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The Production of Quartz Resonators for the C. F. BOOTH. AMLEE.

London-Birmingham Coaxial Cable System

and C. F. SAYERS

In this article, which will be continued in subsequent issues of the Journal, the authors describe the nature of quartz crystals
with particular reference to the imperfections affecting their use as resonators in electric wave filters.

Introduction,

HE high order of frequency discrimination
I required in the initial modulation and the final

demodulation stage in the London-Birmingham
Coaxial Cable System?! is achieved with the aid of
lattice filters employing quartz resonators, the present
design being such that 32 resonators are required for
each speech circuit, i.e., 1,280 per supergroup of 40
circuits. It is true to say in fact that the system is
based on the application of the quartz resonator
to the filter problem.

Although considerable experimental work had been
carried out by the British Post Office on quartz
oscillators and resonators prior to 1935, when the
design of the coaxial repeater and terminal equipment
was commenced, little or no work had been done on
large scale production and no published papers on
the subject were available. In consequence of this
almost total lack of authentic information, it was
necessary for the authors, who were given the task of
supplying the resonators for the first supergroup, to
carry out a comprehensive investigation-before the
actual production could be considered.  This
investigation of necessity covered every phase of the
work, and included the drawing up of a specification
for the raw material, the development of cutting
machines, of lapping systems, of electrode plating
equipment, of testing equipment and the solution of
the several other problems required to complete a
process in which a gold plated quartz resonator
mounted in a sealed holder and of resonant frequency
within + 10 c.p.s. of the specified value was produeed
from the natural crystal.

It is not possible in the space of this article to
discuss in detail, either the theoretical aspect of the
subject, on which much has already been written,
or the many and varied difficulties which the authors
encountered in setting up the Crystal Laboratory.
It is proposed only to consider the solutions in broad
outline so far as the resonator is concerned; the
problem of oscillator production is much more difficult
and will, it is hoped, form the subject of a later
contribution. To enable the reader to obtain a fairly
complete picture of the subject, the natural quartz
crystal will be briefly described before the specification,
cutting and lapping of the raw material and the testing,
mounting and electrode plating of the resonators are
considered.

1 P.O.E.E.]., Vol. 30, pp. 206, 270, and Vol. 31, pp, 51, 132.

THE QUARTZ CRYSTAL

Crystal Structure.

Quartz, Si O,, is one of the commonest crystalline
substances known to the crystallographist. The
crystal form is a hexagonal prism terminated at each
end by apparent hexagonal pyramids and it is clearly
illustrated by Figs. 1 and 2. Close examination shows,
however, that the development and characteristic

z
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Fi6. 1.—RiGHT AND LEFT HAND CRYSTALS.
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course the untwinned portions are serviceable.
Unfortunately for the engineer concerned with the
production of quartz oscillators and resonators
almost all crystals are twinned to some extent by one
or both varieties, or even by a combination of the two.
Although classical examples are obtained of twinned
crystals in which the twinning is readily detected from
the external crystal form, this is the exception rather
than the rule and in the great majority of crystals the
presence and extent of twinning is not obvious
unless recourse is made to an internal examination
rendered possible when the crystal is cut.

Quartz crystals are found in all parts of the world
but, owing to their smallness, twinning and other
imperfections, the main sources of supply of good
quality material are Brazil, Madagascar and Japan.
The material employed for the quartz resonators
described, is Brazilian crystal.

Priezo-electric properties.

When a quartz crystal is subjected to mechanical
stress in the direction of any one of the three digonal
axes, electric charges equal in magnitude and opposite
in sign are developed at the extremities of the three
axes, the magnitude and sign of the charges being
dependent upon the magnitude and sign of the
mechanical stress. Thus, if a compressional stress
occurs along a digonal axis, equal negative and
positive charges are released at opposite ends of this
axis and reversal of the stress causes the sign of the
charges to reverse, the magnitude of the charge
being dependent upon the stress magnitude. Similarly
a compressional stress applied in a direction
perpendicular to a digonal axis and to the Z axis
will produce equal and opposite charges at the
extremities of the digonal axis, the charge polarities
being opposite to those obtained when a compressional
stress is applied along the digonal axis. The signs of the
released charges in terms of compressional forces
applied along the digonal axes are indicated in Fig. 1,
the three prism edges bearing the sx modifications
become negative and the remaining edges positive.
This phenomenon, which is known as the * direct ”’
piezo-electric effect, is reversible, as a difference of
potential applied along a digonal axis will produce a
mechanical strain along the axis. This is known as
the *“ converse  effect. The relation between the signs
of the strain and the potential difference is in agree-
ment for the two effects.

Crystal Axes and Types of Cut.

In consequence of the piezo-electric effects along
the digonal axes these axes are called the “‘electric”
or X axes. Reference will be made to a third system
of axes, the Y axes, of which there are three mutually
at right angles to both the X and Z axes. To sum-
marise, three systems of axes will be referred to, the
Z, X and Y axes, of which there are one, three and
three respectively. The three sets of X and Y axes
occur due to the trigonal symmetry of the crystal
about the Z axis. In a crystal of perfect form, one
comprising a regular hexagonal prism doubly termin-
ated by a pair of complementary rhombohedra, the Z
axis is parallel to the prism axis and the X and Y axes
are parallel to lines which are perpendicular to the
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Z axis and respectively bisect the prism angles and
the prism sides. In general, however, the prism is
irregular and the axes are parallel to the dotted lines
shown in Fig. 4 which is a view of a slab cut from
a natural crystal, the cutting planes being perpen-
dicular to the Z axis. It must be remembered that
the X, Y and Z axes respectively refer to directions
and not to unique axes.

The notation used in this article is in accordance
with the findings of the sub-committee set up by the
Department of Scientific and Industrial Research?
to clarify the confusion which arose on quartz
nomenclature. Space does not permit of reference to
the many types of cut employed in the quartz art ;
the commonest cuts are, of course, the X and Y cuts,
ie. cats respectively perpendicular to the X and Y
axes, the dimensions of the plate parallel to the three
axes being x, y and z. The X, Y and Z planes refer
to planes respectively perpendicular to the X, Y and
Z axes.

Applications to Frequency Stabilisation and fo Filters.

When a quartz plate is subjected to an alternating
electric stress, of which there is a component along the
X axis of the plate, the plate is set in mechanical
vibration at the frequency of the electric stress. The
amplitude of vibration is small unless the frequency
of the applied potential approaches coincidence with
one of the natural vibration periods of the plate
when the amplitude is increased many hundreds of
times. To apply the alternating electric stress, it is
necessary to mount the crystal between two metal
electrodes, each of which may or may not be in
intimate contact with one of the plate surfaces.
For analytical purposes the plate with electrodes
contiguous to the crystal surfaces may be represented

2 The National Paysical Laboratory. ‘“ Notation for Piezo-
electvic Quartz.”” 1933.
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by an equivalent electrical circuit, Fig. 5b, in which the
series chain L, C and R represents the vibrator and
C, represents the quartz dielectric, ie., the electro-
static capacitance between the electrodes. When the
electrodes are not contiguous to the surfaces the
equivalent circuit is as Fig. 5a, where C, is the
resultant capacitance between the crystal surfaces
and the electrodes.

The performance of the crystal when associated
with an electrical circuit is determined by replacing
the crystal by its equivalent circuit. The natural
vibration period of the plate is that of the resonant
frequency of the series circuit L, C, R, the values of
which are dependent on the plate orientation with
reference to the crystallographic axes, the plate
dimensions and the oscillation mode. It is apparent,
therefore, that a quartz crystal may be associated with
an electrical circuit and caused to self oscillate on one
of its natural frequencies by virtue of the piezo-
electric coupling which exists between the mechanical
vibration and the electrical circuit. In consequence of
the large value of L/C and the small value of the
decrement, the ovscillation frequency of a quartz
controlled oscillator is determined primarily by the
elastic constants of the quartz and by its dimensions,
being affected only to a secondary degree by the
constants of the associated electrical circuit. In
view, therefore, of the durability of quartz and of its
low thermal-elastic and thermal-linear expansion
coefficients, the frequency stability of the quartz
controlled oscillator is of an order unobtainable with
the tuned circuit oscillator at the present state of the
art. The high Q and L/C values also make practicable
the design of filters operating on tadio frequencies
with band width and frequency characteristics which
are even better than those of the highest grade coil and
condenser filter designed for low frequency operation,
and this application, which bids' fo become even
more widely employed than the oscillator application,
is considered in this article.

To clarify the difference between the oscillator and
resonator it might be said that the former is associated
with a valve system to maintain a continuous oscil-
lation, the energy being obtained from the electrical
system and the oscillator frequency being determined
primarily by the crystal constants, whereas the
resonator is driven by an electrical system but does
not affect the frequency of the applied oscillation.

The Quartz Resonator.
The natural vibration frequency of an infinitely
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l b = — —_—
ong bar is given by f 3 J p

where ¢ is the elastic constant in the direction of
vibration in dynes/cm?
p is the density in grams/cm?3

and | is the length of the bar in cms.

When the ratio of 1 to the larger of the other two
dimensions is greater than 20 the error due to the
finite length of bar is very small. The oscillation
frequency of a finite bar is thus proportional, to a
first approximation, to the length of the bar. The
constant, k, is known as the frequency constant and is
expressed in kilocycle-millimeters.

Thus = 10%

where f is the oscillator frequency in kc.p.s.
k is the frequency constant in kc.mm.
and 1 js the length of the bar in cm.

From a knowledge of the value of k the approximate
length of a vibrator for a given frequency may be
calculated.

The type of cut used for the resonators employed
in the equipment of the first 40 circuits of the London-
Birmingham coaxial cable is the X cut, the Y wave,
which is a longitudinal vibration due to the transverse
piezo-electric effect, being employed. The frequency
constant and the frequency-temperature coefficient
vary according to the values of x, y and z. When z
and x are comparable and each is less than y/10 then k
approximates to 2,700 kc.mm. and the frequency-
temperature coefficient to —2x10-¢/1°C. If x is kept
small and z is increased to approach y, then the
constant decreases and the coefficient increases. Thus
for the ratios y/z =2 and y/z = 1 they are of the
order of 2,650 kc.mm., —10%x10-¢/1°C and 2,400
kc.mm.,—50x 10-8/1°C respectively.

A y/z ratio of 2 is employed and the series resonant
frequencies of the bars, 1.e., resonant-frequency of
series circuit L, C, R, lie in the range 62:389 to
99-222 kc.p.s. The corresponding values of x, y and z
are 0-734, 42-51, 21-25 mm and 1-690, 26-73, 13-36mm.
The specified dimensions and frequencies of typical
examples of the 32 sets each of 40 plates produced
for the first supergroup are detailed in Table 1. It
should perhaps be stated at this stage that due to the
fact that the elasticity surface of quartz is not a
sphere, the direction of propagation of the Y wave is
not coincident with the Y axis, the angle which this
direction subtends to the Y axis being dependent on
the ratio y/z. For the ratio y/z = 2 the angle is some
19° and the nodal plane of the Y wave is rotated about
the X axis by that ameunt and is perpendicular to the
X plane.

TABLE 1
Dimensions of Quartz Resonators.
N Dimensions in mm | Series Resonant
Resonator 0- frequency of Y
required |y v z | wave in kc.p.s.
201 40 0-734 | 42-51 | 21-25 62-389
211 40 1-031 | 36-69 | 18-35 72-280
221 40 1-410§ 30-34 | 15-17 87-404
231 40 1-829 | 27-26 | 13-63 97-291
232 40 1-690 | 26-73 | 13-36 99-222




SPECIFICATION OF THE NATURAL CRYSTAL
Crystal Faults.

The accumulation of a stock of suitable raw material
was of primary importance and before the specification
is detailed, the chief faults which render the crystal
useless for the piezo-electric application and the
methods which have been developed for the inspection
of both cut and uncut crystals will be discussed.

In addition to twinning faults, the quartz crystal is
subject to internal flaws which also more or less
impair its use for the production of oscillator and
resonator plates. These flaws are of two distinct types;
in one, they appear in the form of needle-like fractures
which radiate from a common point in straight lines
in all directions, and these are thought to be crystals
of rutile which have grown with the quartz crystal.
The second type, the most common variety, consists
of cracks which do not occur in straight lines and
planes; and have been caused by mechanical strain
set up directly by mechanical shock or indirectly by
thermal gradients in the crystal. When an unflawed
crystal is subjected to sudden temperature changes
numerous ‘‘ strain ” cracks appear throughout the

crystal and it has been observed that a small *“ strain ’
fractuge in a crystal will grow until it spreads through
the crystal.

Another common defect in quartz is the inclusion
of foreign matter of a sub-microscopic nature which
gives rise to “ smoky ”’ quartz. It has been stated
that -the included matter is a hydro-carbon or other
organic material. Two varieties of smoky quartz are
found, in one the coloured bands of a Z slab are
parallel to the m faces, whereas in the other they are
curvilinear. The former appears to have been caused
by inclusion during the crystal growth and the
latter to diffusion from the crystal faces after the
completion of crystal growth. A discontinuity in the
growth of a crystal often produces what is known

a.‘“ghost 7 crystal. It would appear that the
crystal growth has stopped temporarily, and a deposit
of foreign matter has formed on its faces before the
growth has recommenced. With a transparent crystal,
the halt in the growth is clearly visible by reflection
from the surfaces of the kernel crystal. It frequently
happens by the denuding action of water that crystals
are washed from the “ parent *’ source into river beds
and become worn to such an extent that all trace of
the original crystal faces are lost; such specimens are
known as waterworn crystals.

When it is realised that the resonator plate should be
free of the defects which have been indicated, of
which the twinning forms and the needle fractures
often are undetectable from an exterior examination
of the natural crystal, it will be appreciated that the
specification and selection of crystals from an external
examination is a difficult and almost impossible task,
and for a positive test recourse must pbe made to
cutting.

Etching Tests.

It was known that the natural etch patterns which
are frequently observed on the m, R and z faces of a
crystal indicate the presence of one or both of the
twinning varieties. Because of the simplicity of the

process a comprehensive examination was carried out
to determine the practicability of laboratory etching
in the detection of twinning.

Quartz solvents are aqueous hydrofluoric acid
(HF acid) and solutions of the alkaline hydroxides
and carbonates, and the tests to be described em-
ployed hydrofluoric acid, strength 30 parts acid to
70 parts water, at room temperature. Specimens for
microscopic examination were etched for several days
although it was found that visual indication of twin-
ning faults could be produced in some 20 minutes. Itis
not proposed to describe in detail the photo-micro-
graphs which were obtained during the investigation,
as this work will be published elsewhere. It can be
stated, however, that the work was complete and
characteristic etch patterns for the natural crystal
faces and the X, Y and Z planes of both untwinned
quartz and of each form of twinning were determined.
The characteristic etch patterns which are described
have been adopted by the authors as representing the
best graphical interpretations of the patterns observed
by microscopic examination with transmitted light.
Early experiments proved that although crystals
frequently possess natural etch .patterns only very
poor results are obtained when attempts are made to
etch unprepared surfaces, and it is advisable togive the
surface a fine matt finish. -

Pure Electrical Twinning.

The twinned portion of the crystal has suffeced
180° rotation about the Z axis with reference to the
remainder of the crystal, both parts being of the
same hand. In consequence, the twinned and un-
twinned parts develop their electric axes in opposite
senses. The harmful effect of this twinning on the
plate performance is obvious, thus on the application
of a mechanical stress along the X axis of an X cut
plate, Fig. 6a, the electric charges released on the
twinned and untwinned parts of the X planes are of
opposite sign. The resultant piezo-electric effect is
therefore diminished, approaching zero when the two,
areas are identical, and the magnitude of the necessary
piezo-electric coupling between the mechanical

-—SIGN OF RELEASED
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x PLATE\

TWINNED

PORTION PLATE SUBJECTED TO

COMPRESSIONAL STRESS

(a) Z PLANE OF AN ELECTRICALLY TWINNED L H, CRYSTAL VIEWED IN
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)

(b) LH.CRYSTALCOMPLETE INTER-
PENETRANT TWIN OF CORIENTA- (c)L.H. CRYSTAL INTERPENETRANT
TIONAL TYPE. TWIN OF ORIENTATIONAL TYPE.

Fi1c. 6.—ExaMPLES OF PURE ELECTRICAL TWINNING.
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ning clues normally consist of natural etch figures
on the m faces but in many crystals no external
evidence is present.

A more certain test than is afforded by the
superficial examination of the crystal is essential for
the positive identification of the presence and
extent of this twinning form. It is clearly shown by
an etching test of a prepared specimen, but there is
another simple and ready means whereby this may
be accomplished in prepared samples. The method
is an optical one, and takes advantage of the * rotary
power ' of quartz. When plane polarised light is
transmitted through a Z slab in a direction parallel
to the Z axis, the plane of polarisation is rotated by
the quartz, the amount of the rotation is a function
of the radiation employed and is directly proportional
to the thickness of the slab. If an optical system
employing plane polarised parallel monochromatic
light is set up, Fig. 10, the nicols being crossed to
give total extinction, then when a Z slab is inserted
in the light field it shows a uniform coloration,
and it is necessary to rotate the analyser to obtain
total extinction.

Replacement of monochromatic light by white
light results in colour effects which are both brilliant
and beautiful, particularly for slabs between 3 and
10 mm thick, the specimen is uniformly coloured,
and rotation of the analyser causes the colour to

COMBINED ELECTRICAL &
OPTICAL  TWIN

change. The order of colour change
is decided by the hand of the quartz

and the direction of analyser rota-
tion; for a R.H. crystal and
anti-clockwise rotation, viewed in
the direction from the analyser to

TWINNED the light source, the colour order is

Ho- PORTION,

Z PLANE VIEWED IN =DIRECTION Z PLANE VIEWED IN = DIRECTION
OF 2

X PLANE VIEWED IN — DIRECTION X PLANE VIEWED N = DIRECTION
OF X

L HCRYSTAL. WITH TWINNED PART

OF R H FORM, R FACE OF TWINNED OF RH FORM, R FACE OF TWINNED

PART COINCIDENT WITH R FACE
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towards the blue end of the spec-
trum, and is reversed for clockwise
oF z rotation. With a L.H. crystal the

order is reversed for corresponding

analyser rotations. These colour

effects are due to the variations of
TWINNED the rotary power with the radiation.
PORTION The colour obtained when the slab
is inserted in the light field, the
nicols being crossed, is decided by
the slab’s z dimension and is the
complement of the colour of the
extinguished rays. Rotation of the
analyser causes the latter to change
and in consequence the observed
colours undergo a complementary
change.

Should the test slab be made up
of LH. and R.H. quartz on a
common Z axis, i.e. be optically
twinned, the twinning plane com-
pletely penetrating the slab parallel
to the Z axis, then the extent and
boundary of the twinning is clearly
demonstrated, for as the analyser
is rotated, the colours of the two
parts are complementary, except
for two positions 180° apart, m
which they are identical. With
monochromatic light the definition
of twinning is distinct but the colour effects associated
with white light are replaced by mere intensity

Z SLAB VIEWED IN = DIRECTION Z SLAB VIEWED N = DIRECTION
OF

OF X

{a) R FACES OF TWINNED AND (b) R & 3 FACES OF TWINNED
UNTWINNED PARTS COINCI- AND UNTWINNED PARTS CO-
DENT. INCIDENT.

TFic. 9.—Two Types or PERFECT IN1:RPFNETRANT CHIRAL
TwiN.

variations, and, in general, increased sensitivity of
detection is obtained with white light.

Two polariscopes for parallel white light analysis
are available, one is a precision instrument for experi-
mental work and the other is a workshop tool
employed in the production process. In the workshop
instrument the first polarisation is obtained by
reflection and the second with a polar screen. The
design of the second instrument is illustrated in
Fig. 10. Nicols are used for both analyser and polariser
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Channel Filters Employing
Crystal Resonators

H. STANESBY, AM.LE.E, and
E. R. BROAD, B.A.

By replacing some of the elements in certain wave filters by crystal resonators it is possible to realise attenuation characteristics
which approach closely to the ideal. The article analyses the properties of a band-pass filter in which this substitution may
be carried out. When quartz crystal resonators are used this type of filter may, with advantage, be employed on 12-channel
and broad-band carrier systems. It is shown that in the general case there are three parameters governing the propagation
constant of each filter section. Attention is given to a case of particular interest in which only one parameter remains
and a symmetrical propagation constant characteristic is obtained. Charts are reproduced which facilitate the computation
of the attenuation and phase constants and the necessary design formulae are developed. A method of computing the
tota insertion-loss of a multi-section filter is stated and an example is given showing the agreement between the computed
and measured characteristics of a typical channel filter.

Iniroduction.

T is now approximately two decades since the

Idevelopment of the electric wave filter first made
carrier telephony a practical proposition ; indeed,

one of the first applications of wave filters was to this
branch of telecommunications. Until recently the
performance of filters has been limited seriously by
the dissipation of the inductors incorporated in them.
However, within the last year or two this limitation
has largely been removed. For many filters it has
been found possible to replace the more important
inductors and some of the condensers by electro-
mechanical resonators having very low dissipation
factors, with the result that the filter performance can
be made to approach much more nearly to the ideal.

During approximately the same period, but not
necessarily as a result of this development of electric
wave filters, carrier telephone technique has been
applied to very much higher frequencies and wider
frequency bands. Perhaps the most notable example
is to be found in the London-Birmingham broad band
telephone system, already described in some detail
in this JourNAL.! This system, like the experimental
system set up by the Bell Telephone Laboratories
between New York and Philadelphia?, employs
channel filters incorporating quartz crystal resonators.

Since the type of crystal filter employed is likely to
find application in various branches of telecommunica-
tions, it has been considered desirable to present a
more detailed study of its properties than has hitherto
been published.

The filter following a channel modulator in a multi-
channel carrier telephone system has several out-
standing requirements to fulfil. It has to introduce
uniform and relatively low attenuation to the desired
side-band over a frequency range governed by the
audio-frequency response it is desired to realise.
Qutside this range the attenuation must rise rapidly
in order that the opposite side-band shall be eliminated
and other frequencies present in the output from the
modulator shall not interfere with adjacent channels.
Further, if complication is to be avoided, the filter
must be suitable for operating in parallel with the
other channel filters with which it is associated.
Similar properties must be possessed by the filter
preceding a channel demodulator.

For certain reasons which will not be discussed
here, in such a system as that adopted on the London-
Birmingham coaxial cable it is not desirable that any

'P.O.E.E.J., Vol. 30, pp. 206, 270 ; Vol. 31, pp 51, 132.
2B.S.T.]., January, 1937, p. 1.
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of the side-bands be located below about 60 kc.p.s. If,
inaddition, the audio-frequency band to be transmitted
is approximately 3 kc.p.s. wide and the channels are
to be spaced at mtervals of 5 kc.p.s. or even 4 kc.ps.,
it is clear that the attenuation just outside the pass-
band must rise to a high value for a very small
percentage change in frequency.

When the London-Birmingham system was first
projected, Mason’s now classical introduction to
crystal filters® had just been published, and in view
of the extraordinary performance claimed for them
it was decided that the channel filters should if
possible be of that type.

Preliminary Description.

In order to avoid unnecessary duplication of
published information, those interested in the
properties of quartz crystal resonators and in a
general survey of some of the filter sections in which
these resonators can with advantage be used, are
referred to Mason’s original paper and to later contri-
butions to these subjects.* For the sake of complete-
ness, it is desirable, however, to include some of the
information already presented in these articles.

Before considering in detail the filter that has been
adopted, it is helpful to have some qualitative ideas
relating to quartz crystal resonators and indicating
the way in which they may be introduced into the
filter network. By cutting a resonator according to
certain well-defined rules it is possible to make it
have a primary resonance of a predetermined
frequency and fairly well removed in frequency from
other natural modes. As consideration will be
restricted to frequencies in the neighbourhood of the
primary resonance, the presence of other natural
frequencies will therefore be ignored.

As is well known, for frequencies in the neighbour-

Lx Cx

Cy
F16. 1-—ELECTRICAL EQUIVALENT OF A (QUARTZ CRYSTAL.
hood of a natural mode of vibration the equivalent

circuit of a quartz crystal resonator may be repre-
sented as shown in Fig. 1. Owing to the fact that

3B.S.7.J., July, 1934, p. 405.
4B.S.T.J., October, 1937, p. 423 ; and January, 1938, p 125.



the internal friction losses and the electrical power-
factor of quartz are both remarkably low, as far as
is known they are lower than in any other substance,
the resistance of the elements in the equivalent circuit
is usually neglected. The equivalent circuit has a
reactance-frequency characteristic of the general
form shown in Fig. 2 in which the two critical
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F16. 2.—REAcTANCE FREQUENCY CHARACTERISTIC OF
RESONATOR.

frequencies fx and fy never differ by more than about
0-4 per cent. By virtue of this equivalence some of the
inductors and condensers in a filter may, in certain
cases, be replaced by resonators.

If all the advantages that may be derived from
using resonators in a filter are to be realised, all the
inductors must be displaced by resonators, or alterna-
tively, those inductors which remain must not modify
the shape of the transmission-frequency characteristic.
Frequently this cannot be done, but fortunately in
the present case it is possible to approach the ideal
closely.

The filter section upon which the design of the
channel filters has been based is that shown in Fig. 3.

L 2 C2
Lo l'—

> Co

Fic. 3.—FIrLTER SECTION.

Subject to certain limitations which will be considered
lJater, in each of the series arms a resonator may
replace L,, C, and part or the whole of Co. Similarly
L,, C; and part or the whole of C; may be replaced
by a resonator in each lattice arm. The inductors
L, and L,, with their accompanying dissipation
remain. As it is impossible to dispense with these
inductors, it is necessary to arrange that their dissi-
pation does not affect the shape of the attenuation
characteristic adversely.

By separately equating their short-circuit and open-
circuit impedances it can be shown that the two
networks, A and B, in Fig. 4, are equivalent. This
demonstrates that if the resistances of the inductors
Lo and L, are equal they may be regarded as directly
in series with any impedances with which the section
may be terminated. It is then possible to regard
these resistances as forming part of the terminating
impedances of a resistanceless section, the external
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Fic. 4 —EQUIVALENT NETWORKS.

impedances forming the remainder. If the section is
designed to allow for the fact that the effective
terminating impedance includes this extra resistance,
the only effect of the latter will be to increase the loss
uniformly over the whole of the pass-band. In
practice it is often convenient to make the inductances
Lo and L, equal and to replace them by inductances
in series with the terminals of the network as shown
in Fig. 5.

Fi1c. 5.—CHANNEL FILTER SECTION.

General Properties of Filter Section.

Lattice Section.  Until comparatively recently
practically all electric wave filters were based upon
the familiar ladder structure, filters of this type having
been developed to a high degree by Campbell, Zobel
and their associates. Within the last few years.
however, the theory of filters utilising the more
general lattice or bridge structure has been developed
to a considerable extent, notably by Cauer® and
Bode®; but at present the published information
relating to these lattice filters is highly mathematical
and generalised, and is not therefore suitable for use
in determining the properties of any one particular
type of section in detail.

5 Physics, 1932, p. 242.
¢ B.S.T.J., April, 1935, . 215



The filter section it is proposed to consider in
connection with the application of resonators is one
of the simpler types of lattice section.

It is desirable to recall some of the fundamental
properties of the lattice network. Let Zx and Z,
be the total impedances in each of the series and each
of the lattice arms respectively. The characteristic
impedance? Z; and propagation constant P of the
network are given by :

Ix = \/Zx Zy
P —2tanh-! 4/5_ .................... (@)
¥

It will be assumed that Z, and Zy are pure reactances.

From an inspection of these expressions it can be
seen that when Zx and Z; are reactances of the same
sign Zx will be reactive and P will be real ; the network
will attenuate; in particular when Zx and Zj are
equal the attenuation will be infinite.® When Zx
and Zy are of opposite sign Zx will be resistive and P
will be wholly imaginary; the network will not
attenuate but will merely alter the phase of currents
flowing through it. In fact, it is quite easy to sketch
the general shape of the characteristic impedance and
attenuation constant characteristics from curves
showing the way in which Z: and Z, vary with
frequency.

Crystal Filter Section.—The properties of the
filter section shown in Fig. 3 will now be considered.
The series and lattice arms will have reactance
characteristics of the form shown in Fig. 6. In
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Fi1G. 6.—REACTANCE-FREQUENCY CHARACTERISTIC OF
FILTER ARMS.

general the critical frequencies will, however, be
different for the two arms, i.e. anti-resonance in one
arm will not coincide with resonance in the other. At
very low frequencies and very high frequencies the
reactance of bo.h arms will be of the same sign, the
section will therefore attenuate and, if none of the
critical frequencies coincides, there will be six inter-
mediate points at which the reactance of one arm
changes sign relative to that of the other. There will
therefore be six frequencies at which the network
changes from attenuation to free transmission or
vice versa, and three discrete transmission bands.
If the disposition of the critical frequencies is

" A lattice network is essentially symmetrical; the image
and iterative impedances are therefore identical. It is
convenient to denote both by the term * characteristic
impedance.”

81f the network is regarded as a balanced bridge this is
immediately apparent.

256

altered so that a critical frequency in the series arm
coincides with one in the lattice arm, the foilowing
changes will occur in the attenuation characteristic,
Every time two resonant or anti-resonant frequencies
are made to correspond two adjacent attenuation-
bands will coalesce. Every time a resonant frequency
is made to coincide with an anti-resonant frequency’
two adjacent pass-bands will coalesce.

The only conditions that can be considered are those
in which a single band-pass results. Of these two are
of interest. In one the section can be made to have a
relatively constant characteristic impedance in the
pass-band, but yields only a narrow band-width when
used with crystal resonators; this occurs when the
upper and lower pass-bands are made to vanish. The
other arises when all three transmission bands are
confluent ; this yields a wider pass-band and a
characteristic impedance which is desirable when
operating a number of filters in parallel. The condi-
tions under which this occurs are indicated in Fig. 6,
in which the full curve represents the reactance
characteristic of one arm and the dotted curve that
of the other. This case will now be considered in
detail.

AnaALysis OF CRYSTAL FILTER SECTION.

In this section it is proposed initially to shéw that
the characteristic impedance of the section is identical
with the mid-series image impedance of a * constant
k ”’ ladder filter. The manner in which the propaga-
tion constant varies with frequency will then be
studied with particular reference to the frequencies
of infinite attenuation. The results will be related to
the insertion-loss characteristic. Finally the design
formulee will be developed.

Characteristic Impedance.

Let the elements of the series and lattice arms be
designated as indicated in Fig. 3 and the critical
frequencies numbered as in Fig. 6, in which the full
curve relates to the series arm and the dotted curve
to the lattice arm. It can be seen by inspection
that f, and f, are the two cut-off frequencies.

If Zx and Z, denote the impedances of the series
and lattice arms respectively, it can be shown by
applying Foster’s Theorem? that :

? — o) (wg? — ?) 3)

Ze= —j Lo (@ =0 (0 — )
’ w (ws? — w?

Zy = =L, (@ (‘:22 (3'4:27 @)
(w,=271)

Substituting in equation (1) the characteristic
impedance is given by :

It will be noticed immediately that the characteristic
impedance is independent of w, and wy.

9 B.S.T.J., April, 1924. p. 259.



If Z, be the value of the characteristic impedance
at the mid-band frequency fn where :
fmz = fl f4

then
— W wy) (w0 — w; wy)

Zo==1VL1, J Wy Wy
=(wyg—w)VLoL;.eooviviiiiiiit, (6)

Zo will be called the Nominal Characteristic
Impedance.
From equatlons (8) and (6)

(@® — wy®) (0 — wg)
Zo w? (cu4 — wy)?

- DG

_— w1)2

2, 2
Wy Wy

2 __
— w® — 2w, w + o

1 —
(wq — “’1)2

S )

(wy — wl)

Dividing top and bottom of the fraction by wm?
and remembering that w/wm = wm/w4

[, @ o
- e ‘:;:) ........

This expression is of the same form as that for the
mid-series image impedance of a  constant k "’ ladder
type band-pass filterl®

Propagation Constant.

Let the ratio of the impedances of the series and
lattice arms be denoted by K. The propagation
constant P will be given by the equation :

P=2tanh-14/K................ (8)
Zx ’
where K = 7,

Hence provided Zx and Z, are purely reactive, K will
be a positive or negative real quantity.

Let the attenuation constant and phase constant
be denoted by A and B respectively, whence :

P =A4iB..........c..il. 9)

When K is positive its square root will be real and
the solution of the equation (8) may be shown to have
the following results. (See Appendix 1.)

{a) 0 < K <1,
A=2tanh-*4/K.............. (10)
B=42n7

®) K> 1.
A—2coth /Koo, (11)

B=#w+2n~w -

10 “ Transmission Networks and Wave Filters,” by T. E.
Shea, p. 315.

{¢) K=1. -
A= . iiiiiiiiiiiiiiiieee (12)
B is indeterminate.

This condition corresponds to a discontinuity in the
phase characteristic.

When K is negative the square root will be
imaginary and the solution of the equation (8) is
shown in Appendix I to give the following root only :

@ 0> K.

From equations (3) and (4) the value of K is given
by the expression *

K = I;“ (a’l2

L, (“’42 -

which is positive when o < w; and @ > w,, but is
negative when w; << w <{ w,, i.e. when the frequency
under consideration lies in the pass-band.

— @?) (“’32 — w?)? .
o?) (o — B T

Attenuation Constant.

The general conditions governing the attenuation
constant are given in equations (10), (11), (12) and
(14). It will be seen from equation (12) that the
attenuation constant becomes infinite when the value
of K is 4+ 1. The frequencies f,, at which this
occurs are therefore given by :

L, . (0)12 _ wmz) ((1)32 — wwz)z _

le (0 — @8 (g — w,?)? 1...(9)
Let Lo k2 e (16)
Ly
Equation (15) may then be written in the form :
awltholttco+d=0....... (17)
where
a=1—Kk?
b=‘“[(w42_k2 2)+2( —k2w3)]
c = (wot— k2 wyh) + 2 (w,? we® — k2 wy? wy?)
d = — (! 0 — K 0,® wg?)

It will be observed that odd powers of w,_ are absent
and that the equation has the form of a cubic in W,
The roots of equation (17) will therefore be of the form

a, —a, B, —B, ¥, —y. When a, 8 and y are all real
there will be three positive real roots and three
frequencies at which the attenuation constant becomes
infinite. The number of real roots depends upon the
values of k, w;, wy, wz and w,. There will always be
at least one frequency at which the attenuation
constant is infinite ; this may, however, be located
either at zero or inﬁnity.

When designing a filter the cut-off frequencies and
the frequencies at which maximum attenuation must
occur are usually fixed by the performance require-
ments. It is therefore proposed to obtain expressions
for the critical frequencies f, and f;, and the ratio, k2,
of the inductors L, and L;, in terms of the cut-off
frequencies f, and f,, and the frequencies f,, at
which the attenuatlon constant becomes infinite.
An explicit solution of equation (17) is therefore
unnecessary.
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Expressions for [y, fy and k. Equation (15) may be
rewritten in the form :
k2 (ws? — w2 =

2 __
Wy @,

.................... (18)
each side of which can be made to take the form of a
perfect square b2y puttmg

vE — _:i%__i’— ...................... (19)
1 w©

This substitution is permissible because w, < w,
< w, is a forbidden region for w_,, and the expression
on the right-hand side of (19) is therefore always

positive.
Expressing w,,? in terms of y?:
V2w ® — w,?
wmz = “—;5—__——1—'%4 .................. (20)

Substituting for w2 in equat2i0n (18) :
2
o (o — Vo m ol }

y2—-1
V2w2___w2 2
:y2 (w22,_ ‘_‘Sv—;t—l—il—) ........ (21)

On taking the square root of both sides of this
equation'! and expanding, the expression has the
form :
VHws? — w?) — y? (ws® — w Pk
+ V(0 — @) — k(w0 — wg?) =0 ..(22)
Since w; < wy < wy < wy, and k can be taken as
positive, this equation has three positive roots. 12, If
d,, d, and d; are the roots of the equation, D, E and
F may be defined as follows :—

2 _ 2
D=Q+%+%:kﬁti% ......... 23)
2—0)22
E =d,d,+ dydg + dgd, _W e (24)
2
.
_ddc13_1<—————w22_w12 ........ veve..(25)

Taken together these last three equations are the
implicit solution for y, which is a function of «w_
From equatlon (19), dl, d, and d, are given by

ne

Using equatlons (23) to (26) wy, wg and k may be
expressed in terms of w,,, w, and w,. This can be
carried out by assigning values to w,,, and hence to
d,, using (26) this in turn fixes the Values of D, E
and F, and it can be shown that :—

2 __ wl+E w?

w, T o e 27
D w2 + F w2
2 _ 4 1
wy? = DT e (28)
D-+F
k SR e ..(29)

1t This step is justified in view of the fact that equation (21)
is an equation in y? only. The square root taken yields the
positive roots of y and the other the aegative roots. It isonly
necessary to use the positive roots of y in view of equation
(19).

12 If k is taken as negative the other square root of equation
(21) yields an equation with positive roots.

258

Parameters D, E and F. The only restrictions
imposed upon the parameters D, E and F, when
electrical elements are used, are that they shall be
positive and real and that D x E shall be greater
than F, conditions which are met by taking the
positive root of equation (26). The frequencies at
which the attenuation constant becomes infinite may
all be arranged on one side of the pass-band or
distributed in any manner; in fact, two of the
frequencies can be made to disappear by assigning
themn complex values.13.

The quantities D, E and F are more convenient
design parameters than w,_ although obtained
therefrom. The final design formule will therefore
be developed in terms of the former together with the
cut-off frequencies and the nominal characteristic
impedance. The significance of these parameters
becomes apparent by considering equations (27) and
(28) ; it will be seen that w,? divides the interval
between w,® and w,? in the ratio 1:E, and ws?
divides the interval in the ratio D : F.

It is interesting to examine the conditions under
which one or more of the parameters can be eliminated.
Certain important cases arise under these conditions
which will now be discussed. If the ratio of the
inductances L, and L, is fixed, D, E and F bear a
definite relationship ; in particular, if L, equals L,,
k becomes unity and :

E=D+F—1...cccceviiiiiiinn... (30)

This imposes the restriction that one of the roots of
equation (22), say dj, is equal to unity. Interpreting
this in the light of equation (26), one of the frequencies
f;, must be infinite. Mention was made of this
earlier when discussing the effect of coil dissipation.

If a further relationship be fixed between D, E and
F, only one independent parameter remains. Since
one of the three frequencies f,, has receded to
infinity, it is convenient to arrange the remaining two
in some symmetrical manner about the pass-band.
Equation (26) indicates that the most suitable dis-
tribution is based on an arithmetical symmetry of
the squares of the frequencies involved. Thus it is
convenient to make :

w? — Wt = Wl — wt
1
whence d; = N
and furthermore, since d; is unity,
D=E, F=1..iiiiiiiiiiiiiinnnnans (31)

Equations (27) and (28) for w,? and w,? respectively,
become :
s w4+ Daw?®

w, T cctrrtrrreeereees (32)
D w? -t w?
2 4 1
Wyt = T e (33)

It will be seen that w,? divides the interval between
w,? and w,? in the ratio 1:D, while wg? divides the
interval in the ratio D .1. The whole attenuation

137f d, and d, are chosen as complementary complex
quantities and d, is real, D, E and F will be real and the
network may still be realised.



characteristic and the critical frequencies are sym- When the conditions set out in equation (31) obtain,

metrical when plotted against the square of the K may be written in terms of one parameter only :
frequency. The axis of symmetry {2 is given by : .
92 — f2 4 f,2 c = EDP (39)
R L, (34) p* (D + p?)®
~ 8+ ¢ it LEDP? \
Computation of Attenuation Constani. Having A =etal p (D - p?)
introduced suitable design parameters it is proposed 14-Dp?
to indicate a convenient method of calculating the STD T of) <1
attenuation constant. ? (D' + 77 ) (40)
It has been shown that the attenvation constant A o 1 14 Dp* ot
.o ; A =2coth™! —mi—"5
is given by : p D F pd
A=2tanh-1y/K (K <1) 1+Dp®
A=2coth-1 /K (K> 1) P (D+p?)
Substituting in equation (14) using equations (27) to Expressions (38) and (40) are speciall
] pecially adapted to
(29), K may be expressed as a function of D, E, F, computation. The use of the variable p instead of f
wy, wg and . renders the expressions independent of the absolute
(D+F?2 wl—? [Dw2—o?)+Flol2—o?)]? values of the cut-off frequencies and makes it possible
K= TFER of—wt [(wf = ol FE(wf—ad)? to construct curves which are of general application.
0 When D is equal to E and F is unity is most impor-
_(1 + E) tant in view of the symmetry of the attenuation
(D -+ F)2 constant characteristic. Curves have therefore been

computed for this condition which show the relation-

2__ 2 2__ 2 2 _ 92 I
| w® [Dlw, @) +F(aw, w?)] ..(35) ship between A and p with D as parameter. These

wl— 0 |(0f — @) + E(w? — o) are reproduced in Fig. 7.
2 __f2
Let p?= ;42 _;2 .......................... (36) Phase Constant.
1 . In a number of applications it is desirable to ascer-
Then K — (F4+Dp?? (37) tain the manner in which the phase constant B varies
PEEFpe trrtrteneeeeee in the pass-band.
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F16. 7.—CHART FOR DETERMINATION OF ATTENUATION CONSTANT.
F 4 Dp? From equation (13), the value of B in the pass-
and A = 2 taph-1 I;_ band is given by :
p(E +p?) B=2tan-1 4/ — K
F -+ Dp? 1 Substituting in the expression for K given in equation
pEFPY < .39 (37) using the relat’uonshlpf Y e
or A=2coth_1Fl—ipo: Q= PP =g e (41)
&+ » 4/ — K may be written as:
F_,I_Dp—>] K_F_Dq2 49
p(IL -+ p2) '\/— = (ﬁ——_qz-) .............. ( )



In the pass-band g2 is positive and q is therefore
real.

The phase constant B is then given by :
F—-Dq?

q(E - )
This expression is a convenient one for calculation.
It will be observed that B depends upon the three
design parameters D, E and F. These may therefore
be used either for adjusting the attenuation constant
or the phase constant characteristic.
The important case in which D is the only remaining
parameter yields the following expression for the
phase constant :

B =2tan"1

B =2tan-1

1—-Dgq?
q (D—q?
Curves showing the relationship between B and q
with D as parameter are reproduced in Fig. 8.

by using one of the well-known network equivalents.

The elements of the original network may be
expressed in terms of those of the second network :

Ly =Ly eeore e (45)
4
L, =1, (1 + 5_2 ............... (46)
C
Co = g e (47)
.,
Co = gl e (48)

The second network may be considered as con-
sisting of three anti-resonant circuits in series where
Cy=0 and L'c=o. The reactance-irequency
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Fic. 8. —CHART FOR DETERMINATION OF PHASE CONSTANT.

Values of Electrical Elements.

The properties of the filter have been studied, first
of all in terms of one element of each arm and the
critical frequencies. These may be regarded asthe
fundamental constants of the filter. Later, certain
parameters, more closely allied to the performance of
the section, were introduced. Before the electrical
network corresponding to the filter section can be
fully defined it is necessary, however, to obtain
expressions for the values of the individual elements.
These expressions will first be derived in terms of the
fundamental constants referred to above. The
design parameters D, E and F and the nominal
characteristic impedance Z, will then be introduced.
Finally these expressions will be simplified to corres-
pond to the condition where parameters E and F
are eliminated. .

The series and lattice arms of the filter section both
have the configuration shown in Fig. 9a. Such a
network cannot be regarded either as a combination
of anti-resonant circuits in series or resonant circuits
in parallel, as is required for the direct application of
the second part of Foster’s Theorem. It may, how-
ever, be transformed into the form shown in Fig. 9b,
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F1G6. 9.—ILLUSTRATION OF NETWORK
TRANSFORMATION.

characteristic is shown in Fig. 10 where the critical
frequencies are numbered in accordance with the
requirements of Foster's Theorem. Applying the
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theorem the values of the elements of the second net-
work are given by :

1 w,?
Clo = ‘f," ) 22 3
4 W wg
C/ — 1 . w22
2 L, (w32 — wy?) (“’22 - w12)
S __ 2 2 2
L, =1, - (g ws?) Swz 2

Wy



Substituting these values in equations (45) to (48) .

(0, — wy® + w32)2 19
L. — . ... {(49)
PR e — 0 (e — o)

1 We? — wo?) (wy? — w,? _
(‘B I (23 5 22)( 22_1— 1)2 ..(DU)

L, w,? wg (W — wy? - “’3)

1 1
e e e . 51
€ L, w? — wy? + wg? (51)

These expressions mav be used to give the values
of the elements in the original filter section shown in
Fig. 3 in terms of the original critical frequencies f,,
f,, f; and {,, indicated in Fig. 6, and the inductances
Loand L, :

2 _ 2 22
L, =L, . (wi‘;l_ wz‘;)’z(ajzz‘f 1012) ..... (52)
2 __ 2 2 __ 2
Cy :Li . w(::iuaz (:))122)_(605,22 +w;)3)2) --(33)
Co = _Il_ e 0)122 e (54)
2 _ 2 1 2\2
L, 1L, (wi;vi o o)’ CRRCY
2 __ 2 2 2
Cy = 'Iljl ' 0,(2;02,42 (:,):2 )_(w332 _’_w02)4)2) ... (56)
G :fll ’ *m ......... (67)

It has been shown earlier that the nominal charac-
teristic impedance Z, is given by :

Zo = (w, — w)V Lo L,
Also, the ratio of the inductances L, and L, has been
defined as k% whence L, and I, may be written :

140 == uk—Z‘O"‘ ...................... (58)

L, = — 2
! k (wg — wy)
From equations (23) to (25) defining the design
parameters D, E and F respectively, it may be
shown that :

2 1

Wy — w? = iTE (W — ) ... (60)
D .

wy? — wy DIT ( w® (61)
DE-—-F

wg? — wy? = m—m (wg? — w?). . (62)

2 F
(JJ42 — wyg" = m (w42 - (1)12) ........ (63)

w2(DE—F)-+aw?D+2F+EF)
D+F(14E

@ (DE—F)+ w2(D+2F+4-EF)

(D+TF) 1+ E)
...................... (65)

2

9
w2~ wy+ wy? =

"2
Wy

_w32+w42 —

Finally, substituting inequations (52) to (59) using the
above expressions, together with equations (27) to
(29), the values of the filter elements may be expressed
in terms of the cut-off frequencies, the nominal

characteristic impedance and the parameters D, E
and F :

Zo DL+F "
Lo = w4__w1 . 1 + E .................... (bb)
 Ze 14 E -
Ll == a—);—wl . m .................... (b/)
Lo % [w2(DE—F)+ wD-+2F+EF) *
T wy—w; T (1+E) (DE=F) (w2 —w?)?
...................... (68)
Lo %o [w2(DE—F)+w2(D 2F L EF)1?
? T wy—w,  F(D+F) (DE—F) (w—w??
...................... (69)
C, — @1~ % 1+ E)?
° Zo = w2 (DE—F)+w?((D+2F+EF)
...................... (70)
C _ @ (D + F)2
17 77, w2 (DE—F)+w,? (D 2F+EF)
...................... (71)
Cy = “’42_0

(DE—F) (w*—w*)?
w2(Dw | Fo2) [wDE—F)+ @ (D+2 F—{—FiF)g

wy— @y

C; = 7.

F DE—F) (w—w,?)?
" wg? (w2 +Ewp?) [w(DE— F)+w42(D+2F+FF)§

In the important case in which D is equal to E and
¥ is unity the above formulz reduce to the form :

Zo -
La = I‘l = a— oy T “4)
_Ze [wHD—1)+2w,2? -
Ly, = o, (D—I) (@ —wg? (75)
 Ze . [w?iD—1)202? -
Ly = o, D—Diwog—wd® (76)
 wy—wy 14D -
Co - Zo . a)42(D—1)+2w12 .......... (1 l)
gy 1+D -
C, = Zo " wfD=1)1Zag (78)
C, — X% (D—1) (we?—w?)?
: Zo wDwl+w?) | wi(D— 1)+2w12j
...................... (79)
Wq Wy (D—1{(wf—w?)?
C; =

Zo w42(Dw12+w4)[w1 (D— l)+2w4“§

Limitations Imposed by Resonators.

A complete discussion of quartz crystal resonators
is beyond the scope of the present article. It 1s
desirable, however, to draw attention to certain
limitations in design that are imposed by the use of
resonators.

In the equivalent circuit of a resonator shown in
Fig. 1 the ratio of the capacitances Cy to Cx can rarely
be made less than about 125, but it may, of course, be
increased artificially by the addition of capacitance
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in parallel with Cy. In the electrical equivalent of
any filter into which resonators are to be introduced,
the capacitances which correspond to Cx and Cy must
therefore conform to this limitation.

For the introduction of quartz crystal resonators
to be possible in the present case the following
relationships must obtain :

Co (1+EPw?Dawt+Fo

C,~  DE—F) (@ = o

G (D + F)? wg® (0 +E w)?)

&= FOE ) {wf—ags ~12 - .(82)
These conditions will be satisfied if either the band-
width or (DE — F) are small enough.

In the important case when D is equal to E and F
is unity these conditions may be restated as :

Co  (1+D)w?Dws+ o

C.= D=1 (wf — ap)? >125 ....(83)

G _ (1L+D) o (0 + D w?)

G~ D) (wf—a??
Using these expressions it may be shown that D is not
restricted when the band-width is less than about
13 per cent. of the mid-band frequency. For a
wider pass-band D must exceed a limit which may be
determined by inserting numerical values in
expressions (83) and (84). The two remaining
frequencies at which the attenuation constant
becomes infinite, tend to approach the -cut-off
frequencies as the band-width is increased beyond
13 per cent.

In practice the properties of quartz crystal reso-
nators and the problems associated with their manu-
facture impose limitations on the wvalues of the
elements in the equivalent circuit. To a first order
these limitations affect the reactances of the three
elements all in the same ratio. It is clearly indicated
in expressions (66) to (73) that the reactances of all
the elements in the filter network have the common
factor Zo/(w, — w;). The limitations imposed by the
resonators can therefore be met by assigning a suit-
able value to this factor. Since the cut-off frequencies
corresponding to w; and w, will usually be fixed by
other considerations the value of the nomina
characteristic impedance will therefore be restricted

>125 ....(81)

Termination of Filter.

It has been shown that the characteristic impedance
of the section is identical with the mid-series image
impedance of a constant k ladder type band-pass
filter. X-series terminations may therefore be used
with the former section in the same way as they are
with the latter type, when operating filters in parallel.
The necessary extra impedance can be introduced by
increasing the series inductors and adding series
condensers, using formula appropriate to the corres-
ponding ladder structure.

For mnormal terminations the characteristic
impedance will vary considerably over the pass-band,
rising from zero at f;, to Z, at fm, and falling to zero
again at f,. Reflection and interaction losses near the
edges of the pass-band may be reduced at the expense
of some slight loss in the middle of the pass-band, by
making the total effective impedance R, terminating
the section rather less than Z,. The optimum ratio

262

>125 ....(84)

of Ro to Z, depends upon the requirements to be
fulfilled by the filter. A value of R, in the neighbour-
hood of 0-8 Z, is often used.

Compensation for Dissipation of Inductors.

Mention was made earlier of a method of com-
pensating for the resistance of the inductors L,
and L;. It will be recalled that if the resistances of
the two inductors are both equal to R their effect
will be that of a total resistance R in series with each
of the terminating impedances. If it is desired that
the total effective terminating impedance of a section
shall be R,, the external circuit connected to the
section must present aresistiveimpedance R, given by :

Ry =Ro—R.ueriiiiiiiiiniiiaiinn. (85)

If two or more sections were joined directly in
tandem, each section would be terminated at a
junction by a total effective impedance Z; + 2 R.
This may be avoided by connecting a resistance Ry
in shunt across each junction of such a value that the
resistances R and Rg form an H section having a
characteristic impedance R.. It is easy to show that
the required value of Ry is given by :

R02 - R2

RS = '—2R——‘ ...................... (
Loss Introduced. At both the input and output
terminals of a complete filter, the loss Ay, in decibels,
introduced by the resistance of the inductors, will be
given by :
R,

AT == 20 10g1 0 m
At each of the junctions between sections the loss, As.
in decibels, will be given by :
R, + R
RL—R " eeees
The total loss, Ag, due to the effect of inductor
dissipation, in a filter comprising n sections, wilt
therefore be given by :

Ap =2A,+ M —DAy oo, (89)

As - 90 1Oglo

Total Insertion-Loss.

It is well known that the total insertion-loss of a
filter differs from its attenuation constant owing to the
fact that reflection gives rise to additional loss com-
ponents, namely, reflection and interaction losses,
Certain unusual conditions arise in the present
instance which make it desirable to give the matter
some consideration.

It will be seen from the previous section that the
method of compensating for dissipation in the induc-
tors makes it impossible for perfect matchingtoobtain
at the junctions between sections. This makes the
precise evaluation of all the interaction components
arising in a multi-section filter a difficult matter. In
most practical cases where the loss per section due to
resistance is small, it is, however, usually sufficient to
neglect the mismatch between sections and to com-
pute the reflection and interaction components for the
whole filter on the assumption that reflection arises
only at the input and output terminals. The approxi-
mation involved will affect the insertion-loss primarily
in the neighbourhood of the pass-band, and then only



to a small extent. Fig. 11 compares the total
insertion-loss computed in this way, with the measured
characteristic of a channel filter.

In connection with the determination of reflection
loss, another point is of interest. In the particular
type of filter being studied, although the characteristic
impedance becomes infinite at zero and infinite
frequency the attenuation constant need not neces-

100

K Positive.

If 4/K is real the imaginary part of the last
expression must vanish, i.e. :

B
tan 5 (1 — tanh? é)
2 = 0

1 4+ "tanh? %tanz ]g

N |
\

v S~ =
g ‘\~~-\~J -4 5
S \
u \
[} 60 ;
4
3
o
-

40
z
2 h ——— MEASURED
x \ ¢ ——aa COMPUTED
0
Z 20

)

54 56 58 60 62 64 66 68 70

FREQUENCY IN

KILOCYCLES PER SECOND.

F16. 11.-—CoMPARISON OF MEASURED AND COMPUTED INsERTION LOSS.

sarily be infinite. Hence despite the fact that the
attenuation constant may be finite, the total insertion-
loss will become very high at these frequencies owing
to the infinite reflection loss. TFor narrow-band filters
this is a factor of some importance, since in these cases
the characteristic impedance will rise rapidly to high
values outside the pass-band.
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APPENDIX 1.
SorLuTiON OF EQUATION (8).
Equation (8) for the propagation constant isgivenas:
P=A+4jB=2tanh- 1\/K ........... (90)
where A, B and K are real. It is desired to solve this

equation for A and B.
Equation (90) may be rewritten :

A; 1B oA/ e, (1)

The expression on the left-hand side may be
expanded into the form:

A o B
tanh 3 (1—|—tan E)

A+iB _

tanh 5

1 + tanh? g tan2 B

tan %—3 (1—- tanh? )
...(92
2

j.
1 4 tanh 24 tam2

There are three ways of satisfying this equation,
namely :—

B
tan 5 = O (94)
A
— 2 2
1 — tanh 5 0 (95)
1 + tanh? >~ tan? —123 =00 i (96)
(@) Solving equation (94) :—
% = -+ nw
B=+42n7 .......... 97)
Whence from equation (92) :
tanh 2 + A+IB _ janh % .......... (98)

and the solution of equation (90) is of the form :
A=2tanh-14/K, B=42n7 .......... (99)
Since tanh A/2 cannot be greater than unity, this

solution holds only for the region 0 << K < 1.

(6) From equation (96), since tanh A/2 cannot be
greater than unity :

tani23-=oo
B T
T T3ERT
B=n4207 ....... (100)



whence from equation (92) :

<+ 3 A
tanh A ‘)L}i =coth 5 .......... (101)

=

and the solution of equation (90) is of the form
A=2coth-14/K, B =n4+2nm........ (102)
Since coth A;2 cannot be less than unity, this
solution holds only for the region K > 1.
(¢) Solving equation (95) :
A

tanh? 3 = 1
A=o .....coiiinn. (103)
whence from equation (92) :
tanh A_j;‘]g T (104)

and B is indeterminate.

The solution of equation (90) is therefore of the
form :

A = o, Bisindeterminate .......... (105)
a solution which holds only for K = 1.
K Negative.

If K is negative, v/K is imaginary and the real
part of the expression (92) must be equal to zero.
Again, there would appear to be three ways in which
this might occur, but of these only one is admissible,
namely :

tanh % =0 e (106)
whence from equation (92) :
tanh ‘i“—“;—@ — jtan % ............. (107)

and the solution of equation (90) is of the form :

B=2tan"l4/—K, A=0.......... (108)
This solution only holds for the region K < 0.

APPENDIX II.
DEsIGN FORMULE,

In view of the large number of equations involved
in the text of the article, it is desirable to indicate the
location of those expressions which are often required
when designing a filter. These equations are there-
fore indicated in the tables below, as far as possible
in the order in which they are likely to be used. The

first table refers to the case in which the three design
parameters D, E and F are independent, and the
second table indicates those expressions which are
peculiar to the case in which D is the only remaining
parameter.

TABLE 1

GENERAL C\ASE.

Function i Symbol Variables Equation
Roots for Infinite
Attenuation d, f., f,, f, 26
Design Parameter. . D d, 23
Design Parameter. . E d, 24
Design Parameter. . F d, 25
Limiting Conditions
for the wuse of
Quartz Resona-
tors .. .. Co/Cy f,,f, D,E, F 81
C,/Cs t,, f, D, E, F 82
Frequency Function P f, £, f, 36
Attenuation Con-
stant . .. A p.D,E, F 38
Frequency Function q f, £, f, 41
Phase Constant B q. D, E F 43
Characteristic Im-
pedance .. .. Zx 1,1, 15, Z, 7
Element Values L,L,, L, 15, 1, D EF,Z,) 66—73
1Co €y, Ca, Gy
Critical Frequency ! s f,, f,, E 27
Critical Frequency | g f,, £, D, F 28
sShunt Resistor .. R, Ry, R 86
Loss introduced by
Resistance of
Inductors Ag, As, Ap R, R 87, 88, 89
TABLE II.
SeeciaL CASE.
Function Symbol Variables [Equation
Relationship between
Parameters .. .. D EF —_— 31
Limiting Conditions for C,y/C, fy, £, D 83
the use of Quartz
Resonaters .. .. C, /Gy f,, f,, D 84
Attenuation Constant A p. D 40
Phase Constant .. B q, D 44
Element Values Lo Ly, Lo, Ly £y, £, DL Zy | 74—80
0 G, Co, G5
Critical Frequency .. f, f,, f,, D 32
Critical Frequency .. i3 f,, 1, D 33






















From Satellite to Main Exchange

W. D. GRAY, B.sc. (Eng.), AM.LEE.

A description is given of the method adopted at the conversion of Radlett exchange, Watford, from satellite to main
exchange working,

Introduction.

ADLETT exchange, which had worked as a dis-

R criminating satellite on Watford (non-director)
since June, 1931, was successfully converted

to main exchange working on 16th October, 1938.

The writer wishes to take this opportunity of
recording that this result was in no small part due to
the close co-operation of the contractor (Messrs.
General Electric Co.) with the several groups at the
London Telecommunications Region headquarters,
and to the clear grasp of the requirements by the
contractor’s and Post Office representatives on site.

Owing to the urgency with which the change was
required and the limited accommodation available,
a method of carrying out the conversion by modifying
the existing equipment, and providing the minimum
of new plant, was adopted.

This was the first occasion on which a conversion of
this type had been effected in this country (or in any
other country as far as the writer is aware), and in
view of the likelihood of similar changes being required
in other multi-exchange areas in the near future, a
description of the problems met with and of the

method adopted at Radlett will probably prove of
interest.

Watford Multi-exchange Area.

To appreciate the considerations which led to the
decision to change the method of working at Radlett,
a brief description of the Watford area is desirable.

Watford automatic exchange was opened on June
13th, 1931, with two discriminating satellites,
Radlett and King’s Langley. A further exchange,
Garston, was planned to be converted from manual to
satellite working at a later date, but, when the time
came to design that exchange it was decided, for
reasons which will be given later, to
make it an independent non-director
exchange.

From the

original numbering

TaABLE 1.
Watford M.E. Area.

Multiple Range

Exchange
Initial Ultimate
2,000-5.899
Watford o 2,000-5,599 59,000-59,999
! 80,000-81,999
Radlett f 6,100-6,899 6,100-6,899
} 69,000-69,999
King’s Langley 7,100-7,599 7,100-7,999
Garston \ — 89,100-89,999
}
Dialling Codes
Garston . 81
Bushey Heath 82
Elstree 83
Hatch End 84
Northwood 85
Pinner 86
Rxcksmansworth 87
Stanmore .. 88
Service levels 91-93, 95-90
Trunks .. 94
Assistance, etc. .. 0

date much earlier than was anticipated when the
numbering scheme was prepared. At Radlett the 800
multiple (6,100-6,899) required increasing as early as
possible. There was no other level available at Watford
for this purpose—in fact, similar difficulties were
being experienced with the Watford multiple—and as
the alternative to the use of 5-digit numbers, the
proposal to free Radlett from the Watford numbering
scheme was put forward. In favour of this was the

JUNCTION

UNISELECTORS, HUNTERS.

scheme for the Watford area, shown ORD_SUBS.
in Table 1, it will be seen that 4-digit
numbers were to be allotted initially,
with the introduction of 5-digit
numbers later. Conditions have, C.CB SUBS.

N
J o

SELECTORS.
AT WATFORD

however, changed considerably in the
meantime. The London director

M.E. WATFORD LEVEL 6.

U

area now occupies a circle of 12% ob  u N

miles radius, as against 10 miles MB. »

previously, and the volume of traffic
between London and the Watford
area is such that, to facilitate com-
pletion of calls from the director area
to Waztford subscribers, it has been
found preferable to restrict the digits
comprising a subscriber’s number in
the Watford area to four.
Accelerated development in this
area has resulted in the four-digit
numbers becoming exhausted at a

NOTE.

2nd SELECTORS é

DISCRIMINATING

I RDI CBl TSELECTORS,

0 sm———emewee WATFORD MANUAL BOARD.

:

TO FINAL SELECTORS 61-69.

THE DISCRIMINATING SELECTORS ABSORB ‘6
Fic. 1.—TRUNKING DIAGRAM OF RADLETT SATELLITE EXCHANGE.
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AS A FIRST DIGIT.
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fact that its adoption would allow level 6 at
Watford to be used for an additional 1,000

ORDINARY SUBS.

UNISELECTORS

multiple there. In addition, it was found
on investigation that, in the light of present
standards, satellite working would not now be
provided at an exchange like Radlett. In

€.CB. suBsS

fact, the other proposed satellite, Garston,
which remained manual until October, 1938,
was then opened as a main non-director

WATFORD S.FJ.

< NS

exchange.

The foregoing were the chief considerations
which led to the decision to convert Radlett to
a main exchange. The same conditions
apply to Kings Langley, and conversion of this
exchange will take place in the near future.

Conditions Before and After Conversion.

Fig. 1 gives the trunking arrangements at
Radlett just prior to its conversion to main
exchange working. Until recently, level 9
was trunked direct to 2nd selectors at Watford
for trunk demand traffic, etc., but as an
expedient to give an additional 100 multipleit
was found practicable to pass trunk traffic

WATFORD M.B.

1. SELECTORS. mumss wmwem 0
a—

—_—em

&

=” WATFORD M.B

|| (&

INTERCEPTION.

*

INTERCEPTION.

4 m———t— £ STREE.
m— 3 wmemm ST, ALBANS

2 em————t— WATFORD.

2nd SELECTORS. él

n O~ O

over the multi-exchange junction group and ¢ —_
to utilise level 9 for multiple. SUNTE OLD MULTI- EXCHANGE | 7= 1o FinaL
;oY \SED,
The dlscrlmmpfqn% se’l’ectors were arranged BY TEEING, TO PROVIDE THE LEVEL §5mm [ SELECTORS.
to absorb the digit “ 6’ as a first digit, and 2 JUNCTIONS TO WATFORD., 63

all traffic, other than local and level “0”
traffic, was routed via the junction hunters to
1st selectors at Watford.

Fig. 2 is a trunking diagram showing the condi-
tions at Radlett immediately after the conversion.
With the following exceptions this is in accordance
with standard non-director practice :—

{1) Level 9. The direct route from this level to
2nd selectors at Watford has been restored, so
that Radlett subscribers may continue to dial
94 for trunk demand and also to obtain the
usual level 9 service without change of dialling
code.

¢2) Manual board group. Access to the outgoing
levels 2, 3 and 4, which is desired for testing
and emergency purposes, has not been given
to this group. The reason for this will be seen
later when the method of conversion is
dealt with.

From the subscribers’ point of view, the conversion
involved changes in dialling codes, or the use of codes
for calls which had previously been completed by
dialling the subscriber’s number only. The old and new
codes are shown in Table 2.

Schemes of Conversion.

It was originally envisaged that the discriminating
selectors would be replaced by 1st selectors and a new
rank of 2nd selectors introduced. Although this at
first sight appears attractive, there are several points
which must be considered. The standard 1st selector
for a uniselector exchange of *“ pre-2,000”’ type provides
for booster metering over the private wire, whereas the
normal method in use at a discriminating satellite
exchange is earth-metering over a fourth wire. It is
thus not possible to provide standard 1st selectors in
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place of the discriminating selectors without making
other major changes.

The following is a brief account of some of the
methods which were considered :—

(a) Provide standard 1st selectors and replace

existing line and final units.

This is practically equivalent to replacing the
entire automatic equipment and where suitable
accommodation is available has everything to com-
mend it. At Radlett there was not sufficient space for
this, and in addition the large amount of new plant
required would have prevented the conversion
being carried out as early as was necessary.

(b) Provide standard 1st selectors and modify

existing line circuits.
TaBLE 2.

Codes dialled by Radlett subscribers

As a Satellite As a Main Exchange

|
|
|
|

Radlett Sub ’s number ! Sub ’s number
Watford . Lo be e ,
King’s Langley \, Vs 2 + i .
Elstree .. 83—, 4+ , ,
Garston o8t 4+, s 281 + .
Bushey Heath | 82 4 \ | 282

St. Albans 0 | 3

Hatch End .. 84 | 284

Northwood .. 85 285

Pinner . . .. 86 286
Rickmansworth | 87 287

Stanmore " 88 288

Trunk demand ' 94 94

Assistance and 0 0

other exchanges

9 m—em 2nd SELECTORS AT WATFORD



The writer is not prepared to say that this is
completely impracticable, but the obvious difficulties
(1.e., two methods of metering in use at the same time,
or else some form of change-over scheme for metering)
were such that no detailed investigation was made.

(¢} Provide non-standard 1st selectors.

These would be designed to work with the existing
line circuit. It is obviously undesirable that develop-
ment work should be carried out on a non-standard
circuit. Even if it were done the time required for
this development work and for manufacture would
be considerable.

{(d) Modification of discriminating selectors to
function as 1st selectors.

Simple modifications to the shelf wiring only for the
““ordinary ”’ selectors, with slight changes to the
wiring of the coin-box selectors, can be made to cut
out the junction hunter and to render inoperative the
absorbing and junction discriminating features.
These modifications will allow the existing line and
final units to be retained and used without any
changes whatever. The only additional equipment
required specifically for the conversion, by this method,
is a new rank to serve as 2nd selectors. A minor
point in favour of this scheme is that, as a transmission
bridge exists in the modified selector, outgoing routes
to automatic exchanges need not be provided with the
usual relay set. This results, however, in the manual
board selectors, which are of the ordinary group
selector type, having to be barred access to these
outgoing levels, as the transmission bridge in the
modified discriminating selector is not then in circuit.

The fact that this method results in an exchange
with non-standard local 1st selectors is a point against
its adoption, but as a means of alleviating numbering
scheme difficulties, and thus increasing the possible
life of an exchange, the scheme has much to commend
it. It was considered to be the one best suited to the
conditions at Radlett and was therefore adopted.

The remainder of this article deals with the
application of this method at Radlett.

DETAILS OF THE RADLETT CONVERSION
General.

Referring back to Table 2, a comparison of the
codes to be dialled by subscribers under the two
methods of working shows that it is essential for the
conversion to take place at some predetermined time,
and not piecemeal. Subscribers must receive notifica-
tion that, at the specified time, their new dialling
codes should be used, and from that time the exchange
equipment must respond correctly to the new codes.

Subscribers on Watford and its remaining satellite
(King’s Langley) were also concerned. Instead of
dialling the subscriber’s number only for a call to
Radlett, they must be notified to precede it by a
dialling code from the advertised time of change-over.

At nearby director exchanges the dialling codes for
Watford and Radlett were previously given the same
translation and the calls routed to Watford Ist
selectors. Under the new conditions the Radlett
translation required amendment to include the digits
necessary at Watford to route the call to the level
outgoing to Radlett.

The problem was thus to maintain service up to a
specified time under satellite working and then, with
the minimum possible break, to bring into use modified
equipment which would function as a main exchange.
To attain this a portion of the equipment had to be
withdrawn from service several hours before the
change-over, and the whole of the plant could not
be restored to service until several hours after the
conversion. These considerations led to the choice of
midday on a Sunday (the day of lightest traffic) as the
time of cut-over.

The total amount of equipment available at the
exchange thus has an important bearing on the
conversion arrangements. At Radlett a contract
extension was in progress; in fact the conversion was
embodied as part of the extension, and the additional
plant thus provided enabled a satisfactory grade of
service to be maintained during the day of cut-over.

The racks in service before and after the conversion,
together with their designations, are shown in
Table 3.

TaBLE 3.
Racks at Radlett before and aftev the Conversion.

Before After

DS A 1st A (modified discriminating
selectors)

1st B (new rack of modified
discriminating selectors)

6 A (mncoming 2nd 1st C (incoming lst selectors)

selectors)

6 A (new rack of 2nd selectors)

Line and final units No change

Discriminating Selectors.

As mentioned previously, the scheme adopted
included modifications to the discriminating selector
circuits to cut out the absorbing and junction dis-
crimination features and to render inoperative the
junction hunters. In addition, it is necessary for
dialling tone to be given as soon as a selector is
seized. It is not proposed to give details of these
circuit changes, which will naturally vary at different
exchanges, dependent on the circuit of the existing
discriminating selectors: There is, however, one point
worthy of special note, as neglect to make the
requisite changes will not be revealed by the ordinary
tests made before the cut-over. Dialling tone from a
discriminating selector is usually supplied only when
all the multi-exchange junctions are in use, i.e., on a
small percentage only of the total calls; at other
times it is furnished by the main exchange 1st selectors.
The dialling tone supply circuit to the discriminating
selectors is, therefore, not designed to carry the load
which will be imposed after the selectors have been
modified to work as Ist selectors and supply dialling
tone on all calls. This difficulty was overcome at
Radlett in the first instance by replacing the 0-02
microfarad condenser, which was fitted on each shelf,
by one of 0.5 value. Later the dialling tone was fed
direct from a transformer on each rack.

The change-over from the old to the modified
discriminating selectors was carried out as follows :—
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D.S.A. IsT. B (NEw RACK)
(N usE,NOT (MODIFIED DSS NOT
@ YET MODIFIED) YET GRADED IN)
PRIOR TO A 10 10
DAY OF B 10 !
CONVERSION. [ 10 . -
p3&C 4 jccs
D.S.A. Ist. B
b) (N USE,NOT {MODIFIED & GRADED
( YET MODIFIED) IN BUT BUSIED)
MORNING OF A—— 8 _ 10
DAY OF [P —_—1
CONVERSION. Com—— 7 . .
p3cce acce 3
D.SA. Ist. B
© (susieo ouT,NOT (MODIFIED &
YET MODIFIED) IN SERVICE)
IMMEDIATELY A 8 -
AFTER B z JR——
CUT —OVER. C— 7 . -
p3cce 3ces 3
IsTA lst.B
(MODIFIED & (MODIFIED &
(d) IN SERVICE) IN SERVICE)
LATER ON J P —Q
DAY OF B T —_—T
CONVERSION. c z o
p3ECB 3ccB
Ist. A Ist.B
e
© . 8 7
FINAL B 8 7
ARRANGEMENT. c 8 .
7 scce

[

F1c. 3.—EqQuipMENT OF D.S. (Ist SELECTOR) RACKS AT
VARIOUS STAGES.

As shown in Fig. 3(a), a new rack, 1st B, equipped
with eleven ordinary and one C.C.B. (coin collecting
box) selectors fitted on shelves with modified wiring,
was supplied as-part of the extension. These selectors
were not included in the uniselector grading until a
few hours before the change-over, service being
given by the thirty-four ordinary and five C.C.B.
discriminating selectors existing on rack A.

On the morning of the change-over the

of this was to equalise the traffic per shelf and also
to concentrate the C.C.B. selectors on shelf D of
rack B. This shelf was then cut out of level 3
grading, to bar the C.C.B. subscribers from having
access to the exchange served from this level
(St. Albans CB exchange.)

TaABLE 4.
Levels of Discriminating Selectors.

Before Conversion After Conversion

Level

Access to Ccts Access to Ccts

Watford MB 26
Final selectors

Watford MB .. 26
‘Watford 2nd selectors
Interception

'S
[ )]

WL b Ot

2nd selectors
Interception
Elstree

St. Albans ..
‘Watford
N.U. tone

GO O 0 Q0000 W W W
bt

I

HNWRARUO=1WOo

1st Selector Levels.

Table 4 shows the requirements before and after the
conversion. With the exception of level “0” it was
necessary for each level to be switched from a final
selector group to one of the following :—

(1) Outgoing junctions

(2) 2nd selectors

(3) Service interception

{(4) N.U. tone.

On most levels it was also necessary either to
increase or to decrease the number of outlets.

This was achieved by grading each level for the
larger of the two numbers of circuits, and by cabling
from the outgoing blocks on the grading frames to
keys specially provided for the change-over. With the
keys normal the required number of outlets to final
selectors was obtained, and throwing of the keys
changed over the outlets, at the same time giving the
desired change in the number of circuits by suitable
commoning of the key springs.

Fig. 4 shows the arrangement adopted for level 6,

LEVEL 6

selectors were rearranged as shown in Fig. 3  5;.C ( (st Y
(by and the uniselector grading modified to 204 lsz. A w0 DS o8
include all the selectors, those on rack B, Gslee'ic xeipEns CPANEL JUMBERS CPanEL JUMPERS
however, being busied out. This reduced the
selectors in service for ordinary subscribers [ =% BN L =
from 34 to 22, a number ample for carrying (& 7 c
the Sunday load. < % ] B
At the cut-over (mid-day) all selectors on 2 / A5 A
rack A were busied out and those on rack B [F ©
brought into use. This arrangement is @ ®
shown in Fig. 3 (c), and gives 23 selectors
available for ordinary subscribers. JI
The shelf wiring of rack A was then’ 66 @ szst( ) @9 T0 2 SELECTORS.
(44

modified and wiring changes made to the
C.C.B. selectors. This rack was then restored
to service, see Fig. 3 (d).

The next stage was to re-arrange the
selectors, as shown in Fig. 3 (e) and to modify
the uniselector grading to suit. The object
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TO FINAL THE NUMBER OF CIRCUITS.

SELECTORS
F1G6.4.—CHANGE-OVER ARRANGEMENTS FOR LEVEL 6.



which had to be changed over from 8 final selectors
to 44 2nd selectors. The existing terminal block on
rack C, with its cabling to the final selector unit, was
atilised, but the block was temporarily displaced to
allow the new block to be fitted in its permanent
position. This block and the new ones on racks A and
B were cabled as shown to the 44 keys for this level.
The outlets from the resting springs were cabled back
to the unit 66 block on rack C, and the make springs
cabled to the new 2nd selectors. The level 6 grading
for 44 outlets was then made, and the existing
jumpers to the unit 66 block recovered.

The other 8 levels were treated similarly, but with
the exception of level 2, which required 16 outlets,
all levels had less than 10 outlets and cabling to the
keys was therefore necessary from only one of the
racks.

The method of wiring the keys for level 2 is given
in Fig. 5. The change required was from 9 final
selectors to 16 junctions.

KEYS FOR LEVEL 2.

o 9 8 7 6 5 4 3 2 1L TOIDF
i} w FROM GRADING
TO FINALS.
5 FS4 Fs.3 Fs2 FS.i
6 15 14 13 12 1l TO ILDF

& & ﬁ FROM GRADING.
Pwire TO = T0 IDF.
EARTH U] S9 FS8 FS7 53

Fi1c. 5.—MEeTHOD oF WIRING KEVYSs FOR LEVEL 2.

On all full-availability groups access was given to
all the circuits during the periods when modifications
were in progress on the day of change-over. On other
levels, however, this was not possible. While rack B
alone was in use for 1st selectors, 10 only of the 16
outlets from level 2 were available ; on level 6 only
29 of the 44 2nd selectors could be used, and only
14 out of the 26 level “0 " circuits. These quantities
were quite sufficient for the Sunday traffic.

Level 5 is shown in Fig. 2 and Table 4 as connected
to service interception. This was done in case
Radlett subscribers omitted to use their new dialling
code when making calls to the Watford 5000 series of
numbers, but a few weeks after the conversion this
level was trunked out to a further group of 2nd
selectors, thus opening up additional multiple.

2nd Selectors (Level 6).

These were new selectors, fitted on a rack provided
by the Contractor, who also installed a standard type
trunk distribution frame to serve their levels. The
outlets were jumpered to terminal blocks cabled direct
to the final selector units, so that there were two
cables incoming to each unit. As the incoming side
of the 2nd selectors was disconnected at the keys,
this arrangement in no way interfered with the
normal working of the exchange.

Incoming Selectors.

Under satellite conditions these functioned as 2nd
selectors as their levels were trunked out with the

discriminating selector levels. After the conversion
these selectors remained in use for the incoming
junctions, but under the new conditions they became
1st selectors.

Change-Over Operations.

The actual change-over consisted of the following
three simple operations, carried out in the order
shown :—
(1) Insertion of busying markers in all selectors on
rack A.

(2) Throwing of the change-over keys.

(3) Withdrawal of busying markers from the
selectors on rack B.

These operations occupied about one minute.
Tests carried out immediately afterwards proved that
all the desired changes had been effected and that the
equipment was functioning correctly as a main
exchange.

The only work remaining, apart from the recovery
of all temporary cabling etc., was the modification
and subsequent restoration to service of rack A,
which has already been described.

Other Points of Interest.

Although Radlett exchange was known to sub-
scribers under its own name the conversion had the
same effect, in some respects, as would have resulted
from the establishment. of a new area. For instance, a
new route from Toll ““A” exchange to Radlett
(via S.F.]J. keysending position at Watford) had to be
introduced and all toll control manual boards notified
that calls to Radlett must be passed over this new
route and not via the Toll “ A ”—Watford route as
hitherto. Similarly a new route from Trunks to
Radlett was necessary.

Coin-box lines on Watford and Kings Langley,
which had previously obtained Radlett in the same
manner as ordinary lines by the dialling of the number
only, had now to be given access to the level at
Watford outgoing to Radlett, so that they could
obtain Radlett by using a dialling code. At the same
time they had to be barred other outgoing levels
to which. as coin-box lines, they should not be given
access.

At Watford it would have been possible to have
retained Radlett on level 6 (see Table 1), but as this
level was required for multiple, and the amount ot
traffic to Radlett was not sufficient to justify a level
of the 1st selectors, change-over keys were provided
at Watford to switch Radlett from level 6 to level 89.

Conclusion.

Although details of all the grading changes and the
connections of all the levels to the change-over keys
have not been included, it is hoped that sufficient
detail has been given to illustrate the method used,
and that this will assist in preventing from being
overlooked, in other conversions of this nature,
the large number of items requiring attention.
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Music Channels

F. J. D. TAYLOR, 8.sc.(Eng)

The author surveys the performance required from music channels and the existing and contemplated methods of meeting
these requirements.

Introduction
[ 4 I \HE term music channel is used in this article

to mean a channel which may be of con-

siderable length and which is used as a main
distributing link ; this article is not concerned with
the provision of links between a central point and
subscribers such as may be used in wire broadcast
systems. Music channels are rented by the B.B.C,,
by wire broadcast and re-diffusion services, and by
subscribers requiring special circuits for public address
purposes. They may also be required for high defini-
tion picture telegraphy transmission. A network of
such circuits has been provided in this country, some
maintained on a permanent basis, whereas others are
set up as and when required.

Circuit Requivements.

As is well known, normal telephone channels pro-
duce considerable distortion in the transmitted speech
wave-form but, provided the distortion does not
exceed certain limits, the intelligibility of the received
speech is adequate for commercial purposes. If,
however, the circuit is required to transmit music or
speech for entertainment purposes it is essential that
the distortion introduced by it shall be very small;
hence circuits provided for such purposes differ very
considerably in construction and performance from
those provided for purely telephone purposes. The
principal requirements of a music channel may be
summarised as follows :—

(1) It must transmit effectively frequencies ranging
from at least 50 c.p.s. to 6,400 c.p.s.

(2) Such frequencies must be transmitted with very
little frequency, amplitude and harmonic distortion.

(3) Noise and cross-talk interference must be
negligibly small.

(4) If used for high definition picture telegraphy the
phase distortion must be small.

(5) It must not be subject to interruptions.

In the past it has been customary to provide music
channels of considerable length on special screened
pairs which have been provided in a number of main
underground cables, or on specially selected unscreened
pairs. Generally the loading when used has been 16
or 22mH at 2,000 yard intervals, these loadings
producing cut-off frequencies of approximately 9,300
and 7,900 c.p.s. respectively. (Transmission may be
considered effective up to some 80 per cent. of the
cut-off frequency.) Using unscreened pairs a selection
has been made to find pairs subject to a suitably
small degree of interference, and having the required
transmission band width. In exceptional circum-
stances unloaded pairs or unloaded phantoms are
used ; this applies particularly to short links required
for special occasions such as outside broadcasts by
the B.B.C. When unloaded phantoms are used it is
usual to stop the circuits working on the sides during
the period of the broadcast.

Frequency distortion, which is that due to change
of line attenuation with frequency, is corrected at
suitable intervals either by networks incorporated in
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the special “ music repeaters ’ or by 2- or 4-element
networks inserted in the line at a point preceding the
repeater. Equalisation within the repeater is effected
by resonant circuits placed usually in the input cir-
cuit of the repeater. Two-terminal resonant networks
which are usually used as a shunt across the line,
have the disadvantage that the equalisation produced
is due partly to the impedance mis-match, and this
may cause difficulty when making line measurements.
The most common form of equaliser used on present-
day circuits is of the 4-terminal constant impedance
type, and this arrangement has much to commend
it.I Design is relatively straightforward and does
not upset any impedance match arrangements.

As presented to a renter a circuit is usually equalised
to within about + 1db. For circuits required for
special events by the B.B.C. (Outside Broadcasts) each
requirement is considered on its merits and, when
possible, the Post Office undertakes the necessary
equalisation. When the required degree of equalisa-
tion cannot be effected by the Post Office, the B.B.C.
carry out equalisation on their own equipment.
It is sometimes found that the local line and terminal
equipment also introduce frequency distortion, and
in this case the renter arranges for the provision of the
additional equaliser.

Amplitude and harmonic distortion may be caused
in loading coils and in repeaters. They are kept small
by ensuring that the loading coils are called upon to
carry currents of small amplitude only, so that
saturation effects are eliminated, and in repeaters by
reducing the effect of valve characteristic curvature
and effects due to iron cored coils.

Cross-talk interference is kept at a minimum

(@) by care in layout and screening of equipment

in repeater stations and

(b) by using screened or specially selected un-

screened cable pairs.

A circuit which is satisfactory from the point of
view of cross-talk interference is usually satisfactory
from the point of view of induced noise such as
electric power interference, etc.

Special care is taken in the design of decoupling
circuits to ensure that any battery noise which may
be present does not affect the music repeaters.

Repeaters.

The music repeaters in most common use in the
past have been known by the Post Office designations
Repeaters No. 24A and 29B. These repeaters are
very similar in general design detail, each consisting
of two resistance-capacitance coupled push-pull
stages. In these repeaters, particular care was taken
in the design of transformers and interstage couplings
to avoid frequency distortion, and push-pull stages
were employed to keep to a minimum harmonic
distortion caused by the curvature of the valve
characteristics.

Separate low and high frequency equalisers are
provided, the two forming a separate unit known as
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Fic. 3.—GAIN-FREQUENCY CHARACTERISTIC.

A space of approximately 7in.x2-7 in. is left
blank on the mounting plate for the accommodation
of such an equaliser; should this space prove
inadequate, it will be necessary to mount the equaliser
on a subsidiary rack. The heater circuit arrangements
are such that an L.T. voltage of either 6 or 24 can be
employed, so that normal amplifier or repeater station
type power plant can be used.

The performance of the unit is summarised below :—

(@) The nominal maximum gain is 40 db. and this is
reducible in steps of 1 db. to 32 db.

(6) The gain-frequency response with an output
power of 10 mW (+10db.) is flat to within
4+0-1db. over the f{requency range 50-8,000
c.p.s. (Fig.3). With an output power of 158 mW
(+22 db.) the 50-8,000c.p.s. performance
is degraded to 4-0-15 db. only.

(¢) Amplitude distortion is such that the gain when
measured at any frequency between 50 and
6,000 c.p.s. and with the output power raised
from 1 mW to 100 mW does not change by more
than 0-1db.; with 158 mW output, this
increases to 0-3 db.

(d) Harmonic distortion is not measurable when
the output power is between 1 and 10 mW.
With an output power of 100 mW, the per-
centage harmonic present is in the order of
0-37%

(¢) Input Impedance.

Resistance component = 600 ohms 4-29%,.
Reactance component = 10 ohms approxi-
mately.

Output Impedance.
Resistance Component = 600 ohms 499%,.
Reactance component not greater than 32
ohms.

These impedances are as measured at frequencies

between 300 and 6,000 c.p.s.

(f) For a change of 4-59%, heater current or
4109/ change in anode voltage the gain stability
is better than 0-1 db.

From the above it will be appreciated ihat the
Unit Amplifying No. 24 has characteristics more than
adequate for the purposes concerned. The use of
valves of improved performance and of negative feed
back has resulted in the production of a smaller
and cheaper unit than that previously available.

Music Channels on Submarine Cables

In the past it has been customary to select on any
particular submarine route cable pairs capable of
transmitting the required frequency band and having
the necessary freedom from interference. Frequently
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this selection has been a matter of some difficulty.
Equalisers and music repeaters have been installed
at the terminal stations, special switching circuits
being provided when necessary in order that the
transfer from normal telephone to music transmission
conditions may be effected, and in certain instances
to reverse the direction of transmission.

The advent of carrier submarine cables of the
coaxial types has involved the introduction of a
special technique for providing music channels on
such cables. Application of this technique has been
described in this JoURNAL.2

Recent Developments.

Sub-carrier Working.—The rapidly expanding net-
work of 12-channel carrier cables has led to attention
being paid to the problem of providing music channels
on such cables. An unused frequency band from
0 to 12 kc.p.s. is available. To use this band, it has
been necessary to design suitable filtration equip-
ment, for at each amplifying point the music channel
and group of carrier channels must be amplified
separately ; this is essential as the carrier amplifier
does not amplify effectively frequencies much below
10 ke.ps.

Equalisation is a matter of some difficulty owing
to the small overall frequency distortion permissible
and the fact that, over the band concerned, the
distortion introduced by the cable pair is very
considerable.

An experimental installation providing two ‘ music
under carrier ”’ channels has been completed on the
Bristol-Plymouth 12-circuit carrier route.  Details
of this and the design consideration involved are
given in another article in this JOURNAL.2

Carrier Working.—Consideration may be given in
the future to the provision of music channels by carrier
working. So far, it has not been necessary to consider
providing such channels in this country ; they have,
however, been provided abroad, a notable example
being that on the Bass Strait submarine cable.%

Transmission of music on a carrier basis involves
relatively close synchronism between the carrier
frequency at the transmitting and receiving terminals,
a minimum asynchronism of 7 c.p.s. only being
tolerable. This is due to the fact that lack of syn-
chronism means that frequencies which are harmonic
at the transmitting end are inharmonic at the
receiving end.

Split-band Method.—Providing music channels by
what might be termed an inversion of normal carrier
working has recently been the subject of practical
trial. This arrangement, known as split-band working,
makes use of two or more ielephone channels of
normal band-width for the transmission of the wide
band of frequencies required for a single
music channel. The music frequency band to be
transmitted is filtered into two or more bands, and
the upper band or bands modulate carriers to produce
frequencies within the normal telephone circuit band.
Each band is then transmitted on a telephone channel

2 p.O.E.E.J., Vol. 31, p. 23.
3 P.O.E.E.J., Vol. 31, p. 280.
4 Flectvical Communication, Vol. XV, p. 284.



of normal type, and at the distant end placed by
filtration and demodulation into its original position
in the frequency spectrum.

The split-band system is attractive from the point
of view that it does not involve the provision of
special line plant. However, it does involve giving up
temporarily a number of telephone channels, is
likely to be expensive, and means transporting
equipment of a bulky and somewhat fragile nature.
It is probable that this will prevent it coming into
general use. A description of the equipment used
and the practical trial of split-band working will
be dealt with in a later issue of this JOURNAL.

Conclusion.

The number of channels required for music
purposes is increasing, and this factor, the extensive
use of carrier cables, and the introduction of new
amplifier design technique are resulting in special
attention being paid to the design of such channels.

It is hoped that the foregoing will be considered
as a survey of music channel requirements, of the
existing and contemplated methods of providing such
channels, and as an introduction to other articles to
be published in this and subsequent issues of the
JourNAL which deal in detail with particular features
of newly-developed equipment.

Wiring of Subscribers’ Premises

HE Post Office has recently developed and
I brought into use a number of improvements

in the means of wiring telephone subscribers’
premises. In the writer’s opinion reduced fault
liability, enhanced appearance and simplification of
fitting have been attained.

Cable—Standardisation of IRV Types.

Until recently two types of cable have been avail-
able, the one with a lead sheath (Cable E. & C.C.)
and the other with a white braided covering (Cable
E. & F.P.)). Both had enamelled conductors which
were found to be prone to faults originated in the
stripping operation. The enamelled and flameproof
cable was somewhat susceptible to damp and was,
consequently, so unpopular that in some districts the
lead-sheathed cable with enamelled and cotton
covered conductors was used exclusively. The more
expensive lead-covered cable, which is still available
for use in really damp situations, is rather unwieldy
and, moreover, is liable to cause damage by marking
decorations, etc.

These circumstances have led to the introduction of
a new cable with 12} Ib. tinned copper conductors
having vulcanised india rubber insulation 20 mils
thick, coloured in accordance with the standard
colour scheme and finished with an overall glacé
cotton braiding. The latter is so tensioned that it
may be pushed back a matter of two inches from a
freshly cut end. After the conductors have been
stripped of their insulation and connected to the
apparatus, the outer covering may then be returned
towards its original position without fraying, thus
making aneat termination. In stripping the conductors
the VIR insulation comes away easily in one operation
and a clean tinned surface is immediately available
for soldering. The colours of the outer braided
covering have been designed to harmonise with the
general run of modern interior decoration, the cable
being obtainable in brown or cream.

This type of cable has now superseded Cable E.
& F.P., 1 pr., 3-wire and 4-wire, and reports already
show that the cable is clean and easy to handle and
results in a lower fault liability. Its insulating

properties render it suitable for use in all situations
that are not abnormally damp.

A quantity of tough rubber-sheathed cable has
been manufactured for trial in the under-floor duct
system installed in the new Telephone Manager’s
Office at Coventry. The aim is to produce cable of
similar properties to that described above, but with
the required number of IRV covered conductors
embedded in an overall covering of tough rubber
intended to withstand a considerable amount of
rough treatment and moisture and suitable for
running in under-floor ducts, troughs, cellars, etc.

In view of the success of the VIR conductor in the
braided cable, this principle is also being extended
experimentally to lead-sheathed cable which is at
present undergoing field trial.

When these types of VIR cable are finally available,
Cable E. & C.C. will become obsolete and the new
lead-covered VIR cable should only be used in
extremely damp or deleterious conditions or where
the mechanical protection or electrical screening of a
lead sheath is required.

Terminal Blocks.

New 2-,4-, 8- and 12-wire terminal blocks in moulded
plastic have been introduced in place of the wooden
connection strips and early types of terminal blocks.
In addition to their superior electrical and mechanical
qualities the new blocks are of improved appearance
and are available in black, Chinese red, jade green an
ivory. .
Plugging Material.

A new product consisting of asbestos fibre mixed
with cement, etc., is now available for plugging holes
in walls, etc., to take fixing screws. The plugging
material is moistened and rolled in the hand into a
billet which is rammed down well into a hole cut in
the usual way. While still moist a central hole is
made in the compressed material in order to give the
screw a start. The screw is then driven home and can
take the load immediately. Interesting results have
been obtained in test, e.g., a No. 8 wood screw used
in a hole cut with a No. 18 bit was capable of with-
standing a direct pull of up to 280 1bs.  G. H.C.
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The Provision of Music Channels on
12-Channel Carrier Cables

R. J. HALSEY, B.sc.(Eng.), A.CG.I,D. C,
and D. G. TUCKER, B.Sc. (Eng).

Music channels on carrier cables may be provided either within the range of the carrier system or, without modulation, below
this range. The latter is thought to be preferable, and the necessary equipment is described, together with test results
obtained on the Bristol-Plymouth route.

Alternative Schemes.

N planning the provision of music channels on
Il2~channe1 carrier cables, two major alternatives

were considered. The music channel may be
located in a frequency band within the normal trans-
mission range of the carrier system, when it will be
transmitted through the normal line repeaters. This
involves no additional plant at repeater stations
beyond that normal to the carrier system. The
crosstalk normally associated with the carrier channels,
both inter-system and within system will also apply
to the music channels and this may compare un-
favourably with the very low noise and crosstalk at
present obtained with screened pairs. Moreover, the
problem of transmitting frequencies down to 35 c.p.s.
presents considerable difficulty in the matter of filter
design and a high degree of carrier stability is essential.
Against this, however, must be offset the advantage
of very low velocity distortion due to the cable.

Alternatively, the music frequencies may be trans-
mitted over the cable without modulation, below the
range of the carrier system, but with this scheme the
provision of filters, special equalisers and music
repeaters is necessary at each repeater station. It

TRANSMITTING

mediate repeater station, it is obviously undesirable to
work very close to the cut-off frequencies. Cut off
frequencies of 11,500 c.p.s. for the high-pass filter
and 10,500 c.p.s. for the low-pass filter give a reason-
able design and permit of equalisation up to at least
9,000 c.p.s. on the music channel. The arrangements
described are based on this allocation, but if new
carrier systems are installed, embodying the Oslo
recommendations of the C.C.I.F.! the cut-off
frequencies must be reduced by 1,000 c.p.s.

Filiers.

Attenusation Requirements—It will be seen from Fig. 1
that at a repeater station, a signal on either band is
offered two alternative paths :

(a) Through its own filters, equaliser and repeater,

(b) Through the complementary system.

The signals via the two paths will re-combine
on the line, but not necessarily in phase. Thus the
signal which traverses the wrong path must be
attenuated sufficiently to have only a small effect
on the overall transmission, otherwise this will be
irregular, owing to the phase characteristics of the
system. This consideration determines the necessary

INTERMEDIATE REPEATER RECEIVING

TERMINAL STATION TERMINAL
CARRIER CARRIER SYSTEM B CARRIER
SYSTEM 1 r=—""" r 1 SYSTEM

MUSIC

CHANNEL CABLE PAIR
O

LINE
FILTERS

AMPLIFIER \/

will be appreciated that the carrier repeaters are not
suitable for the transmission of frequencies below
12 kc p.s. which is also the lower limit to which the
line is equalised. It is expected that the noise and
crosstalk level will be lower with this arrangement and
should approach that obtained with screened pairs.

The second alternative has been explored and the
results obtained are the subject of the present article.
It gives potential music channels at the rate of one per
pair, i.e 24 channels in each direction over a normal
carrier route. Fig. 1 is a schematic arrangement of
terminal and intermediate repeater stations.

Frequency Allocation.

All 12-circuit carrier systems at present installed
transmit the lower sidebands of carrier frequencies
16, 20, . . . 56, 60 kc.p.s. and the lowest frequency
effectively transmitted is about 13,300 c.p.s. Since
it is necessary to insert two filter units at each inter-
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amount of filtration and requires that the equalisers
introduced in each circuit must be such that there is
never excessive gain in the complementary path.
For a variation or roll of 4- 0-1 db. from this cause
it is necessary for each filter to have a minimum
attenuation of 19 db.

Impedance Requivements. The filtration is compli-
cated by the svstem of distant-end crosstalk balancing
which is employved on 12-channel cables. This requires
that the cable pairs shall be terminated in impedances
which are not greatly different from their characteristic
impedances. When the music channels are added, the
lines are terminated by the filters, hence the filter
input impedance is of major importance at the
higher frequencies.

1The C.C.I.LF. decided at Oslo (1938) that international
circuits on 12-channel carrier cables shall transmit upper
sidebands of carrier frequencies 12, 16 .... 52, 56 kc.p.s.
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The line terminal impedance of a line filter set
of the usual type (parallel connection of the high-pass
and low-pass filters) is quite unsuitable for terminating
cable pairs in a multi-channel carrier cable. The
device usually employed, of increasing the impedance
of the first series element in each filter by about 50
per cent. (so called x-termination), gives a terminal
impedance at the higher frequencies which is con-
veniently expressed as a parallel combination of
resistance and inductance. The latter can be reduced
by the addition of a shunt-connected susceptance-
annulling network, but the final impedance-frequency
characteristic then slopes the opposite way to that of
the cable.

By using a series connection of the high-pass and
low-pass filters a much more satisfactory result is
obtained. The filter sections facing the line have
mid-shunt constant-k impedances instead of mid-
series as with parallel-connected filters. The equivalent
of the x-termination is obtained by increasing the
admittance of the terminal shunt arms by about
50 per cent., and the residual reactance is reduced
by a series-connected reactance-annulling network.
By this means it is possible to obtain a filter impedance
which closely matches the line im-
pedance over the range of the high-

up to at least 150 kc.p.s. and they will
' therefore fit in with new developments
which aim at the addition of one or two further
12-channel groups above 60 kc.p.s. The cable im-
pedance curve shown was measured on the
Guildford-Southampton route, these cables being of
the latest quad type. The Bristol-Plymouth cables,
which are of pair construction, have a lower
impedance.

Installation of Experimental Systems.

Two music channels of an experimental nature
have been installed on carrier cables between Bristol
and Plymouth. Although they were finally set up to
work in opposite directions, most of the experimental
work wasr carried out with both circuits transmitting
from Bristol to Plymouth. As indicated above, the
filters used were not completely in accordance with the
final specification and their shortcomings will be
evident from some of the results which follow.
The Bristol-Plymouth route is 125 miles in length
and includes six intermediate repeater stations:
Rooksbridge, Taunton, Willand, Exeter, Moreton-
hampstead and Tavistock. ‘

The music amplifiers used for the tests are of a
new type (Unit Amplifying No. 24) employing negative
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restored very nearly to its original degree of
flatness by disconnecting the first section of
the 12-channel equaliser at two intermediate

repeater stations only. The change of level
at the other repeaters is not serious and no
re-adjustment of repeater gains is necessary.

The frequency response of Channel 1 before
and after insertion of music equipment on
one of the Bristol-Plymouth systems is

shown in Fig. 5.
Inter-system Crosstalk. The insertion of the

filters in the carrier systems can cause
crosstalk between the systems in two ways
(a) by coupling between the high-level filter

on one system and the low-level filter on
another and (b) by disturbing the balance of
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feedback. These amplifiers are described in another
article in this Journat.2

Effect on the Carrier Systems.

Equalisation. The insertion of the line filters causes
a considerable loss in the lower carrier channels,
and in Channel 1 especially the frequency response is
seriously affected. The pass-band attenuation of the
high-pass filter (Fig. 3) wvaries from 0.15db. at
60 kc.p.s. to about 1db. at 13 kc.p.s., these two
frequencies being approximately the limits of the
12-circuit carrier system. Between Bristol and
Plymouth there are inserted 14 filters and the losses
introduced into Channel 1 are as in Table 1.

TABLE 1
Voice Frequency Sideband Loss of 14
Frequency Filters
c.p.s. ke.p.s. db.
300 15-7 7-2
800 15-2 7-7
1,500 14-5 8-3
2,000 14-0 8-7
2,400 13-6 10-0
2,600 13-4 11-2
!

On this route the frequency response of the whole
system, and in particular, that of Channel 1, can be
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the terminal crosstalk balancing networks,
where fitted. .

(@) With unbalanced filter circuits using
“ironclad” inductors which rely on screens
and panels for shielding, the crosstalk takes place
chiefly by virtue of the common earth connection
in the circuit. Crosstalk due to this cause is worst
at Exeter, and Table 2 shows measured values. That
this crosstalk is due to common earth resistance is
shown by tests (see Table 2) carried out at

TABLE 2
ErrFEcT oF FILTERS ON CARRIER CROSSTALK

18Q

1" Crosstalk
Crosstalk Conditions . ratio at
occurrving  at 60 c.p.s.
db.
Exeter No filters 1n circuit 72
Due to coupling | Unbalanced filters, * iron-
between high | clad ” inductors, no earth
and low level | connections. 72
filters. Ditto, with earth connections. 59
Balanced filters, ‘“ironclad
inductors, no earth connection
to panels. 72
Ditto, with panels earthed. 67
Balanced filters, toroidal in-
ductors. No earth connection
to panels. 72
Ditto, with panels earthed. 72
Moyeton-
hampstead | No filters in circuit. 717
Due to coupling | Unbalanced filters, ¢ iron-
between high | clad” 1inductors, connected |
and low level | to earth through zero ad- !
filters. ditional resistance. i 77
Ditto. 0-5 ohm additional
resistance. ‘ 69
Ditto. 2-0 ohm. additional
resistance. ‘ 61
Tavistock. No filters in circuit 1‘ 75
Due to Ditto. Insert A-B cross in one
disturbing con- | pair on Moretonhampstead
ditions ot side. 68
terminal cross- | Unbalanced filters in circuit on
talk balancing. | Moretonhampstead side only. 71
Ditto. Insert A-B cross 1in one | 52-64
pair on Moretonhampstead | according
side. | to pomt
| at which
| Cross in-
| serted.
Balanced filters in circuit on
Moretonhampstead side only. 75




Moretonhampstead, where the earth connection is
normally good, and consequently, crosstalk of this type
does not normally occur. When resistance is added
in the common earth lead the crosstalk increases.

Filters using similar inductors in balanced circuits
avoid crosstalk due to a common earth connection
to the filter circuits proper, but there is still a fairly
serious crosstalk due to the common earth connections
to the panels. This is due, no doubt, to currents
induced in the panels by the external fields of the coils,
which are insufficiently self-screening. Balanced filters
using toroidal inductances, which have no appreciable
external field, cause no measurable crosstalk at
any repeater station.

(b) Terminal crosstalk balancing networks are
fitted only at Tavistock on the “ Go” cable (ie.,
Bristol-Plymouth) and at Moretonhampstead on the
““ Return ” cable. On all other sections, intermediate
balancing frames are used. Tests made at Tavistock,
and given in Table 2, show that the insertion of
unbalanced filters increases the crosstalk rather
badly,® and also that any A-B crosses in the wiring
have a similar effect. The insertion of balanced filters,
however, has no effect on the crosstalk if A-B crosses
are avoided.

In view of these test results, balanced filter circuits
using toroidal inductors have been specified and when
these are employed it can be expected that the existing
intersystem crosstalk will not be sensibly degraded
by the addition of the music channels.

Line Attenuation, Reflection Losses and Equalisation
of the Music Channel.

Before it was possible to design the equalisers
for the Bristol-Plymouth music channels, it was
necessary to determine the cable attenuation, and,
more particularly, the insertion and reflection losses
including the filters. These values were obtained by
measuring overall insertion loss, through filters and
appropriate terminating impedances, of two loops of
cable of different lengths. By taking the differences

3 That this effect is not due to unbalance capacitance to
earth was proved by obwvious tests.

NOTES ALL CAPACITANCES IN MICROFARADS
ALL INDUCTANCES IN MILLIHENRIES

Fi1g. 7.—TvpricaL EQUALISER CIRCUIT.

between the two sets of measurements, losses due
to the filters and reflections are eliminated, and
the attenuation constant of the cable can be evaluated
on the assumption that interaction losses?* are
negligible. This is shown in Fig. 6, for the frequency
range 35 to 9,000 c.p.s. Using these values of the
attenuation constant, values can bz determined from
the original measurements for the terminal losses
(which include filter and reflection losses) which are
very nearly the same for any cable section. These
Idsses are also shown in Fig. 6. From these two curves
the overall insertion loss of each cable section was
determined and constant impedance equalisers® were
designed. It was not considered necessary to equalise
correctly each individual cable section but the circuit
has been equalised as a whole, the different types of
network being so chosen and placed in the circuit
that the levels at intermediate points do not vary
unreasonably over the frequency range. A typical
equaliser circuit arrangement is shown in Fig. 7.

The overall equalisation of the music circuits is
quite satisfactory, frequency response curves for the
two directions being shown in Fig. 8, together with the
limits recommended by the C.C.L.F. for international
circuits. It will be seen that except at the very low
frequencies (below 100 c.p.s.) the overall loss lies
within a range of + 1 db. However, owing to the large
difference in the cable attenuation between the
extremes of the frequency range, temperature changes
throughout the year will undoubtedly cause a poorer
response to bz obtained at some seasons. The exact
extent of the seasonal variation and its correction

N

12 have not yet been investigated.
Crosstalk and Noise on the Music Channels

The C.C.I.LF. requirements with regard
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c.p.s. shall not exceed 10 mS., and between
30 and 800 c.p.s. shall not exceed 200 mS.”

The transmission times at frequencies

within the transmitted band of 50 to

8,000 c.p.s. were determined in two ways.
The first method was by a measurement of

the phase shift-frequency characteristic of
the loop formed by joining the channels in
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On the Bristol-Plymouth experimental music
channels a certain amount of interference occurs
from the carrier system. This is due to audio-
frequency intermodulation products produced in the
carrier repeaters.® Since, however, high-pass filters
separate the carrier repeater from the line, only a
small amount of this noise reaches the music channel
and this could be further reduced by filtration if
necessary. In addition there is a small amount of
power noise due to mains equipment at the unattended
repeater stations. There is no intelligible crosstalk
from the carrier systems. The total noise on the
music channels was measured during a peak traffic
period with an unweighted psophometer and also in
conjunction with a weighting network designed for
speech circuits. Weighting networks in accordance
with the C.C.I.LF. recommendation for music channels
were not available, but the unweighted condition is
clearly more severe. The channels were lined up so
that the repeater output levels were - 5 db. relative
to the input of the channel and in Table 3 the noise
is expressed in two ways :

a, In db. below 1 mW at a point of zero relative

level,

b, In db. below the useful maximum signal,

corresponding to 50 mW at the repeater outputs
(C.C.ILF. method).

16000 the aid of a cathode ray oscilloscope, the

frequencies of complete phase rotations over

the transmitted range. This characteristic

is shown in Fig. 9. From the value of the
slope of this curve (dB/dw) at various frequencies’,
the times of propagation have been determined and
are given in Fig. 10, Curve A.

The transmission times on the same loop (250
miles in length) were also measured directly by
oscillograms of sent and received signals obtained on a
Duddell oscillograph. From these oscillograms two
times have been measured (a) the time of first arrival
of the received wave and () the time when the
received wave reaches approximately 80 per cent. of
its steady state amplitude. These two times are
given in Table 4 with the corresponding values of
dB/dw.

TABLE 4.
Transmassion Time mS.
Frequency —_— —
c.p.s. dBfdw a | b
80 144 '

100 100 | — —
200 56 4-0 8-9
500 £3 | 36 51
1,000 37 ‘ 35 50
2,000 35 35 4-0
3,000 3-6 | 3-6 4-0
6,000 3-9 —_ —_
7,500 4-3 | —_ —

TABLE 3.
Signaljnoise ratio db.
Condrtion - - -
a b
No weighting 70 82
Speech weighting 85 97
network

Interference from the music channels to the
carrier systems and also crosstalk between music
channels is >80 db.

Transmission Time Over Music Channel.

The limits recommended by the C.C.I.F. for
differences of transmission time on music channels
are as follows :

“For music channels transmitting effectively a
band of frequencies of 30 to 10,000 c.p.s. the difference
in the times of propagation between 8,000 and 800

¢ The extent to which negative feedback reduces the magni-
tude of a modulation product depends on the amount of
feedback af the modulation frequency. Thus the carrier repeaters
generate low frequency products of considerable magnitude.
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The measurements fail at very low frequencies but
it is possible to calculate the propagation time due to

the cable from the fact that g = N/ wCR, whence
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shown in Fig. 10, curve C, and it will be

7l
n

50

seen that these are well within the C.C.L.F.
limits. For comparison, Fig. 10 also shows

+
o

the transmission time obtained on a music

channel on an equal length of coil-loaded
cable.
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below that of the carrier system appears to
be a satisfactory solution of the problem.
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Line equalisation can be carried out

accurately by constant impedance networks,
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dB/dw = 4/CR/8w. This gives times as shown in
Fig. 10, carve B. Assuming that the difference in the
transmission time at 100 c.p.s. is due to shunt induc-
tances at the repeater stations (e.g. repeater trans-
formers), the corresponding times for lower frequencies
can be estimated. The total times thus obtained are

o000 but these are rather complicated and can-

not be made up at short notice. Noise
and crosstalk features are satisfactory and
velocity distortion at high frequencies is superior to
that of circuits on loaded cables ; at low frequencies
it is of the same order, being determined mainly by
the amplifiers. Subjective tests of distortion over the
music channels described will be the subject of a
further article.

Inauguration of the First Mobile Unit Automatic Exchange

On Wednesday, December 7th, 1938, the Post-
master General, Major G. C. Tryon, made the first
public call ever to have been completed through
an automatic telephone exchange on wheels. This
vehicle has been designed by the Post Office Engineer-
ing Department, and a full technical description will
be published in the next issue of this JourNaAL. The
ceremony took place in the postal yard of King
Edward Building, London, and attracted considerable
interest from the press, the cinematographers and the
B.B.C.

While the 6-ton trailer van was hidden from view
behind a curtain, the Postmaster-General made a
statement outlining the functions of the vehicle, and
mentioned its future usefulness in meeting occasional
delays in supplying buildings or equipment where
telephone service in small towns or villages is urgently
required. The equipment as used on the vehicle 1s
capable of serving 90 subscribers, and will have the
usual facilities of access to other exchanges and to
the trunk network.

Curtains were then drawn aside to reveal the large
green van bearing the G.P.O. monogram and the
inscription ““ Mobile Automatic Telephone Exchange.”
With a standard U.A.X. key, the Postmaster-General,
accompanied by the Engineer-in-Chief, Sir George
Lee, opened the main door on the inside of which
had been fitted a special telephone instrument for
his use. He then inaugmated this novel exchange by
dialling a call which was extended over a trunk line
to Mr. Hugh de Haviland, the Chairman of the Essex

County Council at Chelmsford, in which area the
vehicle is first to be employed. After an exchange of
greetings and congratulations from Chelmsford, a
recording of which was made by the B.B.C., the Post-
master-General inspected the interior of the vehicle
and the signal was then given for the mobile telephone
exchange to be moved to North Weald, Essex, for
the urgent replacement of a rural manual exchange.

While Post Office engineers cut away the telephone
cable, a tractor was manceuvred into position and
was coupled up to the trailer. Within a few minutes
the exchange was threading its way through the
usual London traffic, on its way to North Weald,
where it was later brought into service.

The bodywork of this experimental mobile exchange
is of all-steel construction with cork insulation, and
contains a standard U.A.X. No. 12 equipment for
90 subscribers, and is complete with duplicate
batteries, A.C. charging rectifier and a standard
petrol engine charging set with radiator cooling
instead of the usual water tank. Connection to the
cable network is effected by a demountable joint
fixed on the inside wall of the vehicle, and space is
allocated for meters and main fuses to be mounted
by the supply company when A.C. mains are avail-
able. Every available space has been utilised, but
there is still enough room in the van for all main-
tenance operations on the telephone equipment, or
on the associated apparatus of this novel telephone
exchange.

R.W.P.
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Telephone Transmission Testing

by Subjective Methods

W. WEST, B.A, MIEE.

Some simple general rules for subjective, or listening, tests of telephone transmission are enunciated. Examples of the
application of the rules to various tests lead to discussion of some factors affecting transmission. The article has as a
background the possibility of change of the standard for this country from volume efficiency to effective transmission.

Introduction.

N spite of the fact that the facility, scope and
Idemand for objective tests of the electro-acoustic

apparatus used in telephony has increased
enormously during recent years, subjective testing still
occupies a position of basic importance.

Although there have been many contributions to
the technical literature dealing with objective electro-
acoustical measurements, comparatively little has
been written about subjective testing as applied to
transmission systems rather than to the sense of
hearing. Yet a great deal of subective testing has
been and is being carried out, not only at research
laboratories, but also, in rather less refined forms, as
listening tests carried out in the field. The functions of
objective and subjective tests are, in fact, comple-
mentary ; thus, for example, in designing a new type
of telephone, measurements of frequency-

characteristics by objective tests show exactly the .

effect produced by any modification of construction,
but subjective tests are still required for assessing
the value of such effects in terms of improved trans-
mission.

There are a few generalisations concerning sub-
jective tests which, though simple, are of fundamental
importance. In the first place, since aural impressions
or perceptions can be given no absolute value,
subjective tests are essentially comparative. Before
drawing up a testing programme it is necessary to
consider what comparison should be made and how
the tests can best be organised to yield a maximum of
reliable information for a minimum of testing time.
The comparison should be direct and without bias
towards either of the systems being compared ; this
means, in effect, that all possible influences external
to these systems should be common to both, ie.
direct switching from one system to the other and
listening to each alternately for equal periods of time
with negligible delay in the change-over. The
control or variation of external influences must also
be considered in order to avoid bias; thus, for
example, in comparing loudspeakers for quality, it is
desirable that all the comparisons should not be
made at the same position in the same room, because
the acoustical characteristics particular to the room
may fit the reproduction by one loudspeaker better
than the other.

It is also important to recognise that each single
subjective observation is simply an expression of a
single human perception or opinion. Where the
comparison is at all difficult to make, it will be found,
not only that the opinions of different individuals
differ quite widely, but also that the opinion of any
one individual varies when the same test is made on
different occasions (if it is recorded, as it should be, in
such manner that he cannot himself know what
result is being recorded). This means, of course, that
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many tests, involving several observers, are required
to obtain a reliable  average opinion ” ; the minimum
number of tests or observers required cannot be
expressed in general form, it depends on such con-
siderations as the importance of the decisions for
which the results cf the tests are required. It
follows also that the result of a subjective test should
not be regarded as a definitely repeatable fact, as-
should be the result of an objective test. This may
seem to be, and for some purposes it is, a fundamental
disadvantage of subjective testing, but it is unavoid-
able and inherent in the actualities of practical use ;
for if the two systems being compared are brought
into service, it is only to be expected that different
users will react differently towards them.

When an observer is required to make a judgment
in a subjective test, it is most important that there
should be no misunderstanding of the nature of the
comparison that he is to make, and the issue at stake
should be presented in as straightforward a manner
as possible. Thus, in a judgment test, the instruction
might be :— Of the two transmissions, A and B,
which you will hear, record which is the louder ” or
“ which you can hear the more distinctly,” as the
case may be, rather than “ which you consider is
better.” Where it is required to obtain a balance, i.e.
a judgment of equality by degrading or upgrading
the transmission on one of the systems in a controlled
manner until it is judged to be equal to the other, the
control is generally varied in steps and an observation
is made on each step. The steps should cover a wide
range round the estimated balance point and should
be presented in a random sequence. It is to be
preferred that the test be made without repetitions of
observations on any one step and that the observer
be asked to repeat the whole test on another occasion,
rather than that attempt be made to verify the result
by many tests repeated near his ““ balance point ”’ at
one sitting.

Although it is clearly legitimate to make some
preliminary selection of observers on such grounds as
discarding known abnormalities of hearing or intelli-
gence, or obtaining representative relative numbers
of the different sexes or ages, the placing of more
weight on the opinion of one individual, however
distinguished he may be, than on those of the others,
is generally to be avoided. In cases of doubt it is
better to bring more observers into the test.

Volume Efficiency Tests.

Although, in the absence of a suitable agreed
alternative, volume efficiency (i.e. loudness) remains
as the standard of transmission for international
telephony, it is recognised that velume is by no
means the only factor required for good transmission.
Where there is little or no tone difference between the
systems compared, little difficulty in making volume
comparisons arises; but such comparisons are



generally more suitably dealt with by objective
measurements. This is done in acceptance testing,
for transmission, of telephone instruments, comparison
being made on a voltmeter against a standard instru-
ment of similar type. When there is tone difference,
as for example in comparing a commercial circuit with
a high quality circuit, difficulties of a similar nature to
those involved in noise measurement are encountered.

The question of comparing loudnesses of different
noises has been fully discussed elsewhere.! Probably
the best of the possible methods of obtaining a
judgment of equality of loudness is that described by
Dr. Harvey Fletcher and W. A. Munson.? Certain
features incorporated in this technique which the
writer considers desirable may be noted :—

The observer hears the two tones alternately, for
equal short periods of time. These are only twice
repeated and he then records his impression of which
is the louder ; absolute certainty of opinion is, of
course, not expected of him in any one such com-
parison. Then he makes a similar comparison, but
with the intensities of both tones received at different
levels, and so on. The levels are preselected, but are
applied to the observer in a random sequence. When
the observations of all the observers have been
collected, they are plotted in such manner that average
judgments of equality at two or more different levels
of the standard tone are determined and each
individual observation plays some part in the
determination. Such a method is to be preferred to
one which attempts to ascertain ‘“ accurately ”’ the
balance point of an individual observer, by a number
of tests repeated at levels in the neighbourhood of
what appears to be his balance point. An observer
will be able to confirm his judgment of immediately
preceding tests at similar levels with surprising
accuracy, but this judgment may differ widely from
that of the same individual on another occasion, or
if approached by a different sequence of applied
levels.

Investigations are proceeding with the object of
selecting a more relevant standard of telephone
transmission than that of volume efficiency, ie. a
standard of ““ effective transmission.” The method
to be described later originated in the U.S.A. as a
direct attack on this problem. Without in any way
attempting to anticipate any future standards, we
may visualise a conception of ‘ effective volume
efficiency ”’ as the attenuation, relative to that of a
standard circuit, at which the intelligibility on the
two circuits (under otherwise similar testing condi-
tions) is equal. Any assessment of such a quantity
must be made under difficult listening conditions,
such as faint reception in the presence of noise, since
it is only under such conditions that volume efficiency
is, in fact, a significant factor.

Effective volume efficiency is not, by itself, a
measure of effective transmission, but it has a very
direct bearing thereon. Attempts to assess effective
volume must be made by some kind of quality test
in some such manner as will be indicated in the next
section.

17 EE.J., Vol 81, p. 57, July, 1937, and others.
2 J. Acou. Soc. of America, Vol. 5, p. 103 (Appendix A).

Articulation Efficiency Tests.

In an art such as telephony, which is primarily
concerned with the transmission of sounds of speech,
it is only natural that tests should be made using
synthetic speech sounds. Each of such sounds is, in
general, made up by “ initial consonant, vowel, final
consonant ”’ to form a syllable (usually meaningless)
to which the international name logatom has been
applied. In the most usual practice of articulation
testing, a speaker transmits logatoms over a circuit,
a listener (or listeners) records the sounds heard, and
the result of the test is computed as the percentage
number of logatoms which were correctly recorded.
This is known as the articulation percentage.

This result is, of course, dependent, to some extent
at least, on the technique and on the individuals
employed, their method of articulating the sounds,
etc., as well as on the system under test. It is
tempting to endeavour to control or correct for the
unwanted variables? in order to obtain a result which
can be regarded as an absolute value, applicable to
the system under test alone. The writer prefers to
adhere to the principle that the test should be used
for comparison only.

Detailed accounts of articulation testing methods
have been given elsewheret Some details of the

" present practice of the Post Office Research Branch

may be noted, particularly in connection with the
emphasis that is placed on obtaining a fair com-
parison. Lists of logatoms (25 to a list) are obtained
from a machine which maintains, on the average for a
large number of lists, the correct proportions for the
frequency of occurrence of the different sounds in the
language. From any one list a second list, of equal
difficulty, can be obtained by interchanging the three
components of each logatom (initial consonant, vowel,
final consonant), to produce 25 different logatoms.
Both lists thus contain exactly the same components
of speech, and the lists are paired and used, one on
each of the two transmission systems to be compared.
For some tests it is practicable to divide the trans-
mission circuit and to include the item under test in
one branch and the corresponding item in the other
branch ; identical logatoms are thus transmitted
over both branches. To guard against the possibility
of slight inequality as between the two branches, the
items concerned are interchanged at intervals during
a complete test. The speaker introduces the logatom
into a standardised short sentence and he adjusts his
speaking volume on this sentence (not on the logatom)
by observing the reading of a meter connected to an
independent moving-coil microphone.

In the practice here referred to, an isolated com-
parison test is completed when 100 logatoms have
been sent on each of the two systems being compared,
25 logatoms by each of four speakers, generally two
male and two female. A list of 25 logatoms on one
system is immediately followed by the baldnced list,
with the same speaker and listeners, on the other
system. If, as is often practicable, the terminating
receiver can be replaced by four similar receivers, in

3 P.O.E.E.J., Vol 23, p. 25.
4 Bell Svstem Technical Journal, Vol. 8, p. 806; and
I.LE.E.J. Vol. 71, p. 605.
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series-parallel, four listeners record simultaneously,
so that the isolated test result is an average of 400
logatoms received on each of the systems.

Usually information should be obtained on the
relative transmission properties of two systems at
different levels of received volume. This information
would be shown by test points plotted as indicated
in Fig. 1, where points A,, A,, A; and A, refer to the
articulation percentages obtained on one system (A)
at four different levels (controlled by adjustment of
circuit attenuation at a convenient part of the circuit),
and points B;, B,, B; and B, refer to articulation
percentages on the other system B. Smooth curves
drawn through the points A and the points B, then
purport to give a true representation of how both
systems perform at different levels.

But if the comparison has been made in the form
of isolated tests comparing A, and B,, A, and B, and
so on, the shape of the curves depends on com-
parison of the different points A with each other and
of the different points B with each other, and these
comparisons have not been directly made.

In order to make the comparison between the
curve A and the curve B more direct the following
procedure has been used :—The whole test series is
first planned as a group of isolated tests each com-
paring a point on curve A with a point on curve B,
taken in random sequence, such as A, and B,, A, and
B,, Ay and By, Az and By, A; and B,, A; and B, and
so on, the number of such combinations depending
on the amount of testing considered necessary.
When all the tests have been completed the average
is found for each of the separate points, and the
difference of each individual test result from the
corresponding average value is noted. Each isolated
test includes two individual test results, and the
mean of the differences of these from the correspond-
ing average values is applied as a correction to both.
For example, suppose that an isolated test of A,
and B; gave 88 per cent. for A; and 42 per cent. for
B;, and that the average of all the tests for A,
was 87 per cent. and for B;, 39 per cent. The two
differences are —1 and —3 (the average value taking
the - sign), and the mean, applied as a correction of
—2, makes the corrected values for this test 86 per
cent for A, and 40 per cent. for B,. The average of all
the corrected values for each point is then plotted.
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Applications of Articulation Tests.

The nature of the problems for which articulation
tests may be required is so varied that overmuch
generalisation would be unwise. Some specific
examples of very general interest follow.

The Effect of Noise on Conversation by Telephone.—
From general considerations it may be concluded that
the principal effects of noise on a listener are due to
masking of the wanted sound and to distraction.
The latter effect is not measured by articulation
tests ; it is attributable more, perhaps, to the subject
than to the noise. The masking effect, however, may
properly be studied by articulation tests.

That the masking effect of noise, either circuit
noise or room noise, is in effect a limitation of the
range of volume levels which can be effectively
received by the ear is generally recognised. For a
given type of telephone connection and a given noise
condition, the extent of the volume limitation or
“ impairment ”’ due to the noise can be assessed, in
db., by a series of articulation tests made with and
without the noise. The effect is illustrated in Fig. 2
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where the full curve is the articulation-attenuation
curve for a commercial circuit, as measured with no
noise at the listening end. The broken curve has the
same shape as the full curve, but is displaced by
20 db. towards the left, i.e. it represents the articulation
percentage on the same circuit but with 20 db. of
added attenuation introduced at some point in the
circuit. The points show observed articulation per-
centages on the circuit, without added attenuation,
but with a certain steady circuit noise applied instead.

It is clear that the impairment due to the noise is,
for all practical purposes, the same as that due to
20 db. of attenuation when no other noise is present.

The impairment due to a noise is logically equiva-
lent to a loss of effective volume. It can be assessed
in similar terms (db.} and by a similar technique, and
if this is done the result is directly additive to the
effective volume efficiency. But though the impair-
ment due to a noise is substantially independent of
the amount of attenuation in the circuit and of the
loudness at which the sender is talking, it is not
independent of the amount of other noise which may
be present. Thus a small noise may introduce a
substantia]l impairment when compared with no
noise, but, if added to a much larger noise, the smaller
noise, being itself masked. would be negligible.
Even so, it seems that if sufficient assessments are



made of a single noise, when other noises of usual
magnitudes and very different character are present,
a single average impairment, attributable to this
noise, can be used for most practical purposes.

Although a particular noise can produce a masking
effect with frequency discrimination, it seems
reasonable to assume that noise in general covers the
useful range of audible frequencies uniformly, i.e.
that the impairment due to the noise is equivalent to
non-reactive attenuation.

Effect of Frequency Limitation on Conversation by
Telephone.—It is well known that for long-distance
telephony the wider the band of frequencies effectively
transmitted, the more expensive are the circuits,
hence the question of the effect of frequency limitation
on transmission is one of very general interest. For
purposes of design and planning it is desirable, if not
essential, to reduce all relevant assessments of trans-
mission to a common quantity, and this quantity is
attenuation, or relative sensitivity, in db. Now the
introduction of a frequency distortion, such as
frequency limitation, is not, logically, equivalent to
a uniform attenuation at all. Hence any assessment
of frequency cut-off in terms of the added attenuation
to give equally good transmission will produce an
answer which is particular to the testing conditions
employed (such as the frequency-characteristics of
the circuit, the speaker’s volume, room noise, etc.).
A generalised answer is obtained if these conditions
are constantly varied during the assessment in a
random manner comparable to service conditions ;
this is the repetition rate technique.

Laboratory tests, under controlled conditions,
supply more detailed information for the particular
conditions used. An example is given in Fig. 3 which
shows the results of a comparison, by articulation
tests, of a certain commercial circuit with and
without the frequency limitation caused by intro-
ducing a low-pass filter with a cut-off frequency near
the upper limit of what is ordinarily regarded as the
useful frequency range for commercial telephony.
Some points of interest may be noted from the
curves of Fig. 3. Where the attenuation is high an
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assessment can be made of the reduction of “effective
volume” due to the filter ; this is indicated in the
figure at a particular point on the curve as equal to
4 db. Unlike the noise example, however, it cannot
so readily be assumed that this quantity necessarily
applies at greater attenuation levels. Also, unlike
the noise example, at smaller attenuation levels there
is a loss of articulation efficiency due to the filter

which cannot be made good by reducing attenuation.

One can visualise the received sounds as consisting
of components at different frequencies and different
intensity levels, ranging from the strong vowel sounds
{(generally in the mid-frequency range) to the weak,
unvoiced consonants (at somewhat higher frequencies).
While there is sufficiently low attenuation, all are
transmitted (within the limitations imposed by the
distortions of the system), but as attenuation is
increased to the point where some of the weaker
components are entirely lost, the articulation effi-
ciency is reduced, and any further increase of attenua-
tion augments this effect. A similar process applies
when the filter is in circuit, but, in addition, the
components at frequencies cut off by the filter are
lost at all volume levels.

It can also be seen that with small attenuations,
i.e. louder received sounds, the articulation efficiency
is slighly less than the maximum, and that this effect
is somewhat more pronounced when the filter is in
circuit. The combination of two well-known influences
may be sufficient to account for the effect. First, the
sensitivity of the telephone instruments is very much
greater at some frequencies in the mid-frequency
range than it is at the more extreme frequencies, and
secondly, the masking effect of a single frequency
tone on the ear not only becomes greater as the
strength of the tone is increased, but it also extends
over a wider range of frequencies, especially towards
higher frequencies. It is not unexpected therefore
that the loud mid-frequency sounds received by the
listener should produce sufficient masking of weak
sounds at other frequencies to reduce articulation
efficiency, and that this effect is augmented by a
restriction of the frequency range.

Intelligibility Tests. .

With the object of avoiding some of the artificiality
involved in articulation testing, intelligibility tests
have sometimes been used instead. The technique is
generally similar, but short sentences, each con-
taining a simple idea, are sent, instead of logatoms,
and records are made of the number of ideas correctly
received.

There are obvious practical difficulties in the
selection of sufficient sentences suitable for intelligi-
bility tests, if the observers remain unchanged. A
continuous supply of fresh lists must be available to
avoid the chance of aid by memory. It is not feasible
to balance lists for difficulty, and the possibility of
differences in degree of simplicity of the ideas,
relative to the intelligence of observers, is introduced,
a factor which is absent from articulation testing.

Another interesting method of test, immediate
appreciation testing®, has recently been described.
Simple sentences are also employed in this technique.

These methods can be applied for comparison tests
in ways similar to those used for articulation testing.

Judgment Tests.

This title covers a wide variety of possible applica-~
tions ranging from a complete testing series, devised
to give a definite and reliable result, to a simple
“snap "’ test by a single observer only, made with
the object of confirming that the results of other

5 Siemens’ Magazine, January, 1937.
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tests are essentially reasonable. No subjective snap
test should really be regarded as a test at all ; varia-
tions between individual observations can generally
be so wide that it is not safe to rely on the results of a
few observations only, and this fact can easily be
overlooked if record is made in the form of a test
result.

Quantitative comparisons can sometimes be made
between two transmission systems A and B by
judgment tests, for example by the method of
Fletcher & Munson mentioned earlier. A specific
example of a comparison in terms of relative attenua-
tion (db.) may be quoted to illustrate, not only the
method, but also some general considerations con-
cerning the use of attenuation as a criterion of merit
for a system :—

Two microphones, A and B, are to be compared
on similar circuits. A is regarded as the standard
and B as the microphone under test. The circuit
includes in the junction connection a non-reactive
attenuator which can be varied to control the overall
attenuation. Switching arrangements are provided
at the microphone termination so that changing over
the microphones on the circuit also changes over
attenuators in the junction. Different junction
attenuations for circuits A and B, as shown in the
table, are applied in turn. For each of these applied
conditions the speaker reads from some text of a
simple nature, switching over from A to B or

TABLE
COMPARISON OF MICROPHONES A AND B
(+ indicates judgment in favour of B, —in favour of A)

Attenuation in Junction for A (db.)

30 36

Attenuation in Junction for B (db.)

Observer |94|27|30|33|36(39]/30|33|36,39|42| 45
X +i+ 4+ == ==
Y + |+ =i+ ==+ F =] =
and so on for, say, 20 observations
Percentage
1n favour 0|5(25|55|70({95) 5|15|55|80|90;100
of A

vice-versa after equal intervals of a few seconds
duration. The observer signals which of the trans-
missions A or B he can hear more clearly and the
record is made, e.g. by + or — sign as shown in the
table. For the particular test illustrated each
observer makes twelve judgments at a sitting. The
conditions are, of course, applied in a random sequence
and a reversing key at the sending end is used to
interchange conditions A and B at will in a manner
unknown to the observer. The test includes any
desired number, say twenty such observations, either
with twenty different observers or with, say, five
observers each making four observations, for different
speakers.

The results are then counted as a percentage of
votes recorded in favour of one of the transmissions
A or B, and points are plotted as shown in Fig. 4.
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The smooth curves drawn for these points intersect
the line for 50 per cent. at points which are taken as
indicating equality between the systems. Thus,
under the conditions of the test and with 30 db. and
36 db. in the junction for A, balance is obtained with
33 db, and 36 db. respectively in the junction for B.

Since the criterion of the test was “ which trans-
mission can be heard more clearly,” the test is one
of effective volume efficiency. If the criterion had
been ““ which transmission is louder ” the test would
have been one of volume efficiency, and generally a
different result would have been obtained.

The effective volume efficiency of B in terms of A
is thus -+ 3 db. with 30 db. in the junction for A and
0 db. with 36 db. in the junction for A, for the test
conditions used, which would include certain levels of
room noise and speaking volume. Differences of
attenuation in the junction may be interpreted to
include any changes of condition which are really
equivalent to changes of attenuation, e.g. changes of
noise or of speaking volume.

The difference of 3 db. in the test result at the two
different levels may be due to subjective variations,
or it may be an indication of a real effect. Suppose,
for example, that microphone A is an ordinary com-
mercial telephone transmitter and microphone B is
one of relatively high quality, and that artictlation
tests under conditions similar to those of the judg-
ment tests resulted as shown in Fig. 5. The curves
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in this figure are drawn to correspond with the results
quoted above for the judgment test, viz., the effective
volume efficiency of B in terms of A is zero with 36 db.
in the junction for A. For smaller values of attenua-
tion, the effective volume efficiency of B in terms of
A is a gain, and for larger values it is a loss. In the
region where the curves are practically horizontal
the concept of effective volume is meaningless,
because in this region the transmission is not affected
by change of attenuation. We may suppose that for
attenuations less than the critical value (36 db. in the
junction for the particular conditions of the test) the
relative superiority of B is due to the wider range ot
frequencies effectively transmitted by microphone
B also that for greater values of attenuation the
resonance of microphone A enables it to give a greater
output than B over a restricted range of frequencies,
and that at these high attenuation values frequencies
outside this range are in any case inaudible.

Which then is the better microphone, A or B?
Obviously in the majority of circumstances B shows
a marked superiority over A. Some listeners, how-
ever, may be partially deaf or may suffer from a
severe combination of adverse circumstances such as
noise, attenuation and weak speaking, and in such
circumstances preference for microphone A is under-
standable.

Repetition Rate Tests

The considerations touched upon in the preceding
paragraph, and the fact that circuit performance can
react upon the telephone user, differently for different
users, in manners not accountable with certainty by
laboratory tests, point to the necessity for collecting
data from service observations to obtain direct
assessments of effective transmission. The repetition
rate method® serves this purpose; it is based on a
count of the number of repetitions required in
ordinary telephone conversations and on the principle
that if two interchangeable circuit components are
directly compared by this method, they have equally
effective transmission if they give equal repetition
rates, the repetition rate most commonly used being
the number of repetitions per unit of conversation
time.

This is essentially a subjective test and no absolute
figure of merit should be attributed to any measured
value of repetition rate. The test is properly a com-
parison test, and the more directly the comparison is
made the more reliable will be the result. There is
evidence that the repetition rate is influenced by the
proportions of types of conversation (e.g. business or
social calls), sexes of the speakers, duration of the
calls, etc. At the same time a repetition rate test
cannot be made so direct a comparison as a laboratory
test, since identical calls do not occur on the two
circuits which are being compared. The assumption
must therefore be made that, with a sufficient number
of calls observed, the irrelevant influences have an
equal effect on the repetition rates of both circuits.

Since the object of repetition rate testing is to
obtain data for replacing existing volume efficiency
ratings by effective transmission ratings, and since

§B.S.T.J., Vol. 10, p. 116 ; and Vol. 12, p. 331.
P P

it is desired to retain the useful and successful features
of the existing scheme, it is clearly desirable that the
test results shall be capable of interpretation in
similar terms, viz. as distortionless attenuation in
decibels. The first step is therefore an observation
of the effect on repetition rate of a change in attenua-
tion. From such observations it appears that a useful
empirical finding has emerged, which can be expressed,
in terms of the increase in repetition rate from R, to
R, due to an added attenuation of X db., as :—

R,
X =Clog R,
where C is a constant. By means of this relationship,
the value of C having been established, it is possible
to assess in db. of effective transmission the value of
any circuit change for which the relative repetition
rates have been observed by direct comparison.
Absolute invariability of the constant C cannot be
assumed, which means that the fundamental relation-
ship requires periodical verification by experiment.
An outstanding disadvantage of the repetition rate
method is the length of observation time that is
necessary to obtain a single reliable result. For this
reason the test cannot, by itself, be used as a direct
substitute for volume efficiency measurements, because
the number of types of circuits and combinations
thereof is too great. When taken in conjunction with
laboratory tests, however, the results of repetition
rate tests can be used to provide sufficient data for
planning on an effective transmission basis.

Comparison of Labovatory and Iield Tests.

The contrast between repetition rate and laboratory
tests lies in the fact that whereas the latter can result
in a number of different answers, according to
different conditions of test, the former gives a single
result in which the different conditions (e.g. of room
noise, circuit attenuation, etc.) are automatically
weighted, on a statistical basis, in accordance with
their occurrence in the service conditions of the test.
Moreover, the repetition rate answer includes psycho-
logical reactions, which may mnot be capable of
simulation in the laboratory, and also abnormalities
of hearing and speaking.

It should not, however, be too lightly assumed
that a result obtained directly from a repetition rate
test is mnecessarily more representative than an
estimate based on laboratory tests. For practical
reasons the callers involved in a repetition rate test
are restricted in numbers and generally in locality,
and the types of user and types of call may not be
truly representative of those included in the service
as a whole. In general, therefore, it is not desirable to
lay down any hard and fast rule for evaluating the
effect of a change of circuit or apparatus in terms of
effective transmission. Relevant existing data must
be reviewed and further tests planned, possibly on a
basis of allocation of testing time in accordance with
the importance of decisions for which the test results
are required.

The formula X = Clog (R,/R,), quoted above, was
obtained by repetition rate tests under service condi-
tions for local calls, but with artificial junction
lines of distortionless attenuation X which were
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introduced for the test. The formula appears to be
as applicable for quite small values of X as for larger
values, i.e. the repetition rate increases with increasing
attenuation even when there is a minimum of attenua-
tion in the junction. This seems to be a different
story from that given by articulation tests (see for
example Fig. 3). An obvious difference between the
two tests is that, whereas each point on the curve for
articulation efficiency represents a single set of
listening conditions, the repetition rate is always the
combined result of a large number of different condi-
tions. These differences of conditions are, one may
presume, predominantly differences of noises, trans-
mitter feed current, efficiency of instruments and of
hearing and speaking, rather than tone differences on
the circuit. In general, all such factors are impair-
ments equivalent to attenuation, and some of them,
e.g. noise and imperfect hearing, can have very large
impairment values indeed. The comparison of
repetition rate with articulation test results is there-
fore a comparison, not with any single point on the
articulation-attenuation curve, but with the whole of
an indeterminate but very wide range of attenuation
values on the curve.

In so far as this comparison is reasonable, it follows
that, for a given type of telephone instrument and
local connection, the repetition rate is influenced
mainly by the relatively few calls for which the
listening conditions are exceptionally unfavourable,
and that for these calls volume efficiency is a critically
important factor. This does not mean that a con-
siderable improvement in repetition rate cannot be
effected by reducing the distortions introduced by
the telephone instrument, but it does indicate that
there is little room for sacrifice of effective volume
efficiency in the design of instruments to give improved
quality.

One further consideration which would be involved
in establishing the telephone system on a basis of
effective transmission deserves attention. For many
years it has been a routine practice to line up circuits
by tests at a single frequency of 800 c.p.s. This

frequency is probably well chosen for volume efficiency,
but, for effective transmission, there are indications
that a frequency of about 1,600 c.p.s. is to be preferred
where tests at a single frequency only are justifiable.
The middle point of the frequency range for articula-
tion lies at about 1,600 c.p.s., that is to say that
articulation is degraded by about the same percentage
by the loss of all frequencies above as by the loss of
all frequencies below this value. It is significant that
the result of a repetition rate test has shown that one
mile of a 20-1b. cable (88 ohms and .075 uF per mile) is
equivalent to about 1-6 db. for effective transmission ;
the same equivalence holds, for attenuation, at a
frequency of about 1,600 c.p.s.

Conclusion.

Only certain subjective tests of very general interest
in telephone transmission have been mentioned in
this review. Other kinds of test have sometimes to be
devised to deal with special circumstances, for example
where voice operated switching devices may affect
transmission.

For all major problems of telephone transmission
it is useful to employ a variety of different tests.
In any case such problems, involving subjective tests,
require the expenditure of much testing time to
establish sufficient reliable data. There is, however,
room for ingenuity in the planning of the tests to
yield information of the most general and com-
prehensive kind.

From the experience which is now accumulating
of the combination of objective measurements with
subjective assessments, it may be possible to rely
more and more in the future on the former alone.

Subjective tests are themselves a compilation of
records of human perceptions or opinions; as a
subject of discussion or comment they readily acquire
a highly controversial character. In this article the
writer has endeavoured to avoid comment on the
more controversial issues. Even so, the reader is
warned that some of the statements which have been
made may not be universally accepted.
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169,627 1,847 5 10,626 25,782 109,334 10,733 , 8. Western 19,862 144,902 13,593 341,214 70,858 16,120
120,503 2,558 10,276 24,1138 8,257 19,355 Eastern 7,727 159,042 16,638 250,595 110.478 16,696
139,543 3,158 11,328 18,351 71,062 27,233 | N. Midland 8,691 219,918 21,457 252,639 88,180 24,756
156,099 1,750 ‘ 6.006 19,622 80,215 19,612 | S. Midland § 9,836 197,212 31,994 1+ 399,901 77,696 30,5631
31,939 1,138 5,448 17,068 58,195 12,025 | 8. Wales 5,725 82,658 15,862 158,256 58,746 16,300
205,433 1,548 9,477 23,485 83,647 20,009 | N. Wales 12,779 215,144 103,842 434,808 112,544 37,798
243,048 971 1,485 3,262 36,020 5,656 | S. Lancs. 10,591 125,598 108,952 685,934 55,050 54,611
102,124 706 2,048 5,154 37,195 15,422 | N. Western 6,275 119,840 20,468 271,531 85,232 14,534
40,347 2,891 6,438 6,237 18,393 1,105 | N, Ireland 1,516 13,962 7,908 87,844 26,784 4,520
291,711 4,692 13,251 22,905 97,207 29,7569 | N.E. Region 17,050 252,118 70,444 716,785 167,490 42,224
270,017 6,402 24,477 32,055 102,640 25,473 | Scot. Region 10,459 214,208 35,333 516,157 149,692 37,288
3,110,872 29,622 | 108,086 210,803 899,944 205,285 110,737 | 2,193,882 | 1,355,915 | 7,738,017 | 1,151,960 640,317

Totals as at :
3,070,606 29,842 | 105,241 208,983 882,757 204,085 (30 June, 1938| 140,313 | 2,115,870 | 1,332,970 | 7,672,630 | 1,063,794 594,178

* Includes low gauge spare wires, i.e. 40 lb.

t Includes all spare wires in local underground cables.

$ Wholly Junection cables.

§ Figures for Oy erhead Trunks and All Junctions are as at June 30th, 1938, those for September 30th, 1938 not heingavailable.




High Speed Cinematography

R. W. PALMER, AM.IEE

After some comments on the shortcomings of stroboscopic devices for studying fast-moving mechanisms, the theory,

development and current practice of cinematography at high speeds are described together with a description of some recent

slow motion films of automatic telephone mechanisms taken by the Post Office at 2,500 pictures per second. Mention
is made of the possible applications of films taken at even higher speeds.

Introduction.

HE reason for the intrusion of an article

I on photography in this telecommunications

journal is that the slow motion film is one
of the many unusual tools which have recently
played an important part in telephone engineering.
The need is mainly for the electro-mechanical devices
used in automatic telephony where the movements of
small details, often at high speed, require special study
during the design and development stages. Simple
linear movements are comparatively easy to see and to
measure, but mechanical details that bend, vibrate,
move in jerks or move in more than one plane present a
problem with which this article is specially concerned,
and the particular example on which the experiments
have been mainly conducted by the Post Office up to
the present is the two-motion selector mechanism
used in automatic telephony.

For many years the most effective methods of
causing an oscillating or rotating object to appear
stationary, or moving very slowly, have been based on
stroboscopic principles. In these devices the illumina-
tion is interrupted at a frequency related to the speed
of the object, or alternatively the vision of the observer
is obstructed intermittently and at high frequency
by a special shutter in front of an eyepiece. Apart
from the problem of providing a sufficient magnification
and intensity of illumination particularly for small
compact mechanisms, the stroboscope is not well
adapted to the observation of non-cylic movements nor
can it provide information on the first and last of a
series of movements where they differ from the
remainder.

A photographic record or “trace” of rapid
movements can be obtained by reflected light from a
very small mirror attached to a moving part, the
trace being obtained on a moving strip of photo-
graphic paper as in the commercial oscillograph, and
a variation of this principle, described in this Journal?,
involves the recording of the shadow of the moving
part, thus avoiding the possible disadvantages of
attaching a mirror. These systems are often not
applicable owing to the difficulty of knowing what
part of a mechanism to select for observation, which
plane of movement to observe, or how to obtain
optical accessibility without altering the conditions
under which the mechanism normally works. There
is no doubt that the type of record obtained has many
advantages, such as ease of measurement and subse-
quent filing, but it has been due tothe otherlimitations
that attention has been diverted to the high speed
cinematograph as an engineering tool.

Principles of High Speed Cinematography.
So far as projection of a moving picture is concerned,

there is no real difference between ordinary and slow
motion films. In both a chronological series of pictures,

1 P.O.E.E.J., Vol 31, p.112.

1

or ““ frames ", is projected on to the screen at sucha
frequency that the natural persistence of vision of
the human eye covers up the intervals between
frames and so gives the impression of a single picture
which moves. The minimum commercial speed of
projection is 16 frames par second, but this figure
has been raised to 24 for sound films, not because any
better picture is obtained, but because the higher
speed of the film through the camera or projector
allows the sound track to be drawn out to more
practical proportions. Thus, 24 frames per second
must be taken as the present standard film speed both
for photography and subsequent projection. If,
however, the separate frames are photographed at
closer time intervals than 1/24 second, but are repro-
duced at the standard frequency, an illusion of slow
motion is obtained on the screen, and the extent of
this time magnification is limited only by the physical
and photographic capabilities of high speed cameras.

The ordinary cinematograph camera is required to
have facilities for taking each photograph on the
sensitised negative while the film is stationary
(Fig. 1a and Ic). The film must therefore be moved as
rapidly as possible between successive photographs
(Fig. 1b), and the lens aperture must be masked during
this period to avoid the blurred image which otherwise
would be recorded. This period of acceleration, move-
ment and retardation, repeated many times every
second, represents a considerable physical stress on

ORDINARY CAMERA
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IMAGE
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Fic. 1.—OpTICAL PRINCIPLE OF ORDINARY CINEMATOGRAPH
CAMERA.
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thé celluloid or other material of the film, especially
as it is driven only through the engagement of
sprockets into perforations at the edge of the film
itself. This is the first of the problems to be met in
high speed cinematography.

Nevertheless, the Post Office and others have had
some success with cameras in which the film was
accelerated and decelerated 240 times per second,
thus providing a time magnification of x10 when
projected at the standard 24 frames per second. The
cameras employed have been those commonly used
by the news reel organisations for slow motion pictures
of sporting events, the standard film 35 mm. wide
being used, but perhaps it was the fact that 240
frames per second is the extreme upper limit of
performance of this type of camera that very careful
adjustment and lubrication was found necessary if
stripping of the sprocket holes in the film was to be
avoided during the shots. At this speed the time
magnification was sufficient to reveal, for example,
the unsuspected existence of a 2° horizontal twist of a
selector shaft at each vertical step of the mechanism.
Such results are important, if only to lead to investiga-
tions by other methods, and this success led the
British Post Office to pursue the subject into the
realms of ultra-high speed (or ultra-slow motion)

photography.

Ultra High Speed Photography.

Provided that the physical problems of camera
design can be solved, there is no real photographic
difficulty in taking several thousand successive
pictures in a single second, and it is even within the
capability of the amateur to take flash-gun photo-
graphs in one thousandth of a second to obtain still
pictures of such fast-moving objects as a jet of soda
water halfway between syphon and glass.2

So far as has been ascertained, the first camera to
take a continuous series of pictures at a speed of over
1,000 frames per second was the Chronoteine camera
designed by C. Francis Jenkins (U.S.A.) and described
in 19233, Another early type was the Zeitlupe,?
(*“ time-magnifier ’), the first model of which was
produced by the Emnemann works in Germany.
In these and in all other ultra-high speed cameras,
the essential principle of operation is that the film
shall travel continuously through the camera (instead
of intermittently) and the image must be made to
move in phase with the film movement and at exactly
the correct speed. The Chronoteine camera employed
a rotating disc 13 in. in diameter, on the periphery
of which were 48 separate lenses which moved in
turn across the aperture in the camera in order to
follow the movement of the film. Fig. 2a shows in
diagrammatic form how a single picture is being
taken while both lens and film are moving (3 positions
are shown). After a predetermined exposure time for
the recording of one picture, there may be a brief
“ black-out ”’ period (Fig. 2b) after which the next
lens in the sequence will be providing a focussed

* Amateur Photographer, lst Dec., 1937.

3Trans. Soc. Motion Pict. Engrs. No. 17. Oct., 1923.
Journal S.A.E. No. 25, Feb. 1928.

4British Journal of Photography. Sept., 1935.
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image on the next frame of the film (Fig. 2c¢). This
lens again will synchronise the image with the film
and by this means the complete film is taken at speeds
of 3,000 to 10,000 frames per second without any
serious strain on the film other than that caused by
friction. A similar result is obtained in the Zeitlupe
camera with 30 mirrors mounted on a drum in place
of the multiple lens system, a speed of 1,500 frames
per second being the standard adopted for the latest
design (Model II) manufactured by Zeiss Ikon A.-G.
of Dresden.

Other cameras, mostly using standard 35 mm. film
stock, have been designed and used by research
organisations in several countries with considerable
success, in spite of the fire risk when passing standard
celluloid film through the camera at phenomenal
speeds, and one of the most interesting applications
in this country has been the examination of air
flow around aeroplane wings and struts, the air being
rendered visible by the Schlieren effect. This is an
optical phenomenon by which variations of air
density are reproduced as shadows?, so that a flow
of air can be seen, provided that local heating is
supplied either continuously or by a series of sparks
in order to produce local density variations in the
air. Sparks produce variations which look like
small puffs of smoke carried along in the wind.

Modern practice in ultra-slow motion pictures is
now favouring the use of 16 mm. film instead of the
standard 35 mm. thereby reducing the size of the
cameras and the linear speed at which the film must
travel for a given time magnification. Such a camera
has been used with marked success in the tele-

5Proc. Royal Society (1931), Vol. 132.
Journal Franklhin Inst. (1931), Vol. 211.












to return downwards to the normal position,
and the pawl itself is seen to be returning to
normal as indicated by the tip of the pawl
arm which 1s approaching the fixed back stop
immediately below it.

Frame 10 The armature has returned to normal,
and the pawl tip is seen to be almost touching
the back stop.

Frame 15 The pawl tip has now struck the back
stop and is bouncing away from it. The arma-
ture itself has also bounced upwards slightly,
but this is not easily visiblein the reproductions.

Frame 20 The pawl has returned to normal a

second time.

Frame 25 A second bounce is seen to be com-
mencing.

Frame 30 A continuation of this slow rebound is
seen.

Frame 35 The pawl has not yet returned to
normal.

Frame 40 The pawl has finally come to rest with
the pawl tip against the back stop.

Fig. 8 is a picture of a new type of two-motion
selector and is part of a study of the rotary motion
of the selector wiper as it moves from one bank contact
to the next. The photograph was taken almost
vertically upwards from underneath the selector,
and the time interval between the pictures reproduced
was approximately 11 milliseconds, i.e., every 3rd
frame in the actual film.

Frame O The wiper is leaving contact No. 5,
under the action of the rotary magnet.

Frame 3 The wiper has reached the insulating
gap between contacts 5 and 6.

Frame 6 Connection with contact No. 6 is
established. :

Frame 9 The mid-position of contact 6 is
reached.

Frame 12 The wiper is continuing to travel
across contact 6 under the momentum of the
moving parts.

Frame 15 The wiper is now returning from the
over-throw.

Frame 18 The return motion is seen to continue
until the wiper has reached the leading
half of the contact again.

Frame 21 The wiper is now travelling forward
once more in the course of the oscillation which
has been set up.

Frame 24 The forward motion continues past
the central position of the contact.

Frame 27 The wiper has now reached a point
nearly off the contact and it is apparent
from the complete film that from this position
(as in Frame 0) the rotary magnet takes up
the drive again to move the wiper on towards

the next contact. This occurred in spite of the
correct adjustment of the wipers to rest
centrally onthe contacts when operated by hand.
These illustrations are only examples of the simplest
kind of information obtained from slow-motion film
studies, but vibration of wipers, irregular operation
of relay springs, drag on loosely fitting parts due to
friction and oscillation in loose bearings are also
included among the items of information which were
obtained from the first Post Office film taken with a
16 mm. camera at 2,000 frames per second.

Future Use of Slow Motion Films.

The introduction of ultra-slow motion films into
experimental work on telephone equipment has already
produced an unexpected difficulty in keeping a proper
sense of proportion. The magnification of time is so
unfamiliar that there is a tendency to condemn a
mechanism for irregular operation without realising
that the slow irregularities seen on the screen are
really negligible in their effect at normal high speeds.
The best way to counteract this tendency might be to
exhibit a brief slow motion film of a familiar object
such as a clock, whose reliability is accepted, before
showing any technical slow motion film to a new
audience.

There is no doubt that many more ultra-slow
motion films will be made by the British Post Office.
Even with a time magnification of %200, an oscilla-
tion at 800 cycles per second (speech frequency) is
reproduced as only 4 cycles per second and can be
followed on the screen with comparative ease.
It is therefore possible that high speed cinematography
will enter the field of speech transmission, and films
theaction of the vocal chords have already been made?.

Practical cameras have been produced to take
photographs at 10,000 per second (magnification,
X 800) and, although this is the present limit for
continuous cinematography, an article was published?
in 1937 describing the Cranz-Schardin system of
photography of a brief series of mnine consecutive
pictures at intervals of one ten-millionth of a second.
The need for such an instrument for telephone work
has not yet arrived, but there is still a great deal of
unseen which has yet to be made visible by time
microscopes of less ambitious proportions.

It is hoped that these notes will have been a useful
record of the slow motion film work being under-
taken by the British Post Office. Grateful acknow-
ledgement is made to manufacturers and users of
high speed cameras for information and assistance
which has been freely given, and particularly to the
Western Electric Co. for the reproductions in Figs.
3 and 5.

"Radiography and Chnical Photog. (US A), June, 1938
8Photography. Dec., 1937.
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A Method of Equalising the Frequency

Characteristic of a Telephone Transmitter

D. McMILLAN,
B.Sc., AM.LE.E.

A modification to a Transmitter Inset to equalise its frequency characteristic is described and a formula developed to assist in
the design of the transmitter.

Introduction.

N the course of some recent experimental work
I it was found desirable to equalise the frequency

characteristics of a number of experimental trans-
mitter insets constructed in the laboratory. It is not
intended here to describe a new type of inset but merely
to record the simple
method of equalisation
which was adopted and
which has been found
to be effective. The
experimental insets
incorporated the stan-
dard diaphragm and
case of a Transmitter
Inset No. 10 and, as
at first constructed,
exhibited the single
resonance frequency
4~ _sg characteristic which is
front ° typical of this type of
) Electrode transmitterl.” The
resonance usually oc-
curred at about 2,000

Sd

)

Sz %) Ma

Si4

Md

Qi+

Draphragm , c.p.s. This simple form
Partition - HolezMa  of construction was
Q2 modified by the intro-

duction of a rigid
partition which divi-
ded the volume of air
enclosed between the
diaphragm and the
case into two parts,
small holes being cut
in the partition to
permit communication
between the two enclosures thus formed. This
construction is illustrated by Fig. 1.

F16. 1.—CRro0SS SECTION OF
EQUALISED INSET.

Design Formula.

If Md = Effective mass of diaphragm and granules
—grams.
Sd = Effective stiffness of diaphragm —dynes/cm.
Sg = Effective stiffness of granules — dynes/cm.
S5; S, = Effective stiffnesses due to enclosures
—dynes/cm.
M, = Total effective mass due to holes in the
partition—grams.
and w =27 X frequency of
—radians/sec,
then, neglecting resistance, the mechanical system
may be represented by the equivalent electrical
circuit diagram shown in Fig. 2 and the total
mechanical impedance of the system is given by

7 = ]de__ ] (Sg—{—Sd) . 1_8_1 Sz"— 2MA
) wl|S

impressed  force

w 1+Se— w?M, —(1)

1P.O.E.E.J.,, Vol. 28, p. 3, and Vol. 31, p. 3.

| ]

!
Md Sd Sg 5
—awr—_+ I_T
Ma Sz
Applied H
force

Fic 2.—EQuivALENT CIRCUIT OF EQUALISED TRANSMITTER.

Consider the third term of this equation. Its value
will be

— ve and falling with increasing frequency when
oM, < SZ,
0 when w®M, =S,
+ ve and increasing with frequency when
@™, > S, < (S:+Sy),
o when M, = S;+S,,

— ve and decreasing with frequency when
0™, > (S;4S,).

Hence an anti-resonance, resulting in a minimum
of response of the system, occurs when «w?*M, = S;4-S,.

In the design of the actual insets under discussion,
(Sg--Sd)/w was always small in comparison with
wMd for all frequencies above about 700 c.p.s.

Thus the negative reactance due to the third term
of equation (1) may be adjusted by design to resonate
with the positive value of reactance due to the mass of
the diaphragm at some frequency above 700 c.p.s.
and in the range w?M, < S,. Also a second resonance
will occur in the frequency range where «?M, >
(S14-Sq)-

Summarising there is:—

A resonance in the range «*M, <CS,,

An anti-resonance at the frequency given by
™, = (5;45S,),

A resonance in the range w®M, > (S;+S,).

If, in designing the inset, the anti-resonance is
arranged to occur at, or about, the frequency of the
peak of resonance of the transmitter as originally

Sound Pressure - 75 dynes/cm®
Polarising Corremt — SOmA

3‘ ™~
i DaiinEye
§ T INLAT TN
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Frequency (cp3)
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constructed, this peak will be replaced by two others,
one at a lower frequency and one at a higher fre-
quency. Such a procedure will tend to flatten the
characteristic and will certainly result in a better
response at frequencies substantially above the peak
of resonance of the original transmitter. Fig. 3
shows the frequency characteristic of a transmitter
designed on these lines. The resonances may be
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critically damped in a convenient and simple fashion
by fixing small pieces of material (e.g. Swiss silk,
muslin, etc.) over the holes forming the mass M,. A
characteristic such as that shown in Fig. 4 is then
obtained. This curve shows that the original single

o o
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b
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) - T T
00 2000 3000

KX [
Frequency(cp s)

Fic. 4

peak type of response has been replaced by a more or
less uniform sensitivity over the range of frequencies
from 300 to 2,800 c.p.s.

Numerical Example of Design.

A numerical example of design may serve to illus-
trate the effects involved.

The effective mass of the diaphragm of an Inset
No. 10 is about 0.7 grams and the effective stifiness is
about 12 x 10% dynes per cm. These values may be
used for Md and Sd respectively for the experimental
inset. The effective piston area of the diaphragm is
about 15 sq. cms. In the particular experimental inset
under discussion Sg was about 8x10¢ dynes per cm.
The total volume of air enclosed between the dia-
phragm and the case of an Inset No. 10 is about
3.5c.c. In the experimental transmitter this was
divided into two parts, Q c.c. immediately behind
the diaphragm and Q, c.c. between the partition and
the case such that Q; =2c.c. and Q, =1-5c.c.
Two holes, each of about 0-14 mm. radius, were cut
in the partition.

Then the acoustical reactance (stiffness) due to the
volume of air Q; = S,! where

pc? . .

St= o) where p = density of air

1
¢ = velocity of sound in air.

The mechanical reactance due to this stiffness = S;
where S; = A%S,! in which equation A = effective
piston area of the diaphragm (15 sq. ¢ms.).

. 2
Thus S, = 152 x 0-0012 >; (34000)
= 156 X 10% dynes/cm.
Similarly S, = 210 X 10° dynes/cm.

The acoustical reactance (mass) due to the two holes
in the partition is given by M,! =2 [2-,1] = %
where r cms. is the radius of a hole. The mechanical
reactance due to this mass =- M, = A2M,L.

Hence M, = g25><1——74£0—]g =1-87g.

If these various values are substituted in equation
(1), with w =n x 1,000
z _ 7000 — 20,000 _ 225 [ 5-6 n® — 371
i n n | -0083 n? — 1-63]'
This equation has been evaluated over the range

n=2>5 to n =25 and the resulting values of Z}j
are shown plotted against n in Fig. 5.
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It will be seen that Z/j = Owhenn = 7-2 or 19.6
and Z/j = o whenn = 14.

i.e., resonances occur at 1,160 and 3,100 c.p.s. and an
anti-resonance at 2,200 c.p.s. In practice values
ranging from 1,300 to 1,600, and 2,400 to 3,100,
have been obtained for the two resonances and values
ranging from 1,900 to 2,200 for the anti-resonance.

Conclusion.

Since the calculation ignores the effects of resis-
tance and includes a large number of measured values
of component impedances (each liable to an error) it
is thought that the agreement between calculation
and practice is quite good. It must be remembered
also that the actual frequency characteristics were
not measured with a constant applied force. For these
measurements the transmitter was exposed to a
uniform free field sound pressure and the actual force
operating the instrument thus depended to some
extent (and particularly at the higher frequencies)
on the size and shape of the transmitter. Despite
these restrictions and inaccuracies the calculation
vields reasonable results and is sufficiently accurate
to allow of a preliminary choice of Q, and r if Md and
(Q; + Q,) are known. The final adjustment of the
design must necessarily be made experimentally.
This is not really a disadvantage since the experi-
mental method is usually quicker than a complete
calculation including the effects of resistance and of
the overall shape and size of the complete transmitter.



The New St. Paul’s Tube Station

J. PRESCOTT

A description is given of the diversion of Post Office plant entailed by the construction of a subway and booking hall for
the new St. Paul’s Tube Station, London.

Introduction.

N an endeavour to cope with the ever increasing
Itraﬁic in inner London, the London Passenger

Transport Board, in conjunction with the road
authorities concerned, have remodelled many tube
stations and constructed escalators and subways, all
with the object of providing a steady and uninter-
rupted flow of passenger traffic.

In 1935 the first plans were made to afford relief to
the passenger traffic at St. Paul’s station (late Post
Office station) on the Central London Railway,
known to late Victorians as the “ Twopenny Tube.”’
At this station the Board are providing a new booking
hall and escalators in place of the old booking hall

ATH sT

Rowa,
e

of entrance to the railway. Extensive underpinning
of buildings was necessary, and under the roadway a
5 ft. x 3 ft. City Corporation sewer had to be diverted
before excavations for the escalator could be com-
menced.

Diversions to Post Office Plant.

These proposals involved shifting one of the main
routes running from the Trunk and Toll A Exchange
in Faraday Building to the north and the plant affected
is shown in Fig. 1. It will be seen that this is consider-
able, but when sewers, gas, electric light, Water Board
and hydraulic company’s mains are added it will be
realised that hardly a more difficult spot in which to
construct a subway in the city could be found. To
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F16. 1.—PLAN SHOWING PosT OFFicE PLANT AFFECTED.

and lifts in Newgate Street. The new booking hall is
partly under the rcadway at the junction between
Cheapside and Newgate Street, and partly under the
adjacent buildings on the west side. It is connected
with the station tunnels by a 22 ft. 9 in. diameter upper
escalator tunnel, an intermediate chamber giving
access to the west-bound platform, and a lower
escalator 25 ft. in diameter terminating in a chamber
which gives access to the east-bound platform. The
new booking hall has an entrance on the east side of
Cheapside, and another within the buildings opposite
at the corner of Newgate Street, thus providing a
passenger subway or road crossing as well as a means

add to the congestion the old parcels despatch tube,
purchased by the Post Office for a cable run in 1922,
runs under Newgate Street and terminates at this
point.

Messrs. Mott, Hay & Anderson, the Railway
Company’s engineers, held several conferences with
the various undertakers concerned before the final
plans were drawn up. As far as the Post Office were
concerned the proposals entailed diverting three nests
of octagonal ducts of a total capacity of 47 and carry-
ing 44 main cables. Most of thestreet pneumatic tubes
in London radiate from the Central Telegraph Office
(C.T.O.) and several of these were also affected by the
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work and required shifting. The existing manhole and only allowed when no other means exist. The
at the north of the area concerned was undisturbed manhole was constructed with a doorway direct from
but advantage was taken of the operations to provide the subway and, since the locality is of loose sub-soil
a doorway entrance from the Booking Hall and thus and water is always present, the manhole was
avoid entering by the roadway cover, the guard of waterproofed by asphalte sheeting. The steel pipes
which has hitherto created an obstruction to the were laid after the subway roof had been completed
road traffic. and were grouted with concrete of fine aggregate.

A new manhole, Fig. 2, was built by the Board tothe The work could only proceed at night and at week-
Post Office’s design on the existing route and the two ends and in order to facilitate matters the ““set”
were joined by a nest of 68 steel tubes over the roof on the pipes was inserted during the day by means of
of the subway at a depth of two feet from the roadway a template.
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to the top layer. The presence of other undertakers’ Cable Arrangements.
plant and also several of our own tubes was at first As will be seen from Fig. 2 the manhole was not of
thought to be an insuperable barrier to the addition standard design and therefore the layout of the cables
of these steel pipes but the happy relations between and positions of the joints required careful considera-

the various companies concerned and the willingness tion. A plan was prepared showing the position of
to help displayed by all enabled sufficient space to each cable and the particular bearer it was to occupy.

be obtained for the Post Office plant. The only alterna- Provision was also made for future cables and it will
tive would have been to lay at a deeper level below be seen that positions for all these have been allotted
the subway but experience (very dearly bought) has to the full capacity of the ducts. A print of this
shown that deep manholes and ducts should be avoided drawing which was supplied to the men engaged on
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Statistical Theory Applied to the Testing of

Mass-Produced Articles

K. L. PARKER

The argicle describes how analysis of the deviations of a mass-produced article from the average may give a manufacturer
useful information concerning the degree of control exercised in its production. Conversely, the consumer, by the same
analysis, is helped to compare the products of different manufacturers.

Introduction.

LL action is due to a cause. A billiard ball
A moves because it is struck, a piano wire

sounds because it is struck, and planets rotate
due to the interaction of forces which are described
under the general term, * gravitational laws.” The
general reference is “ cause and effect,” while philo-
sophers speak of “ mechanical causation.” Causes
may bz either “ assignable’” or ““ unassignable.”

A marksman may be shooting at a target, a few of
the shots hitting the bull’s-eye, but the majority
clustering around it more or less uniformly. After a
time he notices that they are persistently tending to
go to one side, although as far as he can see he has
made no alteration in his aiming. He then discovers
that although he himself is in a sheltered spot, a
strong wind which has just arisen, is blowing across
the range and is deflecting the shots away from their
normal course. The wind in this case is the assignable
cause.

Nevertheless, one may ask, why was he unable to
hit the bull's-eye previously, instead of putting the
shots in a cluster around it ? It was evidently due to
a cause, or system of causes which operated in such a
manner that the shots went as often to one side as the
other. Had they all tended to go to one side only, a
correction could have been made in the aiming. Such
a system of causes is known as unassignable or chance.

On throwing a die which has been accurately made
the factor determining whether a particular face
would fall uppermost is pure chance. Out of a large
number of throws one would expect all faces to come
uppermost more or less the same number of times.
Should, however, the die be weighted causing one
face to come uppermost the majority of the times,
then this would be an assignable cause.

Chance is said to operate when anything results
from the complete absence of controllable or
governable factors or, if such factors exist, when they
balance or nullify each other. There is no dominant
force or systematic error to disturb the operation of
chance.

Chance is not, however, mere randomness, and does
not mean that things happen without rhyme or
reason ; for any event which is a chance happening
conforms to certain laws.

If the marksman aims consistently at the bull’s-eye
his shots do not continually.go into the edges of the
target. He may only occasionally hit the bull’s-eye,
but the shots will tend to cluster around. Similarly,
if a die is thrown several thousands of times, each
number will appear approximately one-sixth of the
total number of throws. In other words, chance
entails control.

It is important to note, however, that the terms
assignable and unassignable when applied generally
are only relative. Causes which are classed as
unassignable may become assignable upon the

acquisition of fresh knowledge of the phenomenon
in question.

Distribution Curves.

It is not the purpose of this article to give detailed
mathematical proofs (which may be found in the
standard text-books mentioned in the bibliography),
but rather to give a general outline of statistical
method. It will be sufficient to say that if a very
large number of items subject to chance variations,
known statistically as a ‘‘ population,” be measured
{as for instance the number of times the face of a die
comes uppermost, the distance away of a shot from
the bull’s-eye, or the height of a species of a plant)
and the results plotted with the values as the
abscissz and the number of cases as the ordinates,
a distinctive type of curve known as the “Normal”
or ““ Gaussian ”’ curve as shown in Fig. 1 is obtained.
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The curve is symmetrical, rising to a peak in the
centre and tailing off asymptotically in both directions.
The centre value X is the arithmetic mean of all the
readings taken.

In such a series of readings, however, it is not only
desirable to know the value of the average but to have
a measure of the amount by which the individual
tends to deviate from this value. One way would be
to find the amount by which each individual deviated
from the average and then to take the arithmetic
average of the sum of these deviations. This is known
as the ““ mean deviation.” Modern theory, however,
tends to take the square root of the average of the
squares of the individual deviations, or in other words,
the root mean square of the deviations. This value is
termed the “ standard deviation ”’ and is represented
by the greek letter “ ¢.” Referring to Fig. 1, if the
average value X is taken as an origin and the values,
o, —o, 20, —20, etc., be marked, it will be seen that
the values ¢ and —a coincide with the points of
inflection of the curve. More important, however, is
the fact that approximately two-thirds of the cases
lie within these limits, 95 per cent. within + 2o, and
99-7 per cent. within 4 30. 60, therefore, may be
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regarded in practice as the length of the base of the
curve. Half the total number of cases lie within the
limit -+ 0:67450, or in other words the chances are
even whether a reading lies within or without the
limits X + 0-67450.

Sampling.

In dealing with a case where the statistical popula-
tion is very large (as, for instance, in determining the
average length of an oak leaf or the average efficiency
of a delivery of telephone transmitters) it is obviously
impracticable to measure each individual case, and
therefore it is necessary to be content with a com-
paratively small number of cases forming a sample
batch!, or several sample batches. Suppose, there-
fore, that the sample consists of 20 items taken at
random, it may happen that the values would be
distributed over the same range as the population,
and more or less proportionately, i.e. two-thirds
would fall between the limits 4 the standard
deviation of the whole, and 95 per cent. within the
limits + twice the standard deviation of the whole
as shown in Fig. 1. In this case the average and
standard deviation of the sample batch would be
approximately equal to those of the population.
More often than not, however, the distribution of the
items would be irregular and in no way agree with
that of the whole. This is illustrated in Fig. 2. The

RESULTS OBTAINED IF ALL THE
POPULATION WERE MEASURED.
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normal distribution curve of a population is shown
together with the values of the individual items of
four hypothetical samples. The items composing
sample No. 1 have a distribution similar to the
population. In none of the other cases, however,
does the average or standard deviation coincide
with that of the whole. Generally speaking, there-
fore, one sample batch is seldom truly representative
of the population from which it is chosen. Statistical
theory is able to show, however, that the arithmetic
means of samples of n pieces chosen at random will
themselves be closely represented by a normal curve
with a mean of the same value as the population (X)

and a standard deviation of of \/ n, where o is the
standard deviation of the population as shown in
Fig. 3. X therefore will be also equal to the average
of a large number of the sample averages, i.e. equal to
(xy + x5 -+ x .. x,)/p where x,, X,, X, etc., are the
averages of different samples and p the number of
samples taken.

1 For the purpose of this article, a number of individual
items taken and measured at any one and the same time for
some characteristic will be termed a sample batch.
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Likewise the standard deviation (S) of the sample
will be normally distributed about the standard
deviation (o) of the population. This distribution

having a standard deviation o/4/2n (Fig. 4), o is
equal to 4/n3s?p (n'— 1). Since both the averages
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and the standard deviations are normally distributed,
the same percentage of readings will fall within the
limits one, two and three times the respective
deviations from the averages, as shown in the figures.
A still more important aspect of all the above is that
the converse holds true. If a large population were
to be sampled and the values of the averages and
standard deviations were distributed as discussed
above, then this indicates that the population is
statistically uniform, and that the different values of
the separate items is due solely to chance causes, and
not through the operation of any external factor.
The average and standard deviation of the population
can be calculated from the above formule. The
importance of this point will be shown in what follows.
The above would also apply if, instead of being given
the whole of a population together, it were given
gradually and sampled over a period of time.

Aims of Mass Production.

In order to see how the above applies to acceptance
of supplies, it is necessary to consider the circumstances
under which mass production occurs.

The philosophy of mass production is the breaking
down of the fabrication of a product into its elements
so that one workman or machine performs a single
operation over and over again. It involves the
manufacturing of parts at the rate required for
assembly. The factory layout is carefully planned
and a good deal of one purpose machinery and
expensive jigs and fixtures are employed. Processing
and assembly are carefully timed. Large quantities



of a small number of standardised parts are produced
during long runs of special machines—capstans,
automatic multiple-spindle drills, milling machines,
shapers, grinders, etc. Jigs, fixture dies and pattern
plates are widely used. Each operation is performed
by one person who probably carries it out until he is
expert. More important still, however, the product is
rigorously inspected at all stages, from the raw
material to the finished article, expensive limit gauges
and testing machines often being employed.

Against this may be contrasted the product of the
craftsman. Different supplies of raw materials are
tested in a rough and ready manner. One article, or
at the most only a few, are made together at any one
time, so that other factors may occur to alter the
quality of those made subsequently. Moreover, since
little, if any, machinery is used, the quality of the
product depends almost entirely on the individual skill
of the craftsman. This again is not necessarily
constant but will depend on subjective influences.
In a batch, therefore, of several thousand items, the
output, say, of several individuals, one would
anticipate a considerable divergence between the
items.

In mass production, however, constancy of quality
is aimed at in each element of the manufacture, so
that in the finished product any two items taken at
random should be more or less identical. The pro-
duction is spoken of as ‘“ controlled " and the amount
of variation as the “ degree of control.” Nevertheless,
despite the methods used and precautions taken,
complete identity of items is seldom if ever achieved.
One feels justified, therefore, in attributing the
variation to ‘‘ chance causes.” These, however, may
be reduced by improvements in methods and
machinery just as a marksman’s aim may be
improved by practice.

Application of Statistical Theory.

If, therefore, a large number of mass-produced
items, made under an efficient production system,
were measured for some particular characteristic as,
for instance, the efficiency of transmitter insets, the
results would give a normal curve as shown in Fig. 1.
The average of the product would be given by the
value of X. The standard deviation of the curve
would indicate the degree of control exercised.
Where high quality machinery and testing are used
the variation between items would be small and
consequently the standard deviation also would be
small. On the other hand, where a lower standard of
control was exercised, due to the use of less efficient
plant, a greater variation between items would
ensue, and the standard deviation would be larger.

Similarly, if samples were taken from the production
at intervals, then, providing the production was
constant in time, the averages and standard
deviations would be distributed as shown in Figs. 3
and 4.

If, say, one sample per day were-taken from the
production for 50 consecutive days, and the averages
put in graphical form, the results should be as shown
in Fig. 5. The majority would fall within the limits
X 4 o/4/n, rapidly falling away outside them.

This at once indicates a fairly accurate method of
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discovering whether a production is uniform or not.
Samples of the product are taken at intervals and
tested. The frequency and size of the sampling
naturally depends on the conditions prevailing, such
as rate of output, ease of testing, and whether or not
testing destroys the article. It is obvious, however,
that the more samples that are taken the more
reliable are the results. The averages and standard
deviations of the samples are calculated, and from
these are obtained the average and standard deviation
of the product. Finally the limits X + ¢/4/n,
X + 26/4/n, X 4 364/n, are drawn. If the per-
centages lying within these limits are approximately
as those shown in Fig. 3, then the product may be
taken as uniform.

Non-Uniformity of Production.

Very often, results such as that in Fig. 6 are
obtained. Looked at as a whole, the distribution is
obviously not symmetrical about a fixed value, and
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consequently the product is not statistically uniform.
It has been shown, however, that on the basic
principles of mass production there is no reason why
uniformity should not be obtained. The conclusion
therefore follows that there must be some factor or
factors operating in the production system causing
this non-uniformity ; factors which were not intended
to be present and which, therefore, should be
eradicated.

It is obviously desirable to see how far the statistical
data available will help to reveal the source of the
trouble and consequently it is necessary to look at
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the results a little more closely. It will be noted that
the values in the centre are decidedly lower than
at the outsides. If the centre be eliminated and the
results be regarded as in Fig. 7, they appear far more

promising. The average and standard deviation
can then be calculated, and when the limits are
XH3OMN mm e e
X+20WN —— e — 5 — — — — —— -—————
L] 3 [ ) L4
X+ofn T R T T T T T T T T TR T
- [ d L4 M o o *
X d ° °® * o o
xopm S e b e e
X200 — - — —_
L ]
x-w/a/n _________________
o 10 20 30 40 50
SAMPLE No
Fic. 8.

drawn Fig. 8 is obtained. This shows immediately
that these two sub-sections are more or less uniform,
since both fall between the proper limits. It, there-
fore, appears that the unknown factor was operating
only between the 20th and 30th readings.

Next, calculating the average and standard
deviation of the middle section, Fig. 9 is obtained. It
will be seen that there is uniformity here also, and
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that the standard deviation is very nearly equal to
that of the other two groups: in all probability it
will not be exactly equal on account of the smaller
number of samples taken. The consistency or
““ control ” of the product has not been altered, but
the unknown factor has caused a lowering of the
general average of the product. It may be likened
to the marksman who, after shooting at the bull’s-eye
for some time, begins to aim at a point, say, on the
outer edge of the target for a few rounds, and then
moves back again to the centre. By this analysis the
manufacturer has narrowed down his investigation
to a particular period, and also knows that it is
something that has affected all items alike. By
consulting his production records he is then able to
see whether, for example, it is likely to bs due to a
fresh supply of raw material that was used during that
period only or to a new machine that was being tried
out.

Another problem that might bz met is that
illustrated in Fig. 10. Here a product which has bzen
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uniform over a fairly long period of time suddenly

ecomes erratic while still maintaining its general
average. Since it was said that mass production is
uniform by virtue of the fact that elements of manu-
facture were designed to give items of uniform quality,
it would appear that this principle has failed to act
at one or more stages. An indication where to
investigate might be given, for instance, by the
existence of a tool which is known to be old, or the
recent ‘employment of a new operator.

The two examples given indicate the principles of
analysis of test data. In practice the results may bz
far more irregular, and the analysis correspondingly
far more difficult.

Comparison of Production Methods.

Besides helping the manufacturer to locate trouble
in his production, statistical analysis is also of help
to the consumer in comparing the product of different
manufacturers.  This is best illustrated in Fig. 11.

Suppose that the specification to which the manu-
facturer is asked to work states that no item should
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be below a certain value P, and that three contractors
are all turning out uniform production.

The product of Contractor A has an average X, and
standard deviation o,. The average X, of B is con-
siderably lower, but at the same time the standard
deviation g, is also considerably less, whereas C has
a higher average and greater deviation oy.

Interpreted in more practical terms, B, owing to
employing a better technique, gets much nearer to
the value that he is aiming at than does C, and
consequently he is able to work much nearer the
specified minimum. C, on the other hand, knows that
a percentage of his product will vary by a fairly
large amount from the value that he is actually
aiming at, and consequently he must aim fairly high
to ensure that his lowest values will meet the specifica-
tion requirements. The dispersion, therefore, is a
measure of the degree of control which a manufac-
turer has over his production.

Method of Sampling.

The efficiency of the foregoing method of analysis
depends essentially on every sample reflecting as far
as possible the quality of the whole from which it is
taken. Correct sampling involves two important
factors. First randomness in choosing the items for
test, and secondly the size of the sample taken.

Randomness in choosing means that every item in
the consignment stands the same chance of being
chosen as another. That is to say that the person
making the selection is not influenced in any way to
choose from one part of the consignment and ignore
another, for should the part chosen from be of a
different quality from that ignored the sample will
not be representative of the whole.

Even randomness, however, will not ensure that
the sample is truly representative, for, as was shown
in connection with Fig. 2, it is very seldom that the
items chosen will be uniformly distributed on either
side of the average of the product. In spite of every
precaution to secure randomness slight variations
must emerge due to the elements of chance present
in every selection. Statistical theory shows, however,
that the reliability of a sample batch is proportional
to the square root of the number of items it contains.
Obviously, the more items that are tested the higher
the cost of inspection becomes, and consequently a
compromise has to be made between accuracy and
economy. This will depend very largely on the cost
and quality of the product sampled.

Simplification of Calculations.

Up to the present the mean value of a sample or
consignment has been represented by the arithmetic
mean. Although this is the most accurate figure to
use, a considerable amount of work is involved in
obtaining it. Consequently, where conditions are

such that extreme accuracy is either not necessary,
or that the data itself is known to be only approxi-
mate, the median M may be used instead.

The median is that value which divides the group
into two equal parts, one part comprising all values
greater and the other all values less than the median.
The results of the tests are arranged in order of value,
the middle one representing the median. Where an
even number of readings has been taken, the median
is the average of the two middle terms.

Similarly with the dispersion, the tedious work
involved in subtracting each individual value from
the average value of the whole, squaring, adding
them and finding the square root of their average
may be eliminated where accuracy can be sacrificed
by taking the “ semi-interquartile range.” Just as the
median divides the distribution into two equal parts,
the lower quartile Q; divides the lower half into two
equal parts, and the upper quartile Qg divides the
upper half similarly. Q,, M and Q,, therefore, divide
the distribution into four equal parts. The semi-
interquartile range is then defined as equal to
(Q3 — Q))/2. Where a distribution is statistically
uniform, the semi-interquartile range is approximately
equal to two-thirds of the standard deviation. These
measurements, however, are not sufficiently accurate
for algebraic manipulation as describzd above, and
consequently they are only suitable for a more or
less general comparison between distributions. Where
this is sufficient, the ease with which they can be
obtained commends them.

Conclusion.

Summarising all the foregoing, it is seldom possible
to do exactly what is intended. The ideal is not
achieved owing to innumerable unknown or chance
causes. Nevertheless, these act in such a way as to
cancel one another out more or less, and for a large
number of events the ideal is achieved on the average.
Consequently, since the sum total of these causes
tends to operate within limits, it is possible to speak
of them as controlled. Events happening under such
a system can be subjected to mathematical analysis
from which the degree of control may be calculated.
Moreover, it is unnecessary to know all the events
happening under any given system, bzcause, by
taking a few only, it is possible to arrive at a reliable
estimate of the whole. Conversely, given any system
of events, it is possible by analysis to determine
whether it is subject to chance causes only.

Mass production aims at the elimination of all
disturbing factors in manufacture, and for all opera-
tions to be performed under identical conditions.
Owing to chance causes, complete identity of articles
in the final or intermediate production is impossible.
Nevertheless, by using the same method of analysis
it is possible to determine to what extent the ideal of
identical items is being achieved, and whether or no
unwanted or controllable factors are present.
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Local Centre Notes

North-Eastern Region Centres
JOINT MEETING

It is the practice of the North Eastern Region to hold a
joint meeting of the two Local Centres at the opening of a
session and this year the Region was particularly
fortunate as the meeting held at York on October 12th
was graced by the presence of the Council of the Institu-
tion headed by the Deputy Engineer-in-Chief, Col. A. S.
Angwin, Vice President of the Institution. The visitors
present also included members of the Royal Corps of
Signals, the London and North Eastern Railway and the
York Corporation Electricity Department, the total
attendance being 340.

Mr. Baldwin chose for his Chairman’s address an
account of the early development of telephone switching,
a subject on which he is probably the leading authority
in this ccuntry. The slides with which Mr. Baldwin
illustrated his lecture caused the older members present
to become reminiscent of the good old days and the
ycunger members to ruminate on the queer ideas they
held in those early times, although many of the younger
generation received a shock on hearing that a plug was
originally a jack. In spite of the author’s forecast that
manual switching would become obsolete and be replaced
by automatic methods in the near future, one was left
with the impression that the pioneers of our art would
not have been found wanting in ideas if they had been
available to contribute to modern developments.

The vote of thanks, proposed by Col. Angwin and
seconded by Capt. Berry, Telephone Manager, York,
was warmly acclaimed.

In view of Mr. Baldwin’s pending retirement (by a
happy coincidence, October 12th was Mr. Baldwin’s
6oth birthday), Colonel Angwin took the opportunity
of thanking Mr. Baldwin for the many services he had
rendered the Institution. The enthusiasm maintained in
the North-Eastern Region in I.P.O.E.E. affairs was
attributed very largely to Mr. Baldwin’s efforts.

In a typical reply Mr. Baldwin laid the “ blame ’ for
success on others and then delighted the audience with a
display of lantern slides in colour photographv which he
had produced as a hobby 20 years ago. The results,
judged by present day standards, were truly amazing.

North-Eastern Centre

A most enjoyable and instructive visit was paid by
nearly 100 members on September 12th and 14th, 1938,
to the Lamp and Glass factories of Messrs. Crompton
Parkinson, Ltd.

The Company, which has been associated with electric
lighting since the arc lamp days of 1878, does not appear
to be just living on history and reputation, if one may
judge from the magnificent modern factory (air-
conditioned) which we were privileged to inspect. The
modern coiled coil lamp is anything but a simple, robust
piece of equipment, but the machines which are employed
to fashion glass stems and supporting wires, hang the
coiled filaments (the coils of which are almost too small
for the naked eye to detect) on hooked wires, and connect
the whole ensemble together so that eventually we have
the well known lamp, lead one to the belief that there is
nothing in the mechanical side of life which is beyond the
wit of man.

The staff are well cared for even in these days of
holhidays with pay, short working week, no Saturday
morning work, etc., for in addition to these, they have a
palatial dining room with a magnificent dance floor,
and surrounding sports ground. The accommodation

officers of the Department had their attention drawn to
these features but no results have appeared as yet !

The visit concluded with a delightful tea, after which
the appreciation of members was suitably expressed and
an invitation extended to the Company’s servants to
visit a telerhone exchange in the Region.

Northern Centre

There was a tcuch of sadness about the second meeting
of the session, because this was the last occasion on which
Mr. F. G. C. Baldwin as Chief Regional Engineer would
take the Chair, due to his retirement. As befitted such
an occasion there was a bumper attendance and many
distinguished visitors—engineering, postal and electrical.

In opening the meeting the Chairman made happy
reference to the fact that the Region had gained first
prize in the Junior Section Essay Competition, for a
paper by XK. Stephenson on ‘ Television ”’ and that
R. J. Parsons had been specially commended for his
paper on ‘‘ Trunk Demand Working.”’

Mr. C. E. Morgan, Regional Engineer, gave a very
interesting paper on ‘“ The Development of Magnetic
Materials.”” The author covered a very wide range in
discussing magnetic materials and their properties,
illustrating his lecture throughout with a generous
supply of lantern slides. He had also on view a very
comprehensive display of apparatus, manufactured from
many of the materials which had formed part of the
subject matter of his paper. The ensuing discussion was
cleverly debated by both members and visitors.

In proposing a vote of thanks the Deputy Regional
Director, Mr. J. W. Atkinson, paid a very warm tribute
to the author for his paper and concluded by congratula-
ting the Centre on the very high level of its discussion.

The Chairman made a passing reference to the fact
that this would be the last occasion on which he would
occupy the chair of this Centre and took the opportunity
of introducing the Chief Regional Engineer elect—
Mr, W. D. Scutt. Mr. Scutt expressed his pleasure at
being present and referred to the very favourable opinion
he had formed of the Centre’s work. He felt sure that
that quality would be maintained by the Vice-Chairman
—(Mr. F. Hopps) and he personally would use his best
endeavours to maintain the high standard set by Mr.
Baldwin.

Mr. Hopps made a feeling reference to the fact that
this was the Chairman’s last meeting in his official
capacity. After an association extending over a period
of 25 years with the Centre, he felt there would be a
gap it would be very difficult to fill, concluding by expres-
sing what he considered two salient characteristics—
Mr. Baldwin’s courtesy and efficiency. Mr. Ryland
(Telephone Manager) supported the Vice-Chairman in
his sentiments and made happy allusions to the very
warm spirit which had always obtained between Mr.
Baldwin and the Commercial Staff.

Mr. Baldwin replied briefly, thanking the speakers for
their kind sentiments. He referred to the very important
part played by the I.P.O.E.E. over a long period in the
education and training of the engineering statf. Referring
to the very loyal support Mr. Ryland had afforded the
Institution, he thanked all present for the work they
had done in the formation of the North Eastern Region,
attributing much of its success to the members of the
Institution. Concluding with his congratulations to the
Centre on its 100 per cent. membership, Mr. Baldwin sat
down amidst loud and prolonged applause.

A truly memorable meeting !
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North Wales Centre
SESSION 1938-1939

The first meeting of the 1938-1939 Session was held
in the assembly hall of the new Technical College, English
Bridge, Shrewsbury, at 2.45 p.m. on Thursday, October
6th, 1938. The Chairman, Mr. H. Faulkner, Superintend-
ing Engineer, presided over an attendance of 233 members
and visitors from the various District Manager’s traffic
staffs encompassed by the District. The Chairman
first welcomed Mr. A. E. White, Principal of the Shrews-
bury Technical College, through whose good offices the
use of the new hall was obtained. The meetings of the
North Wales Centre of the Institution in years gone by
had been held in the old Technical College which the
present building had replaced, while the hall in which the
meeting was being held was of the most modern type and
furnishing.

The Chairman warmly welcomed 57 new members
enrolled since the last general meeting in March, 1938,
and stated that as a result the membership of the
Centre now stood at 370. The Chairman then gave his
Inaugural Address ““ A Review of Progress *’ in which was
reviewed the progress made in the District during the
past twelve months.

A number of slides were shown giving the relative
positions of the Districts and Regions with regard to
Construction and Maintenance expenditure, Completion
of Works, Performance Ratings, etc.

With regard to faults per telephone per annum the
Chairman thought that the figure for this District could
be greatly reduced by the active co-operation of the staff.
Tribute was paid by the Chairman to the good work
done during the year by the new Inspectors and en-
couraged them for the coming year. This concluded the
first part of the afternoon’s activities and a programme of
G.P.O. Films then followed in conjunction with the
P.O. Film Unit who were in the District. The films shown
were ‘ Cable Ship,” “ Big Money,”” ** Book Bargain,”’
“We Live in Two Worlds,”” “ Calendar of the Year ”’
and a telephone construction cartoon film ‘ Getting
Together,”” kindly loaned by our American contem-
poraries The American Telephone and Telegraph Co.,
Ltd.

The meeting concluded at 5.0 p.m. with a vote of
thanks to the operators and organiser, carried unani-
mously in the approved manner.

The second meeting of the Session was again held in the
Assembly Hall at the Technical College, Shrewsbury,
on the 3rd November, 1938, at 2.45 p.m.

Owing to the absence of the regular Chairman, Mr.
H. Faulkner, on official business, the Chair was taken
by the Vice-Chairman of the Centre, Mr. H. G. S. Peck,
who presided over an attendance of 238 members and
visitors, the latter including Major Harris (S.E,,
N. Midland District), Colonel Reid (Headquarters), Mr.
H. W. Green (Asst. Telephone Manager, Manchester),
etc., representatives of the Traffic Staffs of the various
District and Area Managers, and numerous retired
officers. The Chairman welcomed a further two new
members, bringing the Centre membership up to 372.

Owing to the size of the Hall and the assembly it was
necessary on this occasion to use two microphones and
P.A. equipment so that the paper and following discussion
could be heard throughout the hall.

The Chairman then called upon Mr. S, F. Hill,
AM.I.E.E, Birmingham Maintenance Engineer, to read
his Paper *“ The Other Things that Matter,”” 250 copies
of which had been duplicated and previously circulated.
Mr. Hill, with his characteristic humour, gave numerous
anecdotes to illustrate points in the lecture and produced
sketches of planning and misplanning with the aid of
blackboard and chalk. At the conclusion of the reading
the Chairman asked Mr. J. H. Watkins to open the
discussion. Mr. Watkins first congratulated the Author
on an excellent Paper and gave Mr. H. Faulkner’s
contributions to the discussion, in his absence, and went
on to further Mr. Hill’s illustration of the serpent in the
garden of Eden “ planning *’ to get Eve to accept the
apple which was ultimately the cause of the formation
of the first “ Works Section,”” by pointing out that in
that case Adam must have been the first maintenance
man. Many members and visitors took the opportunity
to discuss the paper but each was limited to five minutes
owing to lack of time.

The Chairman closed the discussion, speaking on the
value of co-operation and reliability, and saying that
every man should have some ideal in life other than an
ambition. After Mr. Hill had replied to the discussion
and a hearty vote of thanks had been passed to the author
in the usual way, the meeting terminated at 4.40 p.m.
in order that members might have suitable time in which
to prepare for the Annual District Dinner which was to
follow at 7.0 p.m. S.T.S.

Junior Section Notes

Birmingham Centre

In order to maintain the enthusiasm which was proved
last session by a record membership, the Committee now
in office have endeavoured this year to include in the
programme, in addition to papers to be read by members,
a number of talks on technical subjects to be given by
professional men outside the Department. It is believed
that in this way, in addition to providing a well balanced
programme and assisting to our field of knowledge,
members who have had little opportunity of preparing
papers or public speaking will gain considerably from
studying the methods of men of experience in these
matters.

The events of the Centre to date include—
1938—

September 26th.—* Talkie Film Display.
Film Unit.

G.P.O.
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October 19th.—‘‘ Broadcasting Generally. J. A.
Cooper, B.Sc., AM.ILE.E. (Engineer-in-charge
B.B.C. Midland Regional).

November 15th.— Television.” S. T. Stevens,

November 28th.—‘ Plan Numbers and Cordless
Switchboards.” J. Meredith.

December 14th.—‘‘ Railway Signalling.” P. G.
Jacobs (G.W.R. Technical Staff, Signal Section).

Forthcoming events include :(—
1939—

January 1gth.—* Teleprinters.” J. H. Rafe.

February 14th.—* City and Guilds Examinations.”
C. F. Partridge, B.Sc.,, M.ILE.E.
(Head of Electrical Engineering Dept., Birming-
ham Central Technical College.)

March 16th.— Humours of Librarianship.”” H. M.
Cashmore, F.L.A. (Birmingham City Librarian).



March 27th.—* The Drawing Office and its Relation-
ship to External Plant.” C. D. Macklow.

May 16th.—'‘ Earthquakes and How They Are
Recorded.” J. J. Shaw. (The well-known West
Bromwich Seismographer).

May 24th.—Annual General Meeting.

The Committee of this Centre is fully representative of
all sections and grades. In this way, together with the
particularly interesting and instructive programme
outlined above, it is hoped this year to eclipse easily the
membership figure of approximately 200 attained last

ear.

All the junior staff, particularly youths-in-training and
external members are urged to enrol now and avail
themselves of the opportunity which awaits them to
further their technical knowledge by attending the
meetings and taking advantage of the library facilities.

The Annual Dinner has been arranged for February
11th, 1939, when it is hoped that S. F. Hill, Esq., the
retiring Area Engineer will be the guest of honour.

G. W.B.

Hereford Centre

The new Hereford Junior Centre of the I.P.O.E.E. was
launched at a very successful meeting held at St. Martin’s
Hall, Hereford, on Friday, October 7th, 1938; 112 persons
were present.

The new Centre was fortunate in that both the Superin-
tending Engineer, Mr. H. Faulkner, and the Sectional
Engineer, Mr. G. F. Bolton, were present, and their
addresses of approval and guidance were followed by
an hour and a half’s programme of really excellent films
by the G.P.O. Film Unit.

The Centre, with an initial membership of 52z, started
its session on November 7th and can be considered to
have made an excellent start as, in addition to the seven
interesting papers to be read during the session, it has
secured, free of charge, a lecture hall in a local school
for its meetings.

The Secretary has also been fortunate in securing the
use of two film projectors, 9.5 and 16 mm, and a lecture
lantern, and has made arrangements for the projection
of one or two G.P.O. films at each meeting throughout
the session.

The Officers for the present Session are :—

Chairman—Mr. H. Pritchard.
Hon. Secretary—Mr. A. H. Rantell.
Treasurer—Mr. W. E. Jones.

Isle-of-Wight Centre

The new Centre was inaugurated at a meeting held on
October 29th last with a membership of thirty-three, of
whom all but two attended, these two being kept away
by work in connection with the crisis.

The Centre received an enthusiastic send-off, the follow-
ing officers being elected :(—

Chairman—Mr. A. Kidd.

Treasurer—R. L. Cooper.

Secretary—R. A. Yeatman.

Committee—Messrs. W. C. French, S. Harrison,
F. Longyear, M. A, Squibb.

The Committee were fortunate in having fourteen
papers volunteered and these have been arranged in a
programme designed to cover, progressively, as much as
possible of the Department’s activities and kindred
subjects.

This session’s programme is ;—

1938—
October.—* The Lineman.”
November.—** Underground  Construction and
Development.”’

December.—'* Clerk of Works’ Duties in Auto.
Construction.”

January.— Transport.”

February.—‘ Auto. Exchange Maintenance.”

March and April have been left open at the moment
since rearrangement of the existing programme may
become necessary.

Now that the Centre has at last got going, the
Committee hope that more and more members will be
obtained, and ask all those on the Island staff to join and
help build up a successful Centre. RAY.

King’s Lynn Centre

The 1938-39 session has commenced and it is most
gratifying to see the keen interest which the membeis
are taking in the Junior Section. The officers elected for
the 1938/39 session are as follows :(—

Chairman—W. H. Brown.

Secretary—H. C. W. Norton.

Treasurer—F. W. J. R. Cameron.

Committee—A. H. Triscott, J. Hayes, T. Hall,
K. W. Dutton, P. Carter.

The first meeting was held on October 26th, 1938,
with a very good attendance, including Mr. Millar, the
Telephone Manager, and several members of the Senior
Section. The paper given by Mr. C. E. Riley was very
instructive and a number of debatable points were
discussed.

The second meeting took place on November 9th,
1938, and took the form of a discussion on overhead
construction, based on the five sets of questions which
have been prepared for the benefit of Youths in the
Cambridge Area. The questions are based on:—
Overhead, Underground, Dual Maintenance, Auto-Non-
Director and Internal Construction.

Model answers were given after the reading of the
questions and both internal and external members
discussed them until each aspect had been dealt with.
The remainder of the programme is as follows :—

November 3oth.—* Simple Auto Principles.”
K. W. Dutton.
December 8th.— Discussion Night. “ Under-
ground.”
1939—

January 12th.—‘ Repeater Stations” G. Huke.

January 26th.—Discussion Night. ‘ Non-Director
Exchange Maintenance.”

February 16th.— General Power.” S. E. Fincham.

February 23rd.—Discussion Night. * Subs. Fitting.”

March gth.— O/H Construction—Lead’s In.”” T.
Hall, and ** U/G Construction—DP’s.”” J. Hayes.

March 23rd.—Discussion Night. ‘“ Dual Mainten-
ance.”’

Lancaster Centre

On September 6th, a well-attended Meeting of all
members of the staff was held, and a Centre was inaugu-
rated. Mr. S. Fisher had kindly undertaken the
preliminary work associated with the forming of the new
Centre.

Mr. Carr, Sectional Engineer, opened the meeting and
explained the objects of the Junior Section. Mr. C. G.
Faulkner also mentioned the work of the Junior Centres
in the Eastern District. Mr. A. A. Kilgour, being elected
Chairman, then took the Chair and the various Officers
and Committee were elected.

The meeting closed with a vote of thanks to the
engineers for their interest in the matter.

The programme for the rest of the session is as follows
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1939— .
January 3rd.— Overhead Construction.” T.

Higginson. ‘“ Jointing.”” S. Holmes.
February 7th.— Unit Automatic Exchange No.
12.” J. Newsham.
March 7th.—“ Photography.” F. Acton.
April 4th.—“ Railway Signalling.”” M. N. Denny.
The meetings will be held at 37a King Street,
Lancaster.

Norwich Centre

The 1938 Session was opened on the 7th November,
when members met for the Annual Supper at the Festival
House, Norwich.

Prizes for the best papers read by members of the
Junior Section during the 1937-38 Session were presented
as follows :—

Awarded by the Institution.
Mr. C. W. Roe—Trunk Routing and Operation.
£2 2s. od. and Certificate.

dwarded by Eastern Centre Committee.
Mr. H. R. B. Lowne—The Generation, Distribution
and Utilisation of Electricity.
£1 and Certificate (st Prize).

Mr. P. G. Hay, the Telephone Manager, when presen-
ting these prizes commented upon the high standard of
the papers.

The awards should prove a splendid encouragement to
the Centre.

The Officers appointed at the Annual General Meeting
for the ensuing session are :—

Chairman—T. C. Loveday.

Vice Chairman—-V. J. Nelson.
Secretary—R. B. Hoult.

Treasurer (pro tem)---E. W. Mason.
Committee—E. G. Hill and J. S. Fletcher.

The following programme has been arranged :—
1938—
November 28th.— Single-battery Float System at
U.AX.s” Mr. E. W. Mason.
December 2o0th.—"‘ Automatic Telephone Exchange.
Non-Director System.” Mr. R. B. Hoult.

1939—

January 23rd.—'* A Talk on the Slide Rule.” Mr.
J. W. Sursham.

February 2ist.—" Police Telephone and Signal
System.”” Mr. J. Parfitt.

March 20th.—The Preparation of Development
Schemes.”” Mr. H. W, Storey.

April 18th—* From C.B. to Zuto.”” Mr. C. W. Roe.

April 24th.—Annual General Meeting.

Oxford Centre

On October s5th, the Oxford Junior Section held the
first meeting of the 1938-1939 session.

Previous to this, the Committee had met and discussed
the possibilities of interesting all classes of workmen
during the one evening. Suitable men were approached
and asked to contribute to the paper. In the end, four
people were chosen for their varying experience. The
result of this experiment was highly satisfactory. The
papers were of 10 minutes’ duration, and the discussions
that ensued at the end of each would most certainly
not have allowed for any extension of that time.

The first paper was given by Mr. G. W. Hairis on
on “U.AX. Development in Rural Areas.” Next,
Mr. O. Tyrell on ““7.45 to 5.30.” A lineman who
covered in 10 minutes his complete working day ;
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followed by Mr. E. Jones on * Overhead Construction *’ ;
and, lastly Mr. F. Liddiard on ‘ Patrol Duties.”” So it
will be seen that most duties were covered which could,
and did, interest the thirty members present. I. M.

Portsmouth Centre

The annual General meeting of the Portsmouth Centre,
I.P.O.E.E., Junior Section, was held at the YYM.CA,,
High Street, Portsmouth, on October zoth, 1938, at
7.15 p.m. At the conclusion of the financial statement
the election of the Officers for the 1938-1939 session was
proceeded with and the result of the elections were as
follows :(—

Chairman—DMr, H. G. Crook.

Vice-Chairman—Mr, A. J. Stainer.

Hon. Secretary—Mr. C. H. Hishon.

Hon. Treasurer—Mr. L. Dutson.

Committee—Messrs. G. Bowring, N. H. Hishon,
A Short, W. Salter, P. H. Edwards,
R. Greaves and F. Whittle.

The following programme for the ensuing session was
then prepared as follows :—

1938—
November 17th.—‘ Radio Interference.” F. Waters.
December 15th.—“ U.A.X. Development.” E.
Downer.
1939—
January 19th.—“ V. F. Telegraphs.” C. H. Hishon.
February 16th.— Radio Transmitters.” H.
McTrusty.
March 16th.—* Teleprinters.” N. L. Fletcher.
April 20th.—* Faults and Maintenance.” N. H.
Hishon.

May 18th.—* Main Works Control.” E. C. Blake.

The first meeting of the 1938-1939 session was held at
the Y.M.C.A., High Street, Portsmouth, on November
17th, 1938, and the paper read by Mr. F. Waters dealt
with “ Radio Interference,” and a warm vote of thanks
was accorded the speaker at the conclusion of a very
interesting evening.

Arrangements are now in progress for the further
meetings to be held at the Y.M.C.A., and members are
asked to make every effort to ensure that we shall have
the most successful session since the inauguration of the
Portsmouth Centre in 1934.

A word to the Committee—a little effort and our
membership could be 150, and with a still further effort

we could ensure larger and more representative atten-
dances. C. H. H.

Preston Centre

The programme for the remainder of the session is as
follows :—
1939—
January 18th.—* Internal Combustion Engines.”
A. Marginson.
February 15th.—"“Local Lines Development.”

W. H. Eaton.
March 15th.— Police Signalling Systems.” L.
Hall.

May.—Annual General Meeting.
Meetings are held in the H.P.O. Commence 7.30 p.m.
prompt.

Rugby Radio Centre
The programme for the second half of the session has
been arranged as follows :—

1939 — . T
January.—“ Aerials and Transmission Lines.” Mr.

L. L. Hall, B.Sc.



February, 1939.— Amateur Radio.” Mr. H. S.
Norris.

March.—‘ Demountable Valves, and Associated
Equipment.” Mr. H. J. Thwaites.

April—“ The Evolution of Naval Signalling.”
Mr. S. R. Keen.

Salisbury Centre

A Supper and Smoker was held on October 8th at the
Rendezvous Café, Salisbury, to inaugurate the fourth
session of the Local Centre of the Junior I.P.O.E.E.

The guests of the evening included :—

Mr. F. W. Friday (Sectional Engineer)

Mr. W. Bell (I.LP.O.E.E. Secretary, South
Midland District)

Mr. E. Weaver (Asst. Engineer)

and eight local inspectors, the total attendance being 43.

It was very gratifying to have such a good attendance,
also to see so many members of the external staff, who
hitherto have been somewhat reticent in attending
meetings. The committtee hopes for a continuance of
their support at forthcoming meetings.

Following some interesting and amusing speeches by
our Chairman and visitors, the entertainment for the
evening proceeded under the direction of the versatile
Mr. J.L. Cox, with Mr. King at the piano, and Mr. Read,
whose very fine amplifying arrangements contributed to a
very pleasant evening’s entertainment.  Numerous
“turns ”’ were given by various members, notably by
Mr. Clubb, whose monologue ‘“ The day of Salisbury
change-over,” were it not for its length, would be worthy
of publication in these notes.

It is sincerely hoped that everyone will endeavour to
attend the meetings this session in the same spirit as that
displayed at our first social event, which we hope will be
the forerunner of many more.

Scarborough Centre

At a meeting held on October 1oth it was unani-
mously agreed that a centre be formed at Scarborough,
and the following officers were elected :

Chairman—DMr. F. Cowper.
Vice-Chairman—Mr. D. S. Goy.
Secretary—Mr. A. B. Clarke.
Treasurer—Mr. P. Mitton.
Committee—Mr. T. G. Purt.
Mr. K. Megginson
Mr. J. Sherwin.
Auditors—Mr. J. Pickering, Mr. S. Stubbs.
The meeting was well attended, and three papers were
promised, namely :
Mr. D. S. Goy—"* V.F. Telegraphs.”
Mr. F. Cowper—*‘ Long Distance Communication
and its Development.”
Mr. T. G. Purt.—** Unit No. 14.”
The dates when the above papers will be read together
with the other three papers, will be announced later.

Slough Centre

The Slough Junior Section was successfully launched
on October 13th when a paper on ‘‘ Fault and Main-
tenance Procedure ”’ was read by the President, H.
Mortimer, Esq., AM.I.LE.E. The paper gave rise to a
very spirited but enjoyable discussion. The meeting was
honoured by the presence of a sprinkling of supervising
officers, including the Superintending Engineer, who
contributed in no small way to the success attained at
the first session by his observations on the subject. If
this meeting can be taken as an indication of future

meetings then we can look forward to a very successful
season. The Chairman of the Branch is Mr. Hillard,
Inspector, Taplow Repeater Station, and the Hon. Sec-
retary, Mr. S. W. Wiltshire, who will be pleased to give
any information required by members.

Southend-on-Sea Centre

A meeting of the staff was held in October with the
object of reforming a Junior Section. Members of the
staff were enthusiastic to the extent that the following
officers were elected for the session :(—

Chairman—A. W. Rance.

Vice-Chairman—R. Foulsham.

Secretary—A. W. Smith.

Committee—T. Carthew, J. Garlick, R. Hoisnell,
R. N. Risby.

Every effort is being made by the committee to
compile a list of suitable papers.

It is hoped that with so much keenness we shall be
able to show a steady increase in the membership.

Southport Centre

The programme for the second half of the session is as
follows :—
1939—
January 2nd.—* Underground.” Mr. W. H, Ward.
February 6th.—“ Aspects of Local Line Records.”
Mr. J. H. Todd.
March 6th.— U.A.X.s.” Mr. H. Lowe.
April 3rd.—" Secondary Cells.”” Mr. G. Haley.
E.M.S.

Torquay Centre

The second Annual Meeting of the Torquay Branch
was held on Wednesday, June 15th, 1938, the Chairman,
Mr. Davidson, presiding. The business included the
election of officers for the ensuing year as follows :—

Chairman—Mr. E. J. Travers.

Vice-Chairman—M:. W. G. Seward.

Hon. Secretary and Library—Mr. P. W. Crouch.

Treasurer—Mr. W, E. Colwell.

Committee—Messrs. Gill, Mogridge, Lightfoot and
Skinner.

H. Trussler, Esq., AMJIE.E. was unanimously
elected Vice-President.

A vote of thanks was accorded the President, W. E.
Walton, Esq., AM.ILE.E., Sectional Engineer, also
Mr. Davidson, who had been chairman of the Branch since
its inception and had resigned owing to his appointment
to the position of Inspector.

The first meeting of the Session 1938-39 was held at the
Electric Hall, Electric House, Torquay. The meeting
opened with a short description by Mr. P. Swann of the
more important internal and external engineering works,
illustrated by lantern slides which have been completed
in the Torquay and Newton Abbot areas since the
1937-38 session.

A lecture was then given by Sir Ambrose Fleming Kt.,
F.R.S., entitled ‘“ The Work of Some Notable Tele-
graphists.”” Sir Ambrose and Lady Fleming were intro-
duced by Mr. Somerville, Assistant Superintending
Engineer, South Western District. Sir Ambrose described
the work of the earliest telegraphists, commencing with
an essay by Oersted in 1825, and continuing with the work
of such pioneers as Ampere, Morse, Wheatstone, Hughes,
L.odge, Crooks, Faraday, Kelvin and Baudot. The
history of the telegraphs was thus dealt with from the
time of the discovery of the simple electromagnet to
the modern teleprinter.

It is hardly necessary to record that the meeting was
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well attended. Over 100 members were present, together
with some 50 visitors from other districts. At the con-
clusion of the lecture a sincere vote of thanks to Sir
Ambrose Fleming was proposed by Mr. L. A. Mogridge
which was seconded by the whole of the audience with
great enthusiasm.

The second meeting was held on Wednesday, September
28th, 1938. A paper by the Sectional Engineer, W. E.
Walton, Esq., AM.I.LE.E., was unavoidably cancelled.
This was substituted by a paper given by H. Trussler,
Esq., AMI.E.E. entitled ‘ Insulating Materials and
Protective Surfaces.” This meeting was also also well
supported and a lively discussion followed.

The third meeting of the Session proved a very interes-
ting lecture by F. H. Mullett, Esq., entitled ““ A brief
History of the Telegraphs.”

Other features of the programme are lectures by

December.—** Ships Power Supplies.”” W.L. Bartlett.

January.—‘‘ Underground Maintenance.”
: P. E. Swann.
February.—* Television Receivers’ bya well-known
Manufacturer.

March.—*“ Teleprinters.”” W. G. Seward.
The membership of the Branch is now well over the
hundred and new members are being enrolled.
P.W.C

District Notes

London Region

NEW AUTOMATIC EXCHANGES

Garston. This exchange of non-director type installed
by the General Electric Company was opened on
Saturday, October 15th, at 1.30 p.m. Installed multiple
capacity 6oo with an ultimate of 2200 and 304 subscribers’
lines were transferred from the CBS2 manual exchange.
The auto-manual board centre is Watford and the
power plant is of the automatic parallel float type with
two 300 ampere hour batteries fully plated. This transfer
was of particular interest as it was linked with the change
of Radlett non-director satellite on Watford to main
non-director working. This conversion was effected at
1z noon on Sunday, October 16th.

On account of inter-dialling difficulties which would be
experienced it was decided that the two conversions could
not take place on the same day and as a result it was
necessary that the ultimate dialling arrangements for
Garston subscribers should be introduced at the opening
of Garston and the ultimate dialling arangements for
Radlett, Watford, the main exchange, and Kings Langley,
another satellite on Watford, at the opening of Radlett.

‘While Garston was manual, Watford, Kings Langley
and Radlett subscribers dialled 81 to obtain the Garston
operator and on the opening of Garston automatic
exchange it was necessary to intercept level 81 at Watford
on the Watford manual board till the Radlett transfer.

As a satellite exchange, Radlett occupied level 6 at
Watford with a 4-figure numbering scheme. Garston
dialling-out code for Radlett is 589 one of 8 dialling-out
codes in the 58 series at Garston, Radlett being obtained
through level 89 at Watford. It was therefore necessary
for the latter level to be brought back temporarily to
1st selectors at Watford to route the call to the Radlett
number which would be obtained from level 6.

Radlett. The conversion of Radlett to separate non-
director working had to be carried out for two reasons :(—

(1) Radlett number range 6100 to 6999 was practically
exhausted ;

(2) An additional 1000 numbers had to be freed at
Watford to meet development for the next few
years. Watford is due to be converted to director
working in 1943. The introduction of the number-
ing range 61oo to 6999 as a separate range for
Radlett only involved conversion of the D.S.’s
to 1st selectors and the provision of a rack of
2nd selectors. Level 2 of 1st selectors to be used for
obtaining Watford numbers and through Watford—
Kings Langley, 2 plus number ; Garston, 281 plus
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number ; Bushey Heath, 282 plus number;
Hatch End 284 plus number; Northwood,
285 plus number; Pinner 286 plus number;
Rickmansworth 287 plus number; Stanmore,
288 plus number.

It was decided that the existing D.S.’s should be
modified to 1st selectors rather than by installing replac-
ing 1st selectors. Opportunity was taken of an extension
of the exchange to install an additional rack of D.S.’s
already modified to work as 1st selectors and a new rack
of 2nd selectors. All D.S. levels except “o’’ were,
prior to the transfer, trunked direct to final selectors
and in order to introduce the 2nd selectors the levels
were taken through change-over keys to 2nd selectors,
the outlets being teed to the final selectors.

On Sunday morning, October 16th, prior to the cut-
over at 12 noon a proportion of the unmodified D.S.’s
were taken out of service and modified to 1st selectors
leaving half the total number of D.S.R’.s available to
subscribers. The modified switches were busied when
the modification was completed. At 12 noon the un-
modified switches were busied, the modified switches
unbusied and the change-over keys thrown to introduce
2nd selectors.

In addition the directors at Bushey Heath and
Elstree, which previously routed calls to Radlett via
Watford, had their Radlett translations altered to route
calls over direct routes to Radlett. Radlett subscribers
were also instructed from the time of transfer to obtain
Elstree direct by dialling 4 plus the number, whereas
previously they obtained Elstree via Watford by dialling
83 plus the number. A direct route to St. Albans was
also established from level 3 whereas St. Albans was
previously obtained by dialling “ 0’ to the auto-
manual board at Watford.

All the arrangements were carried out without a
hitch and Radlett is now functioning as a separate non-
director exchange. Arrangements were also made for
level 6 at Watford to be intercepted at the manual
board in order to free this level of traffic as early as
possible. Subscribers at Watford and Kings Langley
whose calls were intercepted were instructed to use the
new code 89 plus the number to obtain Radlett sub-
scribers. Levels 5, 7 and 8 at Radlett were extended over
external circuits to the Watford auto-manual board thus
trapping calls for Watford, Kings Langley and Garston
on which the subscribers had omitted to prefix the digit 2.
The attached schedule indicates the dialling arrangements
at the various stages of the conversion. This conversion,
which was the first of its kind to take place in this country,
was of a very complicated nature and credit is due to the



staff engaged on the transfer whose interest and efforts
ensured that it was a success. Fuller details of the Radlett
conversion are given in an article by Mr. W. D. Gray
published in this issue.

Markyate U.A.X. No. 13. This exchange which re-
placed the old manual C.B.S. 2 exchange was opened
with 88 subscribers at 1.30 p.m. on October 19th. The
initial equipped capacity is 150 lines.

Ravensbourne Exchange. 4,933 subscribers were trans-
ferred from the Ravensbourne manual exchange to the
automatic exchange at 1.30 p.m. on November 2nd. The
automatic equipment was installed by the General
Electric Company Limited and has initial capacity of

5,900 lines, ultimate 10,000. The power plant is of the
new parallel battery float type with batteries of 1,200
ampere hour capacity fully plated. These latter were
installed by the D.P. Battery Company Limited.

Richmond Exchange. 3,600 subscribers were transferred
from the Richmond manual to the new automatic
exchange at 1.30 p.m. on November 16th. The equip-
ment was installed by Messrs. Ericssons Telephones
Limited and the power plant is of the parallel battery
float type with two batteries with 1,200 ampere hour
boxes plated to 600 ampere hours. These latter were
installed by Messrs. Pritchard and Gold and E.P.S.
Company Limited. The auto-manual board for Richmond
is at Prospect exchange.

SUBSCRIBERS’ DIALLING ARRANGEMENTS

BEFORE GARSTON TRANSFER AT GARSTON TRANSFER l AT RADLETT TRANSFER
Watford and Watford and ‘Watford and
FROM Kings Langley Garston Radlett Kings Langley Garston Radlett Kmgs Langley Garston Radlett

TO
Watford Subs. dial No. Subs. dial No. } No change 5 and No. } No change No change No change 2 and No.
Kings Langley Subs. dial No. Subs, dzal No. 5 and No.
Garston 81 81 No change* | Subs. dial No. No change* 81 and No. No change 281 and No.
Radlett Subs. dial No. Subs. dial No. No change 589 and No.t| No change 89 and No. No change ! No change
Bushey Heath 82 and No. 82 and No. 582 and No. | 282z and No.
Elstree 83 and No. Manual 83 and No 583 and No. | 4 and No.
Hatch End 84 84 584 b | 234
giﬂgr ood gg gg No change ggg No change No change No change 282
Rickmansworth 87 87 587 287
Stanmore 88 88 588 288
St. Albans via A M.B. via A.M.B. 6 3

Bushey Heath and Elstree subs. dial code Bushey Hzath and Elstree subs. dial code X i

and subs. No. on calls to Watford, Kings and sub’s. No. on calls to Watford, Kings No change in respect of dialling arrange-

Langley and Radlett. Langley Radlett and Garston. ments for Bushey Heath and Elstree subs.}
Garston calls intercepted at Watford M.B.
till Radlett transfer.

Notes.—* All calls on 81 level at Watford to be intercepted at Watford M.B. and completed by operator.

+ Connected back to 1st selectors.

+ Change in translation of codes from Bushey Heath and Elstree to Radlett will be necessary.

INAUGURATION OF THE BRIGHTON
TELEPHONE AREA

An inauguration ceremony in connection with the
Brighton Telephone Area took place at 3.45 p.m. on
November 14th, 1938, at Telephone House, Brighton.
To this g-storey building have now come more than
300 of the telephone staff who were hitherto housed in a
number of different buildings.

The gathering took place on the third floor of the
building when Mr. Mclntyre, Surveyor of the South
Eastern District, introduced the Telephone Manager,
Mr. G. Edward, to the company, many of whom did not
know him. Mr. Edward then took the Chair and first
offered greetings to the 1,100 men and women who come
under his” control. He then welcomed the guests and
gave interesting particulars of the new area just estab-
lished. After telegrams and messages of good wishes
had been read, a further welcome to the new Telephone
Manager was extended by Alderman Marks on behalf
of the Advisory Committee, Mr. Harvey Smith (Superin-
tending Engineer, S.E. District), Mr. F. R. Perris
(Area Engineer), Mr. H. A. Stokes (Chief Clerk), Mr.
A, A, Atnell (local Whitley Committee), Mr. S. T. Welch
(Post Office Engineering Union) and Mr. P. Martin
(Engineering Whitley Committee).

The pleasant proceedings were brought to a close by a
tea, and a staff dance followed in the new building in the
evening.

Eastern
ELECTRICAL PANEL HEATING

During 1937 the Sub Post Office at Davey Place,
Norwich, was enlarged. Extensive alterations to the
premises were made to convert the old public office
and the next door shop into one large public office.
As no space was available for the accommodation of a
central heating boiler it was decided to employ electrical
heating.

In the mails room, accounts offices and supervisors’
room, tubular heaters were installed, and in the staff
retiring room an ordinary wire element radiator was
employed. Both tubular heaters and radiators are exten-
sively used by the Department, and it is not proposed to
make further reference to these fittings.

In the public office, ““ Unity "’ panel heaters were
provided, and some reference to these might prove of
value to others faced with a similar problem.

Two types of these panels are made for :—

(a) Flush fitting into finished surface of wall.
() With moulded surround for fitting on finished
surface.

The latter type was employed in the case described.

In an office of 40 ft. X 20 ft. X 10} ft. high, panels to
a total loading of 12.75 kW were installed. This may
appear to be heavy loading for such an office, but the
frequency at which public office doors are opened adds a
very uncertain element in calculations for heating
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engaged, the switch carried all the disengaged plungers
backwards and forwards in a rhythmical motion, which
was very impressive to the embryo engineers of that time.

The rest of the equipment consisted of two-motion
selectors not so very different in essentials from those in
use at modern installations at the present time. There
were, of course, no dust-insulated relays, no eleventh
step, no forward rotary release, to mention a few
refinements introduced in the two decades that have
passed since Portsmouth’s master-switches started
hunting.

To save a multiplication of group selectors, another
Keith type switch, known as the secondary line switch,
was interposed between the primary line-switch and the
first numerical selector. This latter nomenclature has,
at any rate persisted till the present day. The final
selectors were first known as connectors, and they
performed most of the functions proper to a modern final.

The connector banks were rather troublesome at
first. The insulation between the layers of contacts on
the line banks was of red compressed fibre, and the bank
contacts were held in position on American cloth segments
ostensibly by shellac, but, in reality, by the compression
of the assembly bolts and nuts. The red fibre insulation
was very prone to insulation faults probably due to its
inherent instability in the excessively humid atmosphere
that generally prevailed. There was no Plenum system
in those far-off days, and the air temperature was nearer
70° than 60° for the greater part of the year. So very
frequently banks had to be dismantled to renew contacts
or insulation. It was very soon found that the factory
assemblers had done their work only too well, for not only
had they fitted lock-nuts on the bank bolts, but they
had carefully burred up the ends of all the bolts, so that
it was impossible to withdraw them by normal methods.
It was necessary to overtighten them by brute force until
the shank of the bolt sheared, and, unless the operator
was very careful, the removal of the last bolt usually
resulted in all the contacts and insulators falling in a
hectic shower all over the place. The job of re-assembly
was no sinecure.

The installation was quite toneless at the outset. The
first extraneous noise to be introduced was the dead num-
ber tone, a queer wailing sort of buzz produced by a reed
hummer and fed to levels out of service and unconnected
subscribers’ multiple. Ringing tone came next, and
dialling tone quite a time after that. The ringing tone
was produced from the silent period of the interrupted
ringing via the old type of seven-terminal transformer,
one of which was located in the ringing feed circuit at
each final unit. Even now, the tones on these old instal-
lations are non-standard in tonal pitch and volume, but,
as the lyric says, “ you can’t have everything.”

Before the equipment was ready for service the selected
staff were given the opportunity of some intensive train-
ing on a demonstration set brought from the Engineer-in-
Chief’s office. The Instructor knew his job. After the
circuits had been thoroughly mastered (no one was
considered ‘‘ passed ’’ until the essentials of the through
circuit from one auto. subscriber to another could be
drawn from memory), the trainee was given a first
numerical selector to dismantle to the very last spring.
Then he had to put it together again, and make it work.
This was naturally a titanic struggle, but the seeker after
knowledge had not finished yet. The instructor would
then exercise the most fiendish ingenuity in putting
faults on the equipment in the most unsuspected places.
These had to be cleared by diagram and deduction, not
by hit or miss or rule of thumb. The writer must admit
that in his case these methods of tuition, though herioc
when measured by Dollis Hill standards, were certainly
efficacious. Most of us knew the equipment inside-
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out before the exchange was opened for service.

The methods, or rather the absence of methods, of
switch adjustment may, at this late date, hold some
interest. The Americans adjusted the switches almost
entirely by ear. They could tell by the sound of the
vertical or rotary magnets if a switch was in reasonably
good adjustment. It was an education to watch them
at work, although a trifle disconcerting at first. Most of
them chewed sweet plug tobacco and had a sawdust box
for expectoration purposes within easy reach. They did
sometimes check up relay contact clearances by the aid
of a feeler gauge, but more often than not they relied on
the sound of the switch in operation as a guide to its
satisfactory operation. They obtained most of their
adjustments by a few strokes of a pair of duck-billed
pliers on the impulsing relay springs, coupled with some
minor adjustment of the duration of hold of the B
relay, and the pole-pieces of the vertical or rotary
magnets. Tensioning of springs was arbitrary. They
never used a tension balance, although they did have
some incomplete data as to spring tension. For instance,
a relay might require weak, medium or stiff spring ten-
sion, but the gradations were not more precise than that.
Naturally, these methods were followed, to a large extent,
by the Department’s staff when they came to maintain
the equipment, and, though they may seem rough and
ready compared with present-day standards, it is not
too much to claim that the foundation of modern switch
adjustment technique was laid in the early days of
installations such as I have described.

The old Portsmouth installation has now seen its
best days. Already the site of its successor has been
secured, and soon the old Keith switches will take their
last plunge. The basic features of the original equipment
are still there, although the selectors have been converted
to eleventh step and traffic recorders, automatic routiners
rotary preselectors and 11/20 P.B.X. units have been
grafted on the parent trunk, not without incongruity in
some respects. It is rather curious to an old hand to see
these venerable old switches performing robot gyrations
at the behest of an automatic routiner. I am told they
did not take kindly to it.

In the intervening twenty years the writer has been
privileged to attend many transfers to automatic working,
but he has never been able to recapture that pioneer
thrill of that April day in 1916, when, heralded by the
rattle of the wedges withdrawn on the (then) new Main
Frame, Portsmouth automatic exchange began its long,
and, let us hope, useful life in the service of the great
telecommunications industry.

North Western

STORM DAMAGE

Substantial periods of stormy weather and heavy
line damage are normal events in this District during the
winter months. The past summer and autumn months,
however, have unfortunately also produced many
stormy periods, with the consequence that efforts made
in the District beth for improvement of service and in
costs have been annulled.

The worst cases of storm damage occurred early in
October when over 4,000 subscribers, 150 trunks and
junctions were placed out of order and 5 exchanges
1solated. The repair works proved abnormally costly due
to the widespread area affected.

TELEPHONE AREAS.

The opening of the Blackburn, Lancaster and Preston
Telephone Managers’ Areas took place on November 21st,
November 28th, and December 12th respectively. These
changes convert the whole of the District to Area
Working.









poles 5 ana 11 the wire fused into lengths varying from
6 inches to 2 feet. In many places pieces were picked up
mn which the two wires were firmly welded together
along their whole length without any apparent deforma-
tion of their circular section.

At pole 11, opposite the elm tree which was damaged,
the two wires to a length of some five feet were welded
together and then curled round the pole in a spiral
with turns spaced about 12 inches. From pole 11 the
major portion of the discharge appears to have travelled
to pole 20 and so to earth at Havenhouse Farm.

Mr. Clamp, Farmer, of Morry House Farm, the only
man to see the phenomenon, described how the lightning
travelled along the wires into the dip and up to Haven-
house Farm where it ended in a big flash followed by
smoke and flames which obscured the whole of the
farm from his view. He states that the lightning hissed
along the wires between the poles. As it reached a pole
it disappeared for a fraction of a second to re-appear
travelling beyond to the next pole and so on to Haven-
house Farm.

The wire was a long bright line for a brief interval.
The hedgerow then lit up and smoked as though the whole
of the hedge was on fire. This was apparently due to the
hot wire falling on to the damp trees. Since the storm
Mr. Clamp has, while haymaking in the fields alongside
the route, found a large number of short pieces of wire
welded together and curled up into peculiar shapes.
In one or two cases the binders, holding a short piece of
melted wire, were still on the insulators, which had
been discoloured.

At Havenhouse Farm the protector H.C. & F.2/2 was
badly damaged. The tops of the two insulators No. 16
were cut clean away, the cable lead was burnt and the
lead sheath splashed on to the windows. The earth wire
was fused and the receiver earpiece and diaphragm
cut clean away.

A radio set and an electric kettle standing on a dresser
near to the telephone were both burnt out. CL.T.

BIRMINGHAM SERVICE P.A B.X.

On October 24th a P.A.B.X. to serve the telephones in
the Birmingham Telephone Manager’s Office was brought
into service. The equipment installed is of the partial
secondary linefinder system with a three digit numbering
scheme and access to the Birmingham director system
network. The following schedule gives details of the
facilities provided :—

Allocation of 1st Selector Levels.

Level 2

Level 3 P.A.B.X. extensions ; initial

Level 4 equipment-—4o00 lines.

Level 5

Level 7 Service P.M.B.X,, Superintending Engi-
neer’s Offices, Shrewsbury.

Level 8 Trunks.

Level 9 1st code Selectors on Birmingham Central
Automatic Exchange.

Level o P.A.B.X. Manual Board.

Levels1 & 6  Spare.

The ¢gircuits to Shrewsbury are bothway, with direct
access from the P.A B.X. manual board, and auto-signal-
ling in both directions as far as the manual boards are
concerned.

Six manual positions have been provided ; these are
located in the Toll enquiry suite and are of the sleeve
control type.

Prior to the opening of the P.A.B.X. the whole of the
service lines in Birmingham, including those of the
Postmaster-Surveyor’s staff were terminated on a joint
P.M.B.X,, located on spare positions at Colmore exchange.
Owing to the abnormal growth of the number of exten-

sions, 1t has not been possible to convert the Postmaster-
Surveyor’s lines to auto. working and these are still
beimng worked on a manual basis at Colmore, pending the
extension of the P.A.B.X. Intercommunication between
the manual and auto-extensions is carried out over trans-
fer circuits between the two P.B.X'’s, incoming calls to
the manual extensions being routed via the P.A.B.X.
manual board, since the introduction of separate tele-
phone numbers for directory purposes would possibly
have led to some confusion amongst that section of the
public who have occasion to make calls to the Depart-
ment.

The telephone number of the Service P.B.X’s, is
G.P.O. 3311. Incoming traffic is routed to the P.A.B.X.
manual board via level 33 on the second numerical
selectors of Central automatic exchange which is also
located in Telephone House, the same director trans-
lation being used as for Central. Calls incoming via
Trunks and Toll are extended to the P.A.B.X. manual
board over transfer circuits, the P.A.B.X. operators
completing all incoming calls to auto-extensions by
dialling in to 1st numerical selectors,

An extension of the P.A.B.X. is being put in hand
during 1939 and will increase the equipment to 8oo lines ;
this extension also covers the conversion to a four digit
numbering scheme as far as intercommunication
between extensions is concerned, access to the
Birmingham Director system remaining as at present,
while direct communication with extensions will be
possible from outside telepones by dialling G.P.O.
followed by the extension number, thus eliminating a
considerable amount of manual board traffic.

TIM.

The speaking clock time service was introduced in
the Birmingham Area on November 4th. The introduction
was marred to some extent by a major failure of the
public electric supply in the evening which put the
service hors de combat, as the amplifying equipment is
supplied direct from the mains.

The service is proving very popular ; over fifty thou-
sand calls were recorded during the first week, including
4,600 calls made between 8.0 am. and 11.0 a.m. on
Armistice Day.

CHEADLE EXCHANGE CONVERSION

The 1938/39 U.A.X. programme was brought a step
nearer completion on October 26th, 1938, with the con-
version of Cheadle exchange from C.B.S. to U.AX. 7
working.

A total of 169 D.E.L.’s; 1 C.B. line and 18 junctions
were successfully changed over. The junctions are as
follows :—

Stoke-on-Trent (Main) Parent exchange 7 B/W, 1 I/C

Ipstones (U.AX. 12) 4 B/W

Oakamoor (C.B.S.2) 2 B/W

Blythe Bridge (C.B.S.2) 2 B/W

Leek (C.B.10) 2 B/W

The Cheadle exchange is equipped with the following
units 2—7A; 2—7B; 2—7D; 1—7E. Power is
obtained from 2 batteries of 250 ampere-hours charged by
a tungar rectifier. A traffic recorder 1s installed.

Correct conditions as regards air and temperature are
obtained by means of a Humidistat and tubular electric
heaters.

Cheadle subscribers have access to the Stoke-on-
Trent multi-Office area by dialling 9.

958 gives access to Silverdale (Magneto)

956 gives access to Kidsgrove (Magneto)

957 gives access to Endon (U.A.X.7)

Calls from the Stoke area to Cheadle pass via the
auto manual board.

325






Book Reviews

“ Engineering Electronics.” D. G. Fink. 385 pp. 217 IlL
McGraw-Hill. 21s.

The author of this work is the Managing Editor of the
American periodical ‘‘ Electronics °’ and the book is
stated to be written to meet the needs of the practising
engineer who has a good foundation in electricity, but
who has no specific training in electronic concepts and
methods. The material in the book was originally col-
lected foralecture course to members of the Westinghouse
Lamp Co.

The book is divided into three sections, Physical
Electronics, Electron Tubes, and Electron Tube Applica-
tion. The first section deals with the fundamental
properties of the electron and the theoretical principles of
thermionic and gaseous discharges. The second section
deals with the practical design of thermionic vacuum
tubes, gas filled thermionic electron tubes, photo-
sensitive tubes and cells and specialised electron tubes.
Part three deals with the elements of circuit theory
applied to electron tubes, power transformation circuits
such as rectifier and inverter circuits (mutators), elec-
tronic communication circuits and finally industrial
control and measurement circuits.

A useful feature with each chapter is a bibliography
and a selection of problems to which numerical answers
are given. The book is not highly mathematical and
mathematics is included only where the proper elucida-
tion of subject demands it.

For the purpose for which it was written, viz, the
general education and training of workers engaged on the
manufacture of electronic devices the book appears
admirably adapted as it covers the field of theory and
practice sufficiently and without too much detail.

The book is also likely to be of use to the student and
engineer interested in electronic applications. A. J. G.

“ Telephony.” Vol. 2 (Automatic Telephony). T. E.
Herbert, M.ILE.E. and W. S. Proctor, AM.IL.LE.E.
738 pp. Ill. Pitman. zos.

This is the second volume of two which are designed
together to give, in the authors’ words, a detailed exposi-
tion of the telephone system of the British Post Office.
The first volume dealt with manual switching systems
and line plant while the volume now under review deals
with automatic telephony.

The work is confined almost entirely to systems in use
by the British Post Office, but a general description is
provided in chapters 15 and 16 of certain other types of
equipment.

The book does not deal with electrical principles,
which are covered in the first volume, although the
principles of relay operation and design are dealt with in
some detail, certain of the fundamental matter being
repeated from the earlier volume.

All the main types of automatic exchange equipment
in use in this country—director, non-director, Siemens’
No. 16 and U.A.X.’s—are described in detail and there
are chapters on subscribers’ apparatus, power plant,
trunking and grading, and maintenance. Coded call
indicator working and intercommunication between
automatic and manual exchanges are dealt with.

The book has been compiled with great care, and
contains a large amount of up-to-date information on the

Post Office system. It seems a pity, however, that the
description of what is now the standard type of two-
motion switch in use by the Post Office should have been
relegated to an appendix. The description given is a
reasonably full one as regards the selector, but certain
featuresofcircuitoperationassociatedwiththeintroduction
of this switch might, with advantage, have been treated.

The chapter on power plant has been brought up to
date by the addition of an appendix covering the newer
plant now being introduced. The value of this portion of
the book would be enhanced if the description of
the modern arrangements could have appeared in the
text.

There is a very large number of illustrations and
diagrams which have been carefully prepared. Although
some of the standard graphical symbols for telephony
appear as an appendix, it is noted that these standards
are not by any means universally used in the circuit
diagrams in the text.

In the section on ringing machines, the commutator
method of generation of tones is still described, without
any reference to the inductor type machines which are
now standardised.

The authors are to be congratulated on having brought
together in one volume much information not hitherto
accessible in this form. The work should prove extremely
valuable to students of telephony and communication
engineers, especially those interested in the British
Post Office system. J. L.

“ Radio Frequency Electrical Measurements.” H. A.
Brown, M.S., EE. 384 pp. 177 Ill. McGraw-Hill.
2nd Edition. 24s.

This book is intended by the author to serve as a
manual for the radio engineer and the experienced
amateur. The present edition departs from the old in
that exact instructions for the procedure to be followed
in making the more difficult measurements are given.

The author in his preface disclaims any attempt to
write a comprehensive treatise but claims that many
important methods and techniques necessary in practical
and research engineering are covered. The book
reasonably fulfils the claims made for it and is a fairly
comprehensive guide to laboratory technique, covering
circuit constants, frequency, antennae, lines, fields,
e.m.f., current and waveform.

A useful feature of the book is the inclusion of a
paragraph in each description of the precision of measure-
ments. This is a very important point frequently
overlooked or avoided in text books on measurements.

It was noticed that the author attributes too high
a sensitivity to the Dudell Thermo Galvanometer. In
the description of the determination of the value of
capacitance necessary to produce resonance in a circuit
at a fixed frequency the author suggests taking the
average of two values of capacitance giving equal
currents on opposite side of the resonance curve ; this
procedure is not strictly correct although the error
introduced is small in the case of low decrement circuits.

These are rather trivial points and on the whole the
book is reasonably free from errors and can be well
recommended. A ]G
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Staff Changes

Promotions.
Name District Date Name District Date
From T.M. to C.R.E. From Inspr. to Chief Inspyr.—(continued)
Scutt, W. D. .. . N.E. Reg. 1.12.38 West, V. A. .. . N.E. Reg. 30.10.38
Hannah, W. W. .. S. Lancs. . .. 28.10.38
From A.S.E. to S.E. Gil, E. S. A. .. E.-in-C.O. . To be fixed later
T o s : ‘Wilkinson, E. H. . E.-in-C.O. .. .. 13.10.38
i\;ldcllgrr, ‘%{v X;V ’ g _iﬁ_gg 1sl>sl>§g Everson, W. E. .. Eastern .. .. To be fixed later
’ Moody, W. R. N. .. E. to E.-in-C.O. . To be fixed later
Farnworth, W. R. .. N.W. to N.E.R. To be fixed later
From Ex. Engr. to T.M. Lowry, W.R. H. .. E.-in-C.O. 1.11.38
T " E -in-C.O. ; ; Burdick, C. A. R. .. L.T. Reg. 28.10.38
Bentlett, W. J in-C.O. to Middlsbro’ To be fli;{tz(i Clarke, G. E. CEinco. - 11138
Owen, J. M. .. .. N. Mid. to Peterboro’ do. Kidd, C. - Rugby R.S to E.-in-C.0.
Chinn, W. E. .. E4n-C.O. to Tun. Wells .. do. , To be fixed later
Bewick, W. .. .. N. Mid. to Coventry do. Sayers, C. F. .. . E.-%n,C.O. . 1.11.38
Beard, A. T. J . N. West to Preston do. Gray, G. .- E.-in-C.O. 1.11.38
. Pitham, S. . .. E.-in-C.O. .. .. 1.11.38
Shrubsall, F. W. . E.-in-C.O. . To be fixed later
From Asst. Engr. to Ex. Engr. Morris, T. G. .. . E-in-C.O. 1.10.38
Snell, W, S. .. E.-in-C.O. 1.9.38
Stollard, A. E. . N. Wales 1.1.39 From Asst. Physicist ov Asst. Chemist to Phys. or Chemist
Lister, B. . .. S. Eastern .. .. 1.9.38
Hargreaves, T. .. E-in-C.0. to N.-W.  To be fixed later Shuter, F. C. .. T.S. B'm. . .. 29.9.38
Brett, S. 1. .. .. L.P. Reg. .. .. 28.92.39 Rayner, L. W. W. . T.S. Ldn. . To be fixed later
Affleck, D. B. .. N. Midland . To be fixed later
Pearson, A. W. C. .. LT.R. to E.-in C.O. 1.10.38 From S.W.1. to Inspr.
Pate, H. S. . .. S.E. to N. Ire. . 3.10.38 :
Smith, V. . S. Mid. to (location Donahue, C. P. -- Rugby S - 5838
to be fixed later) To be fixed later Styles, H. H. -+ L. T. Reg. .. . 1.6.38
Boocock, R. O. .. Bastem .. .. 10.9.38 Bendy, D. .. .. LT Reg. .. 20.6.38
Knox, A. H.C. .. S.Lancs. to LT.R. 1.9.38 Squire, F. H. -+ L.T. Reg. 25.6.38
Tobin, W.J.E. .. L.T.Reg. .. .. 1.9.38 Rogers, T. <~ LT.Reg. .. .. .. 1638
Leigh, H. . .. E-in-C.O. . 1.9.38 Bloss, B. .. .. LT Reg. .. .. .. 27538
Cook, A. . .. E.-in-C.O. 1.9.38 Rawlings, J. E. .. NE. Reg. . . 20.8.38
Caveley, C. E. .. E-in-C.O. .. .. 1.9.38 Clewer, R. W. H. - N. Midland. . 2.1.38
Pitcairn, A. C. .. E.-in-C.O. to N.Wa. 1.10.38 Parker, J. - N. Midland. . 15.7.38
Mead, F. C. .. E-n-C.O. .. . 1.9.38 Sanders, F. - N. Midland. . 19.9.38
Chapman, R. H. .. E.-in-C.O. 7.11.38 Cragg, A. .. - N. Midland. . 1.10.38
Brockbank, R. A. . E.-in-C.O. 2.9.38 Dickman, R. W. .. N. Midland. . 24.7.38
Stanfield, J. W. W. .. N. Midland. . 1.10.38
oyce, A. C . N. Midland. . R .. 17.10.38
From Chuef Inspy. to Asst. Engr. ie?ley, W. H. . N. Midland.. .. . 1.10.38
Collett, W, A. .. E-in-C.O. to S.E. To be fixed later Gardiner, E. R. B. . N. Midland.. 1.10.38
Osborne, W. V. .. E-<in-C.O. .. . 1.10.38 Lancaster, G. . N. Midland.. 19.9.38
Thomas, C. F. . E.-in-C.O. .. .. .. 13.10.38 Evans, E. G. P. - N. Midland.. 1.10.38
Lee, A. .. .. T.S.Ldn. to T.S. B'm. To be fixed later Rawson, J. R. . N. Midland. . 22.8.38
London, T. G. .. E-in-CO. .. 13.10.38 Syson, J. J. H. . N. Midland. . 21.11.38
Smith, G. W# .. S. Eastern .. .. 13.10.38 Connor, J. R. . N. Ireland .. 19.4.38
Brown, A. H. .. N. Midland. . . To be fixed later Prujean, J. E. . S. Wales .. .. .. 19.4.38
Hogbin, A. .. E.-in-C.O. 711.38 Marks, J. S. .. . 8. Wales .. . .. 8.8.38
Proctor, F. H. .. E-n-CO. .. 13.10.38 Knight, T. . S. Western .. . .. 15.10.38
Sharpe, H. T. A. . L.T.R. to E.-in-C.O 28.10.38 Mills, ¥. C. . . S. Western . . . .. 20.1.38
Owne, W. .. .. S. Lancs. 28.10.38 Thomas, E. L. . S. Western . . 19.4.38
Britton, G. A. C. R... E.-in-C.O. .. .. 91138 Wensley, A. J. . S. Western . . .. .. 3.7.38
Loveday, T. C. .. Eastern . To be fixed later Cross, R. J. .. . S. Western .. . .. 30.10.38
Broadhurst, S. W. .. E.-in.C.O. .. .. 9.11.38 Plummer, W. H. . S. Western . . . .. 19.4.38
Roy, D. W. .. .. Sc.R. to E.-in-C.O. 1.12.38 Berry, A. F. . S. Western . . . .. 210.38
Smith, R. C. .. .. S. Western . . . 1.1.39 Atkins, H. C... .. S. Western .. .. .. 20.10.38
Lewis, C. H. .. .. S. Western 1.1.39 Pike, G. G. .. .. Test. Sec. .. .. .. 7.8.38
Johnstone, W. S. .. Cooling R.S. 15.11.38 Dunning, W. H. .. S. Lancs. . .. .. 1.9.38
Brown, E. P. .. E-in-C.O. .. . 20.11.38 Howson, S. A.G. .. S. Eastern .. .. To be fixed later
Hawkins, C. F. W. .. L.T.R. to E.-in-C.O. To be fixed later Young, R. A. .. S. Eastern .. .. To be fixed later
*Indicates C.I. wi 1 . Briscoe, H. R. .. S. Lancs. R .. 6.11.38
dicate with allowance Smith, J. L. .. .. E.in-C.O. .. . . 1.11.38
From C.I. to C.I. with allowance ;/';c;{'eg, F. D:. ’Ige.slt;l_Sé%x I‘,dn - o 1411)23
Cornish, G. . S. Eastern .. . To be fixed later Loveless, E. R. .. E-in-C.O. .. e . 1.11.38
Hobbs, J. G. .. E-in-C.O. .. . . 1.11.38
Thurlow, E. W. .. E-in-C.O. .. 1.11.38
From Inspr. to Chief Insbr. Wright, A. .. E-inC.O. 1.11.38
Dixon, J. .. . NW. to NNWa. .. .. 1.9.38 Moss, R. .. .. E.-in-C.O. 20.7.38
Holder, T. G. . N. Midland . To be fixed later Thomas, R. A. .. E.-in-C.O. 1.11.38
Dommett, S. G. . N.E. Reg. 25.9.38 Carter, G. G. F. . E.-in-C.O. 24.9.38
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Promotions—continued.

Name District Date Name District Date
From S.W.1 to Insp. (continued) From S.W.1 to Inspr. (continued)
Evans, F. C. M. X. .. E.in-C.O 18.6.38 Mitchell, A. E--in-CAO- 24.7.38
Bliss, S. W. . E.-in-C.O 2.7.38 Berry, J. E.-in-C.O. 1.9.38
Goodfellow, J. J. E.-in-C.O 17.7.38 Mangaz, D. P . E.-in-C.O. 21.8.38
Frost, P. C. E.-in-C.O 1.9.38 Ogden, R. S. 1 - E-in-C.O 30.10.38
Stenning, F. A. . E~n-C.O 1.10.38 Organ, E. C. H. - E-in-C O. 1111.38
Phillips, M. W .. E.-n-C.O 22.9.38
g?fgﬁ) P.]E.F . E-‘@n‘gg g?)ggg From U.S.W. to Inspr.
ishop, J. . E.-in-C. 2.9, .
Robinson, H . . . E-in-C.O 22.9.38 Jones, P F. .. -in-C.0O. 6.9.38
: : Booth, G. F. .. .-1n-C.O. 20.9.38
Gibbs, C. H. . E.in-C.O 1.11.38 -
= Cowan, R. T. B. -in-C.O. 20.9.38
Jacob, J. A. .. .. E-in-C.O 2.10.38 H T W in-C.O 16.9.38
Connell, D. R. W. .. E.-in-C.O. 1.11.38 oWeroL L SR o
Didcock, F. T. . E-in-C.O 1.11.38 Seager, E. &. E-n-CO 20.9.38
Secker, C. E. .. E~in-C.O. 1.11.38 Dilworth, R. A. E-n-CO 16.9.38
Eltringham, G. C. .. E.-in-C.0 1.11.38
Clark, S. J. .. .. E-in-C.O 1.11.38 From Draughtsman Cl. IT to Insp.
Robbins, R. A. D. .. E.-in-C.O 4.10.38 Forrester, H. . N.E. Reg. 1.9.38
Hume, T. .. .. E.-4in-C.O 2.10.38
\I‘%]O\Kse, J. L. - - E"m'g-g- T 5 2. 110 .38 From Asst. Cable Foreman to Cable Foreman
Srgitg“k? GJ e pno obe xed later Smith, W. . H.M.C.S. Alert 6.8.38
giligl:éig’nf' fj c .. ]S{cugb;o E. -Tn-C 0. B 32'. From Seaman Cable Hand to Asst. Cable Foreman
Abbott, H. F. E.-in-C.O. o Cooling R.S. do. O’Beirne, H. W. . HM.C.S. Alert 6.8.38
Transfers
Name District Date Name District Date
Exec. Engr. Chie] Inspr. Inspr.
R — Johnson, L. P. . E -in-C.0. to S.E 21.10.38
Swift, R. E. .. . S.E. to E.-in-C.O. 18.9.38 Johnstone, W. S E.-in-C.O. to Cooling R. S 1.11.38
Inspr.
Asst. Engr. Thirsk, R. D. .. E.-in-C.O. to N. Wa. 2.10.38
—_ Long, W. J. .. .. S.Wa. to S.W. .. 16.10.38
Pearce, C. A. R. E.-<in-C.O. to L.T.R. 28.9.38 Granger, S. B . S.E. to E.-in-C.O. 23.10.38
Walker, W. A. E.-in-C.0. to N.E. R. 20.11.38
Appointments
Name District Date Name District Date
Proby. Asst. Engr. Proby. Asst. Engr. (continued)
Goodwin. A. E. .. Trg. Sch. 12.9.38 Phillips, S. A. . Trg. Sch. 26.9.38
Collins, P. T. .. Trg. Sch. 29.9.38 Knox, J. . . Scot. Reg. .. 7.11.38
Bickley, H. D. .. Trg. Sch. 26.9.38
Retirements
Name District Date | Name District Date
Supt. Engr. Asst. Engr.
Brocklesby, C. . N. Western. . 31.8.38 Winstone, E. J. N. .. E.-in-C.O. 31.10.38
’ 4 Siddle, W. H. . N.E. Reg. 30.9.38
Asst. Supt. Engr. E_M
Chambers, L. W. . S. Midland .. 14.11.38
Osborn, W. M. . Eastern 2.10.38
Inspys.
Chapman, E. A. . S. Eastern 25.9.38
Exec. Engr. Ryan, J. R. .. E.-in-C.O. 29.9.38
. Bell, J. .. .. S. Lancs. 11.9.38
Atkins, W. .- N. Wales 30.9.38 Morgan, S. J. W. .. L.T. Reg. 13.11.38
Gean, W. J. .. . L.T. Reg. 30.9.38 Mills, W. W. .. . S. Eastern 1.9.38
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Deaths

Name District Date Name District Date
Ex. Engr. Inspr.
Meek, L. . E-in-C.O. .. 11.11.38 Fox, L. A. . E.-in-CO. .. 16.9.38

Ross, T. C. .. Eastern 29.9.38
Asst. Engy. Wilcock, J. . E.Ain-C.O. .. 11.11.38
McGregor, A... E.-in-C.O. .. .. .. 5.9.38
Oman, G. R. E.-in-C.O. .. 6.11.38
Resignation

Name District Date Name District Date
Proby. Insp.
Percival, F. V. . N. Western. . 30.11.38
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Just Published

THE RADIO AND
TELECOMMUNICATIONS
ENGINEER’S

DESIGN MANUAL
By R. E. Blakey, D.Sc.

Invaluable data is provided in this book for
designers and research engineers and all
concerned with radio and telecommunica-
tions apparatus. It has been compiled by a
research engineer as the outcome of his own
experience, and much tedious * spade work ”’
can be avoided by its use. In addition to
basic calculations it includes numerous
tables and practical examples.

142 pages. 15/- net (by post 15/6).

Order from a bookseller or direct from
PITMAN, Parker St., Kingsway, London, W.C.2

Hall Telephone Accessories
(1928) Limited

Suppliers to the British Post Office, Air Ministry,
Admiralty & Foreign Government Departments.

Manufacturers of prepayment telephone
multi-coin collectors, precision instru-
ments, automatic stamp selling and
ticket selling machines, automatic slot

machines and fire alarm apparatus.

Registered
Office & Works: 70, DUDDEN HILL LANE,

WILLESDEN,
Tel. WILLESDEN 5141/2/3. LON DON, N.w. IO

Also GUEST WORKS, DOWLAIS, STH. WALES

Higlﬁ Quality
mouldings

Ebonestos have produced many of
the finest mouldings manufactured
in compositions, Bakelite, Urea,
Diakon, and other synthetic resins.
For the past 39 years, our reputation
for finish and accuracy has been
second to none.

Let us know your moulding require-
ments, and weshall be pleased to send
one of our technical experts to discuss
the matter with you, or, if you
prefer it, meet you at our factory.

Moulders to the General Post Office,
Admiralty, Air Ministry and other Govern-
ment Departments.

EBONESTOS

INDUSTRIES LIMITED

EXCELSIOR WORKS, ROLLINS STREET,
LONDON, S.E.I5 Telephone : New Cross 1913 (6 lines)




Radio Frequency Electrical
Measurements
By Hugh A. Brown,

Associate Professor of Electrical Engineering, University of
Ilinois.
384 pages, 9 X 6, illustrated, 24/- net.

THIS combined laboratory textbook and manual for the

student and practising ~electrical and radio engineer
explains physical principles and procedures for making
quantitative measurements.
Sections on measurements of coil resistance, antenna resistance,
condenser loss resistance, frequency by approximate and
precision methods, vacuum tube perammeters and performance,
receiving set performance, have all been revised in the light of
this advanced knowledge.

Electron Optics in

Television
With Theory and Application of Television Cathode-
Ray Tube.
By 1. G. Maloff and D. W. Epstein.
299 pages, 9x 6, illustrated, 21/- net.

IN this book the authors develop the theory of electron optics
from its fundamentals and cover its application in the design
of the television cathode-ray tube, including an account of that
part of the subject with which the authors have had first-hand
experience.

From the book the reader should get an understanding of
electron optics and be able to use electron optics in various
problems of pure and applied physics. He also should get the
basic principle of the design of television cathode-ray tubes and
associated circuits. Most of the material has never appeared in
hook form and some of it has not been published previously.

Practical Radio
Communication

Principles—Systems—Equipment—OQOperation
Including Short-wave and Ultra-short-wave Radio

By Arthur N. Nilson
Li, t (Technicist) (Ci ications) U.S.N.R. (Rtd.)
and J. L. Hornun;

2
Formerly Radio Instructor, Guggenheim School of Aeronautics.
New York University.

754 pages, 9% 6, 435 illustrations, flexible 30/- net

A handbook for engineers and technicians on Radio
station operation.

BESIDE providing the undirected newcomer to radio with
complete, progressive material to prepare him to pass
license examinations and to get a job in radio, this book
presents much of value to the experienced operator and
technician. Covering practical radio communication com-
pletely and its essential theory, the book is in effect a handbook,
making available in concise, clear-cut form, adaptable for
handy reference, a great deal of otherwise inaccessible material.
The engineer and advanced technical worker will find here
authoritative facts by which to check his familiarity with latest
advances. Boiled down information is given on developments
in systems and methods, the newer equipment and apparatus,
advances in theory, the facts with which the radio technician
will want to keep abreast.

Engineering Electronics
By Donald G. Fink,

Managing Editor ** Electronics.”’
358 pages, 9x6, 217 illustrations, 21/- net.
Special Features Include :
1—A clear understanding and a working knowledge of electron
physics. A
2—A sound description of the engineering characteristics of all
types of electron tubes.
3—An understanding and a comprehensive working knowledge

o_f the application of these characteristics to electronic
circuit design.

4—Gives descriptions of as many_practical applications of

electron circuits as could be included in one volume.
These circuits have to do with power transformation,
electrical communication, and industrial control and
measurement problems.

5—1In order to help the student in obtaining a working ability
in the subject about one hundred problems of a strictly
practical nature are included. Graphical and tubular
methods of presentation are used freely and the book 1s
written in a simple and descriptive style.

McGraw-Hill Publishing Co., Ltd.
Aldwych House London, W.C.2

LATEST
EXAMINATION
SUCCESSES

Since the B.LE.T. was founded ten years ago, we
have specialised in preparing candidates for leading
Technical Examinations, and our success may be
gauged from the following remarkable results :

FIVE Ist PLACES

In the Probationary Inspectors and Assistant
Superintendent of Traffic Examinations held in
1932-1937, B.LE.T. candidates obtained Five
First Places.

FIRST THREE PLACES

In the 1937 Competitions for Probationary
Inspectors, B.LE.T. candidates secured First,
Second and Third Places.

217 SUCCESSES

In the Probationary Inspectors and Assistant
Superintendents of Traffic Examinations held in
1934-1937, 217 B.L.E.T. candidates passed
the Examinations.

We teach successfully by correspondence and
definitely guarantee—

“ NO PASS—NO FEE”

You are advised to send for a copy of our General
Prospectus  “ ENGINEERING OPPORTUNITIES.”
This Handbook contains 268 pages of most useful
information. It also contains particulars of all leading
Engineering Examinations, including

Probationary Inspectors (Open and Limited
Competitions).

Probationary Assistant Engineers (Limited
Competition).

Assistant Superintendent of Traffic (Open
and Limited Competitions).

City and Guilds, Special G.P.O. Examina-

tion, LE.E., B.Sc., A.M.I.C.E., London

Matric., etc., etc.

The Handbook also outlines ‘ up-to-the-minute >
courses of Home-Study in all branches of Engineering.

Special Courses are offered in Telegraphy, Manual
Telephony, Automatic Telephony, Telephone Trans-
mission, Electrical Technology, Wireless and High
Frequency Radio Communication, Alternating Currents,
etc., etc.

Our 268 pages Handbook should be on your Book-
shelf. It will be gladly sent on request, FREE and

without obligation. (Please state subject or Examination
of most interest.)

British Institute of Engineering Technology
369 Shakespeare House,
17, 18 & 19 Stratford Place, Oxford Street,
London, W.I




THE INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS

PRINTED PAPERS

The following papers contributed to the proceedings of the Institution have been
printed by authority of the Council and may be obtained, if still in print, from

“THE LIBRARIAN, The Institution of Post Office Electrical Engineers, G.P.O. (ALDER HOUSE), LONDON.E.C.L.""
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The prices do not include postage, and in every case, Members, Associate Members,
and Associates have the privilege of purchasing copies at two-thirds the stated price.

“ TELEPHONE METERS AND COIN COLLECTING BOXES.”—W. CRUICKSHANK, M.L.E.E,,
and F. McCrLarencg, M.LEE. 1923

“ THE PROBLEM OF FLEXIBILITY IN SUBSCRIBERS’ CABLE DISTRIBUTION ”—HARVEY
SMITH. 1925

“TESTING OF TELEPHONE CIRCUITS AND APPARATUS WITH ALTERNATING
CURRENTS.”—E. S. RITTER, D.F.H.,, AM.I.LEE., and G. P. MILTON. 1926 .

“ SCIENTIFIC ORGANISATION AND THE POST OFFICE ENGINEERING DEPART-
MENT.”—F. G. C. BaLopwiIN, M.L.LE.E. 1926

“ THE DIRECTOR IN AUTOMATIC TELEPHONY. ”—C W BROWN A. M LE. E 1927

“THE SUBMARINE LINK IN INTERNATIONAL TELEPHONY.”—C. RoBinsoN, B.A.,
AM.IEE. 1928

“ THE PROBLEM OF THE P.B. X CONNECTED TO AN AUTOMATIC EXCHANGE »—
C. W. BrowN, AM.LE.E,, and R. J. Hings, B.Sc. 1928

“SATELLITE EXCHANGES IN AUTOMATIC AREAS.”—F. I. RAY B. Sc D. F H , Al M L.E. E
1927

“X-RAYS, AND THE STRUCTURE OF SOME ENGINEERING MATERIALS it W G
RADLEY, B. Sc. 1929 .

“ THE MEASUREMENT OF RELAY TIMES ”—R W PALMER, A M I. E E 1929

“MODERN ELECTRICAL ILLUMINATION. ”—] ] Epwarbs, B.Sc. (Eng ), A.C.G.I, D.I C
1928

‘“THE MEASUREMENT OF SOUND AND ITS APPLICATION TO TELEPHONY —
A. J. AvpriDGE, A.C.G.I.,, AML.LE.E. 1929

“ THE DEVELOPMENT OF AUTOMATIC ROLTINERS IN THE BRITISH POST OFFICE »
—A. Speigur, AM.LEE. 1929. .

“ SOUND AND HEARING. ”-——Capt N. F CAVE BROWNE CAVE B. Sc M.I. E E. 1930

“SOME DEVELOPMENTS IN TELEGRAPH TECHNIQUE AS APPLIED TO RADIO
CIRCUITS.”—H. FAULKNER, B.Sc., AM.LE.E, and G. T. Evans. 1931.

‘“ SOME NON-METALLIC SUBSTANCES AND THEIR CHARACTERISTICS. ”—Capt N. F
Cave-BrROWNE-CavVE, B.Sc., AM.LE.E. 1931.

“ PRIVATE BRANCH EXCHANGE INSTALLATIONS » R T A DENNISON 1932.

“ LAYING ARMOURED CABLE BY MEANS OF A MOLE-DRAINER.”—L. G. SBMPLE
B.Sc.(Eng.), and R. O. Bocock, B.Sc.(Eng.). 1932.

“ DESIGN AND CONSTRUCTION OF ELECTRIC WAVE FILTERS ”——R J. HALSEY B. Sc .
etc. 1932.

“ STORES SPECIF ICATIONS AND ACCEP’I‘ANCE TESTING ”—CAPT I LEGG B. Sc .
AM.IEE. 1933

“ RECENT DEVELOPMENTS IN UNDERGROUND CONSTRUCTION LAYING AND
LOADING ARMOURED CABLES.” J E. Z. Brypen, B.Sc. (Eng ), AM.LE. E, and T.
Harcreaves, AM.LLE.E. 1933 . ..

‘“ TELEPRINTERS.”—E. S. RirrEr, M.I. E E. 1933

“ RECENT REPEATER STATION INSTALLATIONS. ”—Ma}or F E. A MANNING M. C
B.Sc.(Eng.), M.ILE.E.,, A M.I.Mech.E. 1933

“SOME NOTES ON EXCHANGE EQUIPMENT FACTORY COSTING AND THE
ECONOMICS OF PRODUCTION.”—S. J. HusBanp, Assoc..LE.E. 1933

“MODERN DEVELOPMENTS IN TELEPHONE TRANSMISSION OVER LINES »—
J. StraTTOoN, A.C.G.F.C,, and W. G. LuxToN. 1933 ..

“THE TELEGRAPH POLE »—W. H. BrenT, B.Sc., A.M.LE. E 1933

“ MODERN TENDENCIES IN THE SUPPLY OF POWER TO TELEPHONE EXCHANGES »
—H. C. Jones, B.Sc.(Eng.). 1935

“ ULTRA SHORT WAVE RADIO TELEPHONE CIRCUITS »? D A THORN B. Sc (Eng )
AM.LE.E,, and H. T. MrrcueLr, AM.LE.E. 1935

“ MODERN ELECTRIC PASSENGER LIFTS.”—R. S. PHILLIPS, A M. I E E. 1935 ..
“MODERN TELEPHONE REPEATER STATION POWER PLANT.”—F. W. G. Dve. 1936

“ VOICE FREQUENCY SIGNALLING ON TRUNK CIRCUITS.”—T. H. FrLowsss, B.Sc.,
A.M.LE.E,, and B. M. HapriELD, B.Sc., AM.LLE.E. 1937 . .. .. .. ..

“ AUTOMATIC EXCHANGE DESIGN.”—H. E. Francis. 1936
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