, in a
bank or post office the high illumination is required only
on the counter and writing positions and the illumination
in the concourse can be as low as one-third of that on the
working positions without unpleasant contrasts resulting.
In other cases, such as a clerical or typing office, this
principle might apply equally well but the frequency with

" which the furniture and desk layout changes usually makes

it more economical to use uniform general lighting.

When a scheme has been decided upon, with these factors
in mind, the annual cost of an installation may be divided
into three parts, i.e. (i} providing the fittings, installing and
wiring, (ii) maintenance, and (iii) supplying with electricity.

Providing, installing and wiring.—The cost of providing,
installing and wiring the fittings can be minimised by the



use of high-power lamps or groups of lamps. As high-power
lamps are more efficient than low power, either approach
will reduce the number of supply and mounting points
required. The extent to which this can be done will depend
on the permissible mounting height. Too few fittings, tco
low a mounting height or too high an intensity will result in
bad distribution of the light over the working plane, glare
or both. Where large numbers of fittings are required for
standard types of accommodation, standardisation of
fittings into a few types and designs is an obvious economy.

M avntenance.—Maintenance of an installation is an
important consideration as its cost may equal the annual
charge proper to provision and installation. It may be
divided into two categories,namely engineeringmaintenance
including lamp replacements, and cleaning. For all main-
tenance work accessibility of the fittings is of prime
importance. Where the mounting heights are large, lowering
gear may be justified providing that it can be made in-
conspicuous. Very little engineering maintenance is usually
required apart from lamp replacements and renewal of
supply flexes. Changing a fluorescent lamp involves going
to both ends of most commercial fittings to release the lamp
from the lampholders. To avoid this a lampholder assembly
has been designed for P.O. use in which the lampholders
are carried at each end of the fitting on a spring loaded
sliding plate which gives the necessary end pressure to hold
the lamp in position. Thus the lamp can be removed by one
hand from one end of the fitting, the usual rotary motion tc
release the bayonet caps from the lampholders not being
needed.

Ease of access to the reflecting and light transmitting
parts of a fitting ensures that washing and dusting may
be carried out efficiently. Unfortunately the steps taken to
ensure that the light sources are not glare sources, such as
using diffusing enclosures and louvres, mean that cleaning
and lamp replacements are made more difficult. Louvres
and diffusers should be easily removable without the use of
tools and, if possible, hinged to the fitting.

Accumulation of dirt on fittings results in both reduction
of the illumination and waste of light. The over-riding
necessity is that the cleaning interval shall be such that the
illumination never falls below an adequate value. Subject
to this the most economic cleaning interval s such that
the cost of cleaning equals the cost of the light wasted by
depreciation over that interval. Hence the most economic

cleaning interval is4/2M]CD, where C = average cost of
electricity per month (including a proportion of fixed
charges) and of lamp replacements, M = cost of one cleaning
and D = monthly rate of depreciation. Ior an average
filament installation the most economic interval is of the
order of 3 months. The higher cost of cleaning makes the
interval longer for a fluorescent lighting installation.

Supply.—For a given installation the cost of electricity
and wiring may be reduced by using higher efficiency lamps,
and, where suitable on considerations other than that of
economy, discharge lamps are an obvious choice, having
efficiencies of two to three times those of filament lamps.
Capital and maintenance charges are, however, higher for
discharge lamps so that for a given installation the com-
parative economies of the two types of lighting depend on
the hours of use,

Thus minimum heurs of use per year (II) for discharge
lighting to be economic is given by,

H— 1,000 [(C —¢) 4 (M —m)] Ee

?{E—¢
Frilament Discharge
where, lamp efficiency = e lumens/watt E lumens/watt
Yearly cost of main-
tenance, cleaning and
lamp replacements = i pencef/lumen M pence/lumen

Cost of electricity = p pence/kWh  p pence/kWh
Iixed annual charges = ¢ pence/lumen C pence/lumen

Comparing normal filament and fluorescent installations
and taking E as 2-5¢, M as 2 and C as 1-5¢

then, H = 5,000e {¢ + 2m)
6p

For normal indoor installations, such as offices, H is about
1,000 hours/year.

It is emphasised that the above formule only apply for
comparison between filament and fluorescent installations
to give thesame illumination. The actualeconomy effected by
using fluorescent lighting is often less than it would appear
at first sight. For a given minimum illumination the average
illumination must be greater by fluorescent lighting to
allow for the higher lamp output depreciation; it is found
in practice that higher illumination than the visual task
demands is sometimes needed with present-day fluorescent
lamps to avoid any general appearance of gloominess; as the
spectral distribution of the light output of fluorescent
lam(i)s is normally nearer that of daylight there is greater
tendency for the lamps to be switched on to supplement
daylight and the hours of use may increase when fluorescent
lighting is installed; finally, the number of cases where
filament lighting can be replaced by fluorescent to give
increased illumination without the need for replacing
existing distribution wiring is reduced by the I.E.E. rule
in the “Wiring Regulations’” which calls for the current
carrying capacity of wiring supplying discharge lamps to
be de-rated by 20 per cent.

Fig. 8 shows comparative annual costs per 1,000 sq. ft.
of illuminated area for filament and fluorescent lighting.

ANNUAL COST (£ /1000sqit/ YEAR)

2000 3000 4000 5000

H (HOURS OF USE PER YEAR)

o 1000

(a} Filament (15 luraensfsq. ft., averagel.
(b) Fluorescent (1S lumens/sq. ft., average},
(c) Filament (9 lutnens/sq. ft., average).

{d) Fluerescent (9 lumens/sq. ft., average).

Fic. 3.—CoMPARATIVE CosTS OF FILAMENT AND FLUORESCENT
LIGHTING.

Although most fluorescent lamps, except those in public
service vehicles and aircraft, are operated on a 50 cfs
supply, recent investigations!® show that there are con-
siderable advantages to be obtained from operation on a
higher frequency supply, preferably about 3,000 c/s. The
chief advantages are longer lamp life and higher efficiency,
smaller control gear with lower losses, no flicker or strobo-
scopic effect and sinusoidal wave form. It has been claimed
that the use of lamps on a higher frequency supply, with a
motor generator to convert the frequency; results in
financial saving as compared with a similar installation
supplied at 50 cf/s. The comparison ignores maintenance
charges, however, and bases its running costs on 2,500 hours

. use per year.

A point of international interest at present 15 whcther
medium and large filament lamps with lives in excess of the
usual 1,000 hours should be added to the present standard
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range. For P.O. purposes, with an average electricity cost of
2d. per kWh, an average cost of replacing a lamp of 20 pence
and assuming that lamp life is inversely proportional to the
seventh power of efficiency, the optimum life of a 150W
lamp is about 1,600 hours. This indicates that the present
nominal life of 1,000 hours is rather low. In certain cases,
however, where lamp replacement is difficult long-lifc (say,
2,500 hours) lamps would be more economic.

Small sizes of lamps with extra filament supports are
already in use for rough-service purposes where the saving
due to the reduced rate of replacement outweighis the extra
cost of electricity due to reduced efficiency.

Safety.

No special precautions are necessary from an electrical
point of view except with cold cathode lighting which uses
high voltages. Modern cold cathode fittings employ an
interlock which precludes access to the fitting wiring while
any part is still live.

With fluorescent lamps, the cyclic variation in light out-
put is much more marked than with filament lamps and
this may be dangerous where there is rotating machinery.
In such cases a twin lamp fitting can be used with a
capacitor in series with one lamp to give a phase difference
in the light output of the two tubes (usually about 120°).
Although the discharge is extinguished every half cycle the
after-glow of modern fluorescent powders ensures that the
light output drops to only one-third of the maximum. Thus
with 120° phase difference the minimum light output is
about 70 per cent. of the maximum on a 50 c/s supply.
This compares with about &5 per cent. for a 200W filament
lamp. The stroboscopic effect of fluorescent lighting is often
reduced still further by supplementing it with filament
local lighting.

Other Faclors.

Although increased illumination gives increased visual
acuity, this is only true within limits, and there are some
tasks, such as watchmaking, which demand so high an
acuity that very high illumination is not the answer. In
such cases the task is magnified by a lens so that the
severity of the visual demands made on the worker is
reduced.

In other cases visual comfort can beincreased by reducing
the task/surround luminance ratio—in offices, for instance,
by using desk tops having a higher reflection factor. The
position or inclination of the task can sometimes be altered
so that specular reflections or shadows are not troublesome
to the operator. Conversely, specular reflections from the
markings on a steel rule are desirable to enable it to be
read more easily.

These and other similar considerations can be regarded
quite fairly as within the lighting engineer’s purview,
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Book Reviews

“Data and Circuits of Television Receiver Valves.” J. Jager.
Philips Technical Library, Electronic Valves, Book IIIC,
distributed in U.KK. by Cleaver Hume Press Ltd. 216 pp.
about 225 illustrations. 21s.

Although early television receivers were made using
receiving-type valves in existence at the time, such valves did
not entirely meet the special requirements of the new
television techniques, and later the large-scale production of
television receivers led to extensive demands for more suitable
types.

This volume, a further addition to the Philips series on
electronic valves and their applications, gives details of a
range of valves specially produced to meet the new demand.
About two-thirds of the book is devoted to describing in
detail the characteristics of each valve in the range. The
information is more comprehensive than is usually found in
valve data sheets and is, of course, specifically directed
towards the television application. Betails of two cathode-ray
tubes are included.

The remaining third of the book describes circuits in which
the valves may be used, with particular reference to inter-
carrier sound and flywheel synchronisation circuits. Inter-
carrier sound reception is a system, used extensively in the
United States, in which the same I.F. stages are used for both
sound and vision. At the detector a beat is produced between
the sound and vision carriers which carries the sound as
frequency modulation and the vision as amplitude modulation.
In the sound section of the receiver the vision amplitude
modulation is removed by limiting and the sound is obtained

by means of a discriminator. This system cannot be used with -

British television in which the sound is transmitted as
amplitude modulation as well as the vision. For this reason
the receiver circuit described is not suitable for use in this
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country. Flywheel synchronisation has been fully described in
another volume from the Philips Technical Library which was
reviewed recently.

Although confined to the products of one manufacturer the
book will be of great value to the television receiver designer
as well as to the amateur constructor.

T. K.
I.P.O.E.E. Library No. 2198.

‘““Electrical Earthing and Accident Prevention.” Edited b
M. G. Say, Ph.D., M.Sc., M.I.LE.E. George Newnes, Ltd.
248 pp. 123ill. 25s.

This attractively produced book provides a good intro-
duction to a subject of interest and concern to all electrical
engineers, as well as to all connected with safety measures in
the home or industry. The book is the work of 19 contributors,
each a specialist on his branch of the subject, and outlines the
accepted practice and recent development in each field.

In an introductory section, contributed by H.M. Senior
Electrical Inspector of Factories, on ‘“‘Accidents and their
Prevention,”” an analysis is given of recent fatalities caused by
the use of electricity, and remedial measures applicable in
home and industry. Sections then follow on the earthing regu-
lations; power-system earthing; the earthing of domestic and
industrial installations including ship, electric traction, mining
and aircraft installations; the earthing of telecommunication
systems; consumer plant earthing including portable appliances
and machine tools; and finally, earthing measurements and
maintenance, and lightning protection.

The book is designed for the non-specialist who, while
wishing to increase his knowledge of the subject, has little
time to delve into a mass of detailed technical literature. It
serves this purpose admirably and most engineers will find
something of interest and value in its pages.

L.F. S



The New Standard Subscriber’s
Line Circuit Equipment
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With the development of the Type 3 uniselector of reduced width it became possible to mount 300 uniselectors on a 10ft. 63in. rack.

At the same time it was decided to introduce a two- Ilome-posmon feature into the uniselector circuit to give improved service to subscribers

under certain conditions. The introduction of equipment glvmg these new facilities has necessitated major re-design work as explained in

this article, which opens with an account of the revised trunking arrangemenls requlred for two-home-position working, The rack design

and cabling arrangements are tlen described in some detail and, in conclusion, tlie main constructional features of the Type 3 uniselector
are referred to.

INTRODUCTION

OLLOWING the development of the Type 2 uniselector
Ffor general use, a uniselector of lighter construction

(known as the Type 8) has been produced for sub-
scribers’ calling equipments. It is narrower than the old
Type 1 to the extent that it is possible to mount 25 switches
instead of 20 on one shelf of a standard 4ft. 6in. rack. To
make the best use of this narrower uniselector it has been
necessary to re-design the rack for subscribers’ calling
equipments and opportunity has been taken to incorporate
the two-home-position facility into the circuits.

This article describes the two-home-position circuits and
their trunking arrangements, the “‘preference’” and shared-
service facilities, the new rack with grading facilities and
the Type 3 uniselector which was only briefly mentioned in
a previous article! on the Type 2 uniselector.

TRUNKING AND GRADING CONSIDERATIONS
Two-Home-Position Facility.

With the present method of trunking the outlets from a
subscriber’s uniselector to st selectors, the grading forming
the interconnection implies that all choices are tested in a
definite order, this order being the same on every call
attempt. It has always been appreciated, therefore, that, if
the selector representing the first choice to a particular
subscriber 1s faulty, the calls originated by this subscriber
could repeatedly seize the faulty choice. This condition
could arise during periods of light traffic when most of the
exchange equipment is not in use. During normal and busy
periods, the condition is not so serieus, as, due to the inter-
vention of other ‘calls, the second attempt may seize a
different selector.

It will be appreciated, therefore, that, if a subscriber’s
uniselector has a faulty first-choice outlet, this could have
the effect of isolating that subscriber from the exchange
during periods of light traffic.

With the continued growth and use of the 999 Emergency
Service and the increased incidence of these calls during
periods of light traffic, the above disadvantage assumes
greater significance, thus increasing the need for an
alternative first-choice selection on a repeat attempt.

Many schemes for providing an alternative choice have
been investigated, including different methods of ‘‘search”
and “interconnection,” which for technical or economic
reasons were not introduced. Of these schemes the simplest
was found to be that which used a uniselector bank with
two home positions, as illustrated in Fig. 1. This scheme
enables a subscriber to begiven a different first-choice outlet
on a repeat call during periods of light traffic and also pro-
duces a more even distribution of traffic over the outlets.
Although at that time it was not considered practicable to
introduce this arrangement, the later development of the
new Subscriber’s Line Circuit Rack provided an oppor-
tunity to bring the scheme into use with little addittonal
expense.

1 The authors are respectively: Executive Engineer, Telephone

Branch, E .-in-C.O.; Assistant Chief Engineer, General Electric Co.; °

and Senior Executive Engineer, Telephene Branch, E.-in-C.O.
1POEE.J., Vol 42, p. 17.
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'16. 1.—SI1mpPLE TRUNKING DIAGRAM ILLUSTRATING USE OF Two-
HoMmE-PosITION SUBSCRIBER'S UNISELECTOR.

In view of the importance of the telephone service in
emergencies, this has now been adopted as the standard
method of trunking subscribers to 1st selectors. Circuits
have been produced which, in addition to all the usual
facilities given by a single-home-position uniselector,
provide for connection to the first free outlet in the group or
groups, with continuous search over both groups if all
outlets are engaged. On the release of the call the wipers
are driven to the next home-position.

These circuit facilities have been made possible by the
use of “'split” homing arcs in the bank assembly arranged
in the circuit, as shown in Fig. 2.

ip—"a

LR

F16. 2.—Part or Circuit ofF Two-HomE-PosiTioN SUBSCRIBER'S
UNISELECTOR.

T he operation of the circuit follows the same sequence as
the usual single-home-position circuit, but it should be
noted that contacts @ and 12, which form the two home-
positions on the homing arc, are strapped so that, on an
incoming call from the final selector to the subscriber, an
operating circuit for X relay is available from either home-
position. Also, on the P arc, the same contacts 0 and 12 are
strapped to provide an initial operating circuit for the drive
magnet from either home-position when the subscriber
originates a call. It also follows that the 0 and 12 contacts
on the — and + arcs must be dlsconnected and not
multipled.

Positiontng of the Second Home-Position.
The selection of position 12 for the second home-position
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was determined by calculation and artificial traffic tests
which sought to ascertain whether a small group followed
by a large group, or two equal groups, produced the more
efficient traffic-carrying combination. It was found that,
ideally, two equal and efficiently-graded portions produced
the best traffic-carrying combination and that, at any
instant, an equal number of uniselectors would be standing
on each home-position. In practice, therefore, as the
nearest equal division is 11 4 12, approximately equal
amounts of originating traffic would be offered to each
group of outlets.

The result of this nearly equal division is most important
from a maintenance point of view in the following three
waysi—

(@) As the traffic is more evenly distributed over the
switches in the 1st selector rank, these switches
sustain more even wear, thus reducing the fault
liability of the first-choice selectors.

() The uniselector will require to make fewer steps to
find a free outlet and fewer steps on completion of a
call to return to a home-position, so reducing contact
wear.

(¢) Due to (b) a reduced demand will be made on the
exchange battery.

The distribution of traffic over the outlets of a uniselector

under three different methods of search is shown in Fig. 3.
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A—Full-Availability Group: Single Home Position.
B—Full-Availability Group: Two Home Positions.
C—Two Independent Groups,

F1G. 3.—TRAFFIC CARRIED BY IEACH OUTLET OF A UNISELECTOR
FOR THREE METHODS OF SEARCH.

Curve A shows the traffic carried by each outlet in a 23
full-availability group when 130 Erlangs are offered, a com-
plete search being made over all outlets before a call is
presumed lost. From this it may be seen that the traffic
occupancy of the 1st and 23rd choices is 928 per cent. and
37 per cent. respectively. Curve B, derived from results
obtained on the Electronic Traffic Analyser,? indicates the
distribution of the same amount of traffic (13-0 Erlangs)
offered equally, i.e., 6-5 Erlangs, to each portion of a two-
home-position uniselector of 11 4 12 availability; a complete
search being made over all outlets before a call is presumed
lost (i.e., a total of 23 outlets). The traffic occupancy of the
1st and 11th choices is 868 per cent. and 18-4 per cent., and
of the 12th and 23rd choices it is 87-3 per cent. and 12-7
per cent. respectively.

Curve C shows, for comparison, the distribution of
traffic over two independent full-availability groups of 11
and 12 outlets respectively. Any call originated in either of
these groups tests, once only, the outlets in that group
before it is lost, i.e., all calls originally offered to the 11-
availability group must be carried by or lost in that group.

2 P.O.E.E.]J.. Vol. 42, p. 181.
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Grading of Outlets.

The uniselector bank has 25 contacts, two of which, 0 and
12,are used as the home-positions; the uniselector, therefore,
has a total of 23 outlets made up of 1l-availability and
12-availability portions. When the total number of Ist
selectors required is less than the availability of the uni-
selector the number of trunks is divided equally between
the two portions of the bank; an odd trunk will be allocated
to the 12-availability portion of the bank.

When the total number of 1st selectors required exceeds
the availability of the uniselector (i.e., over 23) gradings
must be provided. Many arrangements are possible, but the
highest traffic-carrying formation is produced when:—

{a) Equal numbers of trunks are available in each portion

of the grading.

(6) The formation of the grading on each portion is based

on the availability of each portion separately.

(¢) The formation gives the smoothest progression from

individuals to pairs, etc., as at present.

Fig. 4 is an example of the ‘‘formation” of an efficient
grading, assuming four groups of uniselectors which require
39 trunks.

OUTLET © | 23 45 67 8 91011 1213 1415.16 1718 19202122 3324
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T1G. 4.—GRADING WITH AVAILABILITY 11 + 12; 4

39 TRUNKS.

Allocation of Selectors.

The general principles of the present practice are to:—

(@) Maintain equal traffic loading of selector shelves.

(6} Give the widest accessibility from each group of the

grading.

(¢) Ensure that consecutive choices are not associated

with selectors on any one shelf.

To maintain these principles, selectors, from gradings of
uniselectors with two home-positions, should be allocated
commencing with the first choice of the lowest grad.ng-
group of the first portion of the grading and working
upwards to the top group, then allotting selectors to the
first choice of the second portion of the grading in an-
upward direction, followed by the second choice of the first
half in a downward direction and the second choice of the
second portion in a downward direction and so on through-
out the grading.

In order to meet the requirements of (¢} above, it is
necessary to regard contacts 1 and 13 of any one group as
consecutive choices, since only these contacts will be used
during periods of light traffic. Therefere, the selectors
allocated to outlets 1 and 13 should be on different shelves.

The allocation of selectors to the grading in Fig. 4 could
be as shown in Fig. 5.
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F1G. 5.—ALLOCATION OF SELECTORS ON SHELVEsS A To F To A
Two-HoME-PosiTIoN UNISELECTOR GRABDING.

Traffic Capacity.

It will be appreciated that the 24-availability table at
present used for the single home-position gradings could
not be applied to the new gradings.

To determine, however, whether the 23-availability tables
could be applied in practice, tests were made with the



Electronic Traffic Analyser and the traffic capacity for the
standard grade of service was obtained. The results showed
the capacity of the new gradings to be slightly greater than
that of a normal 23-availability grading of the same number
of trunks as given by the pure chance 23-availability table,
which has been shown to be rather generous in provision
when applied to single-home-position switches.

It was decided, therefore, that a grade of service not
worse-than the “‘Standard’” could be obtained by the use of
the existing 23-availability traffic- capacity tables for
assessing the number of trunks required on a two-home-
position uniselector grading.

Lemitations of Gradings.

The maximum size of a two-home-position uniselector
grading will be limited by the present ‘“‘cross-talk’ and
maintenance factors which require that not more than 2,000
subscribers’ uniselectors should be in one common grading
and that the number of 1st selectors served from a grading
should not exceed 240, when used with 2,000-type equip-
ment on standard 10ft. 61in. racks.

This latter factor governs the total traffic which may be
offered to a fully loaded grading, and represents, for a two-
home-position subscriber’s uniselector grading, a traffic
capacity of 154-4 Erlangs.

The minimum number of grading groups which will be
required is normally given by the formula

_ 2N

="
£ = minimum number of groups,

N = number ot 1st selectors, and
A = availability (23).

In small gradings of 2, 4 and 6 groups, however, the
maximum permissible numbers of 1st selectors are 37, 58
and 74 respectively.

As an example, assume an exchange of 600 lines and an
anticipated originating traffic of 42-0 Erlangs, to be equipped
with subscribers’ uniselectors with two home-positions per
bank, 25 uniselectors per shelf and 12 shelves per rack,
trunked to 200-outlet, 2,000-type 1st selectors. Then,
Pure chance, 23-
availability, “‘Stand-
ard” gradeofservice,

where,

No. of Ist selectors required = 69

traffic capacity table.
. 600
No. of uniselector shelves = -5 = 24
Minimum number of grading groups
_ 2\7 _ 2 X 69 —6
4 23 ’

Therefore with 24 shelves each will be
24/6 = 4 shelves of uniselectors.

With 4 shelves per group there will be 3 grading groups per
rack.

The arrangement of the two portions of the grading to
accommodate 69 1st selectors will be:—

3 Individual choices + 3 Pairs -+ 2 Threes -+ 3
Commons in the 1l-availability portion, followed by 3
Individuals + 3 Pairs 4 2 Threes 4 4 Commons in the
12-availability portion, as shown in Fig. 6.
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Fic. 6. —GRADING WITH AVAILABILITY 11 + 12; 6 Grours; 69 TRUNKS,

Traffic Meters.

After tests on the Electronic Traffic Analyser, it was
decided that, for the purpose of estimating the traffic
carried by the last choice outlets in each half of the grading
at grades of service of 0-005 or better, a grading on the two-
home-position uniselector could be regarded as two in-
dependent gradings, each being offered half the total traffic.
Accordingly, late choice critical figures were determined on
this basis to be a pointer to conditions of congestion.

The late-choice traffic meter is connected to the last
outlet in the second half grading, and the critical capacity
of this contact has been calculated assuming that half the
total traffic at a grade of service of 0-005 was offered from
the second home-position.

It should be realised that the method of estimating the
traffic carried by any grading is inherently inaccurate when
the same critical figures are used for gradings with varying
numbers of groups.

It is, therefore, expected that the application of the same
principle to two-home-position uniselector gradings will
yield results comparable to those already obtained in
practice on normal gradings, with continuous search.

The actual traffic carried by the uniselector grading is
measured, as at present, by use of the Automatic Traffic:
Recorder to count the traffic carried by the Ist selectors
connected to the grading.

Rack DESIGN AND CABLING ARRANGEMENTS
The Subscriber's Line Equipment Rack.
New Standard Line Equipment Racks have now been
developed, based on the normal exchange-type rack frame-

A—Grading Chart.
B—Grading Shelf.

F1G6.7.—SuBsCrRIBER’S LiNE EQUIPMENT RAacKk oF CAPAcITY 300 LINES.
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work of 4 ft. 6in. width and 10 ft. 6} in. or 8 ft. 6 in. height.
The 10ft. 63in. rack carries, as shown in Fig. 7, 12 shelves
of 25 uniselectors with their attendant relays together with
a shelf of grading connection strips; on the 8ft. 6}in. rack,
eight uniselector shelves and the grading shelf are accom-
modated.

The facilities given by these racks are:—

(a) Capacity for 300 line circuits on the 10ft. 6}in. rack

or 200 on the 8ft. 6%in. rack.
(6) Gradingof the 23 outlets of each shelf over amaximum
of 80 trunks to the I.D.F.

(¢) Conversion of each shelf from ‘‘preference’ to normal
working by a simple strapping operation on two tags.
(The “‘preference” scheme is explained later.)

(d) Two-key control of the preference disconnect scheme.,

(¢) Conversion of pairs of line circuits from exclusive to

shared service by a simple wiring connection.

(f) Connection strip termination of all incoming and

outgoing cables.

Several novel details of construction have been incor-
porated in this rack and the design is such that, while
many maintenance advantages arc available, more speedy
production methods may be used.

Shelf Unat.

The uniselectors are mounted on a unit framework of
light-gauge steel sections, each unit carrying two shelves of
25 uniselectors spaced above and below a row of five relay
plates. Connection strips at the right-hand side provide for
connection of incoming lines from the I.D.F.

kig. 8 illustrates the construction of the framework. The
upper and lower angles are fixed in the opposite sense so

il

1
: ; i of '¢i €l © & \ e 45 } !
vy O ¥ ﬂ RE " T T Ve &+ W M} e R
(-} e e[ L ‘tg-:fd 5 3 |

saving rack space by permitting a measure of overlapping.
The fact that the frameworks overlap does not prevent
removal of individual shelf units should this be necessary.
The rigidity of the unit frame, which has to carry a load of
some 180 lb. without sagging, is increased by the cross-
braces and by the brackets which support the relay plates
and also serve as cover guides.

Each relay plate contains the LR and K relays for 10
circuits, corresponding to the five uniselectors above and
the five immediately below the relay plate. On the rear of
the plate is fitted the auxiliary tag strip which carries the
normal battery and earth, and the “preference” battery
connections for the relay plate.

The uniselectors are mounted in groups of five on pairs
of L-section rubber anti-vibration mountings, one of which
is shown in Fig. 9. The rubber is of a special quality and is

. I - * - - 4 o8
=D -l L L

Fic. 9 —RUBBER ANTI-VIBRATION MOUNTING.

internally reinforced with rubber-impregnated fabric; to
minimise mechanical coupling between adjacent mounting
points, the material is so cut that the threads run diagonally
and thus do not link any two uniselectors. This form of
mounting prevents any tendency for a running uniselector
to produce microphonic noises in the speaking circuit of a
neighbouring unit. ’

As shown by Fig. 10, the rubber mountings are affixed
to pins on the horizontal bars of the steel framework by

A—Bottom Angle of
Shetf Above.

B—Pins for Fixing
Rubber Mountings.

C—Crossbraces.
D—Frame Bars.

E—Brackets to Sup-
port Relay Plate.

s | 7 Lug.
- | G—Bottom Angle.

H—Top Angle of Shelf
i Belew.

=
o

\
CROSSBRACE

Fic. 8 —TwiIN-SHELF UNIT AND GRADING IFrRaME wITH COVERS REMOVED AND, AT RiIGHT-HAND SiDE, THE FRAME CONSTRUCTION
SHOWING OVERLAPPING.
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ARUBBER MOUNT

U/S BANK

SPRING CLIP
Fi16. 10.—CRr0SS-SECTION OF ANTI-VIBRATION MOUNTING FIXED TO
Tor ANGLE.

press-on spring clips, while the uniselector banks are
screwed to steel plates riveted to the rear flange of the
mounting; a projecting fin moulded along the front edge
serves as a support for a jig on which the mechanism may
be mounted for adjustment and running tests as described
later.

This new type of mounting is an improvement on the
U-shaped metal springs previously used, since these, being
fitted behind a horizontal framework member, obstructed
access to the mechanism fixing screws; it is also quicker to
assemble, and thus gives economy in manufacture.

Wiring.

To simplify the wiring forms, a stage-by-stage layout has
been developed in which, as shown in Fig. 11, the cables, A,
carrying the incoming lines from the I.D.F. to the rack are
terminated on the connection strips at the right-hand end
of each shelf. (These connection strips appear at the left of
Fig. 11, since this shows the rear view.) From here a wiring
form, B, leads to the relay-tags on which all the wires are
appropriately terminated. Small forms, C, individual to
each circuit are led from the relays to each uniselector and
are enclosed in a plastic tube to give mechanical protection.

(These are seen again in Fig. 1S at C, which shows these
forms to have sufficient free length to permit the mech-
anisms and brush feeds to be readily withdrawn for main-
tenance adjustment.)

With the exception of the bank multiple, all those
connections to the uniselector, which are not required for
circuit reasons to be connected to relay coils or springs, are
terminated on spare relay tags. This enables all wires to
the uniselector to be collected easily into these small
forms, C.

The bank multiples, D, via their multiple tails, E, are
terminated on the grading connection strips to which are
also connected rack-to-rack ties, G, and the I.D.F. cables,
I, carrying the outlet connections.

As much as possible of the relay wiring is carried out by
strapping and commoning local to the plate. All shelf unit
wiring except the bank multiple tails and connection of the
switch tails can be carried eut on the bench, thus facilitating
inspection.

With this wiring layout all switchboard cables are
terminated on connection strips, thus simplifying installa-
tion of therack. Fig. 11 also illustrates the present standard
*“square” dressing for uniselector multiples; this gives both
a neat appearance and excellent access to the bank-contact
tags, thus avoiding liability to wire breakages caused by
disturbance of the wiring.

The Preference Facility.

It has long been desirable to have some means of dis-
criminating readily, under emergency conditions such as
serious overloading, or breakdown of power supplies,
between the subscribers who should be given preferential
service and those whose calling facilities might be tem-
porarily suspended to ease the emergency. In the former
category, of course, are the medical, ambulance, police
services, etc. Arrangements of this kind were made during
the war by temporarily connecting battery cut-off keys into

the subscribers’ calling relay battery feeds

via connection strips, and involved con-
siderable alteration to the standard rack
wiring.

It has now been decided that this facility
should be made standard and, on the new
racks, two disconnect keys are fitted,
having six contacts each, thus providing
one contact for each shelf battery-feed to
the LR relays. On shelves intended for
uniselectors for preference subscribers, the
break contact is short-circuited by the
strap between tags B and D on a tag block
at the end of each relay plate. The circuit

for this facility is illustrated in Fig. 12.
Key stops are provided on the keys to
prevent accidental operation under normal
conditions.

Shared Service.

The earlier forms of shared-service
circuits and the facilities required have
been described previously? but the circuit .
incorporated in the equipment now des-
cribed overcomes some of the drawbacks
mentioned in the earlier article. In par-
ticular, by arranging that the Y subsrriber’s
uniselector circuit is connected to line via
the home-position of the X subscriber’s
uniselector, the seizure of Ist selectors by
both the X uniselector and the Y uni-
selector under the condition of simultan-

¥16. 11—WirinG ForMS ON Back oF SHELF UNIT.

eous calling by both subscribers is
TP.O.EE.J. Vol. 41, p. 139.
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prevented. Thus the lock-up between selectors which was
possible with the earlier circuits is prevented.

Provision is made in the shelf wiring for converting pairs
of adjacent circuits from exclusive line working to shared-
service working by a very simple alteration in connections.
This is shown in Fig. 12. The alternative connections are
provided in the wiring forms, the wires not in use being
disconnected and tied back. When connected for shared-
service the even circuits on a shelf will become X subscribers
and the odd circuits Y subscribers, but circuit No. 1 on the
shelf will always be used for an exclusive line. The six
right-hand circuits on the upper shelf (shown later in Fig.
15) are connected for shared-service.

Grading Shelj.

This consists of a shelf of connection strips providing a
horizontal row of tags for the outlets of each shelf of 25
uniselectors (see Fig. 8). In addition, rows of tags are
provided above and below the shelf-outlet tags for termin-
ation of the cables to adjacent racks. In the centre of the
shelf, a block of tags is provided for up to 80 trunks out-
going to the ILD.F. for cross-connection to the selectors.
Grading is carried out by vertical wires; and jumpers con-
nect the bank outlet tags to the outgoing trunk tags. Cast
aluminium brackets support the connection strips and are
provided with spaces at top and bottom to form a jumper
field.

The designations of the selectors connected to the grading
are recorded on a chart mounted on the right-hand upright
of the rack.

Covers.

Covers, as illustrated in Fig. 13, have been provided for
the wiring side of the rack to protect the multiple from
damage and dust. These coversarein three parts, consisting
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Fic. 13.—REARrR or Rack wiTH COVERS IN POSITION.

of a sheet steel barrier plate above each two-shelf unit and
two removable back cover plates of sheet steel which are
fitted with interlocking handle grips enabling them to be
stacked one upon the other. This “stacking’ feature will
prevent wiring gangways from being congested with covers
displaced to obtain access to the wiring for maintenance
attention.

It has also been proved that these covers protect the
wiring from extensive damage due to adjacent incendiary
activity such as occurred during the war-time air raids.

On racks which are wired throughout with the new
P.V.C. insulated wiring, the bank covers are omitted since
this type of wiring does not collect dust as does the waxed
wiring. It is also inherently flame-proof. Steel tube guards
are provided, however, for mechanical protection of the
lower banks.

Simple sheet steel covers, incorporating the stacking
feature in a modified form, are also fitted to both the front
and rear of the grading frame.

On the front of therack the relay plates are provided with
covers which clip on to the support-brackets (Fig. 8) and
over the frame-bars as indicated in Fig. 15 at B.

TvyrE 3 UNISELECTOR

The general construction of this uniselector was briefly
described in the article referred to earlier, but further de-
velopments have since taken place, as described below.
These are illustrated in Fig. 14.

A tubular spark-quench capacitor, A, has been developed
retaining the inherent resistance element in its construction
in place of the normal series resistor. This capacitor is
mounted in clips, B, on the front of the mechanism, and
thus it may readily be removed for access to the uniselector
knife edge (Fig. 15 (E) illustrates this). An advantage of
this construction is that the capacitor is close to the
interrupter contacts which renders it more effective in
spark-quenching.



—| particularly as there is not

| space enough between the switch
on the lower shelf and the
relays to permit the screws to be
inserted readily by hand. A small
retaining clip has therefore been
made which keeps the upper bank-
screws in their holes.in the uni-
selector frame. It is now a simple
matter to insert these screws by
screwdriver and the lower screw
may easily be placed in position
by hand.

When re-inserting the mechan-
ism into the bank it is necessary
to hold the tips of the divided
blade brush-feeds together to en-
able them to enter the collector-
| ring grooves. This is accomplished
| by fitting over the blades a

F16. 14.—ExpPLODED VieEw or TvyPE 3 UNISELECTOR AND BANK.

The Type 3 uniselector has been designed with the aim
of mounting on 1%-in. centres and, to this end, the fixing
screws, C, for the coil box and capacitor clips, have been
arranged in alternate positions on the two sides; thus, since
they do not abut, more clearance is given between the
uniselectors on a shelf.

Similarly, although the label fixing screw, D, is within
the 13-in. overall dimension, clearance, E, has been
provided in the mechanism frame to accept the head of the
screw on an adjacent mechanism, should the latter be
twisted on its mounting.

Therefore, while the clearance between mechanism
frames has been reduced compared with the previous
design, freedom from mechanical contact between adjacent
uniselectors is obtained under all normal running conditions.

To improve maintenance access to the mechanism an
outrigger mounting jig has been produced on which the
mcchanism can be fixed sufficiently clear of adjacent
mechanisms to give facility of adjustment. The outrigger
is shown in use in Fig. 15 at A.

F16. 15.—MECHANIsSMS REMOVED ¥ROM DBANKS FOR MAINTENANCE,
SHOWING SLEEVED INDIVIDUAL WIRING FORMS AND MECHANISM
oN R.H.S. MoUNTED IN OUTRIGGER.

Since the removal of the mechanism from the bank is
now encouraged during maintenance adjustment, it is
desirable to retain the fixing screws with the switch,

moulded locating-comb.  The
brush-feeds themselves may be
taken out by removing two screws.

Two-Homwe- Position Bank,

This is illustrated in Fig. 14 at G, and is similar to the
single-home-position bank with the exception that the
double homing-arc is divided into two portions separated
by the additional home contact at position 12. This arc
is formed of pairs of nickel-silver lamina separated by a
synthetic resin sheet insulating sector. This sector is
larger than the contact sector so providing a dividing edge -
proud of the contact edges which prevents any conductive
dust or metal particles from bridging them. The home
contacts are built up to the same overall thickness to ensure
reliable contact with a bridging wiper.

Wiper Lubrication.

Recent tests have indicated that while heavy oiling of
wiper and bank-contact faces causes any deposited dust to
form a grinding paste, thus wearing the wipers and bank-
contacts, entire absence of lubrication will also cause heavy
wear. Consequently, it is now the practice for uniselector
wiper tips to be very lightly lubricated on installation and
after overhaul but not more frequently.

CONCLUSION

The development of the Type 3 uniselector with 1%-in.
mounting centres has paved the way for a new standard
rack with capacity for 50 per cent. more circuits than the
previous standard rack. It is now possible to mount
300 line circuits on the 10ft. 61in. rack and 200 circuits
on the 8ft. 6lin. rack together with facilities for grading
the uniselector outlets.

When this is considered along with the facilities for
greater servicereliability provided by the two-home-position
uniselector and the improved shared-service and preference
facilities, it will be realised that this equipment marks a
distinct advance in exchange design.

The work in connection with this design has been in
progress ever since the war, and the engineers who have
been engaged upon it both in the manufacturers’ organis-
ation and in the Telephone Branch of the Engineering
Department may well feel proud of the racks now installed
for the first time at Ashfield exchange, Birmingham.

The authors are indebted to many of their colleagues for
assistance in the preparation of this article, and to the
General Electric Co. for the photographs used in the
illustrations.
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Automatic Teleprinter Working

U.D.C. 621.394.33

C. E. EASTERLING, B.sc., AM.LEET

This article reviews the automatic machines used on teleprinter circuits for point-to-point working, switched systems and the simpler tage
relay networks. Some defails of recent developments are included, and tite trend of future development is referred to.

Introductioi,

THE fundamental principles of automatic telegraph
transmission, i.e. transmission from a perforated
paper tape, have remained unchanged during the

transfer of telegraph working from morse to teleprinter.

The basic machines required are still the perforator,

automatic transmitter, reperforator and printer; the

difference being that they are designed for operation on
the 8-unit start-stop code instead of the morse code. The
method of operation is to prepare a paper tape by means
of a keyboard perforator, the perforations on the tape
corresponding to the code signals of the message to be
transmitted, and to feed this tape into an automatic trans-
mitter which ‘‘reads” the tape and translates the perfor-
ations into electrical signals for transmission over a tele-
graph circuit. At the receiving end these signals either
operate the recciving mechanism of a printer to produce a
printed message, or the perforating mechanism of a reper-
forator to give a perforated paper tape similar to that
prepared on the original perforator.
The objects of automatic operation are,
(@) to enable circuits to be operated at the maximum
speed of which they are capable, and
(b) to avoid manual re-transmission at relaying points,
and thus economise both in time and operating staff,
At present the standard transmission speed adopted in the
British Post Office, in conformity with international agree-
ment, is 50 bauds, or 66-7 words per minute (the average
word being considered to comsist of five letters and one
space). Although it is possible that machine speeds might
be increased by careful re-design, and, in fact, machines
capable of operating at 75 bauds (100 words per minute)
are already in productien in the United States and are being
developed in this country, a further limitation is imposed
by the band width of 120 c/s adopted for the multi-channel
voice-frequency system which forms the trunk telegraph
network of this country. Experience has shown that any
attempt to operate over this network at signalling speeds
much in excess of 50 bauds results in increased distortion
and either necessitates more frequent maintenance atten-

1 Senior Executive Engineer, TelegraplT Branch, E.-in-C.—O.
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tion or limits the number of channels which may be con-
nected in tandem. It is therefore unlikely that any change
will be made in the near future in the speed of operation
over lines. '

Another requirement, however, arises in the system of
operation known as ‘“‘tape relay.” In this system the in-
coming messages at a tape relay centre are received on
reperforators (or printing reperforators) and retransmitted
over the next stage by means of automatic transmitters.
In the simplest form of tape relay centre the tapes are taken
from the incoming position to the outgoing position by hand
or by means of some conveyor system such as pneumatic
tubes, but other methods are envisaged in which the message
is transmitted across the office from an automatic trans-
mitter associated with the incoming reperforator to a
reperforator associated with the outgoing automatic
transmitter. For this cross-office traffic the limitations on
speed imposed by the line conditions do not apply, and
economies in switching equipment and machines can be
effected by arranging for the cross-office transmission to
take place at high speed.

The machines used for automatic teleprinter operation in
the British Post Office are described in the following para-
graphs, togcther with some indication of current develop-
ments,

Keyboard Perforators.

Keyboard perforators are used for the initial preparation
of a paper tape perforated to correspond with the signals
comprising a telegraph message.

The majority of keyboard perforators in use in the
British Post Office are Perforators No. 44. These were
developed from the Murray perforator used on the Murray
Multiplex system. The principle of operation is shown in
Fig. 1.

'gIhe depression of a key positions five combination bars
which have saw-tooth projections on their upper edges
engaging with the lower edge of the keybar. The com-
bination bars can move either to the right or to the left,
and the saw teeth are cut so that the movement corre-
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F16. 1.—SELECTING AND PUNCHING MECHANISM OF PERFORATOR No. 44.
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sponds to the 5-unit code of the required character. The
movement of the combination bars is transferred through
a system of levers to the selecting fingers, and those corre-
sponding to spacing elements of the code are withdrawn from
under the punches. When the keybar approaches the lower
limit of its travel it engages with a trip bar and operates
a pair of contacts which close a circuit for the punching
electromagnet. This raises the punching hammer, and
those punches from under which the selecting fingers have
not been withdrawn are forced through the paper tape to
form perforations corresponding to the ‘‘marking’’ elements
of the code. The feed-hole punch is slightly longer than the
code-hole punches, and has no associated selecting lever,
so that it is raised, and a feed-hole is perforated, on every
operation of the electromagnet. When the key is released
the electromagnet is de-energised, and during its restoration
the paper tape is fed forward ready for the next punching
operation,

This perforator has been found to be somewhat noisy in
operation. This was probably not considered of great im-
portance when the machine was originally developed, but
the present tendency is to reduce noise in instrument rooms
as far as possible, thereby lessening the nerve strain on the
operating staff. In addition, the machine is slow in opera-
tion. The maximum speed is about 80 words per minute, a
speed which can be exceeded for short periods by a good
operator, and as the keyboard is not “locked’” during each
operation, a second key can be depressed before the
operations initiated by the first key have been completed,
with consequent incorrect perforating of the paper tape.

A new perforator, known as the Perforator No. 45 (Creed
Model 7P/N3), has recently been introduced and is shown
in Fig. 2. This is a motor-driven machine which uses the

F1c. 2.—PERFORATOR No. 45.

energy stored in the rotating motor to operate the punching
mechanism. The keyboard is similar to that used on the
Teleprinter No. 111, and locking arrangements are provided
although, as the maximum speed is about 130 words per
minute, there is little risk of an operator ‘racing’ the
keyboard.

Fig. 3 shows the perforating mechanism of the Perforator
No. 45. The combination bars have saw-tooth projections,
and are operated from the keybars in the same way as in
the Perforator No. 44; they cause the selector bars corre-
sponding to “spacing”’ elements of the code to be withdrawn
from beneath the corresponding punches. At the same time
a trip bar is operated which releases the punching cam to
perform half a revolution; this causes the punch block to
rotate about its pivot and the punches corresponding to the

1‘“The Teleprinter No. 11.” P.O.E.E.]., Vol. 46, p. 53.
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F16. 3.—PERFORATING MECHANISM OF PERFORATOR No. 45.

marking elements of the code engage with their selector bars
and are forced through the paper tape. A further cam (not
shown) restores the punch block to its normal position when
perforating has been completed; the feeding forward of the
paper tape takes place during this restoration period.

Automatic Transmitters.

The standard automatic transmitter used by the Post
Office is the Transmitter Automatic No. 2A (Creed Model
6S/4), shown in Fig. 4. When in usc the mechanism

F16. 4.—TRANSMITTER, AUTOMATIC, NO. 2A.

is protected by a sheet steel cover. A number of earlier
models may remain in use for some time, but it is not
proposed to describe them separately as in principle they
are the same as the 2A.

The machine is driven by an electric motor, the speed of
which is controlled within close limits by a centrifugal
governor. The governor cover is painted with 12 white
and 12 black segments, to enable the speed to be checked
stroboscopically. The motor drives the transmitting head
through a ratchet and pawl clutch of the type commonly
employed on teleprinters, and in the rest position the clutch
is held out of engagement by means of a control lever which
can be operated by hand or by the tightening of the paper
tape being fed into the transmitting head.

The mechanism of the transmitting head is shown in
Fig. 5. The perforated paper tape passes between the
pecker guide plate and the tape retaining plate, and when
the clutch isreleased the tapeis fed forward continuously by
the tape feed wheel. At the same time the transmitting cam
rotates and allows each pecker lever in turn to rise provided
that this is permitted by a hole in the paper tape. If the
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F1G. 5.—TRANSMITTING HEAD 0F TRANSMITTER, AUTOMATIC, NoO. 2A.

pecker lever rises, the movement is transferred via the
contact operating lever to the contact tongue and moves
it to the marking contact. 1{, however, there is no hole in
the paper tape the contact tongue remains on the spacing
contact.

It will be appreciated that the operation of the contact
tongue depends on the interaction of the pecker lever
springs, the contact operating lever spring, and the jockey
roller spring, and it has consequently always proved difficult
to adjust the machine to give accurately timed signals. It
had been realised for some time that an improved per-
formance could be obtained if the striker principle employed
on Teleprinters Nos. 7 and 11, whereby the moment of
transit of the contact tongue is controlled from an accurately
cut cam, could be applied to the automatic transmitter, and
a model embodying this principle was developed at the
Post Office Research Station in 1949. This, however,
involved a complete redesign of the machine, and when, in
1951, a suggestion was received from the New Zealand
Posts and Telegraphs Department, showing a method of
applying the striker principle to the existing machine, this
was considered a more promising line of development.
Using the New Zealand model as a basis, some further work
was carried out in the Telegraph Branch Development
Laboratory and successful field trials were carried out on
12 models manufactured by Creed & Co., Ltd., in which
were incorporated certain minor modifications to facilitate
mass production. These models have given a very good
performance, distortion generally being of the order of
2 per cent., and wear after several thousand hours being
negligible. In future, this will be the standard head sup-
plied on this type of automatic transmitter, and the model
will be known as the Transmitter Automatic No. 2D
(Creed No. 65/6).

The striker head, with some parts removed for greater
clarity, is shown in Fig. 6. The pecker levers, controlled as
before by the transmitting cam and the paper tape, position
the contact operating lever which carries the striker dart,
The moment of operation of the striker dart is controlled
from the timing cam via the striker timing lever.

A further change which has been incorporated in the
Automatic Transmitter No. 2D is step-by-step feed of the
paper tape. The tape is fed forward during the trans-
mission of the stop signal and is stationary during the trans-
mission of the code elements, thus providing greater
tolerance of any inaccuracies in the spacing of the per-
forations in the tape.

Ganged Transmitlers.

When large numbers of automatic transmitters are
installed at one station, it is desirable from the points of
view of both operating and accommodation to mount them
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A-—Pecker Lever; B—Timing Cam: C—Pecker; D—Contact Operating Lever;
E—Striker Dart; F—Transmitting Tongue; G—Striker Timiog Lever.

F16. 6.—STRIKER HEAD OF TRANSMITTER, AUTOMATIC, No. 2D,
wWITH SOME PARTS REMOVED FOR CLARITY.

as close together as possible. The Automatic Transmitter
No. 2A does not readily lend itself to this requirement since,
as the tape is fed from right to left across the front of the
machine, a space must be left between machines for the
tape to enter and leave. The Teletype Corporation had
developed a triple-headed machine in the United States of
America, and this machine is now manufactured under
licence in Great Britain by Creed & Co. One version of the
machine is shown in Fig. 7. In this machine one motor is

Fic. 7.—TRIPLE-HEADED GANGED TRANSMITTER.

used to drive three transmitting heads, which can be
brought into operation independently, and the tapes are
fed from front to back. The machine has additional
facilities which will be described in more detail later.
Although this machine meets a definite need in tape
relay centres, it has the disadvantage from the British Post
Office point of view that, being an American machine,
manufactured virtually unchanged, the transmitter is
designed for 7-42 unit signals, instead of the British



standard of 75 unit; this introduces some difficulties when
using British testing equipment for measuring transmitter
distortion. This point would undoubtedly have been
brought into line with British practice had time permitted,
but there was an urgent demand for machines of this type,
mainly from the air-operating companies, which could only
be met by adopting the machine unchanged.

The transmitting portion of the machine differs from the
normal British standard in that it is designed for single-
current operation, and a relay must be interposed in the
circuit to give a double-current output. The single-current
signals are obtained from six contacts connected in parallel,
one providing the start and stop signals, and the other five,
released in turn by five cams, are controlled from the tape
by means of peckers to provide the five code elements,

Audomatic Message Numbering.

Where automatic transmitters are used to pass large
quantities of traffic over point-to-point circuits, it is very
desirable that the messages should be serially numbered,
so as to guard against the possibility of loss, and assist in
tracing back in case of a query. The simplest method of
achieving this is to perforate a series of tapes with the
required serial numbers and insert them into the automatic
transmitter in turn before each message Lape, but this
involves continuous attendance if lost circuit time is to
be avoided, and a certain amount of care to ensure that
tapes are inserted in the right sequence.

A more convenient method is to provide a second auto-
matic transmitter solely for the purpose of transmitting the
serial numbers. This transmitter is loaded with a continuous
tape perforated with the required sequence of serial
numbers, and automatic means are provided for switching
between transmitters as required.

A method of achieving this was developed in 1947 by
the Post Office in conjunction with Creeds and British
Telecommunications Research, Ltd. In this system, each
message was required to be followed by ten “‘letter shift”
signals and each serial number by five “letter shift’ signals.
Electronic equipment monitoring the output from the
transmitters recognised these sequences, and initiated the
switching between transmitters, The transmitters used
were similar to the Automatic Transmitter No. 2A, but
were fitted with electromagnetic clutches, so that they
could be controlled from the electronic equipment, and, in
addition, the numbering transmitter was fitted with tape
reels, to carry the numbering tape, and associated driving
mechanism. These were known as the Transmitters,
Automatic, Nos. 2B and 2C respectively (Creed Models
6S/4M and 6S/4N). A numbering transmitter could be
associated with either one or two message transmitters, the
latter arrangement enabling transmission to proceed from
one message transmitter while a tape was being loaded into
the other, thus avoiding lost circuit time between messages.

The present method employed by the Post Office makes
use of the ganged transmitters mentioned earlier. The end-
of-message condition is recognised by the absence of tape
at the sensing point, i.e. the message tape has completely
passed through the transmitting head, and the end of
number is the “letter shift’’ signal; this, of course, imposes
the limitation that a letter shift cannot be employed in the
body of the serial number.

In order to recognise these conditions, the messaze trans-
mitter is fitted with a sixth pecker which rises and closes a
pair of contacts (‘‘tape out” contacts), when there is no
tape at the sensing point, and the numbering transmitter
has a seeker mechanism which operates and closes a pair
of contacts when all code hole peckers rise at once, i.e.
when the “letter shift”” signal is sent. The numbering
transmitter is also fitted with tape reels and driving
mechanism.

A ganged transmitter can be fitted with any combination
of message and numbering heads, and those so far em-
ployed in the Post Office are the Transmitters Automatic
No. 3A (three message heads), No. 4A (three numbering
heads) and No. 5A (two message heads and one numbering
head). These are the Creed models Nos. 71, 72 and 74.
The switching between transmitters is controlled by relay
sets which can be attached to the transmitters or mounted
separately. ‘

Development work is proceeding on the provision of
“tape out” contacts and “letter shift”’ recognition on the
Automatic Transmitter No. 2D. Although a group of these
machines for the provision of automatic message numbering
will occupy somewhat more space than the ganged trans-
mitters described above, they will have the advantages of
the extremely low distortion of the striker transmitter and a
double-current output.

Reperforators.

The reperforator used by the Post Office is the Re-
perforator No. 2, the latest model being the Mk. III (Creed
Model 7TR/3), see Fig. 8.

Fic. 8. —REPERFORATOR No. 2, Mk. III.

The mechanism of the reperforator is similar in many
respects to the receiving portion of a teleprinter. It com-
prises a receiving electromagnet which releases the receiving
cam shaft on receipt of a “'start’”” signal and subsequently
controls the position of a setting blade in accordance with
the code elements of the received signal. As in the tele-
printer, the setting blade (see Fig. 9) is moved forward for
each code element; for marking elements it strikes the
hammer-setting pin, but for spacing elements it passes
beneath the pin. The setting pin is traversed behind five
hammers, and the hammers corresponding to marking
elements of the code arc set downwards to engage with their
appropriate punches. After the five code elements have
been received, the hammer frame moves forward, the
hammers engage with their punches and perforate the paper
tape. Normal arrangements are made for feeding the tape
forward prior to perforation.

The Reperforator No. 2 is a comparatively simple machine
and has given, and continues to give, very satisfactory and
trouble-free service.
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F16. 9.—SKETCH OF HAMMER MECHANISM OF REPERFORATOR No. 2.

Printing Reperforators.

The use of a reperforator at a tape relay centre to avoid
manual retransmission presents some difficulty in that it is
necessary for the operator to be able to read 5-unit code in
order to read the address of the message, or else a monitoring
teleprinter must be provided, which, of course, adds to the
cost of the installation and doubles the amount of accom-
modation required. This difficulty has been overcome by
the introduction of the printing reperforator, in which the
message is printed and perforated simultaneously on the
tape. In order that the printing may be legible, it is either
necessary to use a wide tape with room for printing beside
the perforations (Creed Model 86) or else to use the
“chadless’’ method of perforation in which the code and
feed holes are not punched completely out, but take the
form of small lids attached by a narrow neck of paper to
the main portion of the tape. The latter method has been
adopted by the Post Office and the machines used are the
Printing Reperforator No. 1 (Creed Model 85), shown in
Fig. 10, which includes a keyboard and transmitter, and the
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FiG. 10.—PRINTING REPERFORATOR, NoO. 1.

No. 2 (Creed Model 85R) which is a receiving machine only.
A portion of chadless tape is shown in Fig. 11; it will be
observed that the printing is displaced relative to the
corresponding perforations, it being, of course, impractic-
able to perforate and print simultaneously in the same
position.

These machines are derived from the Teleprinter No. 7
by removing the page attachment and substituting a
perforating unit, a tape reel being mounted at the side of
the machine. The paper tape is led past the typehead, and
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I'1G. 11.—SprciMEN OF CHADLESS TAPE,

selection and printing take place as in the Teleprinter No. 7.
At the same time the positions of the five receiving combs,
which determine the character to be printed, are transferred
via a system of levers to five punches, and the corresponding
code holes are punched in the paper tape eight spaces ahead
of the printed character. In order to obtain chadless
perforation the die plate, into which the punches enter, is
cut away on one side, as shown in
T'ig. 12. Spring-loaded paper-layers
are provided in the die plate which
normally lie flush with the surface
of the plate. When the punches are
withdrawn after perforating the tape,
the paper-layers push the paper lids
back into the plane of the paper, so
that they are not torn off by the die
plate as the tape is fed forward.

Perforating and Reperforating Altach-
ments.

A keyboard and perforating mech-
anism, almost identical with that of
the Perforator No. 45 described
earlier, can be provided in place of
the normal keyboard on a Teleprinter
No. 7. With this machine (Teleprinter
No. 7BPK/N3) a message can be Q@
transmitted to line from the tele- L
printer, and at the same time a
perforated tape can be prepared
which can be used for subsequent
transmission of the same message
to other addressees by means of an automatic transmitter.
In many cases the machine is used solely for the preparation
of perforated tapes, and is not connected to line, the page
copy of the local record being used as a check on the
accuracy of the perforated tape.

A current development is the modification of the per-
forating attachment to dissociate it from the keyboard and
control it from the receiving combs by means of Bowden
cables, ie., it will become a reperforating attachment.
When connected for local record this will provide exactly
the same facilities as the perforating attachment, but when
the machine is connected to line a perforated record of the
received signals can be made which can be used for sub-
sequent retransmission.

F16.12.—D1E PLATE oF
PRINTING REPERFOR-~
ATOR, No. 1.

Conclusion.

The series of machines which has been described appears
to meet adequatcly the nceds for point-to-point working,
switched systems, and the simpler tape relay networks. The
trend of development is now towards machines suitable for
the more complicated semi-automatic or fully automatic
tape relay systems. In theseit is generally necessary for the
machine to recognise certain characters, or sequences of
characters, which provide routing instructions, and indicate
the beginning and end of messages, separation between
address and text, etc. \Whether this recognition will be
effected mechanically within the machine, or externally by
electronic equipment is a question which has not yet been
resolved.

The advantage of operating at higher speeds for cross-
office transmission has already been mentioned and work
is also proceeding on this problem.
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Part 1.—Engineering problems and possible solutions, with particular reference to the

London Director Area.
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Inter-dialling, by subscribers, between a director area and a surrounding non-director area raises a number of problems from both engi-

neering and administrative viewpoints. Part 1 of this article discusses the engineering problems and some possible solutions, vith particular

reference to inter-dialling between the London director area andits associated fringe area, Part 2 of the article will deal with those aspects
of the practical application of the preferred solution which may be of immediate use in and around London.

INTRODUCTION

N Great Britain the continued demand for telephone
Iservice has made it necessary to consider ways and

means of increasing the proportion of calls which may
be dialled by subscribers. Present methods, which permit
subscribers to dial calls to objective exchanges within 15
miles chargeable distance are, in favourable circumstances,
capable of providing a considerable measure of relief for
manual boards. Unfortunately, these methods cannot be
applied equally well universally. In particular, subscriber-
dialling across the boundary of a director area, in both
directions, gives rise to some special problems. It is the
purpose of Part 1 of this article to examine the engineering
aspects of these problems with particular reference to inter-
dialling between the London director area and its associated
fringe-area, and to discuss a number of possible solutions.

The engineering viewpoint cannot of course be considered
without reference to the administrative viewpoint. The
administrative difficulties which arise in extending sub-
scriber-dialling facilities to and from a fringe-area may well
be the more difficult to overcome. However, to enable the
present discussion to proceed certain assumptions have
been made. These are firstly, that the tariff structure
which would be used would be similar in type to the present
tariff structure; secondly, that the dialling procedure
required of subscribers should be as simple and uniform as
is practicable; and finally, that all non-director exchanges
affected would have four-digit local numbering schemes.
This last assumption is made merely to simplify discussion:
it does not imply that three-, five- and six-digit non-director
numbering schemes would need to be modified. The
method of dealing with such variants will be explained in
Part 2.

NUMBERING PRINCIPLES

The British Post Office Director system!is a register-
translator system in which the control of routing and
switching is vested in a type of register-translator known
as the director. In common with other systems employing
register-translators for routing control it becomes possible,
in an area so equipped, to allocate dialling codes for use
by subscribers without reference to the layout of the
switching and line plant. In such systems the dialling
codes may be included with each subscriber’s directory
entry or may be shown separately in the directories in
some suitable form.

In planning a numbering scheme for a given area, dialling
codes may be allocated either arbitrarily or systematically.
If allocation is arbitrary the codes are allocated over the
area as a whole without regard to any local grouping of
exchanges into sub-areas. If systematic allocation is used
the grouping of exchanges into sub-areas is taken into
account in the build-up of the dialling codes. Either

t Senior Executive Engineer, Telephone Development and Main-
tenance Branch, Engineer-in-Chief’s Office.
1 “Telephony,” Vol. 2—]. Atkinson.

method can be arranged to provide a given capacity for
exchange codes and, therefore, to satisfy the requirements
for an area of given ultimate size.

As an area increases towards its designed ultimate size
the tendency is for subscribers located within the area,
but fairly well off-centre, tohave at leastas great aninterest
in dialling across the area boundary outwards as in dialling
to the more distant parts of the area. Moreover, the tariff
scheme may be such that,at points near the area boundary,
subscribers will be beyond permitted maximum dialling
range of a substantial number of exchanges located within
the area but well within permitted maximum dialling range
of a fairly large number of exchanges located outside the
area.

If the numbering scheme for an area is an arbitrary
scheme in which each code appears once only and in which
the dialling procedure is uniform, it follows that, for out-
ward cross-boundary dialling either a basically different
dialling procedure must be used, or cross-boundary
dialling codes must be allocated within the scope of the
arbitrary numbering scheme. The maximum possible size
of an area depends upon the capacity of the numbering
scheme for dialling codes. If the use of a special outward
cross-boundary dialling procedure is rejected, it follows
that the maximum effective size of an arbitrarily numbered
area will need to be made less than the maximum possible
size. In such circumstances the arbitrarily numbered area
becomes associated with a surrounding belt of territory
which may be regarded as an extension of the inner area
for outward calls, but not necessarily for inward calls,
which require further consideration. Such circumstances
exist in the neighbourhood of London, the London director
area numbering scheme being an arbitrary numbering
scheme because it uses lettered dialling codes derived from
exchange names. Surrounding the director area, which is
the area contained within a circle of 124-miles radius
centred on Oxford Circus, is a non-director fringe-area.
Since the tariff scheme is based on point-to-point charging,
the fringe-area takes the form of a circular belt surround-
ing the director circle and, strictly, at the present time the
fringe-area is 15 miles wide and so is the 12}- to 27}-
miles belt. Because, however, the present maximum
chargeable distance is 15 miles from any originating ex-
change, it follows that many exchanges in the 12}- to 27}-
miles belt are beyond the maximum permitted multi-
metering range of many director exchanges. If dialling
codes for all exchanges in the 12}- to 27}-miles belt were
published to all director subscribers a considerable number
of interceptions would be needed. To reduce the number of
necessary interceptions to manageable limits it is most
convenient to narrow the fringe-area. For this reason the
recognised fringe-area is the 124- to 20-miles belt, i.e., it is
73-miles wide instead of 15.

Thus the fringe-area arises directly as a result of the
method of numbering employed. It will be shown later
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that systematic numbering could have avoided the introduc-
tion of a fringe area: it does not, however, follow that
systematic numbering would, necessarily, have produced
so satisfactory a numbering scheme for the London area
as is the present director numbering scheme.

The Present London Director Exchanges—Possible Maximaum
Dialling Range using Director-Type Numbering.

Fig. 1 shows, in a slightly simplified form, the present
situation in and around the London director area. The
central area of five miles radius is considered as a point for

MULTIMETERMNG
CIRCLE P
15 MILES RADIUS ON'F 35

F16. 1—MuLTi-METERING DIALLING RANGEs AROUND LONDON.

charging purposes and this concession is assumed, for
simplicity, to apply equally to all director area subscribers.
In practice the charging concession does not apply to
director area subscribers located within the 10- to 12}-
miles belt (not shown in Fig. 1). The number of exchanges
within 15 miles chargeable distance of a director exchange
is therefore slightly smaller for those exchanges within the
10- to 12}-miles belt than is assumed in subsequent
calculations.

If subscribers are to be permitted automatic access to
all objective exchanges within 15 miles chargeable distance,
a director area subscriber located at D, just inside the 12}-
miles radius circle, would require automatic access to the
whole of the London director area plus automatic access
to fringe-area and outer-area exchanges included within
the 15-miles radius circle centred on D.

A circle of 27}-miles radius centred on Oxford Circus
would, therefore,just enclose every exchange located within
15 miles chargeable distance of any director exchange.
If the dialling procedure to be used by director area sub-
scribers to obtain access to exchanges located within the
12}-miles to 27}-miles belt is to be similar to that used for
calls between director exchanges, it follows that the director
area method of allocating exchange codes must be extended
to include all exchanges located within the 271-miles radius
circle, all codes (when viewed from within the director area)
must contain three digits and no code must be repeated.
Hence, at all exchanges located within the 121-miles radius
circle the directors must have a code capacity equivalent
to the ultimate number of exchanges likely to be required
within the 27}-miles radius circle, even though automatic
access to many of the exchanges so coded might have to be
barred (because of charging) at any given originating
point.

At the time of writing there are 203 working codes
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allocated within the director area numbering scheme.
Of these, 174 are three-letter codes for pronounceable
exchange names. In the 121- to 27}-miles radius belt there
are 211 exchanges; calling for a present total of at least 414
codes for the 271-miles circle. A recent forecast suggests
that the director area may require about 250 working codes
within the next 20-30 years. Allowing a similar margin for
the 12%- to 27}-miles belt the foreseeable requirements
would amount to at least 510 codes or, say, at least 60®
codes to allow for forecasting errors and code wastage.
The present design of director can provide translations
for about 650 three-digit ‘‘name’ codes of the two-letter
plus one arbitrary figure type which, of course, may include
about 250-300 three-letter codes if desired. It is therefore
just possible, technically, to permit any director area
subscriber to dial all objective exchanges within 15 miles
chargeable distance using either two-letter plus one figure
codes uniformly or a mixture of three-letter and two-letter
plus one figure codes with the three-letter codes confined
to the 12}-miles circle. The principal engineering problems
likely to be encountered would be those of fee determina-
tion and of routing in the particular case of calls to objective
exchanges not directly connected to one of the central
tandem exchanges, since more routing digits might then be
required. The maximum possible size of the present director
network is therefore the area of the 27}-miles radius circle,

Present London Fringe-Area Exchanges— Possible Maximum
Dialling Range Using Director-Type Numbering.

A subscriber located within the fringe-area at such a
point as F in Fig. 1 would require automatic access to the
whole of the central area of the London director area (the
5 miles radius circle) plus automatic access to exchanges
included within the 15 miles radius circle centred on F.
At the present time the number of objective exchanges
within 15 miles chargeable distance of any exchange located
within the London fringe-area is of the order of 200.
Typical cases are Romford with 198, Byfleet with 174 and
Reigate with 165, and the use of dialling codes containing
at least three digits is unavoidable.

In the interests of the subscribers, dialling codes should be
easy to understand, as short as is practicable and, as far as
possible, uniform in make-up. Non-director routing and
switching methods cannot satisfy such conditions on the
scale required and it follows that routing and switching
must be based on the use of register-translators located
either at originating fringe-area exchanges (which are at
present non-director exchanges) or at tandem switching
centres to which fringe-area exchanges are, or can be,
directly connected. In effect, the principles (although not
necessarily the practice) of director operation need to be
extended to fringe-area exchanges to provide for inter-
working both with other fringe-area exchanges and with
London director exchanges. If routing and switching are
assumed to be based on register-translators using three-
digit exchange codes, and the numbering scheme is arbitrary
(to permit the use of letters as components of the exchange
codes), then there are two methods by which the codes could
be allocated to meet the basic requirement that it should be
technically possible for any fringe-area subscriber to
obtain automatic access to all objective exchanges within
15 miles chargeable distance.

Method (i). To consider the 35-miles radius circle centred
on Oxford Civeus as a single muwnbering plan area.—Each
dialling code used by subscribers located within the 12}-
20-miles belt would need to appear once only within the
confines of the 35-miles radius boundary. The existing
exchanges located within 35-miles radius of Oxford Circus
are distributed as follows:—



Limit of
Circular belt Number Estimated
{(centred on of requirements
Oxford Circus) exchanges for codes
Miles (1950) (Minimum)
Director Area 0-5 77
5 —12} - g5 } 2o
Fringe Area 124-20 97
Outer Belt 20 -25 78 } 600
25 -30 81
30 -35 124
Total 0 -35 552 900

The estimated minimum requirement for 900 three-digit
codes is beyond the capacity of the existing type of director
(8OO codes) using all possible combinations of three digits.
It might, however, be practicable to increase the present
director code capacity to 900 codes by opening out the digit
“0”. Assuming this to have been done it would then be
possible to provide all fringe-area exchanges with lettered
dials and to permit them to dial:—

(@) three-letter codes for access to exchanges located
within the 12}-miles circle (or if preferred two letters
plus one figure code using the numerical equivalent
of the third letter as the figure),

(b) two-letter plus one figure codes (with the figure
arbitrary) for access to other fringe-area exchanges
and to exchanges located within the 20- to 27-miles
belt outside the present fringe-area. This would
exhaust the letter figure combinations.

(c) three-figure codes for access to exchanges located
within the 27}- to 35-miles belt using up the un-
pronounceable codes as figure codes.

From the éngineering point of view the principal problems
would be:—

(a) Difficulties with routing which, because of the limited
capacity of the present type of director for translation
digits, would require an examination of tandem
switching economics in order to avoid expensive
““tol]l” routings.

(6) The rather low ratio of maximum code capacity
over initial requirements (1:6 to 1).

(¢) The uneconomic use of a large proportion of the
director equipment in recognising (and barring)
excess-fee codes which, at any given exchange,
would amount to nearly four times the permitted
multi-fee codes.

(@) The fact that because of (b) there would be no simple
way of extending the untimed multi-metering
dialling range at some future time (e.g., if and when
multi-metering is extended to six units).

Hence the setting up of a single numbering plan area of
35-miles radius centred on Oxford Circus and arbitrarily
numbered is barely practicable and would require that, at
fringe-area exchanges, subscribers would have to dial
three-figure codes for access to exchanges located in the
271-35 miles belt; further, it would be difficult to secure an
economic extension of dialling range (i.e., beyond 15 miles).

Method (11). To allocate dialling codes separately with respect
to the location of each originaling fringe-area exchange.—
This would require, ultimately, the setting up of about 200
separate numbering schemes (i.e., one per fringe-area
exchange). Each numbering scheme could, however, be
contained within a circular boundary and would be capable
(potentially at least) of permitting subscriber-dialling up
to at least 274 miles chargeable distance from each originat-
ing exchange. To be able to expand a numbering scheme
_ to such an extent would, however, call for the use of “all-
figure” codes and each fringe-area exchange would need to
have its own dialling code list and each such list would have

little or nothing in common with the dialling code list for
any other exchange, i.e., the code dialled at any given
fringe-area exchange to obtain access to some specified
objective exchange would, generally speaking, need to be
peculiar to the originating exchange.

If arbitrary numbering were to be used it is considered
that Method (i) (i.e., the single numbering plan area)
would be the only feasible one.

Exchanges Located Outside the 20-Miles Radius Circle—
Possible New Fringe-Avea.

The most straightforward way in which exchanges
located outside the 20 miles radius circle might ultimately
be brought into the general scheme without involving any
new numbering principles would be to regard the whole of
the 35-miles radius circle as one ‘‘director” type area—not
necessarily an area in which all exchanges are standard
director exchanges but one in which all inter-exchange
routing would be controlled by director-type translators.
Since, however, the setting up of a single arbitrary three-
digit code' numbering plan for the 35-miles radius circle
exhausts the capacity of the director-type register-
translators it follows that a new fringe-area bordering on
the 35-miles radius boundary would be created.

The Disadvantages of Extending the Present *Divector”
Type Numbering Scheme to its Ultimate Linuts.

The setting up of .what amounts to a 35-miles radius
director area in the manner just outlined is not regarded
as being either technically or economically sound because:—

(i) Extensive modifications to existing exchanges
weuld be required.

(i) The register-translating equipment provided at the
various exchanges located within the 35-miles radius
circle would tend to become barring equipment
rather than routing and charging equipment as its
distance from the area centre increased. Thus, at an
exchange located near to the boundary a translator
having a capacity for, say, 900 codes would at the
present time be required to 'bar” (or perhaps
intercept) at least 500 codes.

(iif) Subscribers located within the 20- to 35-miles belt
would not be able to dial across the 356-miles radius
boundary without calling into use special cross-
boundary dialling equipment which would have to
be provided in addition to the equipment catering
for the 35-miles radius circle codes, many of which,
as already indicated in (ii), would be barred codes.

(iv) The register-translating equipment provided for the
35-miles radius circle would possess only a small
reserve for development within the circle and no
reserve for a future extensien in dialling range
beyond 15 miles except where the objective exchanges
then brought within dialling range were located
within the 35-miles radius circle.

(v) Generally speaking the barring facilities mentioned
in (ii) above would be more economically employed
as routing and charging facilities, either actively in
permitting cross-boundary dialling (see (iii) above},
or as a reserve against a further extension in dialling
range (see (iv) above).

Thus while an extension of the method of numbering at
present used in director areas (i.e. arbitrary numbering)
1s possible and could eliminate the present fringe-area
problem, the method is not economical and is not capable
of catering for any future extension of subscriber-dialling
range beyond the present limit of 15 miles. Also a new and
more difficult fringe-area problem would ultimately appear.
Hence it becomes desirable to consider arresting the growth
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of the London director numbering area at, say, its present
limit of 12}-miles radius and seeking another solution to
the fringe-area problem.

A THEORETICAL APPLICATION OF SYSTEMATIC NUMBERING
PrINCIPLES TO THE PROBLEM OF THE LONDON AREA

An application of the principle of systematic numbering
can produce a more economic solution to the various
problems which arise in and around the London director
area than can arbitrary numbering. A number of variations
are possible but it will suffice here to describe a method
which appears likely to yield the best overall solution.

In Fig. 2 the London area is shown subdivided into
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F16. 2.—PRINCIPLES OF SYSTEMATIC NUMBERING FOR LONDON AND
SURROUNDING AREAS.

arbitrary map ‘‘squares”. The central shaded area, which
represents, schematically, the London director area, is
assumed to require ultimately 300 three-digit exchange
codes. Surrounding the shaded area are two ‘“rings’” of
unshaded squares. Each of the unshaded squares is of such
a size as to cater for an ultimate of 60 three-digit exchange
codes. Finally, outside the unshaded squares, are other
squares (shown hatched) each of such a size as to cater for
an ultimate of 100 three-digit exchange codes. In practice,
the true shape of the areas shown as squares in the figure
would depend upon the “local” distribution of exchanges.
The principle involved in the subdivision would not,
however, be affected.

The various sub-areas are numbered systematically
with single digit codes. With the particular ‘‘system”
employed in the example the only rule to be followed is
that the repetition interval for any given digit must remain
constant. It is then easily demonstrated that any group of
nine areas consisting of a “‘central” single-digit area touch-
ing eight other areas forms a numbering plan area in which
each single-digit sub-area has a unique code number. If
the various exchanges in the various single digit sub-areas
are now allocated two-digit codes in an arbitrary manner
it follows that, in any numbering plan area containing
nine single digit sub-areas, every exchange will have a
unique three-digit code number. Assuming the use of
register-translators, a subscriber located in any single-
digit sub-area can dial to all objective exchanges located
in his “home” sub-area and in the eight adjacent sub-areas.

The director area (the 12]-miles radius circle) is now
regarded as a sub-area likely to require 300 exchange codes
ultimately. In Fig. 2 the director area is so located that it
could be allocated the single-digit code “6’’ but, since it is
expected to require 300 codes, a single “first”’ digit “6”
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would be insufficient, yielding only 100 three-digit codes.
The director area is therefore treated as a special case and
is allocated the range of figures 2-0 inclusive as “first”
digits and the “'pairs” of second and third digits 71-70,
81-80, 91-90 and 01-00 (i.e., 40 pairs in all) as “'following"”’
digits. This yields a total of 9 x 40 = 360 possible three-
digit codes. Exchanges located in any of the eight single
digit areas touching the London director area may require
dialling access to some or all of the 360 possible director
exchange codes. The pairs of second and third digits 71-70
etc., to 01-00 must therefore be omitted from the numbering
range of the single-digit areas affected, i.e., each of the
single-digit areas bordering on the director area (the fringe-
area) must be restricted to the numbering range X11-X60
where X is the single-digit area code. Thisgives a maximum
of 60 three-digit codes for each of the fringe-area sub-
divisions. The “‘second” ring of single-digit areas, proceed-
ing outwards, will also need to be 60-code areas because
fringe area subdivisions may be permitted access to
second ring subdivisions. The third and subsequent rings
of single-digit areas are assumed not .to require direct
dialling access to the London director area because of
distance. If the second ring of single-digit areas is also not
permitted access to the London director area it becomes
unnecessary to restrict the code range of the third and
subsequent rings to 60 three-digit codes. Each single-
digit area in the third and subsequent rings may therefore
be 100 code areas if desired.

Thus, with systematic numbering, any subscriber may,
within his own single digit sub-area, be permitted dialling
facilities equivalent in scope to those permitted to director
area subscribers and, in addition, may be permitted
automatic access to all objective exchanges located in all
of the single-digit sub-areas adjacent to his own sub-area
without any basic need for a change in dialling procedure.
If, therefore, it is possible to arrange that, around London,
the average geographical area of the various single-digit
sub-areas is of the same order as that of the present London
director area the fringe-area problem peculiar to the London
area can, for all practical purposes be eliminated and,
moreover, the creation of new fringe-area problems can be
avoided.

A PRACTICAL APPLICATION OF THE SYSTEMATIC NUMBERING
SCHEME IN AND AROUND THE LONDON AREA

In the example given in Fig. 2 the numbering scheme is
based on all-figure codes and has been applied uniformly
to all exchanges to illustrate the principle involved. In
practice it is not, in fact, essential to use all-figure codes
for subscriber dialling both into and out of the director area.
Subscribers located within the director area could, for
example, continue to dial three-letter codes for all calls
originating and terminating within the 12i-miles radius
circle without affecting any facilities which might be made
available to fringe-area subscribers for dialling into the
12}-miles radius circle. The fringe-area subscribers would
not, however, dial the three-letter codes. Director area
subscribers could also be permitted to dial outwards across
the 12}-miles radius boundary to exchange located within
the 27}-miles radius circle using, say, two-letter plus one-
figure codes, agdin without affecting any ‘systematic”
dialling facilities made available in the reverse direction.
In effect, it is possible to devise practical numbering schemes
which, while facilitating interworking between the director
area and its associated multi-metering area do not call for
a change in present dialling methods, it being remembered
that, at the present time, letter codes are used only by
director area subscribers.

Fig. 3 illustrates a practical application of the principles
used in Fig. 2. It is not the only scheme which could be
devised but, in the present circumstances, it represents what



is considered to be a satisfactory
compromise. Figs. 4 and § illus-
trate the extent of a typical
“maximum’’ dialling area which
could, ultimately, be made avail-
able to subscribers located within
typical areas such as Area ¢ (con-
taining Watford) and Area 6
(containing St. Albans). Fig. 6
illustrates the extent of the dialling
area which could ultimately be
made available to subscribers
located within the London 12}-
miles radius circle. A typical com-
prehensivesubscriber-dialling plan
might therefore be based on the
following dialling procedures and
methods of code allocation.

(i) Calls between director ex-
changes.—No change in present
procedure.

(ii) Calls from director exchanges
(¢.e., from exchanges within 12}-
miles radius circle) to objective ex-
changes located withu the 124-miles
to 27%-mules belt.—Subscribers
would dial two-letter-plus-one-
figure codes or one-letter-plus-two-
figure codes or three-figure codes
or a combination of all three. If any letters were used their
allocation would depend upon exchange names and would
therefore, in any event, be arbitrary with respect to ex-
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change location. If three-figure codes were used their
allocation would also be arbitrary because they would have
to be selected from such “‘spare” codes as are at present
available within the director coding scheme. Subscribers
located within the 124-miles radius circle could be permitted,
ultimately, to dial to all objective exchanges within the
present maximum multi-metering range (16 miles). Dialling
to objective exchanges located at points outside the 273-
miles radius circle would require the use of special dialling
equipment and a new dialling procedure,

(i) Calls from exchanges located at points outside the
121-niles radius circle but within the 273-miles radius circle
lo objective exchanges located within mulli-mnetering range.—
The originating exchanges would all be located in
systematically numbered areas. Some of the objective
exchanges would, however, be located within the 12}-miles
radius circle (i.e., they would be director exchanges). The

DIRECTOR AREA
BOUNDARY

LTR )
BOUNDARY a2

MAXIMUM DIALLING
RANGE QF DIRECTOR
SUBSCRIBERS

F1c. 6.—EXTENT oF MaXiMuM DIALLING AREA ULTIMATELY
AVAILABLE TO LoNDoN DIRECTOR AREA SUBSCRIBERS.
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remainder would be in systematically numbered areas.
The codes dialled by a calling subscriber would contain,
uniformly, three figures, allocated as follows:—

(@) For director exchanges a ‘“first” figure selected
arbitrarily from the range 2-0 inclusive followed by
pairs of digits selected arbitrarily from the range
71-70, 81-80, 91-90, 01-00 inclusive.

(4) For other exchanges a ‘first” figure determined
from the figure for the “‘area” in which an exchange
was located, followed by pairs of digits selected
arbitrarily from the ranges 11-10, 21-20, etc., up to
and including 61-60 for 60 code areas and 11-00 for
100-code areas (see Iiig. 2).

This would permit any subscriber located within
15 miles chargeable distance of the London director
area to dial to all exchanges within multi-metering
range using only one dialling procedure. The
permitted maximum multi-metering range could be
extended, without any change in dialling procedure,
to permit ultimately subscriber dialling to all objective
exchanges located within dialling areas such as are
shown in Figs. 4 and §. Each objective exchange
would possess only one three-figure code number
which would be used uniformly by all calling sub-
scribers within three-digit dialling range of the
objective exchange.

(iv) Calls from exchanges localed at points beyond 15 miles

chargeable distance from the London direclor area to objective
exchanges within multi-metering range.—As for (iii) above
except that access to London director exchanges would
not be permitted.

Thus by adopting systematic numbering for all exchanges
not located within the London 12}-miles radius circle it
would become practicable, ultimately, to provide all
subscribers with dialling facilities comparable in scope with
those which can be made available to London director area
subscribers. It would not, however, be practicable to use
codes containing letters for dialling into the director area
from outside or for inter-dialling between exchanges not
located within the director area. This may be regarded as
a disadvantage, but in return for the use of all-figure codes
at point's outside the London director area, a number of
advantages are to be obtained. Among these the more
important are:—

(i) Each exchange outside the London director area
would have only one code number which would be

used uniformly by all callers within permitted multi-

fee dialling range.

(i) The block of code numbers allocated to London
director exchanges (viewed from outside the area)
could be such that the series of all-figure codes
already allocated for dialling in to the London five-
mile circle from fringe-area exchanges could be
retained.

(iii) The equipment provided . to handle routing and
charging would be used efficiently and would contain
large reserve capacity for future developments.

(iv) The fringe-area problem would virtually disappear.

THE PREFRRRED LoNG-TERM SoruTtion

Although the systematic numbering plan just described
has a number of advantages over arbitrary numbering
plans it is not the preferred solution because it has the
important disadvantage that it restricts the code capacity
of the numbering areas immediately around the director
area to a maximum of 60 exchange codes each,

This is equivalent to a restriction in the size of a number-
ing area and, because the density of exchanges in the
neighbourhood of London is high, a restriction in size
results in a proportion of abnormally short dialling ranges.
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To provide for possible future extensions in dialling range
(e.g., up to, say, 25 miles chargeable distance) it is desirable
that the size restriction be removed. The problem reduces
to that of finding at least 300 codes for the director area
while retaining 100 codes for each of the surrounding single-
digit numbering areas. In effect, the total number of codes
required at a fringe-area exchange for access to eight 100-
code numbering areas together with the director area is at
least 1,100. It follows that some of the dialling codes need
to be four-digit codes. An examination of the various ways
in which four-digit codes might be used shows that the extra
digit is most conveniently employed as a “director’’ prefix,
i.e., calls from a fringe area exchange to director exchanges
all consist of the same first digit followed by three code
digits individual to the wanted exchange.

The preferred plan is therefore similar to that described
in the previous section except that in numbering the fringe
area there would be no restrictions on the selection of the
second and third code digits, and that the allocation of
codes to director exchanges for inward calls would be in-
dependent of the fringe-area allocation. :

Routing.

As indicated earlier in this article the use of register-
translators for the control of routing and charging is by far
the most attractive and easily manageable solution. It
can also be shown to be capable of providing an economic
solution.

The present B.P.O. director system could, at least in
principle, provide the desired facilities. A detailed study
leads, however, to the conclusion that it would not be
practicable to convert existing non-director exchanges to
director type working (i.e., to a system in which all calls
pass through the register-translator). It is instead found
preferable, in a non-director exchange, to permit “own-
exchange” calls (or, more generally, calls within the local
numbering scheme) to be routed as at present and to call
in a register-translator only when needed for an outgoing
junction call. This requires that, to originate an outgoing
junction call, a subscriber must dial a special code to direct
his call out of the local numbering scheme to pick up the
register-translator equipment. This special code must not
be part of the local numbering scheme and should if possible
consist of a single digit.

It will be shown in Part 2 that the most convenient
code for this purpose is the digit “1” so that, in principle, all
outgoing junction calls should pass vialevel “1” of the first
selectors into register-translators associated with relay sets
connected, in the usual manner, to this level. It is readily
demonstrated that such a solution is an economic one and
that it has the outstanding merit of permitting the gradual
development of dialling facilities without calling for modi-
fications to existing switching plant.

Dialling Procedure under the Preferred Plan.

Assuming the use of level 1 and that a fringe-area
subscriber would have access to the director area and to a
maximum of seven 100-code numbering areas, the dialling
procedure would be:—

(i) “Own-exchange’ calls
(i.e., calls within local
numbering scheme)

(ii) Calls to areas other than
director area

Directory number

Prefix 1 followed by three
code digits and four
numerical digits
Prefix 1 followed by four
code digits and four
numerical digits.

In the case of (iii) the first of the four code digits would °
be uniform (e.g., “2") so that in the dialling instructions

(iii) Calls to director ex-
changes



the prefix could be published as, say, “12” to be followed by
the three-digit wanted exchange code and subscriber’s
number. The method of dealing with three-, five- and six-
digit non-director numbering schemes under (ii) above will
be explained in Part 2. The procedure used by subscribers
connected to director exchanges would be as already
described in dealing with the systematic numbering plan.

Charging.

The problem of charging has not been examined because
once register-translators are adopted the problems of
charging (and barring) become very much simplified
provided that charging continues to be based on multi-
metering with or without timing.

The present limit for multi-metering is 15 miles charge-
able distance. If this range is extended to, say, 26 miles
wilh timing if needed, it is believed that, in conjunction
with the plan discussed in this article, considerable savings
in operating costs would be achieved. The problemsinvolved
are however principally non-engineering problems and do
not materially affect the present discussion.

CONCLUSION
It has been shown that the present 12}-miles to 20-miles
(To be

fringe-area problem could be eliminated either by extend-
ing the present director area network to the 274-miles
radius circle or by retaining the present 12}-miles radius
director area and adopting systematic numbering at points
outside this area.

Both methods require the general use of register-
translators for routing, switching and charging, but of the
two methods the second is considered to be the better from
the engineering point of view because:—

(i) It virtually eliminates the fringe-area problem
once and for all, whereas the extended director net-
work would create a new fringe-area problem at and
near its new boundary.

(ii) It is capable of a high degree of standardisation.

(iii) It is flexible and is economic in both switching and
junction plant.

(iv) It possesses reserve capacity for future development,
whereas a fully extended director network would
be exhausted.

(v) It can be introduced piecemeal and with a minimum
of disturbance to existing plant.

(vi) It does not require the provision of director type
dials outside of the director area but would not
prohibit their use for dialling into the director area.

continued.)

Book Reviews

“Introductory Circuit Theory.” Ernst A. Guillemin, Professor
of Electrical Communication, Massachusetts Institute of
Technology. John Wiley & Sons, Inc. (New York), distri-
buted in U.K. by Chapman & Hall. 1954. 660 pp. 2161ll. 68s.

This is the first of a sequence of volumes designed to present
to students the methods and concepts involved in the analysis
and synthesis of modern communication networks. The
present volume, as its title indicates, is intended to be an
introduction to the theory of electric circuits. In the first
three chapters the discussion is restricted to resistance net-
works, but in the next five chapters the treatment is extended
to include the behaviour of general networks in the sinusoidal
steady-state. The last two chapters discuss topics dcaling
with energy relations and the transient responses of lumped
networks and are intended to provide the student with a back-
ground for the more advanced work in communication network
design that is to be the subject of future volumes.

The author makes it clear at the beginning that he intends
to make no distinction between the so-called ‘‘elementary”’
and ‘‘advanced” methods of treating the fundamental concepts
of electric circuit theory. Thus, in his first chapter he discusses
network geometry in terms of topological set theory; and in his
treatment of network variables, he finds it necessary to intro-
duce two new concepts which he calls a ‘‘tie-set’’ (defined as
the dual of a cut-set) and a “‘maze” (defined as the dual of a
tree). Mathematicians claim that the methods of topology
render complicated situations in analysis spacially intuitive:
and to judge by the superb ease with which they solve the most
difficult problems, they must be right. But the average engin-
eering student who is compelled to trudge through every step
of a logical argument in order to credit its conclusion, may find
the mathematical royal road of topology a very difficult high-
way to travel along. Nevertheless, this first chapter treats the
topological aspects of circuit theory with a deep understanding
of the difficulties that students generally encounter, and is
probably the best chapter of its kind that has ever been
written.

Each chapter provides a clear and interesting treatment of
its subject from the modern viewpoint; thus, Thevenin’s
theorem, duality, source transformations, etc., are discussed
in terms of the mesh and node-pair concepts first used by
Gabriel Kron in his tensor analysis of rotating electrical
systems. The author discusses the limitations of the various
methods and warns the reader of possible pitfalls: the book is
lucid, well illustrated, and is excellent as a mathematical text

»

for students. It should also be pointed out to students that the
present volume may be used as an introduction to Kron's
advanced work in the field of spinning electrical systems
that include communication networks as special cases.
1.P.O.E.E. Library No. 2181. H.J. J.

“Elementary Telecommunications Examination Guide.” W.
T. Perkins, M.Inst.B.E., A M.Brit.I.R.E. George Newnes,
Ltd. 320 pp. 181ill. 17s. 6d.

The author states that this book is an examination guide
covering Telecommunications (Principles) I and Elementary -
Telecommunications Practice of the City and Guilds of London
Institute first-year course, and is intended for students as an
addition to the standard text-books on the subjects.

The book is thus not a text-book in the usually accepted
sense of the term. It consists of a collection, divided into
subject sections, of questions and model answers, with the
claim that the questions are typical of those set in the City and
Guilds of London Institute examinations.

Inevitably, in a book of this type, the subject matter covered
is limited by the questions selected, and, no doubt due to
limitation of size, the book far from covers the syllabuses
intended. The Principles I syllabus is very superficially covered
as the ook tends to concentrate more on the Practice syllabus.
It is unfortunate that the Practice syllabus attempted, and as
printed in the book, is out-of-date as this syllabus was amended
in the 1951-52 session. This amendment deleted paragraphs 9
and 10 and modified paragraphs 8, 10 and 13 of the syllabus
as given in the book. These changes make the whole of
Section XI and about half of Section XIII of the book
unnecessary. The space saved by using the up-to-date syllabus
and omitting the material mentioned, would have permitted
other rather unsatisfactory sections to be strengthened; for
example, Section VII is weak on carbonresistors,and Section
X1II does not cover the need for polarising receivers, and does
not cover inductors adequately.

Many questions set and answered are actual City and Guilds
examination questions, but others consist of selected parts of
City and Guilds questions. These latter are far too brief and
simple and naturally not up to the City and Guilds standard
for a whole question.

Used carefully, the book would be a very general guide to a
student as to the way examination questions should be answered
in the time available, but it is stressed that this guidance
would be general only, due to the number of questions and
answers given not being of the required standard.

S. W.
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The Transistor

Part 1.—General Introduction.
U.D.C. 621.314.7

J. R. TILLMAN, ph.D., AR.CS.T

A series of articles on the transistor is introduced by way of a short historical account and some considerations of possible uses of transistors
in telecommunications,

Tutroduction.

HE series of articles, of which this is the first, is

I intended for readers who have not yet studied

transistors. Space limits it to an outline, with des-
criptions of some of the more important details, of the
developments which have taken place since 1948. Fuller
details can be sought from the original papers, mostly by
American authors, and from one or two text books.

At first the subject was largely one for physicists; by
now, however, much of it is more proper to the technologist
and to the electrical engineer, who are faced with the
problems, respectively, of manufacture and of deciding
the scope for the transistor.

Some reflection of the fact that the subject enters many

fields of science will be obvious in the articles. Thus, that .

accompanying this introduction gives a simplified physical
explanation of the new mechanisms considered responsible
for the properties observed. The next two articles deal with
the chemical and metallurgical preparation of germanium,
still the most prominent transistor material, and with the
processes (metallurgical, mechanical, electrochemical, etc.),
used in the making of transistors. Only then are the
electrical properties and limitations dealt with, preparatory
to the final article which deals with basic circuits.

Historical.

Although many attempts had previously been made to
convert metal rectifiers into triodes, for instance by the
insertion of a third electrode to control the flow of current
between the usual two, it was not until 1948 that any
experiment offered prospects of doing so successfully. In
that year, Bardeen and Brattain, of the Bell Telephone
Laboratories, were experimenting with germanium, a
semi-conductor which had become prominent only a few
years before. Point-contact diodes, made by pressing the
pointed end of a thin metal wire (whisker) against it,
would, with suitable preparation, offer little impedance to
current flow with one polarity of applied voltage and yet
pass little current with the polarity reversed, even when
the applied voltage was as much as 100. They found that
when the tip of a second whisker (now termed the collector)
was placed within 0-25 mm. (0-01 in.) of that of the first
and biased in reverse, the current, /., flowing between it and
the germanium varied with the current, 7,, passing between
the first whisker (now termed the emitter) and the ger-
manium, if J, was in the direction of easy flow. Ifurther
work showed that, with suitable preparation of the new
triode, called a transistor, power gains of up to about 100
could be obtained; the input impedance to the emitter was
low, perhaps a few hundred ohms, the output impedance
at the collector was large, perhaps ten thousand ohms or
more, and d//dI, (= o) could be greater than unity.

Although the essence of a point-contact transistor, as
shown in Fig. 1, is simple, great efforts have had to be made
to understand and solve the many problems of mass-
producing point-contact transistors of consistent properties
and long life. One of the most important, now largely
solved, is that of obtaining suitable germanium. Three
steps are involved. First it is prepared with a purity
several orders better than hitherto obtainable, by new
metallurgical means; secondly, controlled but minute
amounts of suitable impurity are added, and thirdly,
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B —Collector \Vhisker; C—Mono-crystalline Germanium;
D—Base Support and Connection.

F1G. 1.—STRUCTURE OF PoINT-CONTACT TRANSISTOR.

A-—Emitter \Vhisker;

single crystals of great physical perfection are grown.
Suitable surface treatments have also had to be found.
The positioning of the two whiskers continues to present
difficulties and involves accurate jigs and microscopes.
The electrical forming of the collector, necessary to ensure
good overall characteristics, had also to be investigated;
although the volume of germanium affected by forming
may be only = 108 cm?, it may have a fine structure,
dependent on the material of the collector whisker, the
pressure applied and the duration, polarity and intensity
of the forming current and voltage. Lastly, the encapsu-
lation or enclosing of the transistor presents difficulties.
Fully satisfactory solutions are still to be found to some of
the problems, but, largely as a result of intensive work by
the Bell Telephone Laboratories, the Western Electric
Company of the U.S.A. has been able to mass-produce
several types of point-contact units. In England, at least
two firms are taking those steps which will enable them to
begin mass production if demands warrant it.

While the technology of manufacturing point-contact
transistors was proceeding, Shockley, in particular, was
seeking new structures; and, beginning in 1949, he described
and analysed very thoroughly the p-n junction and the
junction transistor. Devoid of unstable whisker contacts,
and needing no electrical forming, the new triode also
offered some improvements in performance, particularly
greater gain and lower noise. Bell were soon able to
announce that they had made units (an early one being
shown in Fig. 2, devoid of encapsulation), and that the
performance was closely as . expected. Their method of
production was soon rivalled by another, from the General
Electric Company of the U.S.A., which seems to offer some
advantages in mass production; more recently still a third
and possibly even simpler method of achieving much the
same purpose has been evolved.

Before circuits could be engineered around the transistor,
its electrical properties had to be thoroughly investigated.
Several equivalent circuits, suitable for use when small



F1G. 2.—A GROWN N-P-N JUNCTION TRANSISTOR.

signals only are applied, have been proposed. In general,
they are more complex than those for thermionic valves.
The limitation to the bandwidth obtainable with a point-
contact triode was soon found to come from transit-time
phenomena and not from inter-electrode capacitances;
none the less, some units have been made wlich are suitable
for use as amplifiers up to tens of Mc/s. Junction triodes,
however, have more significant collector capacitances,
which impose limitations in addition to transit-time effects.
It soon became obvious that the original method of demon-
strating transistor action, i.e. with the emitter as the input
electrode and the collector as the output electrode, was not
the only way of putting transistors to work. For the
junction transistor the table shows the alternative ways of
use, with valve analogies (which must, however, be accepted
with some reserve).

Input Grounded Output Input Qutput Valve
Electrode | Electrode | Electrode | Impedance | Im:pedance Analogy
Emitter Base Collector Low Very high Grounded Grid
Base Emitter Collector Medium High Grounded Cathode
Base Collector Emitter High Low Cathede Follower

A property of point-contact units which circuit engineers
were quick to utilise is the positive feedback produced,
because «>1, by any impedance in series with the base.
If the external impedance Z, connected in the emitter
circuit is low, the positive feedback can make the transistor
unstable. When, for example, Z, is a series tuned circuit,
a simple oscillator results. Much the same property has
been used to make a bi-stable trigger circuit, using only
one point-contact unit. In order to permit the use of
transistors having the wide spread of characteristics still
observed for most types, however, designers have had to
elaborate the otherwise simple circuits. None the less, some
useful applications have been achieved, and the possibility
of the widespread use of transistors in electronic digital
computers must not be discounted.

To What Extent Will the Transistor Replace the Therniionic
Valve?

From time to time since its discovery, the transistor has
been hailed as destined to replace the thermionic valve on
a wide scale. Before the prospects of it ever doing so can
be assessed, much more must be learned about the new unit.
As later articles will show or imply, there are some functions
of the thermionic valve which the transistor, as at present
constituted, cannot fulfil; nor can it, if at all, until several
severe difficulties are overcome. Those properties of valves
of importance to circuit designers are, for instance, little
affected by ambient temperature, partly because the cathode
temperature is little affected and partly because the
cathode current is limited by space charge to a value much
below the total emission proper to the cathode temperature;
on the other hand, that part of the collector current of a
transistor (particularly a junction transistor) which is not a
function of I, is very temperature-sensitive (changing
perhaps 10 per cent. per °C). Although temperature
limitations are of less importance for some other semi-
conductors now being developed as transistor materials,

other limitations, particularly of the bandwidth obtainable,
remain. Moreover, transistors are more easily damaged by
thermal and electrical shock, and possibly by mechanical
shock.

None the less, there may well be a strong urge to use the
transistor in radio and television receivers, particularly
with the advent of the surface barrier type. Not only are
space and power drain reduced, but the conditions of use
of the accompanying components, e.g. resistors and
capacitors, are eased. However, the transistor should not
be looked upon merely as a device for doing, in much the
same way, some of the jobs now done by thermionicvalves.
Some of its properties are not paralleled in valves and may
much simplify electronic equipments. Thus junction
transistors, suitably proportioned, can be made to work
symmetrically, emitter and collector reversing their roles
according to the potentials applied; the simultaneous use
of n-p-n and p-n-p units also facilitates circuit design.

In many applications, though perhaps not for the world
of entertainment, the crucial test of the transistor will be
its consistency and reliability, points about which it is still
too early to be conclusive.

Possible Early Uses of the Transisior in Telecoynmunications.

Despite their admittedly limited properties, the transistors
now becoming available in Great Britain may well find
several uses in the Post Office systems. A line amplifier,
restricted by bandwidths to use only on audio circuits, or
as a channel amplifier of carrier systems, has already been
designed and is undergoing a field trial. If two-terminal
amplifiers are found to be of use, designs using transistors
(some have already been completed in the U.S.A.) will
probably prove more economical than valve units used so
far. An abundant supply of cheap and reliable junction
transistors might well make engineers reconsider the
possibilities of a handset including a microphone of better
quality (though less efficient) than the present carbon
inset, assisted by a transistor to achieve the present signal
levels to line.

Junction transistors may also have to be seriously
considered in the design of any new systems of multi-channel
V.F. telegraphy and V.. dialling and signalling. Most
equipments handling currents of audio or lower frequencies
can in fact be redesigned around the transistor, to the
exclusion of all but a very few valves, but not necessarily
economically er with sufficient reliability.

Newer designs of junction transistor and the surface
barrier transistor have much reduced thicknesses of the
base regions and much reduced collector capacitances,
with consequently much increased bandwidths. They
appear, superficially, to offer hopes of widespread use in
carrier telephony; some changes to present-day systems
might be entailed however (e.g. closer spacing of repeaters).
They may also challenge point-contact units in the fields
remaining of interest to the latter, e.g. switching at speeds
of 105 or more per second.

The introduction of transistors to telecommunications
will necessitate new approaches to electronic circuit design
and analysis, which may at first appear more difficult than
those for valve circuits. Some new approaches have already
been made, with moderate success, but until they are put
to more difficult tests with circuits of greater complexity
than have been designed so far, it is too early to decide their
relative merits.

Conclusions.

By raising, in this introduction, many of the points that
will be explained more fully in the later articles, it is hoped
to give the reader a broad picture into which the details
can be fitted with some understanding of their necessity
and of their connections with the subject as a whole.

93



Part 2.—Outline of the Theory of Point-Contact and Junction Transistors.

F. F. ROBERTS, B.sc.(Eng.), AM.LEET

The nature of conduction by electrons and holes in germanium is outlined and transistor action explained in terms of the injection and
collection of holes or electrons in excess of the equilibrium concentration.

SOME RELEVANT PROPERTIES OF PURE GERMANIUM

HE characteristic electrical properties of point-
contact and junction transistors, in particular the

low impedance from emitter to base and the high
impedance from collector to base in conjunction with the
current gain from emitter to collector greater than or just
less than unity, cannot be explained in elementary terms of
electrical conductors and insulators. Some of the details
of the modern theory of the solid state of matter must be
employed. That theory indicates the dominant importance
of (a) the number and distribution of the outer or valency
electrons belonging to each atom in the solid, and (b} the
arrangement of the atoms in the crystal structure of the
solid.
Germanium, the material currently used for an essential
ortion of most transistors, is element No. 32 of the
eriodic Table of the elements, occupying column IV
of that Table, below the elements carbon and silicon and
above the elements tin and lead (the atoms of all of these
elements having 4 available valency electrons). The crystal
structure of germanium, indicated in isometric projection
in Fig. 3,.is that of carbon in the form of diamond, and is
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Fic. 3.—ARRANGEMENT OF ATOMS IN THE UNIT CUBE OF THE
GERMANIUM CRYSTAL STRUCTURE.

similar to that of silicon and of tin in the “grey” form.

Each atom of germanium in a perfect and absolutely pure .

crystal has four nearest neighbours symmetrically disposed
about it, and is bonded to each of its neighbours by one of
its four valency electrons acting in conjunction with one
valency electron from each neighbour. Each valence bond
thus consists of a pair of electrons which may be regarded
as spending most of their time in the region immediately
between the centres of the two atoms concerned. The great
strength of the valence bonds gives germanium its relatively
high melting point (about 950°C) and its mechanical
hardness.

The partial fracture of a valence bond, that is, the
removal of one of its electrons, requires 0-72 electron-
volt of work (that is the work done in moving an electron
between points separated in potential by 0-72 volt). At
temperatures approaching the absolute zero (—273°C),
all the bonds are intact in a pure and perfect crystal, and no
electrons are available to move under the influence of any
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externally applied electric field: the germanium is then an
insulator. At 25°C the random thermal vibrations of the
atoms result in the partial fracture of one bond in about
every thousand million, setting free an equal number of
electrons and leaving an equal number of one-electron
bonds. The free electrons contribute directly to the
electrical conductivity, their contribution, o, (in mhos per
millimetre) being given by the product of their concen-
tration # (in numbers per cubic millimetre), of their
mobility g, (in millimetres/second per volt/millimetre) and
of their charge g (in coulombs). Each one-electron bond
also contributes directly by moving in the opposite direction
(rather like the bubble in a tilted spirit-level) as a result of
electrons from successive neighbouring complete bonds
moving in to fill the vacancy in the single-bond, creating
new vacancies behind them. The vacancies in the one-
electron bonds behave electrically like mobile positive
charges equal in magnitude but opposite in sign to the
charge on the electron. The vacancies are now generally
referred to as ‘“holes,” and their contribution to the con-
ductivity may be written as o, = pu,q, where p is the hole
concentration and p, their mobility. A crystal of ger-
manium containing equal numbers of mobile electrons and
holes (i.e. # = p) is termed an “intrinsic” semi-conductor
since its electrical conductivity is a property of the
germanium itself and does not depend upon the presence
of any foreign atoms. At 25°C a millimetre cube of intrinsic
germanium contains about 3 X 10!° mobile electrons and
3 X 10 mobile holes and has a resistance between
opposite faces of about 600 ohms; at —40°C the resistance is
about 20,000 ohms and at 4+40°C it is about 300 ohms, the
changes being mainly due to the rapid variation of # and p
with temperature (. and ., vary comparatively slowly over
this temperature range).

Intrinsic germanium is of no use itself for transistor
construction, but it is a desirable first step towards the
preparation of suitable material.

MajoriTY CARRIERS IN ‘DOPED’’ GERMANIUM

Before transistor action can be made to occur, two
conditions must be fulfilled: (i) the equality between the
numbers of mobile electrons and holes present in equilibrium
with one another in the germanium must be permanently
disturbed, so placing either electrons or holes in the
majority, and (ii) it must be possible temporarily to inject
into the germanium extra charge carriers of the same sign
as those normally present in the minority. The first
condition is achieved during the preparation of the crystal
by arranging that each atom in about every hundred
million of germanium is replaced by a suitable foreign
atom. If electrons are to be made the majority carriers,
suitable foreign atems are these in the 5th column of the
Periodic Table, in particular arsenic and antimony, since
these atoms will dissolve substitutionally in the germanium
crystal lattice and will have one outer electron remaining
after completing the double bonds to the four neighbouring
germanium atoms. The spare electron is only loosely
bound to the atom-(binding energy about 0-04 electron-volt)
and is, in fact, free and mobile within the germanium at all
temperatures of interest for transistor applications. If, on
the other hand, holes are to be the majority carriers, indium
or gallium (3rd column of the Periodic Table) is generally



chosen for the foreign atoms, these requiring only three
electrons to saturate their bonding capacities, so leaving
over one-electron bonds (holes) which likewise are free and
mobile within the germanium at all temperatures of
interest. The germanium is called n-type (n for negative)
if electrons are the majerity carriers, and p-type (p for
positive) when holes are in the majority. The foreign
atoms are called donors when they make the germanium
n-type, and acceptors when they make it p-type, in
accordance with their electron-adding or electron-sub-
tracting effect. Germanium containing added donors or
acceptors is said to be ““doped.” When the donor or acceptor
impurity concentration (N4 or N, respectively) is at least
10 times the carrier concentration in intrinsic germanium,
the majority carrier concentration is substantially equal
to the added impurity concentration, except that where
donor and acceptor impurities are present together in the
same region of the germanium only the excess Ny—N,, of
donors over acceptors, or vice versa, is to be counted.

Since the electron and hole concentrations, . aud 2
(n; = ), in intrinsic germanium increase rapidly with
the absolute temperature T (they vary approximately
as exp(—4350/T)) these concentrations will eventually
dominate any added concentration due to donor or acceptor
impurities, and all germanium therefore behaves like
intrinsic germanium at sufficiently elevated temperatures.
For n-type germanium suitable for transistors, having
a resistivity of 10 ohm-mm. at 25°C, the resistivity rises
to a maximum of about 13 ohm-mm. at 90°C, and falls
again to 10 ohm-mm. at about 120°C as the transition to
intrinsic behaviour sets in.

MinORITY CARRIERS IN EQUILIBRIUM AND THEIR INJECTION
IN EXCEss 1IN DoPED GERMANIUM

It is a general property of germanium and similar semi-
conductors that, as the majority carrier concentration is
permanently increased by the addition of donor or
acceptor impurities, the equilibrium concentration of
minority carriers automatically becomes reduced in the
same proportion, resulting in a product 7 of concentrations
of majority and minority carriers which is a constant,
equal to #.p, characteristic of the material at any given
temperature. Hence, in material suitable for transistors,
although the equilibrium concentration of majority
carriers is practically constant over the working tempera-
ture range, that of minority carriers is very temperature-
dependent.

The second pre-condition for transistor action, namely
the possibility of temporarily injecting into the germanium
an excess of. minority carriers above the equilibrium
concentration, is found empirically to be easily satisfied by
a positively biased point-contact on suitable n-type
germanium, and can be both explained theoretically and
realised practically by means of a junction between suitable
adjacent regions of n-type and p-type germanium in a
single monocrystalline portion of the material. Fig. 4
shows schematically such a p-n junction. When the
p-tvpe material is biased positively relative to the n-type,
holes are driven from the hole-rich p-type into the n-type
and electrons from the electron-rich n-type to the p-type
material, the carriers of each type becoming excess
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Fic. 4.—p-N JuncrioN DiopE IN GROWN SINGLE CRYSTAL OF
GERMANIUM.

manority carriers on crossing the junction; at the same
time excess majority carriers enter the outer ends of the
crystal (through the ohmic connections assumed to be
made there) in numbers equal to the excess minority
carriers in each region and thereby prevent the build-up of
any space-charge in the material (except within a layer
about a micron (10~3 mm.) thick enclosing the plane of the
Junction, where a permanent space-charge double-layer is
spontaneously maintained). The presence of the excess
minority and majority carriers causes the product #p to
exceed the equilibrium value #,$, = 5% The recombina-
tion in pairs, by mutual annihilation, of excess carriers of
opposite sign, leading to the restoration of a corresponding
number of complete valence bonds, tends continuously to
re-establish the equilibrium; the recombination occurs on
the average at a characteristic time r,, after the injection
of each minority carrier, and ,, is generally known as the
“lifetime”’ of that carrier in that particular sample of
material. Several experimental methods are available for
measuring r,, Wwhich is as significant a property for
transistor material as the resistivity. Typical useful
values of 7, range from 1-100 usec. for present types
of trausistor,

The ratio of hole current flow to electron current flow in
a p-n junction diode of the type indicated in Fig. 4 is given
by

ip/'iﬂ ~ 0-7 (N!J/Nd) (Tn/Tp}‘

where N, is the acceptor concentration in the p-region,
N, the donor concentration in the n-region, and -. and
r, the electron and hole lifetimes as minority carriers in
the appropriate regions. The formula just given shows
that an excess hole concentration can be injected into
n-type material, with as great an efficiency as desired, by
way of a p-n junction on to the given material from p-type
material of sufficiently large N, and 7,. Such a junction
would be a good emitter for a p-n-p junction transistor
{shown schematically in Fig. §), though the formula for
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the injection efficiency in the transistor is more involved
than that given above. The observed hole-injection
efficiency of almost any point-contact emitter on n-type
germanium may be explained by the assumption that a
surface region one micron or less in thickness (due perhaps
to oxidation) is present on the germanium and contains a
higher concentration of holes than electrons, in this
respect resembling a p-type region.

COLLECTOR ACTION

A pn junction, like that of Fig. 4, having the p-type
region biased negatively relative to the n-type region,
passes a saturation current 7, nearly independent of
voltage for voltages greater than about 0-2 V and less than
20-50 V (according to thc matcrial). The current ¢, is
given by the sum, ¢, + ¢,, of currents due to the
extraction of minority carriers passing in opposite
directions across the junction from both the n-type and
p-type regions. The ratio ¢,,/i.. is equal to the ratio /¢,
already quoted for the corresponding currents under
carrier injecting conditions, the values of 7,, and 7,
separately depending directly on the equilibrium concen-
trations and inversely on the lifetimes of minority carriers
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in the regions from which they are flowing. But when the
concentration of holes is greatly increased in the n-region
close to such a negatively biased p-n junction, the hole
current flow 7, will increase proportionately and the
junction behaves as a perfect collector for all holes incident
upon it from the n-type side. (It would behave equally
effectively for electrons incident upon it from the p-type
side.) Since the rate of flow of holes towards such a
collector junction is not significantly influenced by the
magnitude of the bias within the limits quoted above, the
high impedance of a junction transistor collector is
qualitatively accounted for. The current gain of the
junction transistor is determined primarily by the pro-
portion of minority carriers injected by the emitter which
diffuse across the base region to the collector junction (i.e.
assuming that the emitter efficiency has been made 99
per cent. or more), and this proportion is limited only by
the loss of minority carriers by recombination in transit
and by sideways diffusion out of reach of the collector
junction (in particular to the adjacent free surface of
germanium where recombination may be very rapid).

Two additional influences must be invoked to account
for the observed current gain in point-contact transistors,
typically 2-3 for emitter bias currents of 1-5 milliamperes,
or more at small emitter bias currents. Firstly, owing
to the different geometry (as compared with the junction
transistor) of the emitter and collector with respect to the
germanium of the base material, the probability of an
injected hole from the emitter reaching the collector by
diffusion alone is reduced by a factor of the order of 10.
Because this factor appears to be much smaller with
normal collector biases on typical units, it is necessary to
assume that the electric field is large enough over an
important part of the base material between emitter and
collector to cause drift to dominate diffusion of the holes.
Secondly, it is necessary to postulate some current-
multiplying process either in the emitter-collector path
through the base-material or at the collector contact itself,
A simple theory which treats the collector as an ohmic
contact can in fact explain current gains of up to about 3
for n-type germanium base material, but this theory does
not account for the observed high collector-to-base
impedance under normal conditions or the rectification
property of the collector as a diode. Two other theories are
known, however, which can explain the gain and impedance
characteristics of the collector, and as yet no conclusive
experiment has established the superiority of one or other
theory. One of the theories, that of the so-called p-n hook
collector, will be outlined in a later article of this series,
when the circuit properties and limitations of transistors
are being considered.

SUMMARY OF TRANSISTOR ACTION

Transistor action may loosely be defined as an effect
leading to the possibility of power amplification by means
of electronic (in contrast to ionic) conduction in the solid
state, not depending upon thermal or photo-electric effects.
Taking the common-base emitter-input circuit (Fig. 6(a )
as the fundamental one for physical interpretation (though
not necessarily the best for practical application), and
representing this ideally by the equivalent circuit of

Fig. 6(b), the power amplification may be written (for
matched generator and load) as («?/4) {r./7.), where « is the
emitter-to-collector urrent gain, 7. is the emitter-to-base
slope resistance and 7. is the collector-to-base slope
resistance, all under the working bias conditions. For both
point-contact and junction transistors practically all of the
power amplification arises from the ratio 7,/#, in the above
expression, and this ratio can be accounted for by regarding
the emitter and collector as diodes biased in the low- and
high-impedance directions respectively.
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The overall current gain ¢ may be expressed as the
product of three factors, & = yfB«., where y is the emitter
injection efficiency for minority carriers, f§ is the trans-
mission factor, being the proportion of minority carriers
injected by the emitter which arrive just in front of the
collector, and «. is the current multiplying factor of the
collector itself. For a p-n-p junction transistor, y may be
written as y = 1,/(¢. + %,), where the currents are those
crossing the emitter junction, as discussed previously.
For an emitter junction made by the alloy process
(to be described in a later paper of this series) y is over 0-99,
and values as high as 0-99 can be obtained with “‘grown”
junctions (also to be described). An alloy junction
collector gives ¢, = 1 very closely, while grown collectors
can give «, values of as high as 1-1, there being normally
no current-multiplying mechanism in simple junction
collectors similar to that in a formed point-contact
collector. The transmission factor 8 may be greater than
0-99 for a junction transistor having a thin base region
with long minority carrier lifetime, and can be lower than
0-2 for a point-contact transistor at a collector voltage
below 1 V.

The equivalent circuit of Fig. 6(b) implies that the
transistor is truly a one-way amplifier (like a thermionic
vacuum triode as alow-frequency amplifier) and that any
signal applied to the collector-base terminals suffers
infinite attenuation on its way backwards towards the

- emitter-base terminals. In reality all transistors have

appreciable backwards transmission, owing to the finite
(non-zero) resistivity of the germanium forming the base
region. The collector-to-base current, flowing from the
immediately active portion of the base region to the point
of connection of the metallic base terminal, causes a
potential drop which appears in series with the emitter-base
circuit. The effect is represented in the equivalent circuit
by adding a resistance 7, (the base resistance) in common
with the emitter and collector circuits, as in Fig. 6(c). The
presence of 7, sets a limit. to the performance of the
transistor itself and complicates the design of transistor
circuits.
(To be continued.)
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An Experimental Register-Translator for

Universal Subscriber-Subscriber Dialling

U.D.C. 621.395.34:621.318.572:621.374.5

S. W. BROADHURST, am.EET

This article describes, in outline, an electronic register-translator using an ultrasonic mercury delay line in the register for temporary

digit storage by pulse technique. The digital information received by, and stored in, a number of registers is continuously compared with

information held in a common translator, the speed of operation being such that during the interval between successive dialled digits a

register can examine every translation available to it. At the appropriate time (depending on the class of call, its routing, etc.), the

register detects coincidence with information wired permanently into the translator and the relevant translation is passed into the register’s

store. Thestored transiation plus that part of the dialled number not needing transfation, and certain other controlling signais, then circulate
in the delay line until sent out at a time determined by instructions received with the translation.

INTRODUCTION

N a fully automatic telephone system having universal
Isubscriber—subscriber dialling facilities, register-trans-

lators must be used if code lists are to be avoided, and
the numbering scheme and the network layout are not to be
inter-dependent.

A register records the number received from a sub-
scriber’s dial or from an incoming junction. The translator
supplies further information such as the route and rate of
charge for the call indicated by the number held in the
register, and a sender, which is usually part of the register,
sends out the combined information to set up the whole or
part of the outgoing connection to the wanted number. In
the director the register, translator and sender are all
combined in one piece of apparatus, but modern ideas
tend to the use of one translator common to a number of
registers.

Once a national numbering scheme has been laid down
and a tariff structure agreed, the facilities'to be provided
by a national register can be restricted to those necessary
to operate the agreed layout. However, at the time that
the experimental equipment about to be described was
designed, no specific problem was in mind. It appeared
possible, because of electronic developments then taking
place, that universal registers capable of working into any
type of network and dealing with any national numbering
scheme could be made economically and this course was
followed. By ‘‘universal’” is meant that one apparatus is
capable of acting as an originating, transit or terminating
register for both local and junction traffic. Hence as, for
2xample, dial tone must be given when the apparatus is
acting as an originating register but not in other cases, a
universal register is dependent on some system of indicating
the class of service for each incoming call and this is
assumed to exist.

The experimental equipment is wholly electronic and
ilthough relay contact symbols are used in the illustrations
‘hese are introduced for explanatory purposes only.

Basic PROBLEMS AND SOLUTIONS
Jutline of the Storage Problem.

The first problem to be solved in the design of such a
miversal register is that of digit storage. Present ideas on
‘he handling of long-distance calls involve the dialling of up
‘0 11 digits, and it is possible for this number to be still
urther increased. It is most desirable, however, that sub-
icribers should have to dial fewer digits for local and short-
ange calls, and this can be achieved by the use of prefix
ligits for the longer distance calls. As the bulk of the
raffic will be for local and short-range calls, most of the
ligit storage capacity of universal registers is idle for
nost of the time the register is in use. It follows therefore
hat the storage equipment used should be of a type whose
ize and cost are negligibly affected by the storage capacity

1 Senior Executive Engineer, Post Office Research Station.
1 Barron, D. A. “‘Subscriber Trunk Dialling”, I.P.O.E.E., Paper
)ctober, 1952. (To be published as a Printed Paper in due course.}

required. Delay line storage fulfils these requirements.
In the experimental register an ultrasonic mercury delay
line, approximately 11 in. long, is used for digit storage.
This line, together with a short electrical delay line, can
store 200 pulses spaced at one microsecond intervals.
Using five pulse positions for each digit gives a capacity of
40 digits which is adequate for the storage of the longest
dialled number, together with its translation and other
instructions relevant to the call being set-up, e.g., the meter
fee to be charged.

Translation Problems.

A national numbering scheme for this country would
require a selection of up to 10,000 working exchange codes
out of a total of 100,000 possible codes, i.e. each exchange
would have a five-digit national codel. Tt would clearly
be impracticable to provide every exchange with the whole
of the routing information necessary to enable its register
to set up the complete route for a call to any subscriber in
the country. Not only would the translator be of immense
size but a routing change anywhere in the country would
mean translation changes in every exchange. For these
reasons it is certain that at least two registers will be
involved on any long distance call and that, most probably,
there will be a register at every switching centre. Under
these conditions, the routing information to be supplied
by the translators at the originating or transit exchange
will consist of three parts,

1. Information to enable the call to be routed through

the switches of the exchange to the outgoing circuit.

2. Information to route the call through the network to

the next register.

3. Information to enable the next register to advance

the call to another register or to its destination.

At terminating exchanges, only item 1 is necessary, and
if every exchange is fitted with registers item 2 is redundant.
In general, item 3 will usually consist of instructions to the
register to repeat the whole or part of the number dialled
by the caller.

In addition to the routing information, translators may
have to supply registers with metering instructions; also,
depending on the class of service of the caller, special service
instructions may have to be given.

Numbering Problems.

Depending on the numbering scheme and the tariff
structure it is possible that the charge for a trunk call and
the route it must take to the next register in the connection
can be determined after the caller has dialled less than the
maximum number of code digits. In the extreme case the
first digit of a systematically arranged numbering scheme
could do this. Thus, if all Northern Ireland exchanges had
codes starting with the digit 8 a register in London receiving
the first digit 8 would, given that the present tariff structure
remains, have sufficient information to know the cost of
the call and its routing as far as Belfast. It follows that it
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may be desirable for a universal register to apply for a
translation after each digit dialled by the caller and be
capable of starting to set up the outgoing connection
before the caller has dialled the complete number.

A universal register also has to take account of the
possibility that subscribers’ national numbers may differ
in length depending on whether their local numbers contain
three, four, or five digits. Also any exchange identified by a
particular national code may have a mixed four-digit or
five-digit numbering scheme. Because it is clearly imprac-
ticable for every exchange in the country to be given
sufficient information about all the others to enable its
registers to be told how many digits to expect on every call,
the difficulty arises of telling the originating register when
it can release.

A further difficulty arises in connection with the method
of identifying calls to spare codes. The problem in this
case is to be able to route such calls to N.U. tone, without
having to use a translation code terminal for every spare
code. (In a national numbering scheme about 90,000 codes
will be spare.)

Solutions to the Foregoing Problems.

In the experimental register-translator it is arranged that
the digital information stored in the register is continuously
compared with information held in a common translator
in a manner described in a previous article?. The com-
parison is done at a speed such that even though the caller
uses a keysender, the register can examine the whole of the
information wired into the translator during the interval
between the receipt of successive digits from the caller.
At some time during the receipt of incoming digits a register
will have stored a code or a portion of a code which is also
wired into the translator and the register can detect the
coincidence. At this stage, the translator is enabled to
pass the required translation into the register’s store. The
translation is always accompanied by a “start setting up”
(S.S.U.) signal, which also goes into the register’s store and
is used to tell the register how many more digits if any, it
must receive from the caller before starting to set up the
outgoing call. Because sending need not take place as soon
as the translation is received and because the register is
continuously comparing its stored information with that
in the translator it is possible to change the translation
before sending actually commences. This feature can be
used to offset some of the difficulties of dealing with spare
codes. Thus, suppose that of 10,000 codes starting with the
digit 7 all but one are spare; then it can be arranged that
any register receiving the first digit 7 will receive a trans-
lation which would route the call to an N.U. tone circuit if
the register started to send. If, however, the S.S.U. signal
is arranged to delay sending until after the receipt of the
fourth digit and the subscriber happens to dial the one
working code in the group, then because this code will be
written in the translator the register will find a second
coincidence between its stored code and the translator
codes and a new translation can be caused to replace the
old. By this method the number of items stored in the
translator may be considerably reduced.

There will always be at least two registers involved on
junction calls and it can be presumed that the terminating
register can obtain from its translator all the information
pertaining to the terminating exchanges it controls. Hence,
as the terminating register is continually comparing its
stored information with its translator codes, it can be told
by the translator whether it expects a 3-, 4- or 5-digit
number. This can be done by the S.S.U. signal. The
originating register can be caused to start sending at any

® Flowers, T. H. ‘“‘Introduction to Electronic Telephone Ex-
changes; Register-Translators’’, P.O.E.E.J. Vol. 43, p. 177.
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convenient time and can be arranged to hold itself in
circuit until the terminating register acknowledges that it
has received sufficient information to enable it to complete
the setting up of the call. Thus, the difficulty of sub-
scribers’ national numbers having varying lengths is
overcome.

THE STORAGE SYSTEM
A picture of the ultrasonic delay line is shown in Fig. 1,
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F16. 1.—195 uS MERCURY DELAY LINE.

and a block schematic diagram of the register’s storage
systemis shown in Fig. 2. The store consists of an ultrasonic
delay line, D, in series with an electrical delay line, E. The
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F16. 2.—BLOCK SCHEMATIC DIAGRAM OF STORAGE SYSTEM.

ultrasonic delay line comprises a column of mercury
terminated at each end with a quartz crystal arranged so
that voltage pulses applied to one of the crystals produce,
by the piezo-electric properties of the material, mechanical
impulses which are applied to the mercury column and
propagated along the line to the other crystal to cause it to
generate electrical pulses corresponding to those applied
to the input crystal. These output pulses are delayed by a
time depending on the length of the mercury column. In
the register this delay is 195 xS so that a pulse from A
(Fig. 2) applied to the input of D, appears 195 uS later,
at the input of E. The electrical delay line, E, gives a
further 5 xS delay to the system. Pulses emerging from E
are amplified, re-synchronised in device A, and caused to
re-enter the circulating system at the same point in a
timing cycle of 200 xS as the original signals applied to the
input crystal. (The circulating path is indicated by
thickened lines.)

The signals injected into the delay line D consist of
pulses of alternating current at a frequency of 10 Mc/s,
each pulse having a duration of 0-8 xS. When a register is
idle none of its 200 one-micrusecond pulse positions has a



pulse in it, but when a number is to be stored, each digit is
coded into a pulse pattern consisting of a selection of two
out of a group of five pulse positions and injected into the
line at point A. A master pulse supply generating a
repeated cycle of 200 pulses at 1 uS intervals is provided
to control the system. These pulses are numbered p, to
P2og, and for the purposes of this text the 1S time interval
during whlch a particular pulse p, occurs is called ‘“cycle
time p,.’

The circulating path may be represented by a ring
(Fig. 3) divided into 200 equal divisions. These divisions

F'| 101 leoz H Ps.los PTN Ps105
2 @

2x4v

DIRECTION
OF
JCIRCULATING
|” PULSES

F16. 3.—IncoMING DIGIT STORAGE,

(1-200) represent the positions successively occupied by
any pulses circulating in the system, and the division
numbers, of which only a few are shown, indicate the time
in microseconds that must elapse before a pulse entering
the system at A occupies the division in question; thus, a
pulse entering at time p, appears at B at the timep, + 195.
Access to the circulating system for the purpose of reading
the circulating pulses is restricted to points A and B. As
there is no delay except in the delay lines themselves, then
for timing purposes point A (Fig. 3) consists in Fig. 2 of
the whole of the path connecting the output of E to the
input of D, including switches O and T.

Due to the time relationship between the master pulse
supply and the register cycle divisions, and because infor-
mation is always put into the delay system at point A, it is
possible to predict the times at which pulses will pass points
A or B, or when pulses will be circulating in E. Tt is,
therefore, possible to arrange switching at points O or T to
occur when no pulses are passing through the external
circuit. Also it can be arranged to short-circuit E by switch
S at a time when no pulses are circulating in E. The func-
tions of the switches O, T and S will be referred to later.

OUTLINE OF CIRCUIT @PERATION
Description of Symbols Used.

Certain of the conventions used in Figs. 3-6 may require
some explanation. The two basic symbols, the circle and
the double square, represent respectively the gate and the
trigger.

A gate is a switching element having any number of
controls or inputs and any number of outputs, theinputs and
outputs being distinguished from each other by the direction
of the arrows shown on the connecting leads.

When a gate is shown with an inscribed numeral the
numeral indicates the least number of inputs which must be
simultaneously in the operated condition for the gate to
give an output. Thus, if one of the input leads carries a
pulse the gate can only give a pulse output. When a gate is

drawn without an inscribed numeral it will give an output
when any one of its inputs is in the operated condition.

A trigger is a locking switch having two stable positions,
each position being represented by a square “box.” Each
box is shown with a separate input lead, and if either lead
carries an operate condition an output is given on the lead,
if any, drawn on the other side of the box. A trigger has the
property that it will continue to give an output condition
after the original operating condition has been removed.
To change over or restore the trigger an operate condition
must be received on the input to the second box.

Triggers and gates are assumed to have no operate or
release lags. The conventions shown are logical symbols and
do not specify the type of circuit to be used.

Some of the conventions are shown having input leads
terminating in a small circle. Such leads are known as
“inhibiting” or reset leads. An operate input on such leads
always overrides the conditionson any other lead connected
to the switch concerned.

Incoming Digit Distribution. :
Each digit received by the register is coded to mark two

- of the five wires V, W, X, Y and Z (Fig. 3), and any decimal

digit requiring to be stored appears as a D.C. potential on
two of the five gates G1 to G5. (There are just 10 com-
binations of five things taken two at a time.) Each gate is
connected to a pair of pulses from the master control, and,
providing a gate is also marked by D.C., it will pass pulses
to the input of the delay line at the times indicated by the
control pulses. Thus, if gates G1 and G3 are marked by the
incoming digit, pulses will be put into the delay line during
cycle times py, pygy, P3 and pyg,. At the end of cycle time py
the pulses will be cnrculatmg m the delay line in the positions
marked V and X.

Each digit is allocated two out of five pulse positions and
each digit is stored twice. The D.C. marking conditions
relating to a particular incoming digit are removed after a
brief period, but as long as the D.C. marking conditions
persist any marked digit will continue to be pulsed into the
delay line twice in every time-cycle of 200 pS.

There is only one input to the circulating system and it is
necessary to arrange that new information relating to
further incoming digits is not allowed to occupy the same
register cycle divisions as the old. To effect this without the
use of an incoming distributor it is arranged that, as soon
as a digit has been stored and the D.C. marking conditions
to gates G1-56 have been removed, the pulses circulating in
the delay line are advanced by five register cycle divisions.
This process is known as ‘'shifting”” and operates in the
following manner. At paint B (Fig. 2) a shift detector, SD,
is allowed to operate between cycle times p;ys and Ppyqp;
during this time any pulses originally put into line D
between cycle times p, and pg will pass point B. If SD
detects the presence of any such pulse it notes the fact and,
at some point in the next 200 xS time-cycle, operates S to
short-circuit the electrical delay line E. It 1s arranged that
E remains short-circuited for a time just less than one
complete cycle. During the time that E is short-circuited
the total length of the circulating system is reduced from
200 to 195uS-and the circulating pulses will take only
195 uS to pass through the complete system. Hence, in one
cycle of 200 uS the stored pulses will be advanced in space
by five register cycle divisions. Thus, Fig. 3 not only
represents the position of the pulses corresponding to digit
VX at the end of cycle-time pg before the shift, but also
represents the position of the same pulses at the beginning
of cycle time p; after the shift has taken place.

The shifting process occurs after the receipt of every
incoming digit. Fig. 4 shows the divisions occupied by a
seven-digit number at cycle time p, after the seventh digit
has been received and shifted, the two appearances of the
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digits in length, then, if stored
codes are continuously examined
at point A for the period pgg-p; g,
no code of seven digits or less will be overlooked.
Referring to Fig. 2, the stored pulses passing from A into
D are continuously offered to a comparator CC. The other
side of the comparator is connected to an output from the
translator on which appears, in coded pulse form, the codes
for which a translation is provided. CC is only operative
from cycle times pgg to p; g0 and its circuit arrangements are
such that only if the codes on its two inputs remain identical
throughout this period will device TR operate later to
enable a coded translation to e put into the delay line via
switch T.

The Transiator.

The translator is common to as many registers as may be
desired and its operation may be followed by reference to
Fig. 5. Two pulse-cycles are provided in the translator, the
code comparison and the translation cycle. Each cycle
consists of a selection of 1 xS pulsesin a pulse train 20 mS
long, the pulse trains being synchronised with the pulses
controlling the registers. The code comparison portion of
the translator is equipped with groups of terminals, the first
set of which is joined to pulses pgg-Pyg0, the second to pulses
Pagg-Paop. the third to pulses p,ge-pggq, and so on, each group
of terminals being allotted to a different code. The pulse
terminals corresponding to the codes are connected by
decoupling elements to a common output to the comparator
circuits in all the registers. In every register the com-
parator CC is operative to the pulse series pg tO Pygo-
Fig. S(a) shows a stored code C’ at cycle time pgg: the
pulses corresponding to the code are about to pass point A
and the input to the comparator. At the end of cycle time
P10o the code C’ will have passed point A. Between the two
times, pulses from the translator terminals in the code 1
terminal group which are connected to the code comparison
common will have appeared one at a time at the other input
to the comparators. Only if the translator code corresponds
in every pulse position with C’ will CC permit the device TR
to operate; otherwise the circuit waits until time pgg in the
next cycle, i.e., time p,s, from the point of view of the
translator. From pyg to pgqo the second set of code ter-
minals is compared with the code C. This process continues
until ultimately an identity is established, when TR permits
T to operate and connect the input of the delay line to the
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output common of the translation cycle. This common is
associated with groups of pulse terminals in the series
P121P2or P3a1-Pagor and so on, each group being cross-
connected to the common to give the pulses of the trans-
lation relating to the code immediately precedmg it in time.

During the time that the translation is being put into
the delay line, the delay line circuit is broken at T for 140 S,
during which time one appearance of the stored number, C,
is lost. Fig. §(6) shows the state of the circulating system at
cycle time pg, just before T restores. One appearance of the
original number dialled by the caller has been lost, but the
other, C’, is still available for further code comparisons if
required. A translation has been put into the half of the
line originally occupied by C, although not necessarily in
the same positions.

With this method of translation the number of codes
examined in one translator cycle of 20 mS is 100. The
number can be increased either by extending the length of
the cycle or by increasing the number of cycles and giving
each register a corresponding increase in the number of
comparator circuits.

Sending.

As mentioned previously, the translation includes a
special code called the start-setting-up (S.S.U.) signal. This
signal may be put into the delay line in any position.
Usually the translation will be so placed in the circulating
system that any new digits dialled by the caller will queue
up behind the translation proper, a sufficient gap being left
between the translation and the S.S.U. signal to accom-
modate the portion of the dialled number not needing
translation.

As each new digit is received the storage is shifted and
further comparisons are made between the stored informa-
tion and the translator so that the translation can be
changed if necessary.

While this process is going on, a detector SS (Fig. 2)
connects itself to the input of the delay line by the pulses
occurring at cycle times pygg Pig7 and pygg. The S.S.U.
signal consists of the first three pulses out of a group of five
register cycle divisions. Depending on its placing by the
translator it will appear at the input of SS either im-
mediately the translation has been received or at some later



time depending on the shifting process due to further digits
being dialled. When the signal is detected by SS at cycle
times p ge-P1gs it causes an output control to signal that
sending may commence. When sending is about to com-
mence two sets of information are circulating in the two
halves of the delay line system. Thisis shown in Fig. 6. The
first set consists of the translation (T) followed by the digits
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(D) dialled after the translation has been obtained, and the
second consists of the complete dialled number (C’) un-
changed. It is the first set which has to be sent out. This
is done by causing switch O, Fig. 2, to operate under the
control of SS at a time just prior to the time that the
beginning of the longest translation will appear at point A.
Fig. 6 shows this arrangement in more detail.

The output control operates a trigger device TO which
in turn operates switch O. Because the stored digits are to
be sent one at a time it is necessary to ensure that switch O
will restore immediately after the cycle time corresponding
to the last pulse position of any coded digit. Each digit
occupies two divisions of a group of five and the last possible
position for one of the two pulses of any stored digit will
pass point A coincidentally with one of the pulse series pj,
P10» P15, €tc. By deriving “end” pulses from this series it is
possible to arrange that TO and consequently O, resets at
these times and remains reset unless the output control is
allowed to be operative. After the operation of O, the first
pulse of the translation T will be passed to a set of five
gates, G6, G7, G8, G9 and G10. Each gate is connected to a
train of pulses, the pulses in each train being spaced at
5 uS intervals. Thus, G6 is connected to the pulse series p;,
Pe P11 ----- P G7 to pulses p,, Py Pyg--- - - and
so on. Hence a pulse emerging from the delay line wﬁl find
one and only one of the gates marked, and will pass through
the gate to operate one of the triggers TV, TW, TX, TY or
TZ. In a similar manner the second pulse of the digit will
be read off and stored. The triggers TV-TZ give outputs to
a digit sender DS and when a digit is stored in DS an output
from the sender inhibits the output control. Trigger TO
is reset by one of the “end”’ pulses to release switch O before
another digit can be sent.

The digit sender converts the stored digit into the signals
required to set up the outgoing connection. These will

usually be in the form of coded ‘“‘two out of five” V.F.
signals, but can, of course, be converted into any type of
signal depending on the outgoing circuit. When V.F.
signalling is used the coded signals remain on the line until
an acknowledgment signal is received. This signal restores
the triggers TV-TZ and resets DS which, in turn, frees the
output control to enable the next digit to be sent.

MISCELLANEOUS FEATURES

The experimental equipment includes in its design other
features which may be desirable in a national register-
translator, such as the ability to distinguish the class of
service from the incoming line termination and to provide, if
necessary, different translations for different classes. The
registers are equipped with V.F.receiving and sending equip-
ment, and are capable of receiving either ordinary loop-
disconnect dial pulses orcoded V.F. signals, depending on the
type of incoming line. Sending may be done by any desired
means under the control of instructions from the translator,
and high-speed V.F. signalling between registers is provided
for. Built-in sequences under the joint control of the class of
service and the translator instructions enable the set-up of
the connections to be checked at various stages, a signal
acknowledgment feature being built into the line signalling
system.

It is intended that on outgoing junction calls the
originating register shall not release until it has received a

“backward prove” signal from the terminating register to

indicate that the full complement of digits has been sent
forward. This overcomes the difficulty of accurately locating
the S.S.U. signal in the translation when the number of digits
in the wanted subscriber’s number cannot be known at the
originating exchange. In such cases the signal is located in
the translation in some position which will cause it to be
detected aftcr some convenient number of digits has been
received, all digits subsequently received being transmitted
as they come in.

The fact that the number dialled by the caller is stored,
unchanged, in one-half of the delay line enables a “second
trial” facility to be built into the register. If the first
attempt to set up the call should fail or require the use of
an alternative route, the stored number can be used to
initiate a second attempt to set up the call; it can also be
used for fault-indicating purposes.

CONCLUSIONS

Certain features of the universal rcgister-translator call
for further comment. The storage of large amounts of
information by the use of pulse techniques is a feature of
electronic switching which, when fully exploited, should
lead to considerable economies. In the equipment des-
cribed, the pulse storage takes two forms: permanent storage
of the translations in which the memory is in the form of
wire connections to pulse terminals; and the temporary
storage of information in a circulating system. As pulse
techniques develop and their reliability increases, it will be
possible to use delay lines of greater capacity to realise still
greater economies in the system as a whole. It is doubtful
if dynamic storage is suitable for the storage of permanent
information because if the information is changed or the
slightest fault occurs the stored information must be re-
written, and this is not easy. The method adopted in the
universal translator obviates these difficulties and gives a
form of translator which is most suitable when the time
available to obtain a translation is very small,
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Part 2.—Speech Path and Register-Marker Equipment.
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Part 2 of this series describes in some detail the t.d.m. equipment that forms the speech transmission paths through the exchange and
explains the operation of the common control register-marker equipment.

Pulse Supplies.
HE pulse trains used in this exchange are four in
I number, but the capacity of ‘the common trans-
mission pathis for 99 pulse trains. Ina fully equipped
exchange there would be 99 lines, each of which would have
its own individual pulse supply. These individual pulse
supplies are produced from only 20 sources of pulse supply,
divided into two groups, one of nine and the other of 11
pulse supply sources. Each puise supply source in the
group of nine generates a pulse train of 9 microseconds pulse
repetition time, and a pulse from the first pulse train, p,;,, is
followed 1 microsecond later by a pulse from the second
pulse train, p,,9, and 2 microseconds later by a pulse from
the third pulse train, pg,, and so on. Each pulse supply
source in the group of 11 generates a pulse train of 11 micro-
seconds pulse repetition time and pulses from the first pulse
train, py;,;, the second pulse train, p,,;, the third pulse
train, p,/,;, and so on, follow each other at spacings of
1 microsecond. In Fig. 9 are shown two of the group of nine
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FiG. 9.—Four or THE 20 PuLSE TraiNs USED IN THE
MopEL EXCHANGE.

pulse trains, p,;;4 and py; 4, and two of the group of 11 pulse
trains, p,;,; and py;,. It will be seen from the figure that
pulses in pulse train p,;, and in pulse train p,/,; coincide
once every 99 microseconds, and if those two pulse trains
are connected to a coincidence gate which gives an output
pulse only on the coincidence of a pulse from each pulse
train, the output pulse train will have a pulse repetition
" time of 99 microseconds. If pulse trains p, 4 and py,, are
connected to a similar coincidence gate the output will
again have a pulse repetition time of 99 microseconds, but
the pulses occur 91 microseconds atter those of the pulse
train produced at the output of the coincidence gate to
which pulse trains p,,4 and p,,y; were applied. There are 99
ways in which one of the group of nine pulse sources can be
combined in a coincidence gate with one of the group of 11
pulse sources, and each of the 99 combinations will give rise
to a distinct pulse train of 99 microsecond pulse repetition
time. Thus the 99 separate pulse trains can be generated
by the use of 20 pulse generators and 99 coincidence gates.
This method of pulse generation shows savings not only in
the provision of pulse generators, but also in the simplifica-
tion that results when this form of pulse generation is
combined with the construction of master and slave
selectors. In this model exchange the coincidence gates are
built into the modulator and gate equipment connected to
the subscribers’ lines, and into the slave selectors.

Modulators, Gates, Demodulators and Commion-Transmission
Paths.

~ Fig. 10 shows the equipment used to provide a unidirec-
tional t.d.m. transmission path through the switch; for
example, from a subscriber’s line to a cord circuit.

1 Senior Executive Engineer, P.®. Research Station.
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The pulse train used in the modulator shown in the figure
is that which may be derived from the two pulse trains ps;4
and pyy,; these two pulse trains are connected to the
modulator. When there are no pulses on the pulse leads the
point X is at earth potential and the sum of the currents
flowing through R2 and R3 is equal to the sum of the
currents flowing through R1 and MR1. Equal currents flow
in R2 and R3 and their series rectifiers MR2 and MR3 and
the current in R1 is less than that flowing in R2 or R3.
When a pulse is present on either of the two pulse leads the
current through the corresponding rectifier MR2 or MR3 is
reduced to zero, but point X remains at earth potential and
current still lows through MR1. When coincident pulses
are present on both pulse leads the currents in MR2 and
MR3 are both reduced to zero and MRI1 ceases to conduct.
If capacitor Cl1 is uncharged the current through R1 flows
into C1 which, however, has a capacitance sufficiently large
for the potential of the point X to be sensibly unchanged
during the duration of the coincident pulses (about 0-8
microsecond). If a positive hold signal of, say, 10V
amplitude is applied to the terminal HoLD IN then, during
coincidence between pulses from px;s and py;,,, MR4 will
be so biased that the current through R1 will not charge
capacitor Cl. The current through R1 will then flow through
MR6 and will charge the stray capacitance (C3) of the
common transmission path, Ha. The potential of Ha will
rise until it is equal to that of the upper plate of capacitor
C2, after which the current from R1 will flow through MR§
to capacitor C2. The amplitude of the pulse generated on
the common transmission path, H,, is thus equal to the
potential of the upper plate of capacitor C2. The potential
of the upper plate of that capacitor is 4:5V plus the ampli-
tude of the audio-frequency signal across capacitor C2 and
resistor R5 at the time of the coincidence of the pulses from
pulse trains pyq and py;,;. Thus the pulses at point X will
have a pulse repetition time of 99 microseconds and, when
a hold signal is present, will have an amplitude of 45V plus
the instantaneous amplitude of the audio-frequency signal
across the secondary winding of the transtormer. Up to 99
similar modulators, each with its individual combination of
9- and 1l-phase pulse supplies, may be connected to the
common highway, H,, each being connected to Ha through
a decoupling rectifier; MR6.

Once every microsecond a discharging pulse is applied to
the junction between MR8 and R8. It appears during the
time intcrval separating successive 9- or 11l-phase pulses
and discharges the highway capacitance; rectifier MR7
prevents the potential of the highway Ha from dropping
below earth potential. If the discharge pulse were not
applied some of the charge on the highway from one com-
munication pulse would remain and would be present on the
highway during the time the highway is being used by
another subscriber, so causing inter-channel cross-talk,

Valve V1 is connected as a cathode follower and transfers
the amplitude modulated pulse trains from highway Ha. to
the inhibiting gate which precedes valve-V3. The gate is
similar to that used in the modulator; the opening pulse,
which appears every microsecond, lasts for 03 microsecond
and the pulses on highway Ha’ are equal in amplitude to
those on the highway H,, but they appear on highway Ha’
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HOLD ouT terminals (as an A.C.
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out is sensibly flat from 300 to
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modulation in tandem could be used
without the total distortion becom-
ing greater than could be tolerated

Fi1G6. 10.—UniIpirecrional T.D.M. TransyMIsSiON PATH THROUGH

THE SWITCH.

ynly during the periods that the opening pulses are present.
Valve V2 has its grid biased beyond cut-off and normally no
wmnode current flows. If a positive-going pulse is applied to
ts grid, anode current flows and prevents the potential of
1ighway Ha’ from rising during the presence of the pulse.
‘This valve performs the inhibiting functions of gates Gl
ind G2 in Fig. 6—see Part 1.) It is essential that an
nhibiting pulse should overlie the pulse it is to inhibit; it is
‘or this reason that the highway pulses are first limited in
uration to 0-3 microsecond before they are presented to
‘he inhibiting gate. Valve V3 is a cathode follower which
:onveys the signals on highway Ha’ to highway Hb.

To highway H» are connected the receive gates, one of
~hich is shown in the figure. It operates in a way similar
‘0 that of the other gates, and, when a pulse of pulse irain
xj9 coincides with one from pulse train py;y;, the potential
of lead Y rises to the instantaneous potential of highway Heb.
(f there is a pulse at the instant of coincidence, the pulse on
‘he highway in effect passes through the gate to lead Y.
These pulses, through diode DI, charge the right-hand
dlate of capacitor C4 negatively and between successive
>ulses the charge leaks away through resistor R7. Thus the
»otential on the grid of valve V4 follows a saw-tooth wave-
‘orm whose amplitude is equal to that of the pulses on
nighway Hy that were generated by the modulator that is
upplied with pulse trains py;4 and py;4;. This saw-tooth
vave-form has a larger modulation frequency component
‘han has the pulse train on the highway and the use of the
:apacitor, diode and resistor enables a lower-voltage-gain
umplifier to be used. The amplification is provided by valve
v4 which is followed by a low-pass filter. The filter has a
:ut-off frequency of about 5 kc/s and the first half-section
brovides a peak of attenuation at 10 kc/s, the pulse repetltlon

1 Vol 47, p. 3.

for commercial speech.

Master and Slave Selectors.

The master and slave selectors
combinations have to perform two
functions. One is the selection and
identification of one pulse from a number of pulse trains that
may be present on a lead and the other is the memorising of
a selected pulse train. The first function is employed only
when a connection is first set up whereas the second is
employed during the time a connection is in being. It is,
therefore, worth while to divide these two functions between
two types of equipment and the master selector is designed
to perform the first function and the slave selector the
second.

The master selectors have to isolate one pulse from a set
of interlaced pulse trains and then have to discover the
9- and the 11-phase pulse trains from which the pulse has
been generated. The isolation is performed by a blocking
oscillator. Such an oscillator can be constructed to remain
quiescent until a pulse is applied, when it immediately
generates a pulse and blocks itself for a period from operating
to a further pulse.

Fig. 11 is a block schematic diagram of a master selector
and one of its associated slave selectors. The first pulse that
arrives at the blocking oscillator causes it to operate and
produce a pulse on its output lead; the oscillator then blocks
itself and remains blocked and incapable of generating
another pulse for about 150 microseconds. The output pulse
lags behind the input pulse and is further delayed in delay
unit T so that the pulse leaving that delay unit is delayed
1 microsecond behind the pulse that fired the blocking
oscillator. This isolated pulse is now presented to 20 gates,
each controlled by its own 9- or 1l-phase pulse. If the
isolated pulse was from the pulse train py;e, originally
generated by coincidence between pulse trains p,;, and
Py 11 the delayed pulse will coincide with one pulse from
each of the pulse trains pg;4 and py;4;, and the isolated and
delayed pulse will find open the two gates that are controlled
by pulse trains p,,o and py,;; the pulse will pass through
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those two gates to operate the two trigger circuits to which
those gates are connected. The outputs from these trigger
circuits put marking signals on to a pair out ot 20 marker
leads; in the example quoted, the marking is put on leads
1/9 and 1/11.

The 20 marker leads are multipled to all of a master
selector’s slave selectors. In a slave selector each lead is
connected to a trigger circuit and to each trigger circuit is
also connected a priming lead. A trigger circuit will operate
only when its marker and priming leads are simultaneously
stimulated. It is arranged that the priming leads of only
one slave selector are stimulated at a time and the identifica-
tion of the isolated pulse is transferred from the master
selector, over two of the 20 marker leads, to the primed
slave selector and the identification of the pulse is stored in

the two operated trigger circuits in the slave selector. A
signal from the slave selector on the operation of its two
trigger circuits is transmitted back to the master selector to
restore -its two operated trigger circuits and the master
selector is ready, as soon as its blocking oscillator has
unblocked, to select and identify another pulse. It is
arranged that, when a slave selector has stored the identifi-
cation of a pulse in its trigger circuit, no more priming
signals are sent to it until the stored information has been
cleared. Each trigger circuit in a slave selector controls a
gate and each gate controls one of the 9- or 11-phase pulses.
Thus if, as before, the master selector isolated and identified
a pulse from the pulse train p,;qy formed by coincidence
belween the pulse trains py, and pyy,, marking signals
would be put on to the marker leads 1/9 and 1/11, and in the
primed slave selector the corresponding trigger circuits
would have been operated; these trigger circuits would
have opened the gate circuits that controlled the pulse
trains p,, and pyy;;, and those pulses would appear on the
pulse leads pyq ané Pvs11- Those pulses would be present
on those leads until the slave selector was restored by the
appearance of a restoring signal on the restore lead. The
restoring signal is generated when the hold signal on the
slave selector’s associated trunk disappears.

Register-Marker.

Fig. 12 is a block schematic diagram of the register-
marker. The register transmits dial tone to the calling line,
receives and counts the dial pulses of the called line’s
number, transmits N.U. or busy tone to the calling line if
the called line is non-existent or busy and transmits ringing
control signal forward to the called line if it is free In the
register there are devices that perform functions similar to
those of the familiar A, B and C relays in existing step-by-
step automatic equipment

When a calling line is connected to the register-marker
(see Part 1) the calling line’s hold signal appears on lead 1
in the register-marker and unit A operates. Unit A has two
outputs; one through end-delay unit ED causes unit B to
operate, and the other is connected to frigger circuit TG1
and through start-delay unit SD1 to unit C. When unit B
operates it does four things:—
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(i) It permits oscillator Ol to oscillate and to feed a signal
to lead 4 and back towards the calling line; this is a register-
backward-hold signal which prevents the breakdown of the
connection between calling line and register-marker during
dialling.

(ii) It opens gate G1 and allows dial tone to be trans-
mitted over circuit 3 towards the calling line.

(ii1) It prepares trigger circuit TG1 to operate to the first
dial pulse.

(iv) It prepares the counter to receive and store the dial
pulses. When the single digit number of the called line is
dialled, unit A restores during each dial pulse and the
outputs from the unit disappear during each pulse. End-
delay unit ED maintains the signal from A during the pulses
so that unit B remains operated during dialling. The first
pulse from unit A operates the trigger circuit TGl whose
output closes gate G1 and cuts off dial tone, and the train
of pulses sets the counter so that, at the end of the pulse
train, the counter is in a state corresponding to the number
of pulses in the train and, therefore, to the called line’s
number. At the first pulse unit C restores, and because of
the start-delay of unit SD, unit C does not again operate
until after the last pulse has been received. When, after the
receipt of the dial pulse-train, unit C does re-operate, its
output opens gate G2 and allows a signal from the operated
trigger circuit TGl to open the 10 gates G3-GI2 so con-
_ necting the 10 outputs from the counter to the marking
equipment of the register-marker. The counter output lead
that corresponds to the called line’s number will have a
marking signal on it and that marking signal is transmitted
through the open gate to the number field so marking one
of the 10 points in that field. The output from unit C also
allows oscillator O2 to operate and to generate and transmit
a register-forward-hold signal over lead 8 on the B-side of
the register-marker. Also, after a time delay T1 and unless
prevented as described later, the output from unit C opens

gate G13 to transmit number-unobtainable tone over circuit
3 to the calling line. The marker leads (Fig. 8, Ma-Ma—see
Part 1) of the four lines may be connected to any of the 10
points in the number field and, if such a connection has been
made for the number that has been dialled, a signal from
pulse lengthener A (Fig. 8) will be transmitted to the live
number lead ot the register-marker (Fig. 12). In that event
gate G13 will close before the signal from unit C, delayed by
delay unit TI, reaches it and hence number-unobtainable
tone will not be transmitted to the calling line.

If the dialled number is that of a live line and thereis a
free cord circuit, a signal will appear at the output of one
or other of the pulse lengtheners E, F of Fig. 8. The
appearance of a signal at either of those two outputs
indicates that the connection can be completed and the
signal is transmitted to the CONNECTION-CAN-BE-MADE lead
in the register-marker. The live number signal is delayed
by delay unit T2 and after that unit’s delay, and if not
prevented by gate G15, opens gate G16 to allow busy tone
to be sent to the calling line. If, however, the connection
can be made, the signal to that effect prevents the delayed
live number signal from opening gate G186, the delay intro-
duced by T2 being greater than the time taken to mark the
called line, select a free cord circuit and send a connection-
can-be-made signal to theregister-marker. The connection-
can-be-made signal also opens gate G17 to allow ringing-
control tone to be transmitted to the called line, over which
ringing current is sent in response to the tone.

The output signals from unit C and from trigger circuit
TG1 make oscillator O2 oscillate and its output is sent
forward over the hold wire to the called line. Some milli-
seconds after the live number or the connection-can-be-
made signal has been received, oscillators Ol and O2 are
inhibited and register forward- and backward-hold signals
disappear. The register-marker then drops out of the
connection and becomes free for connection to another
calling line.

(To be continued.)

Book Reviews

“Soft Magnetic Materials for Telecommunications.” Edited by
C. E. Richards and A. C. Lynch. Pergamon Press, Ltd.,
London. 346 pp. 184ill. 63s.

A symposium was held at the Post @ffice Research Station
(Dollis Hill) in April, 1952, on Soft Magnetic Materials; the 35
papers presented there, together with some of the ensuing
discussion, are now collected together in this book. The
authors of the papers include many of the leading European
workers in ferromagnetism and their subjects are, in the main,
current researches.

A fair Wwalance is achieved between the different approaches
to the subject: those of the theoretical physicist wishing to
understand the many finer points and attributing mechanisms
to them; of the experimental physicist devising crucial experi-
ments and new means of measurement; of the chemist and
metallurgist preparing the soft magnetic materials in powder
and strip form; and the engineer assessing the relative import-
ance of the effects in his applications. Undue elaboration of
points is commendably avoided. Judging from the book, the
general state of the subject would seem to be that many
measurements remain to be made on present-day materials,
that theory lags in explaining many of the accepted data, that
the engineer is sometimes hard pressed to express the properties
in forms suitable to his use, but that there is no reason to
believe that new and better magnetic materials will not be
produced long before all these defects are remedied. The
differences of opinion and overlapping which exist here and
there between papers is no detriment to the book. But the
criteria used for deciding the order of the papersseem obscure:
the general reader could have been helped by a definite group-
ing of the papers, with, admittedly, a rather large ‘““miscellan-

eous’’ group, or by a paragraph or two in the introduction,
advising him of the order in which he should read the papers
as already laid out. For, while the book is primarily one for
the specialist and, perhaps, particularly for the new worker in
the field of ferromagnetism, both of whom can hardly fail to
be stimulated by it, the non-specialist should not pass it by.

The index is good, helping to show connections between
papers, but some authors have forgotten that the general
reader likes to see definitions of the newer technical terms, and
even some of the older ones, when he meets them. The trans-
lations have been well made, and the many illustrations and
tables of results are very informative. Indeed, the whole
presentation is in keeping with the high standing the book is
likely to achieve in the next few years, that is, until new
discoveries, materials and techniques displace its subject
matter. The price is a little high.

I.P.O.E.E. Library No. 2170. J.R. T.

“The Properties of Tin.” The Tin Research Institute. 55 pp.
2s. 6d.

This booklet, which was first published in 1934, has been
revised and rearranged by C. J. Faulkner and constitutes a
comprehensive reference work on the properties of tin. The
data given generally refer to tin of 99-99 per cent. purity and
where appropriate, values are given for white grey and liquid
tin. The various values have been selected from works by
acknowledged authorities and references are quoted. The
booklet therefore provides a useful bibliography of works in
special fields of tin physics.

N. F. S.
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Multiple Access Telephone Equipment

for Repeater Stations

U.D.C. 621.395.724:621.395.623.8

A. S. THOMASY}

In alarge repeater station the number of speaker circuits required for use during maintenance and construction operations has necessitated
their termination on an operator-attended speaker rack. Some of the disadvantages of this arrangement have been overcome in a trial
installation at Bristol repeater station in which provision has been made for muitiple access to speaker circuits from a number of con-
venient points within the station. The author describes the equipment giving this facility and comments on the experience gained in its use.

Introdiction.

O enable construction and maintenance work on

I long-distance circuits to be performed satisfactorily

a network of speaker circuits is required for the
use of repeater station staffs. At the larger stations serving
many routes and employing groups of staff on separate and
distinct duties, the speedy distribution of speaker traffic
may present difficulties. With the normal arrangement of
terminating such circuits on a speaker rack attended by an
operator, incoming calls must be connected over an exten-
sion circuit to the officer concerned, possibly at the remote
end of the station or in another room; even then, the call
may be answered by an officer engaged on some duty other
than that which concerns the caller, in which case shouted
instructions may have to be resorted to.

With this difficulty in mind the South-Western Region
suggested, at a “Headquarters Conference on Maintenance
of Repeatered Circuits” held in 1947, that certain changesin
practice should be introduced; and, in particular, that
arrangements should be made to give multiple access to
speaker circuits on panels mounted at various points
throughout a repeater station, with a means of indicating
the called party required. This proposal appeared to have
many advantages apart from removing the need for a
speaker rack operator, and it was agreed that a field trial
should be carried out in Bristol “A” repeater station.

Equipment for this purpose—now known as ‘‘Multiple
Access Telephone Equipment’’—was in fact tried out in a
simple form after Swindon “B”’ repeater station had been
burnt out in 1949. On this occasion service at Swindon was
restored by the installation of four mobile repeater stations,
and the Multiple Access Telephone Equipment (M.A.T.E.)
proved quite satisfactory; valuable experience was then
gained which helped to determine a suitable design for the
main field-trial installation at Bristol.

Facilities Provided.

The main facilities provided by the M.A.T.E. are as

follows:—

(1) Calls can be originated or received at any access
point.

(2) Access panels provide for visual and tone (or bell)
calling signals; and for visual engaged signals.

(3) Exchange lines and any type of speaker circuit may
be connected to an access-panel key position.

(4) “Call-in” facility to attract the attention of a wanted
officer from any access point.

(5) Several officers can simultaneously obtain connection
to speaker circuits, via local battery telephone switch-
boxes, by sharing an access position.

(6) Circuit conditions provide different calling tones to
indicate the officer required to answer a particular
call; the tones are broadcast over a loudspeaker
system.

Outline of Equipment and Operation.

The main units comprising the M.A.T.E. are the access
panel (each accommodating 20 speaker circuits) and the

1 Executive Engineer, Engineering Branch, South-Western

Region.
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telephone panel serving one or more access panels. These
circuits, constructed from stock items, are normally rack-
mounted, but where this is not practicable a suitable wall-
mounting is used. Switchboxes to give sharing facilities
ataccess positions are connected by jumpers to a connection
strip at the rear of the access panel, and a Yaxleyswitch
incorporated in the switchbox permits the choice of any of
12 speaker circuits.

A typical circuit termination for the M.A.T.E. is shown
in Fig. 1, from which it will be seen that an incoming
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Fi16. 1.——Tvpicar Circuit TERMINATION AT M.A.T.E.

ACCESS PANEL

call operates relay LL via L1 and lights the associated
lamps at each access position. An interrupted tone of
frequency appropriate to the circuit in use is simultaneously
connected to the station loudspeaker via LL2 and the
required officer answers the call at the nearest access panel.

“Call-in” facilities (not shown) are provided on the
telephone panel so that another officer may be brought to
the telephone if necessary, by broadcasting an announce-
ment.

Outgoing calls can be originated from any access panel.

The up side and the pownN side of a through 4-wire
circuit at an intermediate station would each take a separate
access-key position. The keys would be adjacent and slight
wiring changesin the access panels have to be made. When
either of these access keys is operated, a hybrid transformer
terminates the required 4-wire section, speech and signalling
then being as at a terminal station.

Equipment Details.

Access Panels—Fig. 2 shows the face of the access and
telephone panels. A label strip runs along the top edge of
each access panel, and immediately beneath this is arow of
lamps with green opals to show the circuits which are in
use. Below these lampsis, firstly, a row of calling lamps,
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F16. 2.—WaALL-MOUNTED ACCESS AND TELEPHONE PANELS.

whose opals are so marked or coloured that an indication
is given as to which section of the. staff is wanted, and,
secondly, a row of keys. This arrangement allows the
operator to observe quickly which key has to be operated
when answering a call, the designation of the circuit being
subsequently given by the glowing of the Busy lamp. The
opals used for calling lamps at Bristol are white for
audio-maintenance circuits, white with a black bar for H.F.
system maintenance and red for Works Order duty circuits.

Locking keys have been used so that ringing or hold
facilities can be given on any key position. The calling
frequency, other than 17 cfs, to be used on any circuit is
selected by keys on the telephone panel.

Two connection strips are mounted -on brackets at the
rear of each panel case. One strip makes common to each
key position (@) the 17 c/s supply, (b) the multi-frequency
ringing supply channel from the telephone panel, and (¢)
the ““hold” coil. It is also the terminal point for the
SIGNALLING or HOLD wires from the keys. Thus, by suitable
strapping, any one of conditions (a), (b)) and (c) can be
connected to a particular key. The other strip carries the
five incoming circuit wires to each key, i.e., the transmission
pair, the busying, calling-lamp and engaged-lamp wires.

Telephone Panel.—Mounted from left to right are (a) a
telephone hook, (b) a jack for the handset telephone, (¢) a
press-button for switching the telephone to the loudspeaker
system, (@) two keys for selecting the method of calling,
and (e). a dial. Inside the case are the miscellaneous com-
ponents used in the speaking circuit. A small connection
strip for terminating the incoming supplies and the loud-
speaker circuit is mounted on the rear outside face of the
case. :

Switchbox.—Fig. 3 shows two switchboxes, one open and
the other closed. The front vertical face carries the Yaxley
switch and an ENGAGED lamp. The remainder of the box
is hinged to the top of the front face and on its top inclined
surface is mounted a label holder for displaying the designa-
tions of the 12 selected circuits together with their switch
positions.

F16. 3,—THE SWITCHBOXES.

The circuits with power-supply wires are cabled from a
connection strip, to which they have been connected from
the access panels, to a small connection strip on the base of
the box. This latter strip also accommodates the wiring
from the switch contacts. The telephone cord terminates in
the box and is thence wired to the moving-arm terminals of
the switch.

Local battery telephones are used in conjunction with the
switchboxes so that speech is possible on ““speaker” circuits.
Each telephone is fitted with a locking press-button key
which in its unoperated position isolates the telephone from
the switchbox. Consequently, interference with busy
circuits is avoided either when operating the Yaxley switch
or when the handset might be accidentally removed. A free
circuit having been selected by the switch, the key. is
depressed, so engaging the circuit and connecting the tele-
phone to line.

Several of these boxes can be used at one access point.
Calling, other than by dialling, has first to be done from
the access panel.

Loudspeaker System.—A common amplifier for the loud-
speakers would normally have been used, but at Bristol
each loudspeaker has its own amplifier. Tones and speech
are obtained from the 2-wire side of a hybrid transformer
fed on one leg of the 4-wire side with calling signals when
applied and on the other leg with speech from the “call-in”’
circuit. Two calling-signal tones of 300 c/s, for Works Order
circuits, and 500 c/s, for maintenance circuits, are used,
the tones being interrupted by the contacts of a relay
energised by }-sec. pulses.

Cabling and Racking.—Calling and miscellaneous equip-
ments are cabled to the distribution frame in accordance
with normal practice. Power supplies to access points are
cabled direct from the fuse mountings on the relay and
miscellaneous rack, the rear of the existing speaker racks
being used to provide this miscellaneous rack.

Access panel multiple cabling is taken from the “local”
side of the distribution frame along both sides of the
station. The cable is run on the underside of existing
runways, distribution points being teed-in at convenient in-
tervals. The connection strips used for the distribution points
are fixed to U-shaped mountings clipped to the runway
bearers, and cabling is taken from these points toaccess and
telephone panels as required. There are four such appear-
ances along the south side and five along the north side of
the repeater-apparatus room at Bristol, catering at
present for nine access positions.

The lamp wires are limited to five distribution points to
avoid overloading the relay contacts, ie., calling- and
engaged-lamp relay contacts each feed only five appear-
ances.

Three loudspeaker-amplifiers cabled to the distribution
frame are dispersed to advantage about the station.
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Access and telephone panels are mounted at the most
convenient points, and to achieve this three types of
mounting are used: rack, table and wall. The table mount-
ing is simply two ‘L”-shaped pieces of iron strapped
together to form a frame, while the wall mounting is ef gate
construction to allow easy access to the rear of the panels
(see Fig. 2).

Experience gasned from the Field Trial,

The trial hasshown that during full staffing periods no im-
provement results in the speed of answer, and during very
busy periods thereisa slight degradation due to the absence
of an operator. Excessive delay is prevented by the officer-in-
charge answering any call which does not receive attention
within a reascnable time. During periods of light staffing,
however, there is considerable improvement compared with
the use of a speaker bay, the operator of which would not
be in attendance at such times.

As regards effective co-operation, an improvement has
been realised, as anticipated, and the “call-in” facility is
much used, with the loudspeaker system adjusted to attract
immediate attention but without being too obtrusive.

The time spent in originating calls has also been reduced.
Prior to the field trial, delay was often encountered,
resulting in the caller having to walk to the speaker rack
to ascertain the reason. When a required circuit was
engaged, the caller had either to rely on the operator
calling him when the circuit was free and he was available,
or make further attempts. The caller can now see at a
glance when a circuit is free.

Conclusions.

One of the main advantages of the scheme has been the
convenience of being able to answer calls at any point or
room in the station. This is most advantageous during
periods of short staffing and would be so at all times at any
station which has not enjoyed the luxury of a speaker-rack
operator.

Another great convenience is the facility of being able to
maintain more than one call at a time, which is especially
helpful at test-rack positions. Formerly, walks between
the test and speaker racks became necessary to ensure co-
operation in setting up a second call whilst still retaining
an existing call.

While the trial equipment was in the design stage it was
feared that an officer, when transferring from an access
position to a more convenient one, would omit to restore
the speak keys at the first position. This, however, has not
been so in practice.

Interrupted calling-tone signals have been found to be
quite effective; a call bell would have been discordant and
would have caused confusion with alarm bells. It is
preferable to keep the volume of the loudspeakers low to
prevent disturbance in the working of the station and
consequently it is essential that an adequate number of
loudspeakers be provided.

Prior to the trial it was decided not to use 800 c/s tone
for a calling signal as it was thought that its use might
interfere with loudspeaker monitoring of circuits under test.
However, during the trial it became desirable that the two
maintenance groups of circuits should have individual
calling tones. An 800 c/s tone has, therefore, been allotted
to the H.F. maintenance group and 500 c/s is retained for
the audio-maintenance group.

One difficulty encountered in designing the field equipment
from standard components was the excessive current taken
by the multipling of calling and engaged lamps. It is
understood that this will be overcome in production models
by the employment of neon lamps.
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Book Reviews

*Television Receiver Servicing, Volume 1: Time-base Circuits.”
E. A. W. Spreadbury. Iliffe. 310 pp., 167 ill. 2ls.

How many readers of this journal have, at one time or
another, been faced with the problem of finding faults in their
own television receiver or, worse still, that of the man next
door? At a guess the proportion is high and particularly so if
the engineer concerned is in any way connected with the
radio side of Post Ofhce activities. To those who are liable to
suffer in this way this book should come as a welcome relief
for it deals, in a very practical way, with the servicing of
television receivers. It is intended primarily for professional
radio service engineers and assumes a fair knowledge of the
techniques used in servicing sound receivers. Nevertheless it
will prove very valuable to the experienced ‘‘amateur.”

Symptom: Blank Screen is, appropriately enough, the title
of the first chapter which goes on to analyse the possible
causes of this symptom and shows how they can be investigated
one by one in a logical sequence. Although more complex than
a sound receiver, the television set has the saving grace that,
once something can be seen on the screen, it does give a fair
indication of the particular part of the set in which to look for
the trouble. Subsequent chapters go on to describe how the
various parts, the timebases, sync. separator, efficiency diode,
E.H.T. supply, etc., can be tested and dealt with.

As the sub-title implies, the scope of the book is limited to
those parts of the television receiver that are peculiar to tele-
vision itself, i.e. the tube, timebases, etc., but a second volume
is in preparation dealing with the other parts. The two volumes
together will be almost indispensable to the service man new
to the field of television servicing. To the ‘‘amateur”
serviceman they will be extremely valuable and save him
from exhibiting symptom : blank face!

T. K.
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“Battery Chargers and Charging.”” Robert A. Harvey,
B.Sc.(Eng.), AM.ILLE.E. Iliffe & Sons, Ltd. 400 pp.,
284 ill. 35s.

This book deals with its subject in a logical order. There are
chapters on the history of the secondary ccll, its construction,
the chemistry of charging, charging from D.C. and A.C. mains,
after which the different applications of secondary cells are
dealt with. Motor Vehicle, Electric Vehicle, Locomotive,
Emergency Lighting, Telephone Exchanges- and Repeater
Stations, Marine, Railway, Mining, Aircraft and Country
House Batteries each have a chapter dealing with their special
requirements. Some 25 pages are devoted to Telephone
Exchange and Repeater Station Batteries and while, of course,
the whole of this subject cannot be compressed into this space,
the author has given a very lucid account of Post Office
systems and, which is equally important, the reasons for
adopting them. Details of all commonly used charging
equipment, motor generators, metal rectifiers, mercury arc
and valves are given and the merits of each are considered.
The treatment is descriptive rather than mathematical. The
diagrams and illustrations are excellent, and the material is
presented in a readable form.

The author obviously prefers rectifiers to motor generators
but somewhat overstates the case for the former when he says
(page 76) that with A.C. mains motor generators are used
occasionally in an emergency when nothing else is available.
In quoting the efficiency of mercury arc rectifiers (page 96) for
100 V D.C. output, the arc drop, which results in the efficiency
falling rapidly as the output voltage is reduced, is not
mentioned. The overspeed governor, which the author
considers essential on D.C. to D.C. motor generators, is an
unnecessary complication if the generator is self-excited, as
so many of them are; they also operate without the lack of
stability for which the author criticises them.

I1.P.O.E.E. Libvary No. 2183. A . E. P



Further Developments in Kiosk Trailers

U.D.C. 656.135:629.118.7:621.395.721.2

Trailers designed for lifting, transporting and placing on site telephone kiosks have been successfully employed in the field.

J. 1 MOFFATT. A.M.LLE.E., Assac.|.Mech.E.,
and A. G.J. FAGG

In this

article the authors refer to a number of improvements now introduced which include the fitting of spring-operated assistor gear to reduce
manual effort to a minimum

Introduction.
HE earlier type of single kiosk trailer, described in
I this Journal,! confirmed the advantages expected to
result from its use and hence justified the provision

of an appreciably larger number for more widespread use at
the centralised assembly points that have been set up.

Continual use of the earlier type indicated that a number
of teething troubles existed. These were, however, of a
relatively minor character and the trials confirmed that the
method of approach to the problem of handling such fragile
structures was sound in both theory and practice for all but
exceptional conditions. Accordingly, the same principle of
gripping, lifting and turning, and carrying has been retained
but the method employed has been improved.

Fundamentally, the earlier type of kiosk trailer consisted
of a pair of pneumatic-tyred road wheels which supported a
framework including a pair of rotatable interconnected
radius arms. An encircling clamp was mounted on the
extremities of the radius arms for gripping a telephone
kiosk above the position of its mass centre. The radius arms
were fixed to a large diameter pulley sheave and were
moved through an arc of approximately 120° by means of a
wire rope passing around the sheave from a hand-operated
worm winch. Double-purchase tackle was used to minimise
the operating effort required. This method enabled a
kiosk to be picked up in its vertical position, as assembled,
and placed in an approximately horizontal position on the
trailer simply by tumning the operating handle. All points
of contact between the trailer and kiosk were faced with
rubber to prevent damage to the kiosk paintwork. A castor
wheel was provided at the forward end and two steady posts
at the rear.

Gripping the Kiosk.

During the course of the 12 months in the field, it became
apparent that the rubber facing applied to the back bolster
and clamping plate was not adequately robust and did not
completely prevent movement of the kiosk in the clamping
arrangement during the early stages of the lifting action.
The transference of the wear to balata strips did little more
than mitigate the problem. The clamping arrangement has
therefore been modified and simplified to assist manufacture.
The elimination of all resilient parts in the clamping
members and the use of oak bearing blocks satisfactorily
overcame the slipping problem.

After the trailer is placed around a kiosk prior to loading
(Fig. 1), the radius arms are turned into the appropriate
loading position. This is indicated when a white line on the
nearside radius arm makes a continuous straight line with
the white line on the casing enclosing the worm and gear.
This position is of necessity a guide and is accurate only if
the trailer and kiosk are standing on level ground and the
trailer chassis is horizontal.

Lifting and Turning the Kiosk.

The larger number of trailers of the latest type that have
been obtained, permitted the elimination of the wire ropes
which frayed and stretched somewhat after continual use.
The pair of rotatable interconnected radius arms are now
secured to a segment of a gear wheel which is moved through
approximately 120° by means of a worm wheel. To reduce

1P.O.EE.]J., Vol. 44, p. 112,

F16. 1.—PLAcCING THE TRAILER AROUND A KIOSK.

the manual effort required to turn this worm gearing the
driving shaft is chain-geared to the operating handle
located at the front nearside of the trailer (Fig. 1).

Assistor Gear.

The effort exerted by the operator of the earlier type of
trailer when raising or lowering the kiosk varied appreciably
according to the outreach of the centre of gravity of the
kiosk from the pivoting point of the radius arms. In order
to reduce the maximum effort required a system of assistor
gear (Figs. 2 and 3) has been included in the later type.

BOLSTER CARRYING WIOSK CLAMP

ARMS ARE

LEVER COMPRESSES SPRING
WHEH RADIUS
POTION FOR FICKING

UP KIOSK

ARRRIE

F1G6. 2.—ScHEMATIC DIAGRAM OF ASSISTOR GEAR.

The assistor gear consists primarily of a strong spring
mounted in the centre of the chassis. This spring is com-
pressed by a lever when the bolster is farthest from the
central vertical position and is moving downwards. The
stored energy in the spring is utilised to assist the operator
when the bolster is moving upwards with the kiosk.
Similarly, when the radius arms are in the position for
loading the kiosk, the spring is compressed by means of a
second lever via a stecl rope attached to the bolster. The
energy stored in the spring then assists the operator in the
initial lifting of the kiosk during loading and unloading.
The extent of the assistance afforded to the operator by the
gear is such as to reduce the manual effort by approximately
50 per cent. at those stages when the maximum effort is
exerted.
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F1G6. 3.—DETAIL OF TRAILER SHOWING ASSISTOR GEAR.

Travelling.

During the 12 months’ trial period it became evident that
a number of items, such as the rear steady posts, front
castor wheel and wheel ramps, required strengthening to
survive the treatment enconntered under actual working
conditions.

Due to variations in the height of towing connections on
the vehicles used for towing it became apparent that there
was insufficient clearance beneath the rear of the trailer
when intersections of severe road cambers were met. In
order to give greater clearance, the rear of the chassis has
been swept upwards and the trip rollers raised slightly to
raise the rear-of the kiosk in the travelling position. The
kiosk remains held in this position by the clamp and rests
upon two rubber buffers at the forward end and upon the
pair of rubber-faced trip rollers at the rear. Lowering the
height of the front buffers has enabled the low centre of
gravity of the original laden trailer to be retained (Fig. 4).

Fi6. 4. —THE LoaDED TRAILER oN Tow.

When the trailer is travelling unladen, the radius arms are
wound down so that the bolster rests on the assistor lever
with the two clamping arms clipped together. The clamping
plate is stowed across the front of the chassis in such a way
that one padlock will secure the clamping plate and the pair
of wheel ramps.

As with the earlier type of trailer, the balance of the laden
trailer about the road wheels is as nearly complete as
practicable, consistent with the normal small downward
load on the tow bar required from the road-towing aspect.

Alsn, by the use of quarter elliptic springing and low
centre of gravity, the smooth travelling has been retained.

Placing on Site.

The design of the trailer caters for the handling and
carrying of a No. 6-type kiosk from any one of its four sides
and it is desirable from the practical point of view to know,
prior to loading, which way round the kiosk is to be placed
on its working site or if any obstruction is to be avoided.
Without this knowledge it may be necessary after arrival
at the site to unload the kiosk and again pick it up from a
more suitable side. Adjustment of the front castor wheel
and rear steady posts is necessary to suit the variety of
conditions met when placing a kiosk. To assist in this
operation, a broad arrow is painted on the nearside of the
chassis in line with the position taken by the front edge of
the kiosk when placed down (Fig. 5).

Fig. §.—PracinGg A Krosk on SiTE.

Perfornance.

Normally, two men are necessary to operate the trailer
successfully. The time taken to load a kiosk is of the order
of 3} minutes. Naturally the time taken to place a kiosk
varies considerably with the local conditions appertaining
to the site, but a normal figure would be about 10 minutes.
In unfavourable circumstances, e.g., on a hillside, more than
two men are required to manceuvre the laden trailer as the
total weight is approximately 27 cwt.

Conclusions.

Although many improvements have been included in the
later model no finality in the design is suggested and
doubtless further developments will be required as more
experience is gained.

Experience with the early trailer has shown that to
enable the work of kiosk erection to be carried out expe-
ditiously it is necessary to ensure that the site foundations
are completed, and the service pipes are located correctly
before the kiosk is delivered. Much time and labour can
be saved by the progressive flow of centralised assembly,
glazing, painting and apparatus installation work. The
use of quick-setting cement by the party erecting the kiosk
for filling in the bottom of the kiosk and the timely connec-
tion of the lines all combine to give rapid results, which are
gratifying both to the men concerned with the work and to
the public.

Tt is desired to express appreciation of the co-operation
given in the production of the improved trailers by the
Low Loading Trailer Co., of Bedford, England.
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New Chemistry Laboratories at the Research Station

U.D.C. 727.5:542.1

This note describes the new chemistry laboratories at Dollis Hill which are equipped on a “‘unit’’ basis, five standard units of equipment
being used in various combinations according to the requirements for individual laboratories.

engineering without finding many instances where the

rate of advance has been directly related to the
appearance of new or improved materials. Nowhere does
this apply with greater force than in communications
engineering, as is borne out by the long existence of the
Chemical Test Sections of Inspection Branch and the
chemistry laboratories of the Research Branch and the
wide ranges of complementary functions which these carry
out. A chemistry laboratory existed in the early ‘“wooden-
hut” days of what was then the Research Section and in
1926 this was one of the first to be rehoused in a permanent
building on the Dollis Hill site. Despite the transfer of
some related activities to new laboratories in the Main
Research Building in 1933, the growth of the chemical
work was so rapid that a serious accommodation problem
arose within a few years. Plans for new laboratories were
made, but the outbreak of war prevented their realisation
though staff increases had aggravated the problem.

The war years and the immediate post-war period saw
further increases in the demand for chemical work and
changes in its main emphasis. The proportion of work of a
more or less routine type, or concerned with the investiga-
tion of faults, decreased; and the study of new materials and
techniques increascd. Thesc changes have arisen partly
from the necessity to know and understand the real merits
of the bewildering variety of new materials, mostly of
artificial origin, which industry now offers to designers, so
that soundly-based advice on the selection of materials for
the construction of new equipment could be given, and
partly from the need to encourage the development and
production of materials to meet specific engineering
requirements which cannot be met by established products.
More extensive familiarity with commercial manufacturing
processes and a deeper knowledge of the fundamental
factors which determine the properties of all kinds of
materials have become essential; problems are liable to
arise in an ever-widening field, yet to be more highly
specialised in their nature. The present total staff of the
four chemistry groups is about 34, of whom about 18 are
university graduates or have comparable academic qualifi-
cations.

These factors led to the decision, as soon as post-war
conditions permitted, to carry out only a limited amount of
modernisation of the existing main chemistry laboratory
and to set up “individual” laboratories in additional
accommodation which had been made available, comprising
a total area of about 1,800 sq. ft. in the existing chemistry
building and 1,500 sq. ft. in the adjacent block. It was
intended that each individual laboratory should be under
the control of one senior research worker andjor, where
practicable, devoted to one kind of work. In the interests
of general working efficiency and economy of space, group
technical offices have been abolished and each senior
worker’s office is in his own laboratory (see Fig. 1).
Writing tables are provided only for those other officers
whose work justifies this provision; ‘‘knee-holes’ are
provided at suitable points in the benching layout at which
officers can sit and take notes, etc., at the bench. One
large room which was set free in this way has been re-
arranged to provide office accommodation for the
Divisional clerical staff and extra writing facilities for
occasional use and to house the large number of books on

IT is hardly possible to review progress in any branch of
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Fi1c. 1.—A SMALL INDIVIDUAL LABORATORY,

specialised ‘‘materials” topics to which frequent reference
is necessary in the day-to-day work of the Division. In
the space allotted for laboratories, there have been
constructed seven individual laboratories each of about
180 sq. ft. area and one of 320 sq. ft. area; one general
laboratory of 360 sq. ft. area; a small personal laboratory
for the use of the head of the Division; a balance room; a
small additional store room; a photographic dark room and
a small laboratory of 100 sq.ft. area for electrical
measurements.

To allow for easy and economical rearrangement of the
laboratories to meet changes in the future needs of the
work, it was hoped originally to avoid the necessity for
fixing benches or other laboratory furniture permanently
to the structure of the building, and a scheme was devised
whereby almost any chemical bench layout could be
obtained by suitable combinations of four standard, self-

-supporting units together with short sections of plain

benching. Each unit was designed to incorporate all
necessary services and to be capable of easy connection to
various ‘‘ring-main”’ services and other units, as desired, by
means of unions or plugs and sockets. A high degree of
flexibility could thereby have been obtained, combined
with convenient and efficient working conditions for the
staff. Unfortunately, this scheme was found to be in
conflict with certain building traditions and, together with
many of its potential advantages, had to be abandoned
though some of the features of the “unit” system have
been retained.

Although the runs of benching are in most cases con-
tinuous and are assembled on fixed frameworks to suit the
separate laboratory layouts, they are in fact combinatious
and permutations of five basic units. Thus, certain 4 ft. 6 in.
runs are regarded as “Bench Units” and are exactly
similar in all the new laboratories (see Fig. 2). Mounted on
the cover (removable for ease of maintenance) of a skirting
at the back of the bench-run is a group of sockets providing
a range of electrical power supplies, and immediately in
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Fig. 2.—A SyaLL-SiNk  UNIT (LEFT) AND A BeEncu UniT.
front of this are outlets for gas and water (both in
duplicate), compressed air and vacuum. The water bends
discharge normally into a narrow, leadlined drainage
channel near the back of the bench unit. All the controls
for these services ure mounted on the front supporting rail
of the bench, which is set back from the front edge to
reduce the risk of accidental operation of the switches or
valves. Beneath each bench unit is a removable unit
containing an assembly of drawers and a cupboard, the
shapes and sizes of which have been worked out to give
safe and convenient storage for smaller pieces of chemical
apparatus.

Adjacent to one or both ends of a bench unit is a
“Small-Sink Unit”" which, in effect, is a 1 ft. 6 in. length of
benching into which a chemical sink is fitted. This is
provided with two rear-mounted, front-controlled water
bends and under it is a fixed cupboard (see Fig. 2). An
alternative type of small-sink unit is provided in addition
with a front-controlled steam point. The sinks of these
units are intended merely for the discharge of water and
chemical wastes and so are only 11 in. long by 9 in. wide
internally. For “‘washing up,” a "‘Large-Sink Unit” (see
Fig. 3) is provided in each laboratory. This consists of a

Fi16. 3. —A LARGE-SiNK UniT.

sink let into the front of a 3 ft. 6in. length of benching
and provided with a double chemical water bend and hot
water supply. The lower portion of these units again
consists of cupboards. Mounted on the wall behind each
of them is a draining rack for drying apparatus.
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The last of the standard parts is a 3 ft. 6in. “Fume
Cupboard Unit” (sec Fig. 4) one of which is fitted in most of
the laboratories. The main portion consists of a conven-

F16. 4.—FuME CUPBOARD AND BENCH UNITS IN A SMALL INDIVIDUAL
LABORATORY.

tional glazed structure mounted on an acid-resisting
composition bench slab. Each fume cupboard is provided
with front-controlled water, gas, compressed air, vacuum
and steam services and a steam bath, and has its ewn
extractor fan. The space beneath the working bench is
again utilised as a storage cupboard.

The new general laboratory, mentioned earlier, includes
two special benches in addition to the standard units of
furniture. One of these, (seen in the background of Fig.$5) is
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Fi1c. 5..—NEW GENERAL LABORATORY.

a heat-resisting bench slab used to accommodate furnaces.
It is provided with a complete double set of the ordinary
services and is piped in addition for purified hydrogen and
nitrogen. It is provided also with a large internally
lighted hood and an extractor fan to remove hot air. The
second bench in this laboratory (in the foreground of
Fig. 5), again comprehensively furnished with services, is



covered with chemical lead sheeting and is intended
mainly for larger scale preparative or “messy” work. The
ordinary bench tops throughout the new laboratories are
of oiled teak which is thought to be preferable for general
use to most of the modern finishes.

One of the new laboratories is intended ultimately for
work involving radioactive tracer elements. Accordingly
it is provided with two fume hoods, one of a slightly
different design from the standard units for the safe
handling of the more hazardous of these materials. It is
entered through a small ante-room in which the staff can
washin a region iree fromrisk of radioactive contamination.
The waste system here will ultimately be carried out in
polythene piping (to facilitate monitoring) and provision
is made for inserting suitable delay tanks in the path of the
liquid effluent.

Most of the services in the new laboratories are taken
from the usual station sources but a larger pump has been
installed to provide the compressed air service. The rough
vacuum service is furnished by two pumps, each with
reservoirs and appropriate traps, of which one is installed
in each block. Steam is obtained from a 30 kW, 3-phase,
automatically-controlled, electrode boiler installed in the
larger individual laboratory (see Fig. 6). With the aid of
adjustable, thermostatically controlled mixing valves,
steam from this source is mixed with cold water to give the
hot water supplies to the large sinks. Since many items of
current work in these laboratories involve handling
materials of extreme purity, it was necessary to minimise
the risk of contamination by dust and a new ventilation
system has been installed. Air from outside is purified by
mesh filters and an electrostatic precipitator, warmed and
discharged into the laboratories through louvered apertures

Fic. 6. LarceE INDIVIDUAL LABORATORY, SmowInG 30-xW

ELECTRODE BOILER FOR STEAM SUPPLY.

at a rate sufficient to maintain a slight positive pressure
(about 1in. W.G.) throughout both buildings. Normally
it is intended that windows shall not be opened and the
excess air is discharged through conventional flap valves.
Slightly sunk gullies are provided in the floors of each
laboratory to facilitate the disposal of liquid spillages.
Artificial lighting is by fluorescent tube lamps throughout.
By A §.

New Workshop Buildling at the Research Station

U.D.C. 725.4:621.7

This note describes a new 3-storey building recently erected at Dollis Hill, which houses a main workshop divided into three sections,
various small shops, tool and material stores, laboratories, drawing office, etc. =

Dollis Hill, which was erected in 1931 to replace the

original wooden army-type hut, consists of a corru-
gated iron structure 245 ft. long by 38 ft. wide, in two
sections under a single roof. It was designed to house an
assembly shop and machine shop in one section, and a wood-
working shop and mill-wrights shop in the other. Owing to
lack of office space in the workshop, the engineering and
drawing office staff were accommodated elsewhere on the
site. By the end of the second world war, conditions in the
workshop were such that no further staff or plant could be
accommodated and lack of assembly space was causing
considerable difficulty.

Although plans indicating a proposed permanent building
had existed prior to the war, it was not until 1947 that
authority was sought for the erection of a new building
designed to house the whole of the engineering, drawing
office and workshop staff under the control of the Research
Services Section. Sketch plans, submitted by the Ministry
of Works Architects Division and based on the specified
requirements were approved by the Engineering Depart-
ment in January, 1950, and work was commenced in August
of that year. In order to provide additional staff accom-
modation and storage space it had been decided to excavate
the whole of the area occupied by the building and this
work was still proceeding at the east end when building
operations commenced at the west end in March, 1951. The

THE old Research Branch workshop building at

building was virtually completed in May, 1953, although it
was not until June that the work of transferring the machine-
tool plant to the new quarters could proceed.

The main frontage of three storeys is 252 ft. long, facmg
south (Fig. 1). Accommodation is provided on the first floor
for controlling and engineering staff, while the second floor
is occupied by the drawing office (Fig. 2) and photo-
printing staff. The ground floor consists of a number of
small shops for such purposes as coil-winding, wiring, jig-
boring, etc. and a large tool and material stores
which serves not only the workshop but also the whole of the
Research Station. Provision has been made for the installa-
tion at the east end, of a passenger-goods lift, operating
between the ground, first and second floors, and a goods lift
operating between the ground floor and basement to facili-
tate the movement of heavy stores.

The workshop proper extends northwards as a single-
storey building of three bays, each of 20 ft. span, with north
lighting. Itis divided into three sections separated by large
metal folding doors and glazed screens. The east-end section
is occupied by the mill-wrights and heavy metal workers
while the west end houses the wood-working staff and
machines. ~ The middle portion comprises a combined
machine and assembly shop (Fig. 3). A lifting beam with a
runner capable of lifting 4 tons extends the whole length of
the ground floor and: provides for the handling of machines
and heavy equipment. Bistribution of power to the various
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Fic. 3.—GENERAL VIEw OF MACHINE SHoP,

machines is by enclosed overhead bus-bars fed from cables
at the east end of the building. Machines can be plugged in
at convenient points by means of special fuse units; a
system which provides for a certain amount of flexibility in
the layout of plant.

Illumination in the new building is, in general, by fluores-
cent tubes, those in the workshops being double tube anti-
stroboscopic units as a safety measure. The heating of the
building is by low-pressure hot water radiators, augmented
in the workshops by roof space heaters provided with electric
fans which can be also used in hot weather to assist ventila-
tion. The existing heating plant is temporary and feeds only
the new building. It Is intended that at some future date
the whole of the heating plant of the Research Station,
complete with mechanical stoking, will be concentrated at
this point.

Excavation of the whole of the workshop site has pro-
vided space for a line of offices and laboratories under the
north side of the workshop; these, as a result of a falling
ground level, have natural lighting and ventilation (Fig. 4).

Fic. 4.—VIEw OF NEw BuiLDING FROM WEST OF SITE. (THE
STEPS ARE A FIRE ESCAPE FROM WORKSHOP FLOOR LEVEL; THE
WINDOWS BELOW SERVE THE LINE OF LABORATORIES.)

The laboratories are divided by removable partitions and
the services to them are arranged so that each laboratory
may consist of one or more units of 12 ft. 6 in. width.
Flexibility of this kind is desirable to cater for changes in
the class of work that may need to be done. At present the
laboratories are being used for studies of the designs of
thermionic valves and allied work.

The basement space has been allocated for various pur-
poses such as storage, locker and rest rooms, ventilation
plant, etc., and a 65 kVA diesel generating plant capable, in
emergency, of maintaining the machine shop at a reduced
load.

An 18 ft. concrete roadway separates the new workshop
from the old one; giving access for goods vehicles to the tool
and material stores.

It was originally intended that the centre portion of the
old workshop building should be removed leaving the last
few bays at each end. The west-end portion was to be used
for garage accommodation for official vans and a drivers’
waiting room, while the portion at the east end was to pro-
vide space for a new spray-painting shop, a wood store
and thermionic valve life-testing equipment. Emergency
demands for further laboratory space have, however,
necessitated a change in plan and it has now been decided
that the whole of the old building shall remain. Work on the
modifications to the old workshop building is proceeding.

W. G.



Notes and Comments
Birthday Honours

The Board of Editors offers congratulations to the following members of the Engineering Department honoured by

H.M. The Queen in the Birthday Honours List:
Blackburn Telephone Area Thornley, H. G.

Unsworth. P.
Bowles, G. A.
Critchlow, V. G.

Blackburn Telephone Area
Edinburgh Telephone Area
Sheffield Telephone Area

Tunbridge Wells Telephone Area

Improvements to the Journal

Readers may recall that some two years ago when the
financial position of the Journal was far from satisfactory,
arrangements were made to introduce various production
economies and to increase the price of the Journal and the
advertising rates. The result of this policy is that in spite
of the expected small decline in circulation due to the price
increase, the Journal is now again on a firm financial
footing.

As promised at the time, such profit as accrues to the
Journal is to be used for the benefit of readers, and
accordingly a 64-page Journal will be published during the
next 12 months. In addition, a further set of model
answers, Mathematics for Telecommunications 1, will
appear in the Supplement, so that with the exception of
Grades 4 and 5 in this subject, the whole of the City and
Guilds Telecommunication Engineering syllabus will be

Powell, F. E. T.

Member of the Order of
the British Empire
British Empire Medal
British Empire Medal
Member of the Order of
the British Empire
British Empire Medal

Lately Executive Engineer ..

Technician Class |
Technician Class 1
Area Engineer

Technical Officer

covered in future.

Because of the considerable increase in expenditure
arising from the larger Journal and Supplement, it will be
necessary to restrict the number of copies printed to a
figure closely in line with the firm orders on hand, and very
little margin can be allowed for the subsequent supply of
back numbers. Readers are urged, therefore, to make sure
of their copies by placing a regular order with the Local
Agent or with the Publishers whose address is quoted on
page 126.

I.P.O.E.E. Printed Papers

Many of the Printed Papers issued by the Institution
are now out of print, and copies no longer required by
members, particularly Nos. 183, 189, 190, 192, 194 and 195,
would be gratefully received by the Librarian at Alder
House.

Institution of Post Office Electrical Engineers

Essay Competition 1953/54—Results

A Prize of £5 5s. 0d. and an Institution Certificate have been
awarded to the following competitor in respect of the essay
named :—

G. Chalk, Technician I, Canterbury (H.C. Region). ‘““Electric

Lift Roping Systems. Their Maintenance and Renewal.”

Prizes of £3 3s. 0d. each and Institution Certificates have
been awarded to the following four competitors:—

E. H. Piper, Technical Officer, Bournemouth (S.W. Region).
“The Introduction of the Rationalised M.K.S. System of
Electrical Units to Technical Education.”

W. P. Skinner, Technical Officer, LTR/SW Area. ‘‘A review
of Lead-Acid Secondary Cell practice with some obser-
vations on pessiblec devclopments.”

R. N. Burt, Technical Officer, Bath (S.W. Region).
“Problems of Staff Training in the Engineering Depart-
ment.”

G. Douglas, Technical Officer, Ladybank, Fife (Scotland).
“New Equipment Practice used in 24 Circuit Carrier at
intermediate stations.”

Institution Certificates of Merit have been awarded to:—

O. G. Plumridge, Technician I, Salford (N.W. Region).
“Subscribers Apparatus—I[ts lInstallation and Main-
tenance.”

R. H. Thornton, Technical Officer, LTR/LD Area. “A
Method of Reducing Carrier Leak from Cowan Type
Modulators."’

G. W. Bates, Technical Officer, E.-in-C.O. (Test Section).
““Photometry and the London Test Section.”

A. W. Morris, Senior Mechanic, Belfast (N. Ireland). ““Auto-
mobile Electricity and the Modern Post Office Vehicle.”

R. Grant, Technical Officer, Glasgow ({Scotland). “The
Proper Approach to our Subscribers and Public.’’

The Council of the Institution records its appreciation to
vlessrs. W. S. Procter, F. A. Hough and H. E. Francis, who
tcindly undertook to adjudicate upon the essays entered for
he competition.

V.B.—Pavrticulars of the next competition, entry for which closes
m the 31st December, 1954, will be published later.

Review of Prize-Winning Essays—1953/54 Competition

The Council of the Imstitution is indebted to Mr. W. S.
Procter, M.ILE.E., F.R.S.E,, Chairman of the Judging Panel,
for the following review of the five prize-winning essays:—

It is encouraging to find that the essay judgcd to take first
place this year was entered by a contributor who obtained the
third prize last year. The title of the winning entryis ‘Electric
Lift Roping Systems—their Maintenance and Renewal’,
entered by G. Chalk of Canterbury. In this essay, which is
very well written and illustrated by drawings, Mr. Chalk deals
with the make-up of lift ropes and their maintenance as well as
the general principles underlying the replacement of ropes
on various types of lift. The skill and care necessary to be
taken in terminating the ropes and various tests and checks to
be made to ensure correct operation of the lift after re-roping
are described very clearly.

Second in order of merit is an essay by E. H. Piper, of
Bournemouth, entitled ‘The Introduction of the Rationalised
M.K.S. System of Electrical Units to Technical Education’.
The subject chosen may perhaps be regarded as one of the
more difficult to treat in essay form, but the author has tackled
the subject enthusiastically with the object of clarifying those
points relating to electrical units which might be confusing
to the student of technical electricity.

The essay by W. P. Skinner, of Purley, ‘A Review of Lead-
Acid Secondary Cell practice with some observations on
possible developments’ merited third prize. This essay covers
the maintenance of secondary cells very thoroughly. It focuses
attention on those points which a careful maintenance officer
will observe with the object of avoiding unnecessary costly
replacement before the expiry of the designed life of cell plates.

Fourth in order of merit is an essay by R. N. Burt of Bath
entitled ‘Problems of Staff Training in the Engineering
Department’. In this essay the author has examined the basis
of departmental training with particular regard to the youths
taking the two-year course. Various difficulties are enumerated
in a very neatly written article.

G. Douglas, of Ladybank, Fife, obtained the fifth place in
order of merit for his essay 'New Equipment Practice used in
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24 Circuit Carrier at intermediate stations’. This is a clearly
written description of the various features incorporated in the
design of the equipment. Attention is drawn to the differences
between the superseded and new equipment and also the

essentials of maintenance.” H. E. WiLcockson, Secretary.

Additions to the Library
Members are reminded that suggestions for suitable additions
to the Library are always welcomed by the Librarian.
2176 Careers Eucyclopasdia. G. H. Shaffe (Brit. 1952).

A work of veference concerning requirements, training
and prospects in some 220 occupations.

2177 Radio and Car Batfery Handbook. C. Fleming (Brit. 1947).

Contains all the practical information the automobile
electrician and radio serviceman needs to know about
accumulators, their charging from A.C, or D.C. mains,
servicing and repair.

2118 Plastics Progress, 1953. Ed. P. Morgan (Brit. 1953).

Papers and discussions at the British Plastics Con-

) vention, 1953.
2179 Statistics for Techuologists. C. G. Parodine and B. H. P,
Rivett (Brit. 1953).

A text-book for the student, research worker or
engineer who wishes to learn the principal statistical
methods and the main lines of the theory behind them.

2180 Electronic Measurements. F. E. Terman and J. M.
Pettitt (Amer. 1952).

A reference book for the practising engineer—covers
fundamentals in numerous fields beyond conventional
radio, including television, radar and a diversity of
techniques of value where electronics are used in
instrumentation.

2181 Introduction to Circuit Theory. E. A. Guilleman (Amer.
1953).

An introductory treatment of all the basic principles
and concepts needed for complete understanding of
advanced work in network analysis arnd synthesis.

2182 Fundamentals of Electric Motion. W.W. Harman (Amer.
1953).

Attempts to give a general understanding of electron
tube analysis—largely mathematical in presentation,
but no initial knowledge beyond the calculus is assumed.

2183 Battery Chargers and Charging. R. A. Harvey (Brit. 1953).

Describes the fundamental principles of battery
charging and explains how these principles are used in
various applications.

2184 Automatic Digital Calculators. A. D. and K, H. V. Booth
(Brit. 1953).
A guide to the theory of these machines.
2185 Optics. W. H. A. Fincham (Brit. 1951).

For the elementary student with no previous know-
ledge of the subject. Includes also the work required
by studentsof Light for the Intermediate cxaminations of
the Universities. v 7

2186 Acoustics. T. M. Yarwood (Brit. 1953).

Covers the ground from erdinary to scholarship level
of the General Certificate of Education. Includes also
some practical aspects (sound recording, etc.) of interest
to first Year University students of engineering.

2187 Britain’s Post Office. H. Robinson (Brit. 1953).

A history of development from the beginnings to the
present day.

2188 Developing the Negative Techiique.
(Brit. 1953).

C. J. Jacobson

An exhaustive survey of modern negative technique
and a comprehensive collection of the formulae used in
its practice.

2189 Report on the Atom. G. Dean (Amer. 1954).

An authoritative survey, by the recently retired
Chairman of the U.S. Atomic Energy Commission, of
atomic developments and of the present situation of
atomic energy in all countries, including Russia. The
prospects of using atomic power for peaceful purposes is
also discussed.

2190 Techniques of Technical Training. H. R. Mills (Brit.
1953).

Suggests ways and means by which instructors,
technical teachers, training officers and works super-
visors and managers can improve the technical training
of men in their charge,

2191 Electrical Installation Rudes and Tables. W. S. Ibbetson
(Brit. 1953).

A compendium of useful information for practical
wiremen, electricians, engineers, contractors and archi-
tects.

2192 Rotating Amplifiers. Ed. E. D. Say (Brit. 1954).

A description of the amplidyne, metadyne, magnicon
and magnavolt and their use in control systems.

2193 The Electromaguetic Field and its Engineeving Aspects.
G. W. Carter (Brit. 1954).

A thoroughgoing, non-mathematical treatment, aimed
chiefly at explaining how electromagnetic apparatus
behaves.

2194 Electrical. | Testing for
Stubbinglt (Brit. 1949).

A handbook of reference for engineers engaged in the
erection and maintenance of electrical installations,
plant and machinery,

2195 The Synchronous Induction Motor. J. Griffin (Brit. 1954).

An overall review of present-day practice, with
especial reference to the various developments which
have taken place in the last 30 years.

2198 Cathode Ray Tubes. Ed. M. G. Say (Brit. 1954).

An authoritative account of present-day cathode ray
tube theory and practice.

2197 Ultva High Frequency Radio Engineering. S. A. IKnight
(Brit. 1954).

2198 Data and Circuits of Television Receiver Valves. J. Jager
(Dutch 1953).

Complete data and characteristic curves, usual applica-
tions of these valves, and some important aspects of
modern receiver technique.

2199 Mathematics Queen and Servant of Science.
(Amer. 1952).

An account of the developments in pure and applied
mathematics from the geometry of Euclid to the most
recent ideas of mathematical physics.

2200 Britain's Atomic Factories. K. E. B, Jay (Brit. 1954).

The story of atomic energy production in Britain.

2201 The Cyclotron. \WW. B. Mann (Amer. 1953).

Mainly an account of the development of the first

large-scale cyclotron, the 37-inch cyclotron at Berkeley.
2202 Television Broadcasting. H. Chinn (Amer. 1953).

Covers in detail the equipment, the facilities, and the
techniques that are the immediate concern of personnel
who are responsible for the operation of television
broadcasting establishments.

W. D. FLORENCE, Librarian.

Practical Engineers. G. W,

E. T. Bell

Book Review

“Automatic Voltage Regulators and Stabilisers.” G. N.
Patchett, Ph.D., AM.ILEE, MIR.E., AMBritIL.RE.
Sir Isaac Pitman & Sons Ltd. 336 pp., 196 ill. 50s.

This is a very scholarly work of some 330 pages and 196
illustrations. The author adheres closely to his title and deals
with the fundamental principles of regulators, electro-
mechanical and all-electric (including electronic) regulators.
The field is covered from the stabilised power supply to small
radio equipments to the control of large generators.

Although the author says he has made the descriptions of
existing types of regulators as general as possible he has
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managed to give a surprising amount of information on most
of those in general use not only in this country but also on the
Continent and in America.

The hunting of regulators with negligible response time is .
not treated in detail as the author pointsout that the regulator
is a special case in the large and complex subject of servo-
mechanisms. The references should satisfy the most ardent
research worker as there are over 600 in the text, a bibliography
of six pages and a complete author index.

The only matter that can be criticised is the reproduction of
many of the photographic illustrations which do not do justice
to the excellent diagrams and text.

A E. P



Regional Notes

London Telecommunications Region
RADIO CONTROL OF OUTDOOR MAINTENANCE STAFF

An interesting Engineering Department experiment in the
use of short-wave two-way radio communication for the
control of staff employed onsubscribers’ apparatus and external
plant maintenance in the Dartford arca was started in April.

A main transmitter has been installed at Stonewood repeater
station with remote contro} in Dartford test room three miles
away. A total of 13 vehicles have been equipped with sets,
ranging from the heavy overhead gang vehicle, a 2-ton G.U.,
down to the Morris Minors carrying single overhead linemen
and subscribers’ apparatus men.

The equipment is manufactured by Hudson Electronic
Devices, Ltd., London. The, fixed station comprises a
6-W amplitude-modulated <crystal-controlled transmitter

THE FIXED STATION: THE UPPER UNIT 1S THE TRANSMITiER AND
RECEIVER; THE LOWER UNIT CONTAINS THE POWER PACK.

and double frequency changer receiver, also crystal controlled
and fitted with a wide range of automatic volume control.
The mobile stations are built to a similar specification but are
only rated at 5W output. One frequency is used for fixed
station to all mobile stations and another for all mobiles to the
fixed station; thus mobile stations are unable to converse with
each other direct.

ARRANGEMENT OF MOBILE SET IN A VAN.

In the modern Morris Minor vehicles, power is derived
from the car battery. On other vehicles an auxiliary 12-V
car battery is fitted to supply the heater current to the valves
and to operate the small rotary converter for high-tension
supply. The set is left switched on unless the man is going to
be away from the vehicle for some time. This means a fairly
heavy drain on the battery and this is changed and charged
daily. The microphone for the mobile set is contained in a
handset aui facilities exist for using an extension lead from
the set to the top of a pole or some such remote point.

In vehicles of the metal body type the body acts as a
counterpoise to the dipole fitted on the roof; in other vehicles
a sheet of perforated zinc is fastened inside the vehicle under
the roof to complete the circuit.

VEHICLE. SHOWING POSITION OF AERIAL.

To obtain the maximum advantages of the scheme it is
necessary to adopt a new approach to the whole question of
fault distribution. The control needs to be able to relate the
positions of faults and vehicles, so that unnecessary mileage
is cut out and a fault-finder can be diverted to any point as
required. Todo this a 6 in.to themile metal-backed map of the
area has been mounted near the test desk and faults and
vehicles are plotted on it by magnetic counters. By this means
a clear picture of the situation throughout the 100 square miles
of the area is continuously available.

Although the system is still in its very early stages, and it
is not yet possible to say what benefits have accrued to sub-
scribers’ maintenance, there have been some unexpected
applications of its usefulness already, such as the offer to relay
urgent messages via the repair vehicle radio for a hospital
which was isolated by a cable breakdown; co-operation with a
police car to intercept a person making malicious calls from
call offices; and obtaining the services of the Water Board
staff when a water main was accidentally damaged.

The benefit to the staff themselves is also a big factor in
favour of the arrangement—the ability to get speedy help
either on a difficult job or in case of vehicle breakdown or
accident, is greatly appreciated. As one man said—"I now
feel isolated if my radio set is off the air.”

W. H. O.

South-Western Region
STEEL PIPES ACROSS RIVER AVON

To carry out a recent external plant operation it was
desired to lay nine steel pipes over one of the Avon bridges,
but due to lack of cover and the bridge being an ancient
monument precluding the use of attachments, this was not
possible. It was decided, therefore, to lay the steel pipes below
the river bed, downstream from the bridge.

Easements from adjacent property owners were obtained
for the disturbance of the banks, and for the laying of several
hundred yards of approach duct and manholes. The contract
for the river crossing was placed on a lump-sun basis and the
successful contractor indicated that dredging plant would be
used. An unsuccessful contractor catered for the use of coffer
dams.

The river banks rise 13 ft. above normal water level and
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are some 110 ft. apart. The River Board stipulated that the
plant, including anchorage of concrete-filled bags, should rest
at a fixed level above Liverpool datum which necessitated a
trench in the river bed of at least 6 {t. depth below a normal
level of water of 6 to 8 ft., with a current of 4 m.p.h. Depth
of water and current increase considerably after heavy rain-
falls.

An outboard motor boat was made available for staff traffic
across the river. A raft and landing stage with rails and steps
to the top of one bank was constructed.

The dredging plant consisted of two mobile diesel winches,
one on each side of the river, and a drag bucket 6 ft. wide.
The winches were 120 yds. apart due to difficulties of access.

A length of 65 yds. of nine standard P.O. steel pipes was laid
out on the river bank in the direction of the proposed trench.
The joints were lap welded and hessian protected. The land
portions of the pipes were bent to provide the necessary rise
to the manholes and the whole formation of "‘four over five”
was clamped together at suitable spacing with mild steel flats
and bolts.

Over the major part of the crossing where the river bed was
of gravel and clay, dredging presented little difficulty. A hard
crust extending for 20 ft. from the west side defied removal

DREDGING THE CHANNEL ACROSS RIVER AVON.

for 10 days, but ultimately gave way while alternative methods
were being discussed. The desired level of trench was not
obtained but the conditions were accepted by the River Board
in view of the excavation difficulties, and since, in any case,
the plant and anchorage would be well below the river bed.
The final depth of cover was 4 ft. below the normal river bed.

Soundings revealed that the trench was not in a straight
line between the cuttings in the bank. This was attributed
to current effects on the empty or partially loaded bucket,
coupled with the loss of control on the hawsers duc to the wide
spacing of the winches. As the trench was 6 ft. wide, however,
and the plant much less than 3 ft., no difficulty was foreseen.

The formation of pipes, water-loaded to overcome buoyancy,
was drawn across the river behind the bucket which was
reversed. When some 30 yds. had heen drawn across, the
formation of pipes heeled over through 90°, undoubtedly due
to the irregularity of the trench. The pipes were withdrawn,
examined and tested, and were found to be undamaged.
Finally they were drawn across buoyant, and when in position
with regard to length were found to be carried 3 ft. downstream
in the centre of the river, buoyancy supporting the pipes 3 ft.
below water level.

Soundings revealed that the pipes were lying directly over
the trench; water was pumped into them and the formation
settled steadily to the trench bed. By means of a chute,
concrete-filled bags were lowered to the top of the pipes for
anchorage. The trench was then levelled off to the river bed
by clay-filled bags; which were also used with steel stakes for
making good the banks.

The operations occupied an average of six men for a period
of six weeks.

The private property on the east side of the river is liable to
flooding to a depth of 4 ft. Two manholes will be built with the
roofs 5 ft, above ground level ramped off with soil and grass at
45° to the field level. Anchor irons in the outside wall will
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enable a boat to be tied during flood conditions so that access
and working room will still be available.

SOUTHAMPTON NEW NON-DIRECTOR EXCHANGE

A very pleasant opening ceremony, performed by the
Postmaster-General, marked the birth of this new exchange
on Saturday, 3rd April, 1954. The Regional Director, Mr.
L. G. Semple, C.B.E. and Mr. F. E. Ferneyhough, Telephone
Manager, welcomed Earl De La Warr and the many dis-
tinguished guests. The Telephone Manager explained briefly
the operations which would take place for the transfer of lines
to the new building. The Postmaster-General operated the
“cut-out’” signal at 1 p.m. preccisely. Disconnection of some
2,000 trunks and junctions and 3,800 subscribers was com-
pleted at the old exchange within five minutes of receipt of
instructions to ‘‘cut out.”” During this period, a running
commentary on the engineering work being carried out was
made over the public address equipment to the guests who
were assembled in the clerical room. The final cut-over was
completed without a hitch at 1.7 p.m. and this was followed
by a novel inaugural call. At 1.15 p.m. the Mayor of
Southampton dialled “0* and was connec:ted to the Captain
of the ““Queen Elizabeth” on the high seas. Reception was
excellent and the call was broadcast for the benefit of the
guests.

During the afternoon the Regional Director presided at a
luncheon given in honour of the Postmaster-General and guests.
In the after-lunch speeches some warm tributes were paid to
the Post Office as a whole and the Engineering Wepartment in
particular.

The opening of the new exchange terminates the occupation
of unsuitable temporary accommodation forced upon us by
the unfortunate loss of our exchange by enemy action on the
night of 30th November, 1940. The initial equipment capacity
is for 8,600 subscribers with an ultimate of 10,000. Manual
board equipment comprises 95 positions with 10 monitors, 14
directory enquiry and 10 test desk positions. The equipment
was installed by Ericsson Telephones, Ltd., and the whole
of the work occupied a year and eleven months. New facilities
available to subscribers include the speaking clock and multi-
metering up to four unit fees.

1.T]J.

A RELIC OF THE UNITED KINGDOM TELEGRAPH
CO., LTD.

During recent prelimary survey work in connection with
Gloucester \West Zone development scheme, unexpected
carriageway-type cable markers were discovered in St. Mary’s
Street, Gloucester. This is just outside the cathedral precincts
and quite close to Bishop Hooper’s monument. The conduit
diagram for the locality did not show the existence of any
conduit in the positionindicated by the presence of the markers.
Reference was also made to National Telephone Company
prints of the area, but again the presence of conduit or cable
was not indicated. Enquiry of some of the oldest members



of the external staff did elicit the fact that an old iron pipe
was routed from Commercial Road, alongside the external
wall of Her Majesty’s Prison, Quay Street, over Westgate
Street, and along St. Mary’s Street to a test pole near the
South Wales railway line bordering Priory Road. Many
years ago, the route of this existing pipe had been indicated
by laying cable markers, but apparently the records had
been lost. When, and by whom the pipe was laid is not known.

In order to clarify the position, an excavation was made
near one of the markers and at a depth of 14 in. a cast iron
pipe of 1} in. external diameter was exposed. This pipe was
much smaller than had been expected and much speculation
was evinced as to its origin. Further excavation revealed
some raised lettering on the surface of the pipe. After scratch
brushing, the lettering became decipherable as U.K.T. Co.,
Ltd.—Henleys Patented. The lettering was assumed to
represent the United Kingdom Telegraph Co., Ltd. Un-
fortunately the iron pipe had rusted badly and it was found
necessary to break the pipe in order to ascertain what it carried.
This exposed a cable consisting of 12/40 lb. wires, each wire
being covered with a thick layer of gutta percha insulation,
the whole being wrapped in an outer covering of hessian
protection impregnated- with pitch or something of a similar
nature. It was not found possible to draw the cable out of the
pipe as the outer covering had become very firmly attached
to the inner surface of the pipe.

The condition of the gntta percha insulation varied from
conductor to conductor; butin most casesit wasin a remarkably
good condition and still possessed a high degree of elasticity.
Continuous bending did not cause any noticeable loss of
flexibility and to all external appearance the material was still
quite satisfactory as an insulator.

The cast iron pipe is of unusual construction judged on
present-day practice. Itis made up in 6-ft. lengths, each length
consisting of two longitudinal split sections so designed that
one scction could be made to slide over a recessed ledge on the
other section. The sections are joined by a coupling.

Records held in the Gloucester City Library show that an
office of the United Kingdom Telegraph Company existed in
Commercial Road in the year 1867.

It is also recorded that in the year 1863 three telegraph
offices existed in Commercial Road. They were:

(@) Gloucester and Sharpness Telegraph Company,

(b) Electric and International Telegraph Company, and

(c) British and Irish Magnetic Telegraph Company.

It is assumed that traffic connected with Gloucester Docks,
an entrance to which exists in Commercial Road, may have
been the reason for the telegraph offices.

The United Kingdom Telegraph Company is mentioned in
E.I. Wayleaves, General B.0011 and B.0013, as existing 'in
1862.

Wz JsTL,

North-Eastern Region
BILLY GRAHAM RELAYS

In the four weeks between 23rd April and 21st May over 90
circuits for special relays from Harringay Arena were set up
via Leeds/Burley Street repeater station. They arrived there
on a Leeds-Manchester Occasional Programme circuit and a
large proportion radiated to places at a considerable distance
from Leeds, e.g., Aberdeen, Arbroath, Belfast, Falkirk,
Glasgow, Edinburgh, Sunderland, Scarborough, Hull, Grimsby,
Bradford, Sheffield, etc. A considerable amount of circuit
provision work was involved but with the willing co-operation
of all concerned all the relays were carried out successfully.

J. A H.

JESMOND (NEWCASTLE) CONVERSION TO
N.D./SATELLITE

When the Newcastle M.E. area was established in 1931
there remained a C.B.1 exchange, serving about 2,000 sub-
scribers and surrounded by auto satellites and situated only a
mile from the main exchange. The reason for the non-inclusion
of this exchange area, Jesmond by name, was that although
the equipment had been in service since 1908, it was in excellent
condition and capable of at least a further five or six years’
efficient service. Before conversion took place, however,
various proposals and counter proposals for dispensing with

the exchange arca, by distributing the territory served amongst
its neighbours, were considered and the consequent delays,
together with the continued efficiency of the manual exchange
resulted in its still being in service at the outbreak of the last
war. Further consideration was temporarily suspended but
eventually a decision was reached whereby the exchange area
remained undisturbed and Jesmond became a satellite but
lost its identity and assumed the name ‘‘Newcastle.”

A single-storey building was erected, and in March, 1952,
the installation of eguipment (4,800 multiple) by Standard
Telephones & Cables, Ltd., commenced. Shortly afterwards
it was decided to add two floors to the building toaccommodate
a Trunk Control Centre and with these structural alterations
proceeding, no mean effort was necessary to safeguard the
installation. The abnormal amount of dust, ingress of water
through the roof on two occasions, and the absence of a
regular heating system, all due to the building operations,
made conditions very trying and the forbearance of the
contractors and Post Office staffs is worthy of mention.

During the progress of installation, the numbering range of
the Newcastle Area came under review, and a mixed 5- and
6-digit scheme was decided upon. The Jesmond installation
was regarded as not too far advanced to adopt a 6-digit
scheme for that area; consequently, an amended design and
layout to provide for 4th selectors was necessary.

The conversion took place at midnight on Saturday, 24th
April, approximately 3,300 subscribers’ exchange lines and
270 junctions being affected.

Concurrently with the transfer, the conversion of four
other satellite exchanges from 5- to 6-digit numbering, and
the introduction of multi-metering facilities at Newcastle
Main and six satellite exchanges, took place. The whole
operation was accomplished without a fault of any consequence
—an achievement which reflects great credit on all the staff
involved.

o i = O =8

SKIPTON EXCHANGE TRANSFER
At 12.30 p.m. on Wednesday, 7th April, 1954, the new
non-director automanual exchange at Skipton, Yorkshire,
was brought into service. With its opening, another of the
few remaining magneto exchanges in the country has been
replaced. The new exchange has a multiple of 1800 and is
housed in a fine three-storey building of Northumberland

By conrlesy of Bradford Telegraph and Argus.
SkipTON TELEPHONE EXCHANGE BUILDING,

stone. It is a pleasing modern addition to the architecture of
this old Yorkshire market town.

The changeover followed standard cngineering practice
and was carried out smoothly, 1,045 subscriber’s lines and 232
junctions being transferred to the new exchange. The auto-
manual board was partly opened on Tuesday, 23rd March,
1954, when the routes to eight parented U.A.X.s and the
outgoing portion of the routes to Bradford, Leeds and Keighley
were transferred to the new exchange. Transfer circuits were
provided between the old exchange and the new to enable
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both boards to function simultaneously until 7th April, 1954.
In this interim period coin box installations were re-equipped
with auto apparatus, all calls being obtained by dialling ““0”’
until the full transfer.

‘With the opening of the new exchange, Skipton became a
Trunk Group Centre for 14 exchanges. At the same time the
multi-metering facilities of many exchanges in the Yorkshire
Dales were considerably extended and the 999" and speaking
clock services were introduced.

Ly Jr Da'B

Scotland
TRANSPORTABLE TRAFFIC RECORDER

The Edinburgh Area contains a large number of scattered
U.A.X.s and measurement of traffic has involved a consider-
able amount of travelling time. A transportable automatic
traffic recorder has now been constructed locally, and this can
be taken in a Morris Minor to a U.A.X. in advance of the

TRANSPORTABLE TRAFFIC RECORDER CONSTRUCTED BY EDINBURGH
AREA.

first day of the record, connected to the equipment by flying
leads and left unattended for the duration of the three-day
record. It is, basically, a standard 2000-type traffic recorder
fitted on a trolley (a modified Stand. Testing No. 23) and
has a capacity of 600 recording points initially and 900
ultimately. This is a larger capacity than required at U.A.Xs
but it is intended also to use the recorder for partial records
at Siemens No.
where standard recorders are not available.

The 30-second and 30-minute timing pulses required are
obtained from cold cathode discharge tube timing circuits
built into the recorder, and driven from a small dry H.T.
battery. A further feature which differs from the standard
recorder is the provision of a circuit for switching meters at
30-minute intervals so that each hour’s trafiic is recorded on a
separate meter. This necessitates a larger number of meters
but allows the recorder to remain unattended for the whole
of the three-day record.

Connection to the equipment is made by test clips and
cordage on small groups, or by P.V.C. cable on larger groups.

W. G. C

Midland Region

CIVIL DEFENCE COMMUNICATIONS STUDY AT
LEICESTER

A Civil Defence communications study was held at the
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partitioned workshops for specialist work,

16 non-director exchanges in Edinburgh -

University College, Leicester, 29th-31st March, 1954. The
study was initiated by the Home Office, Civil Defence Depart-
ment, North Midland Region, and its object was to consider
some of the communication problems which would arise
following an air raid on a large city. Over 100 ‘“‘students’”
attended, including representatives of the Home Office,
Post Office, Local Government, Public Utilities and Hospital
Management Boards. Detailed arrangements for the study
were worked out by a Committee on which the Post Office,
Midland Region, was represented.

The early part of the study was occupied by short talks on
Civil Defence and the Fire, Police and Post Office communica-
tion systems illustrated by charts, slides and playlets. The
syndicate technique was used for the consideration of specific
problems. Practical demonstrations were given of radio,
field telephone cable, and air raid warning systems and various
items of Post Office plant, including the "'999"" demonstration
set, were on display.

The success of the study was due in no small measure to the
skilful co-ordination of the Home Office, Civil Defence Depart-
ment, North Midland Region and the co-operation of all the
various authorities who took part in it.

: EL.S: L.
Home Counties Region
THE GUILDFORD AREA WORKSHOP

As a result of stores'shortages, and the mounting cost of
mechanical engineering work it was decided in 1947 to set up
an Area Workshop in Guildford, covering the requirements
of all Areas in the Home Counties Region. The venture proved
very successful from its inception and, due to the rapid service
given with low attendant costs, the volume and range of the
work has increased steadily. Periodic expansion of the staff,
range of machinery and premises has taken place in order to
compete with this growth in demand.

From a modest beginning in a small room in the Guildford
N.D. exchange, the workshop has finally expanded into a
Romney hut sited within the boundary of the Guildford
Engineering Concentration Scheme, where good road and rail
communications are available. The situation is ideal in that
good facilities exist for the delivery of raw materials, and the
general working conditions are very pleasant. The premises
are removed from any dwelling area.

The present workshop consists of a main hall and small
the whole being

View ofF Main MacHINE Harr, GuUILDFORD AREA WORKSHOP.

contained under one roof. The premises enjoy good natural
lighting, have access ramps and are heated by high-pressure
steam pipes. Electric lighting on the “catenary” system has
been installed, resulting in an adequate artificial light density
for every machine and bench.

The main hall contains the raw materlal storage racks,
power hack saw, heavy guillotines and bending machines.
These are arranged so as to -allow ‘‘conveyor” or '‘band”
methods of manufacture to be applied to the heavier items,



Raw MATERIAL Rack, GUILDFORD AREA WORKSHOP.

c.g., reinforcing material, anchor irons, etc. The material
progresses from machine to machine with the minimum amount
of handling, and the finished product emerges ready for
packing at the distant end of the hall. Also located in the hall
are the lathes, milling machine, drills, grinders, etc.

Turning and milling operations in most metals are possible.
The large machine drill is equipped with a tapping box,
enabling repetitive tapping operations, e.g. on meter racks, to be
rapidly carried out. An 8-ton press with a set of universal
bolsters enables punching operations to be carried out
economically. Miscellaneous services such as high pressure
hydraulic testing, coil winding, etc., are also housed in this
department.

Access to the hall is through large sliding doors which
permit vehicles to drive right up to the material racks for
delivery, or, at the other end, to the stack of finished work.

Adjacent to the main hall the various smaller workshops
are partitioned off, and specialist work may be performed
without interference to the works in the hall. The facilities
available are briefly described below.

() A welding shop containing heavy-current welding
machines, both A.C. and D.C., together with a universal jig
for the construction of cable racking. This jig can rapidly be
set for any size, standard or non-standard, and by using all-
welded technique rapid fabrication of racking results.

In addition to the construction of racking, many other jobs
pass through the welders' hands; for economy reasons as

much work as possible is done by prefabrication and subsequent
welding. Oxy-acetylene welding is also available for non-
ferrous work and the repair of castings.

(b) A blacksmithy furnished with a full-sized power-blown
forge and a range of suitable tools enables most smithing
operations to be undertaken. Non-standard racking bends,
repairs to the heavier type of implements, etc., is work normally
performed in the forge.

(c) A spraying shop equipped to deal with either cellulose
or lead paints, enabling a geed quality finish to be applied to
the products of the workshop. The treatment and painting of
racking, etc., is readily and rapidly carried out by spray
methods. In addition to normal painting, various rust-proofing
processes are available when required.

An air pressure-line is also taken into other parts of the
building for cleaning and blowing-out purposes.

(@) A ringer repair shop equipped for the complete overhaul
and repair of ringers, charging machines, electric pumps
and battery chargers. Machines are stripped and any
necessary mechanical repair work, e.g., new bearings, shaft
trueing, commutator skim, etc. are carried out. On the
electrical side, rewiring, rewinding, or reimpregnation may be
undertaken as required.

Normal workshop progressive accounting methods are
employed whereby the foreman mechanic has a card for each
job where details of hours spent, materials used, etc., are
recorded, thus enabling both a check on the work to be main-
tained and an accurate cost to be assessed when the operations
are completed. The completed job details are filed in jackets
under the appropriate serial number which serves to reduce
clerical work should a repeat order be required. The final
cost of a job is debited to the requisitioning Area.

Typical jobs turned out by the workshop include racking;
skimming of commutators; duct seals; making and ftting
motor bearings; aluminium chassis for electronic work, etc.
A special adaptor, urgently required for the connection of a
gas cylinder to a departmental pipe line, was made and delivered
in four days. Experimental work is also carried out and some
J.P.C. items incorporating tool design have had the proto-
types made up in the workshop. Traffic analysers for satellite
auto traffic were constructed and wired to E.-in-C. specifica-
tion. Prototype electronic cable watchers have also been
constructed.

Impulse machine overhauls and repairs are also carried out.
A schedule of all impulse machines in the Region is held, and
the machines are called in at regular intervals for overhaul.
The histories of such machines are maintained at Guildford.

All spare parts for the "“Transorma’ letter-sorting machine
were made in the workshop when they could not be obtained
from any other source.

In conclusion, it has been demonstrated that the establish-
ment of such a workshop, designed to satisly the needs of
Areas situated in the Home Counties Region, has proved of
the greatest benefit and may be made to work efficicntly,
both from a financial and time-saving standpoint.

H. M. W.

Associate Section Notes

Birmingham Centre

Two interesting visits were made by members of this
Centre during February and March, one being to the B.S.A.
motor cycle plant and the other to Fisher & Ludlow’s factory
where metal pressings of many types are made ranging from
car bodies to washing machine parts.

The final meeting of the 1953/54 session was addressed by
the Chief Engineer of the City of Birmingham Water Depart-
ment. He gave a most interesting and instructive talk
illustrated with lantern slides, on the water supply system for
this city. A visit was arranged for 27th May to see the
reservoirs and dams of this system at the Elan Valley and the
Claerwen Valley in Wales.

At the Annual General Meeting held on 27th April the follow-
ing were elected to office for the 1954/55 session.—Chairman:
E. W. Newnham; Secretary: K. G. S. Adams; Asst. Secy. and

Librarian: W. G. Johnson; TIreasurer: B. \W. Headley;
Conunittee: K. \W. Gibbs, F. Edmonds, ]J. Farrand, R. O.
Weedhouse, L. Oliver, A. E. Carpenter and S. Hayward.

It is hoped that the new programme will be arranged in time
for the next notes and that it will prove once again to be
popular among the members.

K. G. S A.

Brighton Centre

The winter session opened with the film ‘‘Atomic Physics",
a preview of which had been shown at the end of the previous
session. Another film show followed, consisting of three
films, ‘“The Cathode Ray Tube', ‘A Power in the Land"” and
““Over and Under the Sea’'.

In December we received a visit from an old associate of
the Brighton Telephone Area, Mr. C. H. Hartwell, who gavea
very interesting talk on ‘““The Development of the Telephone
Business”, copiously illustrated by slides.

January brought a lecture by an Associate Section member
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from Oxford, Mr. K. E. Felton, entitled ‘“Television,’’ which was
much enjoyed by all present.

In February Mr. A. C. Young of the Senior Section gave us
a talk on his visit to America in 1953 as a member of a
productivity team. This talk was illustrated by slides, and
proved to be of much interest.

In March one of our own members, Mr. R. G. Shepperd
from Worthing, spoke to us on ‘‘Radio and Television Inter-
ference,”” a topical subject and one which was very well
received by all those who attended.

We should also mention the visits to the B.B.C. by the
Eastbourne section in November, and by Brighton in December.
Unfortunately the party in each case was limited to eight
members, so a draw was held, and those who were successful
had an extremely interesting conducted tour around the
B.B.C. building in Portland Place. Let us hope that the visit
can be repeated in the next session, when some of the members
who were unlucky in the draw may be able to participate.

The attendances at the meetings have been encouraging, the
average being approximately 45 members. We are also pleased
to be able to report the enrolment of between 40 and 50
members during the session.

We would like to thank the membership for their support,
which has made worthwhile all our efforts in arranging the
foregoing programme.

F.T.C.
K. E. G.

Chiltern Centre

Since our last notes, membership has increased quite substan-
tially and attendance at meetings continues to be satisfactory.

The visit to Earls Court Signal School, though disappointing
in some respects, was enjoyed by all. It was intriguing to note
the hydraulic points and signals and mechanical interlocking
in an otherwise electrical system!

Included in our 1953/54 programme were ‘‘Costs and
Statistics,” by Mr. A. H. C. Knox; visit to Hazells (local)
factory, the main attraction being the huge ‘“Goss” printing
machine; and an interesting talk on ‘“Iron and Steel” by
Mr. J. Evans.

Arrangements for a visit to Siemens Bros. (Woolwich) were
completed and we hope to report on the trip in the next issue.

H ] T

Darlington Centre

For the meeting on 16th February, 1954, our Area Engineer
(Mr. F. W. Allan, AM.I.E.E) had chosen ‘“The Area
Engineer’s Job" as the title for his subject. After an explan-
ation of the organisation tree, Mr. Allan detailed the numerous
activities of the Department, staff matters, working within
budget allowance limits and co-operation with other Depart-
ments, etc., in the Area. Efficiency (with economy) was the
aim. An interesting discussion followed the talk, and many
points were clarified. A hearty vote of thanks was accorded
Mr. Allan.

The illustrated talk on 16th March, 1954, ‘“Thermal
Insulation,” by Mr. G. Walker (Chemical and Insulating Co.,
Ltd.), proved to be most educative. The speaker described the
modern methods employed and the demands for the firm’s
products from a great variety of sources. Samples, which
Mr. Walker had brought along, attracted much attention by
the fact that their use is not common knowledge.

There was a good muster on 6th April, 1954, for Mr. L. M.
Airey (Darlington Centre) and Mr. A. Walker from the
Middlesbrough Centre, who spoke on ‘“Amateur Radio” with
‘‘on-the-air’’ demonstration, having combined their knowledge
and efforts to put on the show. Station G3GE] was located
in the lecture room temporarily. Mr. Airey explained the pro-
cedure to be followed to establish a station and the qualifi-
cations necessary to obtain a licence. The speakers, in turn,
described the operation, the logging of stations, etc., and their
own achievements of contacts, some of which were played back
on a tape recorder. Amateur friends of the speakers in Dar-
lington and at Whitby co-operated in the demonstration and
greetings were exchanged.

The talks session has now been completed, but the Centre
will not be dormant---outside visits are being planned and it
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behoves members not to forget the location of the Notice
Board!

The Centre members are keenly disappointed that efforts to
arrange a visit to H.M.T.S. Monarch, the cable ship, have not
yet been successful.

The Annual General Meeting was held on 20th May, 1954.

C.N. H.

Dundee Centre

The Annual General Meeting of the Centre was held in
Telephone House on Tuesday, 13th April, to complete a fairly
successful session in which many interesting papers were read,
and in which the visits have been greatly appreciated.

The new committee are now in the throes of arranging a
programme for the coming session, in which they hope to hear
papers on the following subjects:—

“The Storm in N.E. Scotland 1953, an outline of the cost
and methods used to overcome the difficulties arising.

‘‘Stores Control and Accounting,”” which will range from the
issue of primary vouchers to the recording of such transactions
in the Department’s accounts, and will touch on clerical
operationsat intermediatestagesand link them with engineering
operations.

““The Atlantic Cable.”

“From Facts to Figures,” in which an explanation of the
processes in getting from field operations to statistics and from
the interpretation of statistics to the effect of this as applied
to field operations with the object of improving quality of
service.

‘“The Productivity Team Report.”

“Growth of the Telephone,” in which will be demonstrated
the changes in subscribers’ equipment over the past years.

“Time and The Post Office,” a demonstration of the types of
clocks used by the Post Office.

The visits from which a choice has to be made are:—
Ferranti’'s Radio Equipment Works; An Observatory; An
Experimental Jute Works; Beatties’ Bakery; Bowar Long’s
Transformer Works; and a Sugar Beet Factory.

From these items it will be appreciated that the coming
session offers a great opportunity of interesting entertainment
for the winter evenings. R.L T

Edinburgh Centre

At the March meeting of the Centre, Mr. J. J. Loughlin
gave his paper, ‘‘Principles of Electronic Switching,” and
illustrated the main points of what was a most interesting
topic by numerous slides and practical demonstrations.

There was a good attendance at the Annual General Meeting
on the 13th of April, when it was noted that the membership
of the Centre was still on the increase and that attendances
at recent meetings had been more encouraging. The following
members were elected for the new session:—

Chatyman: J. H. S. Phillips; Secretary/Treasurer: J. R.
Haggart; Comsmnittee: T. ]J. Potter, ]J. Kellard, J. G. Ferguson,
W. F. Irvine.

After all the Centre business had been completed, the
members adjourned to enjoy an excellent dinner and social
evening. '

Due to the interest in our magazine circulation a new list
of periodicals available has been drawn up and circulated to
the membership. As the committee is already at work pre-
paring the programme for the coming session, any suggestions
and offers of suitable papers will be welcomed.

This year it is hoped that the membership of the Centre will
be doubled and that all members will lend active support to
our activities so that more ambitions items can be undertaken
in the future.

J. R.H.

Glasgow and Scotland West Centre

In February, we had Mr. Munro of the Regional Training
School and two of his colleagues lecturing, withdemonstrations,
on ‘‘“Training and Teaching Methods.” This was followed in
March, by Mr. W. G. Campbell, Post Office Headquarters,
Edinburgh, on ““Trunk Mechanisation.”” In April, a very
successful bus run to the B.B.C. Westerglen station took place,
and at the time of writing, there only remains the bus-tour



:0 Loch Sloy Hydro-Electric Scheme and the three lochs to
.ake place, to complete what has been acclaimed our most
successful year yet.

The Annual General Meeting was held on the 23rd of April,
wnd although the attendance was small, a considerable amount
»f business was completed.

The Committee received 17 suggestions for visits and a
urther 17 suggestions for talks, from which they have to
sroduce the programme for 1954-55!

The following office bearers and committee members were
slected:—

Chairman: J. L. Angus, B.Sc.,, AM.I.LE.E.; Vice-Chairman:
R. T. Shanks; Secretary: J. Fleming; Treasurer: J. ]J. Brown;
Librarian: R. Goldie; Committee: ]J. A. Brown, J. Ramsay, W.
_eitch, T. Walker, W. Fotheringham, A. Wallace, W. Bolton,
f. K. Moore, ]J. Deans, J. Morrison; Awuditors: D. Carmichael
ind W. Craig. J. F.

Hastings Centre

The Session got off to a flying start with a visit in August
;0 the extensive Gypsum Mine and processing works at
viountfield. Regrettably, danger of falling rock prevented the
arty from going “down under.”

In November, Mr. W. A. Paul, of the Post Office Research
Station, entertained the Centre with a very interesting illus-
rated talk on ‘‘Cinephotography in the Engineering Depart-
nent.”

Film shows were arranged for September and February, a
saried programme being secured for both showings. ‘‘The
Cornish Engine’’; ‘“Hands full of Power,” a colour film showing
:he manufacture of Wolf’s hand tools; and ‘“Railway Electrifi-
:ation in Brazil,”” were the main films.

October, December and January were reserved for local
issociate members, the subjects covered being, ‘“The Com-
nunications of Co-operation in Modern Industry,” by W. W.
Yeals; ‘‘Carrier Telephony,” by J. H. Bloor; and ““An Approach
;0 T.V.,” by H. Northwood.

The Annual General Meeting was held in March. The
‘ollowing were elected to form the committee: Messrs. K.
Noakes, Holdstock, Little, Bloor, Loker and H. Northwood.
Che Committee now has two external members. Other officers
ontinue unchanged.

To complete the wirter’s formal meetings a Senior Section
nember, H. Wales, gave a talk on *“‘Coaxial Carrier Systems.”

‘T'he session finished as it commenced with a visit, this time
‘0 the local power station. Thanks to the staff there, we
;pent an informative evening inspecting and asking questions
wbout the equipment.

We would like to see more external staff as members—why
10t join before next winter? L.J.S. W.

Leicester Centre

The Annual General Meeting was held on 26th April, 1954,
vith the President, Mr, E. S. Loosemore, B.Sc., M.I.LE.E,,
n the Chair. Mr. Loosemore was unanimously re-elected to
ierve for the 1954/55 session. Other offices were filled as
ollows:—Chairman: Mr. C. J. Wykes; Vice-Chairman: Mr. R.
\. Medland; Secretary: Mr. T. E. Lord; Assistant Secretary:
Ar. M. K. Wilkinson; Treasurer: Mr. A. Richardson;
conmunitiee: Messrs. A. F. Allsopp, A. S. Bradshaw, S.
3ircham, L. C. Chappell and D. S. lLadkin; Awuditors: Messrs.
" R.Cambridge and R. A. Cave.

Both the Secretary and Treasurer gave encouraging reports.
“he effective membership is increasing steadily although the
ttendance at meetings varies considerably. With an excellent
rrogramme in prospect it is hoped that members will turn up
a force at each meeting.

In reviewing events during the past winter session we have
eld some extremely interesting meetings. Outstanding
mong them was a talk, ‘“Photography,” with practical
.emonstrations, by E. Richardson, Leading Technical Officer.

T.E. L.

London Centre

The disadvantages of having to arrange a lecture programme
well in advance of the actual dateshave certainlybeen evident
to the General Secretary this session. The last three lectures
had to be altered at very short notice due to unforseen circum-
stances. Great credit is due to him for the way new lecturers
were found and the lecture programme was able to continue
without a break.

On 27th April, Mr. G. W. Bates a member of London Test
Section presented his paper on ‘“The Post-War Developments in
the Testing of Dials, Automatic.” The lecturer outlined the
developments in the technique of dial testing both to laboratory
standard and also for large quantities of dials. Hard valve and
cold cathode tube counting methods were included and prac-
tical demonstrations given where possible. The demonstrations
included the electronic dial tester, hard valve impulse counter
and an electronic impulse generator.

At the time of writing, the final event of the 53/54 session was
to be the A.G.M. on 28th May, at the I.E.E. Savoy Street, with
Mr. F. I. Ray, the London Centre President, delivering his
lecture entitled ‘“This Telephone Business.” E. W. B.

Middlesbrough Centre

A very pleasing ceremony took place in the Mayor’s Parlour
at West Hartlepool on Saturday, lst May, when Mr. J. W.
Dodds, Leading Technical Officer, a member of this Centre,
received from Lord Lawson the British Empire Medal which
had been awarded him by Her Majesty The Queen in the New
Year Honours List. The Regional Director, Telephone Manager,
and several of Mr. Dodds’ colleagues were present. Distinction
is added to the occasion by the fact that only eight members of
the Engineering Department, including the Engineer-in-Chief,
featured in the Honours List.

With the Annual General Meeting almost on hand this Centre
can look back over yet another successful year. The advertised
programme, which included visits to local technical and indus-
trial organisations and also the customary regular lectures, was
carried through without any hitches.

During the latter part of this year our enthusiasm has been
somewhat damped by the sudden serious illness of our Chair-
man, Wilf Costello. It will be remembered that he was the
recipient of a national prize for a written paper last year. His
efforts to maintain and increase the centre activities have
never flagged. We all sincerely hope that Wilf's recovery is
speedy and lasting and that he will be back with us soon.

Many thanks to K. Hamilton for filling the vacant date on
the programme. Although not a large audience, we found many
interesting pointsin the paper ‘“‘Modern Carrier Equipment’’ to
converse on.

G.F.

Tunbridge Wells Centre

At the Annual General Meeting held on 12th April, 1954, the
following officers wereelected for the 1954/55 Session: Chairman:
Mr. G. Kingswood; Secretary: Mr. E. L. English; Treasurer:
Mr. F. W. Archer; Auditors: Messrs. K. Muggridge and S. H.
Wilson; Committee: Messrs. R. Charman, R. G. Dancy, F.
Glazier, R. A. Goswell, J. A. V. Sparrowe, K. H. Waddell and
R. Winn.

During the past year our membership has increased, attend-
ances at meetings have improved and a greater interest has
been taken by staff in the Associate Section. Although the
committee are at present arranging the 1954/§5 programme,
we have finally reached a period when members have offered
papers without the usual appeals.

A library has been formed and arrangements have been made
to purchase locally a number of technical journals for circula-
tion to our members.

Our A.G.M. was one of the liveliest meetings we have held
and it is hoped that the same spirit will prevail throughout the
future of the Tunbridge Wells Centre.

E.L. E.
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Staff Changes

Promotions
Name Region Date Name Region Date
KRegi. Engr. to Depy. C.R.E. Asst. Engy. (Limited Competition)—continued.
Straw, J. G. Scot. to L.T. Reg. 1.3.54 Spurgin, D. S. .. L.T. Reg. to E.-in-C.O. 17.5.5¢
. Morgan, E. P. .. W.B.C. i o 24.5.5¢
Sur. Exec. Engr. to dsst. Slaff Engr. Jennings, P. H. Mid. Reg. to N.T. Reg. 24 5.54
Clarke, E. F. S. E.-in-C.O. .. 1.3.54 Westcott, R. J. S.W. Reg. to E.-in-C.O. 17.5.54
Welch, S. s E.-in-C.O. .. 23.2.54 Brown, N. W. .. l: -in-C.O. 17.5.54
Area Engr. lo Regl. Engr (\)’egeear, “I}: ? E. E.in- 88 to LT. Reg. ﬁ%g‘i
. . . sborne, E. J. .. -in- X - 5.
Blackburn, E. .. N.W. Reg. to Scot. 15.3.54 Black, A. R. .. H.C. Reg. to N.\V. Reg. 3.5.54
Mansfield, W. V. L. L.T. Reg. .. - i 10.5.54
Exec. Eugr. lo Sur. Exec. Engr. Dagies, J.W. L. . WBC® 24.5.54
Hancock, L. .. Vs Mid. Reg. .. - 25.2.54 Fagg, D. E. L.T. Reg. 24.5.54
Rees, T. J. i o E.-in-C.O. 8.3.54 Simcox, M. S. .. Mid. Reg. 24.5.54
Coulson, J. N. N.W. Reg. .. 1.4.54 Shorland, F. J. S.W. Reg. 24.5.54
Archbold, R. B E.-in-C.O. 15.3.54 Clement, D. M. Mid. Reg. 24.5.6¢
Brice, P. ]J. E.-in-C.O. 15.3.54 Fountain, L. J. ET.E. . .. 24.5.5¢4
MacDiarmid, J. 'F. E.-in-C.O. 15.3.54 Taylor, R. G. .. H.R. Reg. to Mid. Reg. 24.5.54
Hare B, Einco. . . 5451 | Pradshaw G T. Einco. 315,51
s, D. J. <-1n-C.O. .. aw 4. radshaw, G. 1. ~1n-C.O, .. . .0.
Waters, H. S. E.-in-CO. .. - 12.4.54 Luff, W. - N.E. Reg. to E.-in-C.O. 31.5.54
Day, J. V. AR LU Inspector to Asst. Engr.
Exec. Engr. (Open Compditiou) Hardy, A. McH. N.E. Reg 17.12.53
Fenton, K. C. E-in-C.O. .. 20.4.54 | Hines, J. E. L.T. Reg. 1.1.6¢
Earls, J. C. Seot, t Ein-C.O. 13.1.54 Sonstablje F A %,Té geg- 22%2:
wens s i 45 1.
Executive Engineer (Limited Compelition) Hunt, G. V. ’ N.E. Reg. to E.-in-C.O. 1.5.54
Wheele, D. W. E. E.-in-C.O. .. 8.3.5¢4 Tech. Offr. to Asst. Engr
Oatey, L. W. E.-in-C.O. .. 8.3.54 - =
Shaw, S. - E-nCO. .. .. 6354 | prone J T TTE  SwinCo 15200
Groves, H. J. . E.-in-C.O. 15.3.54 i T T e v
Nuon, R. G. W, L.T. Reg. .. o 99354 | Beardmore, A R. Mid. Reg. to E.-in-C.O. 16.4.54
Welsh, A. W. Boincg o 93354 | Askew, E A .. N.E. Reg. to E.-in-C.O. 6.3.54
Eckersley, G. B. F.-in-C.0. 1.4.54 %dﬁ P CH yBe to EoinCO. | 16.8.04
Lang, W. N. E.-in-C.O. 22.3.54 Older, ] : I e
Mo BV R V\V Rep. 5552y | Whittingham, J. R. W.B.C. to E.-in-C.O. 16.4.54
Lillie, S E.-in-C.O. to H.C. Reg 5.4.54 I;;Shl? f] h g Et G L e 13355;1
Blanchard, C. H. E.-in-C.O. 55k | gockintosh, . J. D. o R T EEO TEeN
Step, E. C. .. LT. Reg. to E.-in-C.O. 20.4.54 psom, - g ' o
- Tulloch, J. R. Scot. . 13.3.54
Samuels, F. L. N. E.-in-C.O. .. a 20.4.54 Stokes. A. E. Mid. Reg. to E.-in-C.O 13.3.54
Stewart, W. F. G. Scot. Ld 5.4.54 F 0 (€S A.F. S I\V Reg 0 En-CO. 30 11.53
Drinkwater, . W. E.-in-C.O. .. 20.4.54 Merns.l WA W Mid Reg‘ ’ 14.5.54
Swann, G. F. . E-inCO. .. .. 20454 | Corron 1 ! LT Ree 18.11.53
Millar, J. B. .. N.I. Reg. to E.-in-C.O. 10551 | parroll J. B LT Reg. NGy
Gilpin, F. A., D.S.C. Mid. Reg. .. : ; 29.3.54 Le_mon, P.J. .. L.T. Reg. 7.5.53
Asst. Engr. lo Exec. Engr. Britton, A. W. L.T. Reg. 19.8.53
Randall, F. L. .. E.in-C.O. o1.2.54 | Watkins, I E. bT. Reg. 29.6.53
Gaut, R. G. .. E. in-C.O. 97954 | Cumsley, J. J. - Mid. Reg. 16.2.
Selwood, S. ] E-in-C.O 97 9.54 Heppinstall, R. V. N.E. Reg. 22.3.54
g o e e Thompson, D. N.E. Reg. 18.2.53
Shelley, G. J. .. E.-in-C.O. .. .5 27.2.54 Smith, H. R NE. Re 21.3.54
Gibson, R. W. . E.-in-CO. .. .. 27.2.54 | Mmool ) H N re. o 1564
Tite, L. G. .. E-nCO. & 1 a7.2.54 | povovel J. H. HCepaeg. 08108
Standage, C. T. E.in-CO. .. . 27.254 | L8 Rl HC Res. 11053
Ruck, E. F. .. E-inCO. .. .. 27.2.54 amming, i S
Jennings, S. W. H.C. Reg. to E.-in-C.O. 15.3.54 Tech. Offr. to Inspector
Oakford, E. R. L.T. Reg. to E.-in-C.O. 10.3.54 Briggs, W. S. N.W. Reg 19.3.54
Redhouse, A. R. E.-in-C.O. 29.3.54
Cooper, R. P. .. S.W. Reg. to E.-in-C.O. 5.4.54 Tech. I. to Inspecior
Cunninghame, J. W. N.S. W.B.C. to E.-in-C.O. 20.4.54 Gardner, S. C. L.T. Reg. 19.11.53
Fryatt, M. E. .. H.C. Reg. 26.4.54 Murdoch, C. T. L.T. Reg. 20.11.53
Roberts, A. Mid. Reg. .. i 14.5.54 Piper, E. L.T. Reg. 7.12.53
Dennis, H. Mid. Reg. to E.-in-C.O. 17.5.54 Gill, R. C. L.T. Reg. 26.10.53
Allen, C. N. E.-in-C.®. .. . 2¢.4.54 Eagles, H. S. H. T..T. Reg. 2.12.53
. . Alderslade, R. L.T. Reg. 7.12.53
Ass!..Evgrl'. (Limited Compelition) Lawr.ence, W. S. L.T. Reg. 18.11.53
Perkins, M. R. .. L.T. Reg. 15.2.54 Bolding, F. D. .. L.T. Reg. 19.1.54
ic;lmbm:I C(,: Ié.-!n-g.g. 33;21 Robinson, W. S. L.T. Reg. 1.1.54
air -1n-C.0. 3. Green, E. R. L.T. Reg. 9.1.54
Toussaint, G. C C E.-in-C.O. .. 24.4.54 Reece, R. A. L.T. Reg. 14.12.53
anlorJ J. R E.-in-C.O. .. 24.4.54 Catchpole, H. L.T. Reg. 29.1.54
ane, j. E.-in-C.O. 24.4.54 Pagan, A. B. .. L.T. Reg. 28.1.54
Londons A. G. Encs 20454 | Ackdnsen, ] ¥ NE Reg e
ondon, A. G. Z.-in-C.O. ., e 4. tinson, J. H. N.E. Reg. 4.
ﬁhtfsemark D.S. E.-in~8v8. = - 2;.4.54 Hollingworth, G. K. N.E. Reg. 27.2.54
cLaren, A. .. E.-in-C.O. . . .5.5¢4 Preston, J. J. P. W.B.C. en 10.3.6¢
Richardson, F. S. E.-in-C.O. .. i i 3.5.54 Hodgson, S.JH. N.W. Reg. .. 23.3.54
{fnc:jx, DAM’i‘ H.C. Reg. to E.-in-C.O. 10.5.54 McAlinder, D. .. N.W. Reg. .. 30.3.54
erdon, A. 1. L.T. Reg. .. s e 3.5.54 Aitken, J. A. .. Scot. 9.1.54
Mason, D. J. H. E -in-C.O. to N.Ire. Reg. 10.5.54 Palmer, P. W. A, Scot. 27.3.54
Harrison, A. F. E.-in-C.O. .. . ‘. 3.5.54 Tytherleigh, W. A, Mid. Reg. 29.3.5¢4
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Transfers

Name Region Date Name Region Date
Snr. Exec. Engr. Asst. Engr.—continued.
Rattue, P. J. E.-in-C.O. to H.C. Reg. 5.4.54 Brooks, H. P. L.T. Reg. to E.-in-C.O. .. 10.3.54
Savage, E. P. E.T.E. to Min. of Transport 24.1.54
Exec. Engr. Ritchie, J. E. L.T. Reg. to E.-in-C.O. .. 20.4.54
Home, J. K. .. S.W. Reg. to E.-in-C.O. .. 8.3.54 Flanagan, F. B. E-in-C.O. to W.B.C. ; 2.5.54
Dickenson, C. R. S.W. Reg. to Colonial Service ~8.9.50 | Browne, S. .. E-in-C.O. to Colonial Service 1.11.50
Johnson, E. S. .. .. E.-in-C.O. to Mid. Reg. 20454 | Long, J. H. L.T. Reg. to E.-in-C.O. ..  10.5.54
White, C. F. .. .. E-in-C.O. to H.C. Reg. 26.4.54 | Drake, C. P. E.-in-C.O. to Min. of Supply ~ 10.5.54
Sims, A. E. J. .. . ETE. to LT. Reg. 1.5.54
Boggis, R. J. .. E.-in-C.O. to E.T.E. 1.5.54 | Sur. Expll. Offv.
Berresford, B. H. E.-in-C.O. to Mid. Reg. 3.5.54 Edwards, Ww. 1. BM Test Section to
Dalton, A. W. N.W. Reg. to E.-in-C.O. ., 26.4.54 Dept. Atomic Energy 1.3.54
Asst. Engy. M.T.O. II
Busby, K. D. E.-in-C.O. to LT. Reg. 10.3.54 Gibson, ]J. E.-in-C.O. to Scot. 1.5.54
Retirements
Name Region Date Name Region Date
drea Engr. Asst. Engr.—continued.
Owen, W. N.W. Reg. . 31.3.54 McCarthy, G. W, E.-in-C.O. 26.4.54
Markey, J. M., M.B.E. N.E. Reg. 14.4.54 Wilshire, A. V. ET.E. 22.6.54
Goodman, B. C. E.T.E. B 31.5.54
Exec. Engr. Hillier, A. N.W. Reg. .. 30.3.54
Thornley, H. G. N.W. Reg. .. 14.1.54 Dooley, T. N.Ire. Reg. 30.6.54
Wood, J., M.B.E. E.-in-C.O. .. 21.3.54 Tedford, S. J. N.Ire. Reg. 19.7.54
Bentley, F. E. .. E.-in-C.O. 31.3.54 Barnes, F. L. .. L.T. Reg. 29.5.54
Thomson, A. .. Scot. 2.4.54 Kitteridge, H. H.C. Reg. .. 6.2.54
Flood, Dr. J. E. E.-in-C.O. (Reszgue(l) 30.6.54 Summarsell, R. H.C. Reg. (Reszgued) 31.3.54
Blott, F. . L.T. Reg. 30.4.54 Woods, R. N. E.-in-C.O. .. 24.5.54
i_?s_slfﬂy__ A T 0.3.54 Inspector
G h D ey e 3. Simons, £. F. L.T. Reg. 27.2.54
Stuwart, J. F. .. L.T. Reg. 6.1.54
Beetham, T. N.W. Reg. 31.3.54
[raylor, W. L, L.T. Reg. 31.3.54 :
= Little, S. N.E. Reg. 5.4.54
Clark, L. L. L.T. Reg. .. 26.3.54 ,
3 King, J. W. LT. Reg. .. 9.4.54
Crane, L. H. N.W. Reg. 31.3.54
g Lyth, F. Mid. Reg. (Restgned) 7.5.54
Keen, F. L. - Mid. Reg. 31.3.54 Morrison. N Scot. 315.54
Jawkins, W. J. L.T. Reg. 26.2.54 P 2 .
Woodward, R. F. C. L.T. Reg. .. 15.3.54
Vlason, A. - N.W. Reg. .. 2.4.54 | Regl M.T.O.

Janby, G. A. .. W.B.C. 19.2.54 Chapman, E. N.W. Reg. .. 25.4.54
’ratt, F. A. N. W.B.C. 14.2.54 Allen, J. E. Scot. 30.4.54
Deaths

Name Region Date _ Name Region Date

zxec. Eugr. Asst. Engr.—continued.
>adgham, F. V. H.C. Reg. o 5.4.54 Rutherford, T. S.W. Reg. 1.5.54
3ell, G. W. . L.T. Reg. .. i 14.4.54 Allbon, G. E. H.C. Reg. 15.5.54
Jrysdale, T. W, Scot. #i = 14.5.54 Inspector

Wiison, T. Scot. 26.2.54
1sst. Engr. Bannerman, C. S. Scot. 11.3.54
Veller, A.E. .. Mid. Reg. 27.2.54 Williams, M. S.W. Reg. 20.3.54
Vright, G. W. P N.E. Reg. 7.3.54 Dallman, A. S. L.T. Reg. 25.4.54
s\fleck, C. S. L.T. Reg. 4.4.54 Cherry, E. A. L.T. Reg. 29.4.54
Jorrection.

The details regarding Alford, S. B,
E.-in-C.0.) to Senior Draftsman (kactories Bepartment).

in the April 1954 issue were incorrect and should have indicated promotion from Leading Draftsman
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Book Reviews

"‘Relays for Electronic & Industrial Control”. R. C. Walker,
B.Sc, AMIMechE., AMIEXL. Chapman & Hall
300 pp. 187 ill. 42s.

In its ten chapters this book covers the fundamentals of
relay design together with the principles of use in many
industrial and telecommunication applications.

Theories governing design of relays are explained in a
sufficiently general manner that their application to the many
types of relay described can be readily understood. The
important problem of arc quenching at contacts is well covered
and methods of reducing contact erosion in various light and
heavy current applications are explained. Numerous circuit
elements describing the use of relays to give required effects
permit a fundamental understanding of switching techniques.

To the potential switching circuit engineer the book provides
a useful introduction to the art, and to the engineer in a less
specialised field the information regarding the potentialities
of relays for control purposes could be of great use.

L.F. S

“Plastics Progress, 1953"” (Papers and Discussions at the
British Plastics Convention). Edited by Phillip Morgan,
M.A. Iliffe & Sons, Ltd. 439 pp. 50s.

This book records the papers and discussions at the second
British Plastics Convention, held in London in 1953. On the
dust cover itsays: ‘““Lhis book is an up-to-date report on several
important branches of plastics technology.” That is one way
of describing it; the reviewer would prefer to say that it is a
fascinating volume describing many exciting developments in
the plastics field.

The reviewer was particularly interested in the 1951 volume,
because it described the fruition of much work he had seen in
(the work’s) infancy. The 1953 Plastics Progress is interesting
for just the opposite reason; it is full of information on entirely
new projects and fully deserves being termed exciting.

With the exception of the section on Selling to the Public,
there is not a paper in the whole book which is not of direct
interest to communications enjineers and scientists, par-

ticularly to those whose work is mainly research and develop-
ment. The emphasis is markedly on the side of structural
developments which are probably commercially attractive, and
the development of such things as thin dielectrics for capacitors
receives no mention. Considering the quantities involved, this
is understandable and in any case we cannot have everything
in one volume; perhaps we may hope for some discussion of
this in the next.

The production is good and the price, by modern standards,
is not high. The book is one the professional cannot afford to
be without, but is unlikely to reach many people who could
both profit from and enjoy reading it.

1.P.O.EE. Library No. 2178. C. E. R.

SHORTER NOTICES

"“The Insulation of Electrical Equipment.” Edited by Willis
Jackson, D.Sc.,, D.Phil, MIE.E, F.R.S. Messrs.
Chapman & Hall. 340 pp. 42s,

Contains the series of lectures arranged by Professor Willis
Jackson in 1952, on the general principles of insulation and the
current practices in industry, each chapter being the work of
an authority on the subject concerned.

“Electrical Accidents and their Causes, 1951.”” Published by
H.M.S.O. for Factory Department, Ministry of Labour
and National Service. 76 pp. 3s.

A detailed analysis of electrical accidents during 1951 in the
fields of electricity supply, industrial application and elec-
tronic engineering. An appendix lists certificates issued to
manufacturers by H.M. Chief Inspector of Factories in respect
of electrical apparatus for use in certain specified atmospheres.

“National Physical Laboratory Report for the Year 1953.”
Published by H.M.S.O. for Department of Scientific and
Industrial Research. 73 pp. 3s.

The 1953 report on the work of the N.P.L. covering each
division of the organisation, viz., Light, Electricity, Aero-
dynamics, Mathematics, Metallurgy, Metrology, Physics, Ships,
Electronics and Test House.
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NIGERIAN GOVERNMENT POSTS AND
TELEGRAPHS DEPARTMENT

CHIEF INSPECTORS GRADE II required by the
NIGERIA GOVERNMENT POST AND TELE-
GRAPHS DEPARTMENT for 1 tourof15-24 months
with prospect of permanency. Commencing salary,
etc., according to experience, in scale £750 a year
rising to £1,035 a year. Outfit allowance, £60. Free
passages for officer and wife. Assistance towards cost
of children’s passages or grant up to £150 annually
for maintenance in U.K. Liberal leave on full salary.
(A) CABLE (M2C/30121/PAB). Candidates should
have had considerable experience in local distribution
and trunk construction. A knowledge of underground
Cable maintenance or internal exchange maintenance
will be an advantage. (B) AUTO or CARRIER
AND V.F. (M2C/30294/PAB). Candidates should
have had considerable experience with the G.P.O.
or with a manufacturing firm either (i) in the install-
ation and maintenance of non-director pre-2000 Type
automatic telephone exchanges and associated equip-
ment, and C.B. manual exchanges, or (ii) in the
installation and maintenance of Carrier terminals,
D.C. and V.F. telegraph circuits, and other duties
of a general nature associated with the running of a
telecommunications section. Write to the Crown
Agents, 4 Millbank, London, S.W.1. State age, name
in block letters, fuil quahﬁcauons and experience,
and quote the reference number shown against the
appointment applied for.

Candidates at present employed by the G.P.O. should
submit their applications through their Establishment
Division.
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Technical Sugervisor—Nigeria
TECHNICAL SUPERVISOR required by
NIGERIA for one tour of 15-24 months with
option of appointment either (a) on agreement with
prospect of permanent and pensionable employ-
ment in salary scale (including expatration pay)
£1,210 rising to £1,315 a year or (b) on contract
in a temporary capacity with salary (including
expatriation pay) £1,307 rising to £1,453 a year.
Gratuity at the rate of £150 a year. Outfit allow-
ance of up to £60. Free passages for officer and
wife. Assistance towards cost of children’s passages
or grant up to £150 annually for maintenance in
U.K. Liberal leave on full salary. Candidates
must hold C. and G. Intermediate Certificate in
Telecommunications Engineering and have passed
the final paper in (1) Line Transmission II or (2)
Telegraphy II or (3) Radio IV and should have
had considerable experience in the maintenance of
V.H.F. multichannel equipment and associated
carrier and V.F. telegraph equipment at major
V.H.F. terminals. Write to the Crown Agents,
4 Millbank, London, S.W.I. State age, name in
block letters, full qualifications and experience
and quote M2C/30626/PAB. Candidates at present
employed by the G.P.O. should submit their
applications through their Establishment Division.

Technicians—East African Posts and Telecommunications
Administration

TECHNICIANS GRADE 1 required by the EAST
AFRICAN POSTS AND TELECOMMUNICATIONS
ADMINISTRATION for one tour of 30-48 months with
prospect of permanent and pensionable employment.
Salary, etc., according to experience in scale £742 a year
rising to £1,134 a year. Outfit allowance £30. Free
passages. Liberal leave on full salary.

(A) CABLE (M2C/29221/PAB). Candidates should have
had training in the jointing of lead-covered paper insulated
cables of the twin, unit twin and star/quad types, and
should be capable of plumbing joints in such cables.
They should have experience of duct laying, jointing
chamber construction and the testing and maintenance of
cables.

(B) LOCAL LINE PLANT PLANNING (M2C/30340/
PAB). Candidates should have had training in current
line plant planning methods and have at least three years’
practical experience of Field Survey work and the prepara-
ti%ndoti scheme and/or fundamental plans and printing
schedules.

(C) GENERAL WORK—INTERNAL (M2C/29229/
PAB). Candidates should possess a knowledge of hand
speed SX, DX and quadruples telegraph systems, wheat-
stone and teleprinter in telephony magneto exchange and
automatic exchange working with special reference to
test desk duties and fault localisation generally.

Write to the Crown Agents, 4 Millbank, London, S.W.1.
State age, name in block letters, full quahﬁcatlons and
experience and quote the reference number shown against
the appointment applied for.

Candidates at present employed by the General Post
Office should submit their application through their
Establishment Division,

P
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Marconi VHF FM |
Multichannel Terminal E
and Repeater Units

HM 100 AND 150 SERIES

Marconi VHF multichannel systems provide

reliable and economical communication. Up

to 48 telephone channels can be provided

simultaneously and some of these may be .. ]

further sub-divided by VF telegraph chan-

nelling equipment to give either 18 or 24

telegraph channels. The equipment oper-
ates in conjunction with carrier apparatus
which is the same as that already standard-

ised for use on line systems. Such a radio

system can operate over hundreds of miles
by placing repeater units at suitable points

along the route.

All units can be easily withdrazn
for inspection and maintenance.

% The equipment will operate entirely
unattended and changeover
is automatic in duplicate systems

MARCONI

COMPLETE COMMUNICATION SYSTEMS
Surveyed, planned, installed, maintained

MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED + CHELMSFORD - ESSEX
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VALVE
VOLTMETER
TYPE 712

THE balanced circuits used in this Valve Voltmeter enable a degree of stability hitherto

unknown in this type of instrument to be obtained, and ensure that the meter zero remains constant over
considerable periods of time, and under conditions of widely fluctuating mains voltage. The instrument is enclosed in
a standard Airmec case and is therefore suitable both for bench use and forward mounting on a 19-inch rack.

SPECIFICATION
Frequency range from 30 c/s to 200 Mc/s e D.C. Voltage ranges: 0-5, 0-50, 0-500 volts
A.C. Voltage ranges: 0-1-5, 0-5, 0-15, 0-50, 0-150 ® Measures both positive and negative D.C.
volts voltage

. e ® Six resistance ranges up to 100 megohms
Balanced, unbalanced and differential inputs o B :
Balanced circuitry ensures exceptional

Very low probe input capacity stability
® Immediate delivery

Full details of this and uny other Airmec Instrument will be forwarded gladly upon request

AIRME( HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND
LI M I T E D Telephone: High Wycombe 2060. Cables: Airmec High Wycombe

CRBRIDGE «eLvin WORKS, HACKBRIDGE, SURREY

Uaoble Compam/ limited in Association with BRYCE ELECTRIC CONSTRUCTION Co.Ltd,,
Branches at BIRMINGHAM, BRISTOL, CAROIFF, MANCHESTER, NEWCASTLE, SHEFFIELD

v
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MAGNETIC MATERIALS  Extensive
research and manufacturing facilities have established
Mullard as the leading producers of magnetic materials.
They were the first, for example, to introduce Ferroxcube, the
world’s most efficient magnetic ferrite; © Ticonal’ anisotropic
permanent magnets, renowned for their high stability and high
energy output; and Magnadur, an entirely new type of
permanent magnet with the insulating properties of a ceramic,
The wealth of experience gained from these developments is
avajlable to all users of magnetic materials through the Mullard
advisory service. An enquiry to the address below will put a
team of specialised engineers at your disposal.

Mullard

Pkl gxiertoxaibe “TICONAL’ PERMANENT MAGNETS . MAGNADUR (Formerly Ferroxdure)
eing extruded into
PERMANENT MAGNETS - FERROXCUBE MAGNETIC CORE MATERIAL

rods for H.F. cores.
- MULLARD LTD,, COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2.
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Marconu U.H.F %

Signal Generator

T'ype TF 762C

Signal Generators for the 300-900 Mc/s Band

In these U.H.F. Signal Generators more than five feet of
continuous scale provides exceptional discrimination and accuracy

over the entire range.

TF 762C TF762C/2
FREQUENCY Range : 300 10 600 Mc/s 450 to 900 Mc/s
Direct Discrimination : 0.5 Mcfs 1 Mcls
Absolute Accuracy : +1% +1%
OUTPUT Source Impedance : 52 or 15 ohms as ordered 52 ohms only
Maximum Output : I mW 0.8 mW
Attenuation Range : 100 db 110 db

3 MODULATION

INTERNAL : (@) 50-50 squarewave at approx.
1,000 c/s accompanied by squarewave
synchronising signal of approx. 150 volts
amplitude at a high sowrce impedance.

(b) Nomiinally 80-usec pulse at 1,000 c/s
accompanied by squarewave synchronising
signal as above.

EXTERNAL : Provision is made for external
squarewave or pufse modulation,

MARCONI iNsTRUMENTS

SIGNAL GENERATORS . BRIDGES « VALVE YOLTMETERS - Q METERS . WAVEMETERS
FREQUENCY STANDARDS + WAVE ANALYSERS - BEAT FREQUENCY OSCILLATORS

MARCONI! INSTRUMENTS LTD « ST. ALBANS ¢+ HERTS « TELEPHONE:ST. ALBANS 6161/7
Midland Office: |9 The Parade, Leamington Spa Northern Office : 30 Albion Street, Kingston-upon-Hull
Export Office: Marconi House, Strand, London, W.C.2

vii
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BRITISH POST OFFICE Two-motion Selector
test requirement 1,000,000 calls =

G.E.C. SE 50 Selector

completes 5,000,000 test calls -

— Is the SE50
too good ?

No two-motion selector can be foo good! The only
measure of efficiency and reliability is endurance. To
prove that the SE 50 lives up to the claims of reliability
and low maintenance costs, G.E.C. have conducted tests
which exceed British Post Office requirements 5 times.
This means that in its service life will be concentrated an

almost limitless reserve of capability and efficiency.

_cutting the cost | nanks 10
of maintenance
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Selector
Graft

The Type 32A selector was designed to
ensure a high standard of performance and its
success has been such that it is now the basic
selecting mechanism in some 1700 public
exchanges distributed in over 40 diflferent
countries of the world. In addition, the
Type 32A selector is used in many thousands
of Private Automatic Exchanges (P.A.X.)

As a result of this vast experience, several
improvements have been embodied into the
original design and the Type 32A Mark IT model
may fairly be described as representing the highest

peak of proved selector design yet achieved.
In main automatic exchanges various automatic
and manual testing devices operated by a small
skilled stafl are sufficient to ensure that, whatever
the traflic, the selectors are maintained at their
highest efficiency. In small exchanges, however,

with their lighter loading, the equipment can be

left completely unattended for long periods,

as has been the normal practice for many years
with R.A.X., U.A.X. and P.A.X. installations
throughout the world.

Lubrication is the only essential regular
routine and this operation can be performed
without removing selectors from their shelves

or disturbing their adjustments. Regular

observance of this simple routine ensures a
high and consistent level of performance. TYPE 32A MARK II SELECTOR

AUTOMATIC TELEPHONE AND ELECTRIC CO. LTD.
)

EXPORT DEPARTMENT: STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2
Telephone: TEMple Bar 9262. Cablegrams: Strowgerex London. Strowger Works, Liverpool, England. Zicorn

AT7781-A104



—have these outstanding features

High operational speed
The Carpenter Polarized Relay will respond to " .
weak, ill-defined or short-duration impulses of High sensitivity
differing polarity, or it will f'ollm'av weak allernati.ng Freedom from contact
current inputs of high frequencies and so provide rebound
a continuously operating symmetrical changeover
switch between two different sources.
Dimensionally the relay is interchangeable with .
the type “3000” relay and can be supplied to fit High contact pressures
LDCOIAES - fiirectl’}" to the drilling normally provided for the Accuracy of signal
et AT iy repetition
o k. Five basic types are available with a wide range
i g, of single and multiple windings.

No positional error

Ease of adjustment

@l Manufactured by the sole licensees

TELEPHONE MANUFACTURING GO. LTD

Contractors to Governments of the British Commonwealth and other Nations

HOLLINGSWORTH WORKS * DULWICH * LONDON SE21 - Tel: GIPsy Hill 2211

"

COIL WINDERDS

The large illustration depicts the or rectangular coils up to 6 in, each in
improved “Douglas” Fully Automatic length and up to 44 in. diameter. As
Multi-Winder, specially developed for many as 12 smaller coils can be wound

the high speed production of large quan-
tities of coils with or without paper inter-
leaving. It will produce round, square

Sole Proprietors and Manufacturers:

/he AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.LTD.
WINDER HOUSE* DOUGLAS STREET » LONDON * S.W.1 Jefaphona: V/CTORIA 3404/3,

simultaneously within thetotal available
winding length of 15 in. at headstock
speeds of between 600 and 2,000 r.p.m.

Our new Cata-
logue is now ready,
and a copy will be
sent to interested
executives on ap-
plication.

xi



The photograph, taken at a large chemical works in
London, shows the insulation and protection of ex-

posed pipes. These are insulated with Onazote,
wrapped with adhesive tape, followed by plastic
bitumen dressing and finished off with aluminium
painted DENSELT TAPE, spirally wrapped over the
plastic bitumen dressing.

Full information from. :

WINN & COALES LTD.

DENSO HOWUSE, CHAPEL ROAD, LONDON, S.E27

Telephone : GIPsy Hill 4247/8 Telegrams : Denselte, Westnor, London

VALUABLE FREE BOOK

Tells You How to Pass Your C. & G.or
Promotion Exam. at First Attempt!

All Post Office Engineering personnel who are
anxious to obtain early promotion should at once
send for a copy of our handbook “ENGINEERING
OPPORTOUNITIES,” which among other mtensez
interesting matter describes our unique metho
of preparation for TECENICAL APPOINTMENTS
IN THE POST OFFICE (Assistant Engineer-—
New Style and Assistant Traffic Superinten-
dent), CITY AND GUILDS ATIONS in
Principles of Telecommunications (1-5), Radio
(1-4), Telephone Exchange Systems (1.3), Tele-
graphy (1), Line Transmission (1 and 2),
Line Plant Practice (1 and 2), Mathematics for
Telecommunication (1=5), Eiectrical Engineering
Practice (Prelim, Inter. and Final), and outlines
a wide range of non-examination courses in all
branches of Electrical, Mechanical, Civil, Auto-
mobile, Aeronautical and Radio Engineering.

Assistant Engineer and Assistant Traffic

Superintendent. Open competitions

now resumed. Age extensions for

established Civil Servants. Ask us for
full details

We definitely guarantee
“NO PASS—NO FEE”

If you intend to make the most of to-day’s oppor-
tunities, you cannot afford to miss reading * nﬁemﬁfm
ING OPPORTUNITIES.” It tells you everything you want
to know to secure advancement, and describes many oppor-
tunitics you may now be missing through lack of information.
Send for your copy to-day—FREE and without obligation.

st o BIET

OF ENGINEERING TECHNOLOGY
369 COLLEGE HOUSE,
29-31 WRIGHT’S LANE, LONDON, W.8

MW")

'
NT 2
675 The NT2 is a very small
mm cold cathode diode of
L wide application: e.g.,
in counters, storage
circuits, low current
stabilisers and so on.
mm MAX Whilst the Hivac CC3L
is the ideal small wire-
‘ ended indicator, the
NT2 gives a clear
bright indication when
15°0 in operation and so
mm MIN can often serve a dual
function in electronic
- 4 circuitry.
RATINGS
Nominal strike voltage 80V.
Nominal maintaining voltage
at 0-5 mA. ... 60 V.
Maximum power dissipation 0-06 W.
Maximum current for con-
tinuous operation ... 1 mA.
THE SCI::“F
‘V VE
BRITISH === MADE

~

STONEFIELD WAY
VICTORIA ROAD, RUISLIP, MIDDX.

Telephone: Ruislip 3366

Xil




@ Polarised Relay

%  High magnetic sensitivity

%  Lavge winding space - High copper efficiency
%  Symmetrically balanced movement

%  High Thermal and Shock stability
*

Low susceptibility to magnetic interference

@ Type 1A Relay

Exceptionally high sensitivity
Balanced movement

High Thermal and Shock stability

* % * %

Hermetically sealed

Catalogue available on application to : —

Head Office : 22 LINCOLN’S INN FIELDS LONDON WC2 Tel: HOL. 6936

€17
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Improved high and low
pass filters

TEN CUT-OFF FREQUENCIES IN ONE COMPACT PANEL

THESE Mullard variable cut-oft' filters, originally developed in conjunction with the
British Post Office, represent a marked advance in filter technique. New design features
together with the use of Ferroxcube pot cores have resulted in a valuable reduction in
panel size, as well as high attenuation characteristics outside the passbands. Frequency

ranges are controlled by a single sclector switch — Insertion logs dB

an especially important facility in frequency analysis. 70
The ten cut-oft frequencies of the high pass and I r\

low pass filters are so arranged that the filters may | Average response: 60

be used in pairs to provide very narrow frequency a‘:;":,ﬁf’;m‘e':;

samples. | g
Brief technical details of the Mullard filters at

present available are

given here; communi-
cation engineers and
research workers who
may require more com-

prehensive information “ e

® © @ 0 00 00 00 0 000 O 0 O O 0 O O O O O OO OO O 00 00 002000 Q@ 90 00

are invited to apply to Fi i A L e
the address below. S @ 30, S -
High-Pass Filters (Type GFF.001/02) T 03 BE 18 ¢
CUT-OFF 440, 660, 990, 1480, 2222, 3333, f/lc (low-pass) and fc/l (high-pass)
FREQUENCIES (fc) 5000, 7500, 11250, 16800 c/s selected
by 10-way switch
IMPEDANCES Input and output 600 ohms, balanc- Low-Pass Filters
ed or unbalanced (Type GFF.001/0 I)
STOPBAND At 0.8 x fc— 50 dB
ATTENUATION At 0.6 x fc —60 dB CUT-OFF 400, 600, 900, 1350,
FREQUENCIES 2025, 3040, 4500, 6830,
PASSBAND 3dB + 1dB from 1.1 x fc to 20 or (fc) 10250, 15400 c/s select-
ATTENUATION 25 kcfs depending on cut-off ed by 10-way switch
Tsauency (IC) IMPEDANCES  Input and output 600
DIMENSIONS 19 in x 31 in X 6 in deep. ohms, balanced or un-
balanced
STOPBAND At 1.25 x fc — 50 dB
ATTENUATION At 1.35 x fc — 60 dB
PASSBAND 2dB=£ 1dB from 50 ¢/s

ATTENUATION (0 0.9 x fc
DIMENSIONS  19in x 34in x 6in decp

Mullard (T

SPECIALISED ELECTRONIC EQUIPMENT

MULLARD LTD., EQUIPMENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2
) (M1433)
X1v



P OW E R behind the lines

TUNGSTONE PLANTE CELLS are being regularly supplied to the
British Post Office and Post and Telegraph Departments in many countries
overseas. They conform fully to G.P.O. Standard specifications.

OPEN TYPE CELLS

Similar to the illustration here, these are
available in glass and/or lead lined wooden
boxes incapacities from 100 a.h. to 5000 a.h.

REPLATALS

We are in a position to supply plates
for the replating of existing Planté
Batteries.

ENCLOSED TYPE CELLS

As illustrated below, these are in moulded
glass boxes with sealed-in lid. Capaeity
range from 10 a.h. to 200 a.h.

PORTABLE TYPE BATTERIES

A range of portable type Batteries is in
regular production, made to G.P.O. specifi-
cations, for ancillary duties.

Overseas customers are invited to cable or write their enquiries for batteries
or parts. Visitors to London are welcome at our offices. (Just off Fleet Street.)

10 SALISBURY SQUARE, LONDON, E.C.4, ENGLAND.

TUNG STONE Batiteries

For further particulars write : TUNGSTONE PRODUCTS LIMITED,

Cables: *“ Dilutum”’ London.

xv




™" TRANSBOOSTE

. is an improved method of voltage control, used in
5o volt telephone exchanges to ensure a smooth and
uninterrupted D.C. power supply. It is designed to hold
D.C. output voltage within limits of 4 19, from 1/20th up
to full load and is independent of mains voltage variations
of —109%, to 4 6%, and frequency variations from 48 to
52 ¢/s. The applications of this equipment are extensive,
and full details of: '

CONSTANT POTENTIAL RECTIFIERS

can be obtained on request to Dept. P.O.E.E.].7

_ WESTINGHOUSE BRAKE & SIGNAL CO. LTD., 82 YORK WAY, KiNG’S CROSS, LONDON, N.I

The latest Walter Jones Ringing, tone
and pulse machine gives more output
in less space. Made in battery
operated and polyphase mains
operated models. Output: 80 watts
of ringing qurrent, 400 c.p.s.
400/33 c.p.s. and dialling tones.
Tones are of adjustabfe level.

It has capacity for sixteen inter-
rupters of simple or multiple spring
piles. It is suitable for rack mounting

with vibration insulation between

machine and rack. Tone and ringing

alternators have permanent magnet

fields and require no exciting current,
chokes or controls. Mains operated
machines have no brushes nor windings .
on the rotating member and are free
from radio interference.

— — ——————— — —— ——— ——— t—

WALTER JONES

& COMPANY (ENGINEERS) LIMITED

CHARLTON WORKS - NEWLANDS PARK

. SYDENHAM - LONDON - SE26
! Tel: SYDenhom 6264-5

xXvi



W h Y - tbey C’éoose

'BICALEX" WINDING WIRES?

MANY OF- THE LEADING MANUFACTURERS
OF ELECTRIC MOTORS USE ‘BICALEX’ WIRES

* Bicalex’ Winding Wires give you all the well-recognized
advantages of standard enamel winding wires, plus special
advantages of their own. Some of these are listed on the
right.

If you have any of the following jobs on hand you will
find these wires of particular interest.

¢ High-speed winding and applications where the
fitting of preformed coils involves the possibility of
mechanical damage.

* Windings where space is limited or coil size must
be a minimum.

* Windings which are to be impregnated with quick-
drying synthetic varnishes of high bonding strength.

* Dry unimpregnated windings which may be subject
to high humidity.

The dielectric strength of ‘ Bicalex’ Winding Wires fully
satisfies the requirements of B.S.1844. For fuller informa-
tion write for Publication No. 322.

Brook Motors Ltd., Huddersfield, use large quantities of
*Bicalex” Winding Wires. The illustration shows a stator
being wound with * Bicalex * coils at their factory.

BECAUSE

THEY'RE TOUGH —to withstand rough handling

High speed winding and its attendant rigours do not harm them. They
can be stretched, twisted and even fattened without the insulation
being damaged.

THEY'RE EXTREMELY FLEKIBLE

A wire may be wound round itself without the covering cracking.
Operators like them for hand wiring jobs.

THEY RESIST NEARLY ALL VARNISH SOLVENTS

The use of * Bicalex * Wires considerably extends the range of impreg-
nating varaishes that may be used.

THEY WITHSTAND 110°C WITHOUT ‘*AGEING "

Though * Bicalex * coverings come under the category of Class “A”
(organic) insulation, prolonged exposure to this temperature produces
no “‘ageing” effect.

THEIR COVERING WILL NOT ** TUBE™

The covering of * Bicalex * Wires adheres completely to the cunductor,
thus guarding against damage by *'plucking, or “tubing’ on elongation.

THEY RESIST CONTAMINATED AND HUMID ATMOSPHERES

Acid or alkaline atmospheres do not damage the insulation. [ts
breakdown strength is not lowered by exposure to high humidity.

WINDING WIRES

BRITISH INSULATED CALLENDER’S CABLES LIMITED
2| BLOOMSBURY STREET LONDON W.C.1




MURPHY-SKILLMAN
Multt Channel Radio Links

will provide

ONE to TWELVE 3,400 cycle TELEPHONE CHANNELS

or

ONE to SIXTEEN 2,800 cycle TELEPHONE CHANNELS

complete with either dialling facilities or ringdown signalling convertible at any time and at no
extra cost to dialling. We rather think that the radio equipment illustrated, when combined
with Skillman gear on the opposite page, provides the

CHEAPEST COMMUNICATION CHANNELS EVER OFFERED CONFORMING TO
CONSERVATIVE TELEPHONE PRACTICE

The illustration shows a radiotransmitler, receiver and power
supply with covers removed. All mount on standard telephone
racks.

~MURPHY RADIO LTD.
Welwyn Garden City, Herts

% Considerably cheaper than equivalent copper wires.
% Can be installed where lines arc impracticable.

% Rapidly and easily set up—aerials, A.C. Mains and V.F. lines
only to be connected.

% Compactly built—complete with 6 telephone chaunels—6’ rack
complete with 12/16 telephone channels—8’ 6“ rack.

|I|HIIII||I|HIIII!I||lI|IIIII||I|||||I||||||l||i|||||||l||||||l||||||||l||l|IIlIIIiIIiIIIIIiIIlIIIIIIIllllml b~

% Choice of two radio frequency bands available—170 Mes or 420 Mcs.
% All telephone chaunels flat to C.C.LF. limits.

% V.F. Telegraph, telemetering or similar facilities can be worked
on any channel.

% Easy Maintenance—all panels are built on a plug-in basis.

% Valves are standard types and mounted fer rapid replacement.
“In service” valve testing is provided.

The combined skill of the Murphy and Skillman organisations is
available to meet requirements for larger groups. Skillmans have
already supplied over £125,000 worth of channelling gear on radio
links, mostly 16-channel equipment and mainly to Civil Aviation
Authorities. With the new Murphy developments, we are now in
a position to engineer projects up to 120 channels.

T.S. SKILLMAN & CO. LTD. T.S.SKILLMAN & CO.PTY.LTD.
Colindale, London, N.W.9 Sydney, N.S.W.

xviit



SKKILLMAN

Twelve Channel Groups

COMPLETE WITH DIALLING EQUIPMENT

for use on

CARRIER TYPE CABLES

12, 24 or 48 Channel Groups are available conforming, in all respects to
C.C.I.F. recommendations.

COAXIAL CABLES

60 Channel Super Groups are available to C.C.I.F. recommendations.

RADIO LINKS

Up to 120 Channels can be provided on existing links or in conjunction
with new Murphy developments (see opposite).

"lllﬂlmlllllIII||||I|l||l|||llIlIIHII!IIIIII!IIIIIIlIIJI|i|II)IIIIIIIIHIIHIIIIIIIIIlIIIIIIIIIJIIHIIJIIl|l|||||i

% Each channel reaches the switching equipment as a voice circuit plus the
equivalent of two extra copper wires from end to end for signalling.
The advantages of this from standardisation and organisational points of view
are becoming widely recognised and, in making any economic studies, the
complete elimination of the large groups of relays, required for pulse signalling
systems, should not be overlooked.

% Can be combined with T.O.M.E.

The illustrotion shows 24 channel ends, complete with signalling gear, 2-wire V.F. terminations, amplifiers, eic., ull
mounting on one side of a rack; 48 channels will mount on a double-sided rack.




Right I‘OUHd the WOrld, men know what Alton means. A storage

battery—with a distinctive merit entirely its own. Where can distinction lie, in an era of rigid
battery standardisation? One answer is that, in Hampshire, Alton means something else—a little
countrytown. A town with a busy, neighbourlylife wichin its boundaries, and the peace of lovely
and unspoilt countryside beyond. A place where the sky is clean and growing things do well:
flowers and fruit and children; a woman’s pride in the home she makes—a man’s in the skills
of his trade. Making something better than ‘well enough’ is a habit that grows stronglyin Alton

soil. And Alton batteries are made by Alton men.

BATTERIES OF MERIT

Alton stationary batteries: [0 to 5,000 Ah. Also in regular
production, renewal plates for all makes of battery, British and Continental

A2SA

The Alton Battery Company Limited - Alton - Hampshire - Telephone: Alton 2267 and 2268 Telegrams: Battery, Alton

XX



UNDULATORS

MODELS 309 & 310

4 Model 309 with single
recording part.

Model 310 with two
recording parts.
4

Both models can record signals
up to 300 w.p.m.
Supplied with A.C. or D.C. motors,
as required.

e
Also manufactured with built-in
amplifiers under catalogue
numbers 311 and 312 for
single and double recording,
respectively.

GREAT NORTHERN TELEGRAPH WORKS -

DIVISION OF THE GREAT NORTHERN TELEGRAPH CO. LTD.

4, SYDHAVYNS PLADS LONDON OFFICE: 5, ST. HELEN'S PLACE
COPENHAGEN SY, DENMARK LONDON E. C. 3.

xXi



a new
T.ID.VI S

The T.D.M.S. 5 & 6 are portable sets
designed to measure distortion at any point
in a radio teleprinter or line

telegraph circuit without interfering
with normal transmission.

The equipment consists of two units
each 12" x8"x 7", both mains

driven and electronically controlled;
either may be used independently

for certain tests or both may be used in
combination to cover a

comprehensive range of testing operations

You are invited to apply for a copy of a
descriptive brochure which describes
the equipment in detail.

S Xxii

Radio and Transmission Division,

Automatic Telephone & Electric Go. |

Strowger House, Arundel Street, London, W.C.2. Telephone : TEMple Bar 9.




1.D.M.S. 5.

Sends an automatic test message or

characters or reversals at any desired
speed and/or percentage of distortion.
The CRO has a circular time base

for distortion measurements or

relay adjustment.

.

1.D.M.S. 6.

For distortion measurements on working circuits
without interrupting service. Each element of a start-
stop signal appears separately on the spiral time base

display. Adjustable speeds from 20-160 bauds.

td.

2. Cablegrams: Strowgerex London,
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HE Pye company is known
throughout the world for its
research and development
work on television. Notable advances
have been the introduction of the
first transformerless receiver, Black
Screen, Automatic Picture Control,
and the new 13 channel TV

receivers. The demand from the

great ~broadcasting networks of
America for television cameras

I - . )

and transmission equipment

produced by Pye continues to

increase week by week.




Intensive research into every aspect of television has enabled
Pye to lead in all these fields and similar foresight has now
resulted in the introduction of a special camera for industrial
use. The new camera is small and will transmit an extremely
bright picture without special lighting. Large numbers of
trainees can thus study the detail of a demon-

stration from screens in an adjacent lecture

room, and harmful or potentially
dangerous processes may be viewed

by research scientists without risk.

(g
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Communication

A recent example of Standard’s activity in the field
of radio engineering is the DS.13—40 Kilowatt single side-
band radio telephone transmitter designed and manufac-
tured by the Company for the New Zealand P. T. & T.

Administration. Made available for carrying H.M. the
Queen’s Christmas message to Britain and the
Commonwealth this transmitter is installed at
Himatangi 75 miles north of Wellington.
The service with the U.K. constitutes
the longest radio telephone link

in the world.

‘A member of the New Zealand P. T.
& T. staff making adjustments during
installation.

J o h anneasburiyg




and Gontrol

Standard’s wide resources, their
long expertence in the design
and manufacture of systems and
equipment for telecommunica-
tions and control, have enabled
them to produce an extensive
range of apparatus for use in all
parts of the world.

These resources and experience
are at your service, either for the
systems listed or for their
development to meet specific
needs, as well as for the supply
of products including:—

SenTerCel Selenium Rectifiers

Power Factor Correction
Capacitors

Power Cable
Thermionic Valves
Quartz crystals
Magnetic alloys

Srandard systems include :—

Telephone

Telegraph

Radio Broadcasting
Radio Communication
Radio Navigation

Sound Reproduction
Remote Control

Remote Indication
Telemetering

Railway Communication
Railway Control
Communication Cable
Airfield Lighting Control
Street Lighting Control
Fire Alarm

Totalisator

Public Indicator
Signalling (Office and Factory)

and Caobles Limired
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VITREOUS ENAMELLED WIRE WOUND RESISTORS
Range from 5 watts to 250 watts 2 Resistance tolerance *19 or 5% on Resistors
up to 10 watts, 259 on Resistors above |10 watts - Maximum resistance 100,000 ohms.
Designed to conform to current R.C.S.C. Specifications

PAINTON
Noilhamplon Cngla
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Submerged
Repeaters

Siemens Brothers have recently
designed and manufactured
telegraph terminal equipment and
submerged repeaters to extend the
traffic capacity of the Anglo-Danish
coaxial cable supplied in 1950 by
their associated company,

Submarine Cables, Limited.

By the provision of special terminal
equipment and two submerged
repeaters approximately 100 nautical
miles apart, the number of
teleprinter traffic circuits that can be
operated by the Great Northern
Telegraph Company (of Denmark)
over this 306 nautical miles submarine
cable has increased from 24 to 72.

““View of a Submerged Repeater being lowered from the deck of the Great

Northern Telegraph Co:npany’s cable ship ‘Eaouard Suenson’.

This equipment, designed and manufactured at our Woolwich Works,
was supplied through Submarine Cables, Limited.

IEM EN SIEMENS BROTHERS & CO. LIMITED, Woolwich, London, S.E.18,
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There are five sizes. and f ve :mportant features of ..

CURRENT RATINGS
L.25 L.50 L.75 L.100 L.150
¥ VITREOUS ENAMEL BONDED = 7.07 8.66 10.00 12.50
3.54 5.00 6.12 7.07 8.66
% HIGHEST MECHANICAL STRENGTH ey B L T - R
1.82 2.58 3.16 3.65 4.47
%% MAXIMUM ELECTRICAL PERFORMANCE i3 | ia | 44 | % AT
o | ise | 18 | i e
¥ MINIMUM SIZE IN RELATION TO 578 818 1.00 115 141
.500 707 866 1.00 1.23
POWER DISSIPATION w2 | 2 | dn | 505 | “8e
m | el 2| 35 7
¥ CAN BE USED IN TROPICAL 158 224 274 316 388
129 183 224 .258 316
SITUATIONS WITHOUT MODIFICATION i iéé E:’é :ﬁ? ?3?:
. — 3 Jd15 4
— — —_ .100 12.125

....BERCQO 70ROIDAL RHEOSTATS

Ask for list 6134, which gives full technical details and prices, from :
THE BRITISH ELECTRIC RESISTANCE CO. LTD..

Queensway, Ponders End, Middlesex. Telephone : Howard 1492 Telegrams: Vitrohm, Enfield.  Pioneers of the toroidally wound power rheostats in England.
BRIZI-AH

Electrical Standards for

Research and Industry
- Testing and Measuring Apparatus

DIRECT READING for Communication Engineering
VARIABLE CONDENSERS

WITH NOVEL AIR CAPACITANCE
DECADE RANGE EXTENSION

SULLIVAN & GRIFFITHS

This air dielectric condenser comprises a decade of
air capacitance and a continuously variable air condenser
thus giving a scale accuracy ten times that of an ordinary
variable condenser of the same range.

Thus a decade of capacitance is provided—permanent in
value and entirely free from loss, the only loss present in
the complete combination of decade and variable con-
denser being that due to the solid insulating material
which is ordinarily employed in the construction of the
latter.

The variable condenser has a range of 100uuF which is
extended to 1100uuF by ten increments of 100uuf, all
adjusted with accuracy so that the decade is absolutely
direct reading in puF, no corrections or calibration being
necessary.

LIST No. C880

H. W. SULLIVAN, LTD., LONDON, S.E.I5.____|
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= Put your name on our mailing list

for
TECHMNIQUE

A JOURNAL OF INSTRUMENT ENGINEERING

MUIRHEAD & CO. LTD - BECKENHAM . KENT - ENGLAND
MAKERS OF HIGH GRADE PRECISION'ELECTRICAL INSTRUMENTS

o~
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EXPERIMENTAL
OUTFITS

LEARN THE
PRACTIGAL WAY

Whether you are a student for
an examination, starting a new
hobby, intent upon a career in
industry or running your own busi-
ness—these Practical Courses are intended
for YOU—and may be yours at very moderate cost

EASY TERMS FROM £1 A MONTH

With these outfits, which you receive upon enrolment, you are given
instructions which teach you in easy stages the basic principles of the
subject concerned. A tutor gives Individual help and guidance through-
out the Course,

COURSES WITH PRACTICAL EQUIPMENT INCLUDE: — Radio (Elementary
and Advanced), Television, Mechanics, Electricity, Chemistry,
Photography, Carpentry. Also Draughtsmanship, Commercial Art,
Amateur SW, Radio, Languages, etc.

POST THIS COUPON TODAY .
Send me your FREE book on Practical Courses.} E-M.I.

FOR THE RIGHT CONNECTION To E.M.I. INSTITUTES, Dept. 22X, 43 Grove Park
INSTITUTES

[

] |
FREDER'CK SMITH & COMPANY '}NAME ]'TheonlyPostaICo!-

| !

|

|

Road, Chiswick, London, W.4.

ANACONDA WORKS, SALFORD. 3, LANCS. ADDRESS | Leﬁomi;hsj: f:g.l.so:f

/54 1c24 l riol organisation.

incorporated 1n The londen Elcctric. Wics Compaay and Smiths Limited.
Associated with The Livert-c! Electiic Sable Co. Lid, and Yactite Wire Co. Lid.




TELEPHONE DISTRIBUTION
EQUIPMENT

ENGINEERS WHO ARE INTERESTED
IN TELEPHONE DISTRIBUTION EQUIP-
MENT ARE INVITED TO REQUEST
SECTION T.C.13 OF OUR TELECOM-
MUNICATION CABLES CATALOGUE.

TELEPHONE: W TBLEGRAMS
“acwes  IIRELLIAJENERA SOUTHAMFTON"

CABLE WORKS, Ltd., SOUTHAMPTON

~.

EDISWAN

Telephone Line Protectors

Surge currents induced on telephone lines by electric
storms or breakdowns on neighbouring power lines may be
effectively controlled by Ediswan telephone line protectors.
These special electrode gas discharge tubes have been
developed in collaboration with G.P.O. Engineers to provide
economical and effective protection for telephone systems i
without impairing the service. ’
Full details (;f these protectors and their application is i
given in the Ediswan publication C.1581 which is availabic
on application. Ii
THE EDISON SWAN ELECTRIC CO., [LTD. |

155 CHAR]N_G CROSS ROAD, LONDON, W.C.2 ;’
Member of the A.E.I. Group of Companies /

Printed by SANDERS PHILLIPS & CO., LTD., The Baynard Press, Chryssell Road, London, S.W.9, and
Published by BIRCH & WHITTINGTON (Prop. Dorling & Co. [Epsum], Lid.), Epsom, Surrcy.
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