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Part . —The Growth of Knowledge concerning the

Internal Structure of Matter

This article is the first of a projected series which will deal with the properties of some of the materials now available

for building into telecommunication equipment. Many of these materials are of comparatively recent introduction and the

present article shows in a general way how the development of new ones has been aided by increasing knowledge of their

internal structure. Later articles will discuss in greater detail mechanical, dielectric and magnetic properties of some of these
materials and show how these are related to the arrangement of molecules and atoms.

Introduction.

T is on record that twenty-three centuries ago
Ithere was much speculation among philosophers

as to the constitution of materials. All interest
in this connection was lost during the period of
confusion which followed the fall of the Roman
Empire, but the Middle Ages introduce us to the
alchemist’s laboratory and to countless undirected
expcriments the object of which was to transmute
the baser metals into gold. The seventeenth,
eighteenth and nineteenth centuries witnessed the
decline of alchemy, but provided a gradually
accumulating mass of experimental data relating
to all kinds of chemical substances. These data
might have had little effect on everyday life had it
not been for the men who sought to explain them in a
few simple laws, which were of very general applica-
tion and gave direction to further experiments.
Speculation and experiment were at last united, and
one result has been that new materials are now at
the disposal of the engineer.

Transmutation of the elements—the alchemist’s
dream—is taking place in a score or more of
laboratories at the present time. This involves a
change in the inconceivably minute central nucleus
of the atom and was first observed by men patiently
seeking for new light on the nature of our physical
world. The discovery that such changes took place—
and in particular the discovery by M. and Mme.
Curie of radium in which the change takes place
spontaneously—-has given much more to human
welfare than the ability to transform base metals
into gold. These changes give rise to the emission
of radiation (gamma rays) which has been of
inestimable use in the treatment of disease.

More apparent in everyday life, however, have
been the results of the disclosure of the secrets of
material structures on a grosser scale---of the way

in which atoms are linked together to form molecules,
and molecules in turn are built into crystal structures.
As more of this architecture in which atoms and
molecules are the bricks has been learned, so has it
been seen how the plan of building might be varied,
or bricks of a different kind introduced in a way to
give materials more nearly possessing those properties
or combination of properties required.

It is impossible to say how much the rapid
industrial progress of the present time owes to the
introduction of new materials. The telecommunica-
tions engineer has been given two new series of
magnetic alloys having properties of entirely different
orders from those of the materials available at the
beginning of the century. The alloys in one of these
series are so easily magnetised and demagnetised
(they have high initial permeability and low
hysteresis) that they make easy the task of adding
inductance to a telephone circuit without materially
increasing its losses. The alloys in the other class
are so difficult to magnetise, but so retentive of their
magnetism once they have been magnetised, that a
permanent magnet necessary to store a given amount
of energy can now be made one-fifth the size it was
twenty years ago. Such advances have not been
without their effect on the design of telephone
instruments.

Of equal importance has been the development of
two new types of dielectric, one having very high
permittivity and the other very low dielectric loss.
The latter type, comprising a whole range of materials,
has been particularly valuable in a period when the
use of radio-frequency currents as carriers is being
adopted for wire transmission. It is true, however,

" to say that neither of these has had such an effect

on outward designs as the introduction of synthetic
resin plastic materials lending themselves readily
to the fabrication of piece-parts by moulding. It is
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doubtful whether the pleasing design of the modern
hand microtelephone could have been achieved
had such materials not been available. The avail-
ability of plastics has solved problems in every
department of modern life. A synthetic resin plastic
which is as transparent as ordinary glass, lighter in
weight and will not splinter on impact, is used for
roofing in the observation turrets of aeroplanes;
and gear wheels made of another may be actually
more durable than the steel pinions with which
they are engaged. In the domestic field, articles
which are in daily use such as all kinds of fancy goods,
ash trays, door handles and even doors, make one
aware of the existence of plastics. For so many
purposes have these materials replaced metals that
it has sometimes been said that, following the stone,
bronze and iron ages, the world is now entering into
a new era—the plastic age.

In the subsequent articles of this series, it is
proposed to describe the properties of some new
materials and to attempt to show how some of these
properties are related to the structure of the par-
ticular material. Before this is done it will be useful
to review the present state of knowledge concerning
the minute structure of material things and to recall
how this knowledge has been, and is still being,
accumulated.

Atoms and Molecules.

In such a review it is perhaps as well to start by
recalling that the hypothesis that gross matter is
composed of tiny indivisible entities was recorded
in the works of Greek and Roman writers. For
example, Democritus wrote in 400 B.C. :—

‘““ Atoms are infinite in number and- infinitely
varied in form. They strike together and the laterﬁ
motions and whirlings are the beginnings
worlds. The varieties of all things depend upon
the varieties of their atoms in number, size and
aggregation.”

Suchstatements have muchin commonwith twentieth-
century ideas. They had, however, no experimental
justification, nor did Greek and Roman philosophers
make any attempt to devise the experiments which
would test their speculations. The atomic theory
remained a speculation until the beginning of modern
chemistry began to reveal facts which gave to it a
shape approximating to its present form. One of
the outstanding figures of this period was Dalton
(1766-1844) who again put forward the view that
matter was constituted of a vast number of extremely
small particles or atoms bound together by attractive
forces. They were not, however, like the atoms
conceived by Democritus, *‘ infinitely varied in form,”
but ““ belonged to a limited number of species.”
Such were the elements. Innumerable different
materials of natural occurrence were explained by
the fact that most of these were composed of atoms
of two or more different species joined together, as
we know now, to form chemical compounds. The
development of these ideas stimulated experiments
which, in the early years of the nineteenth century,
gave rise to the formulation of the laws of con-

54

servation of mass and of chemical combination
summarising the rigid principles governing all
types of chemical change. We learned that there was
nothing haphazard about these changes or about
the composition of compounds which resulted from
them.

It is scarcely possible to imagine the amount of
work that was undertaken about this period.
Multitudes of substances were analysed to ascertain
whether they were elements or compounds or
mixtures. After each element had been separated
there was the task of measuring its properties, such
as melting and boiling temperatures, its density as
solid, liquid and gas, its conductivity and magnetic
susceptibility and a host of others. The ways in
which the various elements combined or failed to
combine with one another were studied. This led
to various systems of classification of the elements
one of which, Mendeleef’s Periodic Table (1869),
has stood the test of all later work. As originally
set down in this table, the elements fell into 7 groups,
each of which contained elements showing distinct
family resemblances. The subsequent discovery
of the rare gases added another group of strikingly
similar elements. The reason for these resemblances
and their periodic recurrence was not apparent
until atomic physics began to give us a mental
picture of the atom.

Towards the end of the nineteenth century we
had reached the stage of having a conception of the
molecule as the smallest part of any substance capable
of free existence. It contained, for any specific
chemical compound, a definite number of atoms of
each element entering into the make-up of the
compound. But, although the relative masses of
molecules and the number of atoms which they
contained were known with accuracy, only the
roughest approximations were available for their
absolute masses and nothing was known at all of the
structure of atoms and of the mechanism which
holds them together to form a molecule.

Electronic Theory cf Matter.

The year 1897 with the discovery by Thomson of
the electron in an electric discharge through a gas,
and its isolation and measurement as a negative
electric charge a few years later, gave the first real
proof that the atom had any parts. A decade later
there followed the conception of the atom as a
comparatively massive central nucleus bearing a
positive electric charge and surrounded by a number
of electrons arranged on successive concentric shells.
But thc most important clue to the secrets of atomic
structure came in 1913 when Moseley, examining the
X-ray spectra from a number of neighbouring
elements in the periodic table, observed a beautiful
regularity as he passed from one element to the next.
This led him to the conclusion that *‘ there is in the
atom a fundamental quantity which increases by
regular steps as we pass from one element to the
next. This quantity can only be the charge on the
positive nucleus.” At once it was possible to
visualise a distinctive model for the atom of each
element.









that if the atomic or molecular units were regularly
arranged, and X-rays which have a wavelength of
the same order as the diameter of an atom were
directed on to the structure, a diffraction pattern
would be formed in much the same way as a pattern
is formed when light waves are diffracted by a
regularly ruled optical grating. The experiment was
tried and a pattern was obtained which could be
interpreted to give information relating to the
spacing of atoms within a crystal. Immediately a
method was available for investigation of the
minutely planned structure of crystalline materials.
The pioneer investigators were the Braggs, father and
son.  Interpretation of many of the diffraction
‘patterns was not easy ; indeed, the determination ofa
crystalline structure by X-ray methods has been
likened to “ the solution of a crossword puzzle in that
there is no direct method of arriving at the answer.
Progress is made by guesswork and when the right
guess has been made the evidence for its correctness
is that everything fits into place and the observations
are completely explained.” Typical puzzles and
their solutions are shown in Fig. 3.

Structures such as shown in Fig. 3 introduce the
idea of the crystal unit, that is, a small assemblage
of atoms or molecules rigidly fixed in a definite
spatial relationship one to another which is regnlarly
repeated throughout the structure. This crystal
unit may have a volume of only 10-%c.c., but it
displays all the properties of the solid in tangible
form. It possesses elasticity, thermal and electrical
conductivities, dielectric constants and optical
activities, and in the crystal unit these are vector and
not scalar functions. As an example of the importance
of the directional nature of the properties disclosed
by the crystal unit, the crystal unit of quartz {SiOy)
consists of nine atoms packed together in a cork-
screw fashion (Fig. 4). Hidden in this arrangement

.REPRESENTS A SILICON ATOM.

OREPRESENTS AN OXYGEN ATOM.

F1c. 4. —Tue CrystaL UNIT OF QUARTZ.

of nine atoms is the secret of the rotation of the
plane of polarisation of light by a quartz plate.
The discussion in later articles of other properties
which make their first appearance in the crystal
unit will show the importance of this unit.

Next, when a large number of such crystal units
is fitted together to form a crystal of visible size—
and the scale of things under discussion is such that
it takes roughly 102 crystal units of quartz or 10%

atoms to form a crystal the size of a pin's head—
there will be found to exist in the structure certain
planes in the direction of which slip, or fracture,
takes place more readily than in others. From
the X-ray diffraction pattems produced by some
metals and their alloys it is possible to see how
comparatively few atoms of a ““ foreign "’ element can
enter into what we might term the * framework ”’ of
the atomic arrangement proper to another in such a
way that movement of one part of the framework
relative to another is made more difficult. The whole
structure is stiffened. The hardening of copper by
the addition of zinc, producing the alloy brass, and
many other familiar changes in the mechanical
properties of metals have acquired a physical
explanation in this way.

The investigation of the alloys of iron, copper,
nickel, cobalt and aluminium by X-rays has vielded
most interesting results. Many of these alloys, such
as FepNiAl and clesely related compositions preduce
extremely strong permanent magnets. It has been
found that the state of the alloy in which this
desirable property is present is not a state of
equilibrivm but one in which the transition from
one form of structure to another has been arrested
before it is complete and ““ frozen "’ in the half-way
stage by cooling. Tt appears that the valuable
magnetic property is due to an intense type of local
strain in the atomic structures when in this condition.
This has given a clue to the regions of alloy com-
position which should be explored in the search for
new permanent-magnet materials.

The task of unravelling the structure of many
materials is being carried on in a number of
laboratories. Research workers are tantalised by
not being able to interpret outstanding diffraction
patterns. Solution of the ' crossword puzzle " still
lacks a clue. This is true, forinstance, of the patterns
resulting from the diffraction of a beam of X-rays
by crystalline proteins. The pattern is complete and
perfect. When it is solved, it may throw a flood of
light ou the structure of living matter.

In the meantime industry is making use of X-ray
diffraction patterns for controlling the processing
of metals and alloys. The six photographs in Fig. 5§
were all taken from a modem aluminium alloy.
To the skilled reader they give valuable information
concerning what is sometimes known as the “ texture”’
of the material. They tell, in effect, of the large-scale
disturbances to the regularity of the atomic structure
which result from mechanical and thermal processes
like rolling and annealing.

Materials composed cf Large Molecules.

Very little attention has, as yet, been given to the
arrangement of atoms within the highly complex
chemical structures which result from a process of
polymerisation. The process is a most important
one to the modern plastics industry. In broad outline
it signifies the linking together of many comparatively
simple molecules of one kind to form a gigantic
molecular aggregate. ~ Within the aggregate the
bonds between atoms are far stronger than the
inter-molecular forces existing between a number of
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Multiphone Working

U.D.C. 621.395.331.3

E. W. AYERS, 8.5c.(Eng.), and
H. E. STEVENS

The authors describe equipment which enables a central station to speak simultaneously to a number of others. The
system permits the out-stations to speak to the central office but not to one another.

Introduction.

N the last few years there has been a growing
Idemand for facilities for more than two people

to take part simultaneously in a telephone con-
versation. In the attempt to meet this demand three
main types of service have been developed, known
as : multiphone, conference and broadcast.

It is the object of this article to distinguish between
these three and then to give a brief description of
multiphone facilities offered by the G.P.O. and of
the apparatus and circuits employed.

Definitions.

Multiphone provides for two-way conversations
between a central station and a number of out-
stations. The central station can call and speak to
one outstation or to any b
number of outstations d
simultaneously, but the
latter cannot speak to one
another, This can be
illustrated very simply by
reference to Fig. 1:

A can talk to b, ¢ ,
and d individually or

simultaneously: b, ¢ A

and d can talk to A but

cannot talk to one
another.

F1G6. 1.—MAIN AND THREE
OUTSTATIONS.

Conference facilities provide for connecting a number
of lines together to allow both-way conversation
between all the stations concerned. Again referring
to Fig. 1:

A can talk to b, c and d.
b can talk to A, c and d.
c can talk to A, band d.
d can talk to A, b and c.

Broadcast facilities provide for a central station to
speak to a number of outstations, which are, how-
ever, unable to reply, i.e., speech is one way only.
In Fig.1: A can talk to b, c and g, but b, c and d

are unable to talk to A or to one another.

Scope and Applications cf Multiphone.

Multiphone facilities can be provided over all
types of circuits, private wires, exchange lines or
extensions from P.B.X.'s, but private wires must
not be mixed with exchange lines on the same multi-
phone board, owing to the ban on the extension
of exchange calls over private wires. Although
multiphone facilities can be provided over exchange
lines, there has been a relatively small demand for
this service, and the principal applications have been
to private wires.

As an example, a subscriber may have a private
wire network devoted entirely to one purpose such
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as the distribution or collection of news. In such a
case the lines would be terminated at the head office
on a multiphone board from which the distribution
of news can be handled.

On the other hand, a number of private wires,
linking together various branches of an organisation,
may be terminated on a P.B.X. and be available to
any extension, As a supplementary service the lines
could be intercepted on a multiphone board to allow
general instructions or information to be sent out
from the head office to all branches simultaneously.

So far the greatest demand for multiphone facilities
has arisen in conjunction with :

(1) Organisations interested in the rapid trans-
mission of racing and press news to subscribers
and agencies throughout the country.

(2) County police telephone networks, where a
multiphone switchboard is installed at the
divisional headquarters, and is used for quickly
disseminating police news over the system.

The ability to issue information or instructions
from a central point to a number of outstations
simultaneously has obvious applications in other
directions under present conditions as well as in
peace-time.

Facilities.

The lines from outstations are terminated at the
head office on a multiphone switchboard which
comprises calling indicators and keys to connect
selected lines to the operator’s telephone. On some
boards provision is made for two or three operators.
One point that should be emphasised is that a
multiphone switchboard does not provide inter-
communication between one outstation and another,
and if this facility is wanted the multiphone board
must be associated with a P.B.X. switchboard.

When a large number of lines is bunched or the
transmission loss over the worst circuit exceeds
20db., an amplifier is used, details of which are
given later. This equipment enables an operator to
broadcast to a maximum of 80 lines without loss
in sending efficiency. Any outstation may reply to
the operator, but conversations between outstations
are prevented by joining the lines in parallel across
a low resistance.

A ringing key is provided for each line, and on some
boards a single ‘‘group’” key is fitted for
simultaneously ringing the whole of a previously
selected group of lines. Ringing power may be taken
from A.C. mains via a step down transformer, since
it is rarely practicable to obtain a large enough
current from a ringing lead from the public exchange.
Hand generators are not favoured where speed of
signalling is of paramount importance as in the


















A Voice-operated Relay for Use

on Long Distance Private Wires

U.D.C. 621.395.22 : 621.395.648

ALAN FAIRWEATHER, M.5c., Grad.lL.E.E

A description is given of a unit now in service, by which the difficulties frequently encountered in providing calling facilities

over emergency long distance private wires have been overcome.

Two valves are employed, and operation is possible from

all the usual types of A.C. and D.C. supplies baving voltages from 50-250.

Introduction.

HEN long distance private wires are
\}\; required at short notice, difficulty is
frequently experienced in providing calling
facilities. It was suggested that, in certain cir-
cumstances, calling facilities could be provided by
furnishing the subscribers concerned with a voice-
operated calling device suitable for operation
from all the usual types of A.C. and D.C. supplies
having voltages from 50-250.

Two main applications were envisaged, in which
the unit would be associated with either an ordinary
subscriber’s instrument or a P.B.X.

In the first of these, the general operating
procedure envisaged was as follows : a subscriber X
wishes to call another subscriber Y at a given instant,
each being equipped with a voice-operated relay.
X lifts his handset and speaks, preferably a pro-
longed “ Hello.”” On the reception of the signal by
the voice-operated relay of Y, a local circuit providing
a calling signal is closed.

In the second, the method would depend upon the
type of P.B.X. With a cord type P.B.X. the unit
would be associated with the termination of a long-
distance private wire in such a manner that the
equivalent of generator signalling would be provided
as far as incoming calls are concerned: the unit
would be interposed between the line jack and the
calling indicator. A similar method of employing
the unit would be adopted with a lamp-signalling
P.B.X. In a cordless type, however, the exchange
line key does not disconnect the drop indicator ;
thus, to prevent subsequent re-operation of the unit
during conversation, it would be necessary for the
operator to disconnect the unit by means of its own
key.

Pes formance Requirements.

Consideration of the field of application of such a
device suggested that a unit satisfying the following
conditions would be suitable for most purposes. It
-should be :

(1) Such as to give reliable operation with
an input voltage of 0-05 R.M.S. (i.e., an input
level of approximately — 24 db. with respect to
1 mW in 600 ohms) throughout, and confined to
a frequency range of 300-3,000 c/s; means to be
provided for adjusting the voltage sensitivity in
steps of 6 db.

The frequency range was selected so as to provide
some measure of immunity from false operation
due to interference. The lower limit of 300 c/s
serves to reduce the likelihood of false operation
resulting from leaks from power systems, and the
upper one of 3,000 c/s serves a similar purpose
with respect to carrier telephone systems.
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(2) Provided with a time delay of approximately
500 mS, so as to ensure immunity from operation
by miscellaneous noises of short duration.

(3) Such that its insertion loss does not exceed
0-5 db.

(4) Furnished with means for closing a local
calling circuit on the operation of the unit: this
to take the form of a ‘“ make’ contact brought
out to two terminals.

(6) Titted with a lamp for the purpose of
identifying which of several units is operated,
the lamp to be an ordinary mains type obtained
and inserted on site.

(6) Provided with means for looping a line in
order that two such units, situated one at each
end of a circuit, may be capable of holding a
connection set up via an automatic exchange
indefinitely.

(7) Incapable of putting any noise, e.g., mains
hum, on a line to which it may be connected.

(8) Suitable for operation from both A.C. and
D.C. mains of voltage between 50 and 250.

(9) Simple and cheap : this precludes the use of
expensive filter circuits, either to secure the
required frequency response or to provide smoothing
when A.C. or D.C. mains are employed.

(10) Capable of ready connection to a sub-
scriber’s instrument.

(L1) Designed for operation in such a manner
that no alteration is required to the subscriber’s
instrument : in particular, the gravity switch
must not be called upon to perform any additional
switching operations.

General Principles cf Design.

Previous experience, together with some pre-
liminary experiments, suggested that the require-
ments could most conveniently be met by develop-
ment along the following general lines. The basic
circuit of the unit should be a two-valve arrangement,
comprising a single stage amplifier driving a relay-
operating stage of the positive rectified reaction
type.! The required frequency response should be
produced by a resistance-capacitance filter between
the two stages. Operation on A.C. mains should be
arranged for by the provision of the simplest possible
type of conversion circuit, consisting of a half-wave
rectifier and a reservoir condenser, with no further
smoothing devices. Since the range of D.C. voltages
to be employed greatly exceeds that capable of
automatic compensation by any of the usual voltage-
stabilising devices, a series voltage-dropping resistance
becomes necessary. For simplicity, the same means

1PO.EE]. Vol 30, p. 294.






OH which provides the limiting characteristic. No
steady bias is used.

Since no mains transformer is employed, the input
transformer forms the sole means of insulating the
line from apparatus at mains potential. The insula-
tion and screening of a transformer performing such
a function need special attention ; the requirements
are laid down in the Department’s Engineering
Instructions. Otherwise, the transformer is of normal
construction : it has a maximum step-up ratio of
1 :12 with secondary taps to provide a means of
adjusting the voltage sensitivity in steps of about
6 db. should this be neccessary for noisy lines.

As any loss of sensitivity is to be avoided, the grid
circuit of the first valve is necessarily of high im-
pedance ; the input transformer has a high step-up
ratio and the resistance component of the limiting
condenser and resistance is of large value?. Without
adequate precautions, the use of such a high im-
pedance input circuit would render the unit unstable
and susceptible to false operation resulting from
various types of interference—in particular those in
which alternating potential differences exist, either
between the windings, or between either winding and
earth, and cause the flow of circulating currents
through the windings, which are of high impedance.
If units having much greater sensitivity were required,
then it would be found that, even when all reasonable
care had been taken to eliminate interference, the
combined effect of a small residual disturbance and
a high input impedance would be still sufficient to
cause false operation. In such circumstances, it
would be necessary to reduce the input impedance ; as
a first step, the magnitude of the leak resistance
might be reduced (and that of the condenser
correspondingly increased, so as to retain a suitable
value of time constant). If this were found to be
not completely effective, then the impedance of the
transformer would have to be made smaller.

The input transformer is provided with an earthed
screen between primary and secondary windings for
several reasons :

(a) In the event of the unit being connected to a
circuit subject to induced longitudinal voltages
then, in the absence of the screen, a circulating
current would flow through the interwinding
capacitance and leakance to earth. This
would result in the injection of a spurious input
signal, and so render the unit susceptible to
false operation. The screen by-passes such a
circulating current from the secondary winding,
and so reduces the effect.

{b) Under certain conditions, depending upon the
type of mains supply employed, an appreciable
difference of potential, alternating at ripple
frequency, may exist between the primary and
secondary windings. This may be caused, for
example, by a difference of potential between
the set and the mains earths when the common
cathode lead is connected to the earthed side
of the supply mains. Alternatively, the com-
mon cathode lead may not be connected to

¢ The Wireless Engineer. Vol. 16, p. 330.
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the earthed side of the supply mains. Such a
state of affairs may exist when the set is
operated from A.C. mains and connected in
such a way that the ‘“ positive " of the set is
wired to the ‘“ neutral’’ of the mains; or
again, when the set is operated from the
positively earthed side of a 3-wire D.C. system.
In any of these conditions, in the absence of a
screen, a circulating current would flow as
before, and would result in noise being fed to
the line. The screen again by-passes this
current—this time from the primary winding.
But the current still traverses the secondary
winding, and produces a spurious input signal.
The reduction of this effect will be dealt with
later.

(¢) In the unlikely event of insulation break-
down, the mains are earthed, and the failure
makes itself apparent by the blowing of a
fuse instead of possible personal injury.

The first stage is coupled to the rectified-reaction
stage via the resistance-capacitance network com-
prising resistances YJ and YK and condensers QJ
and QK. The size of Y] was selected to be the
optimum value for a supply voltage of 50 ; the series
condenser QJ conttols the low frequency response,
and the shunt condenser QK the high frequency
response. Condenser QG serves the twofold purpose
of completing the output circuit of the coupling net-
work, and behaving as a feedback condenser for the
rectified-reaction stage. Resistance YH and condenser
QC decouple the first stage and its associated coupling
network from the considerable ripple voltage which
is present when A.C. or D.C. mains are used. In the
absence of these components, there would be sufficient
ripple voltage applied to the rectified-reaction stage
to trigger it without any additional input signal.
Transformer T2 and rectifier MRF provide positive
rectified-reaction in the usual manner. Relay A
and condenser QD afford some measure of decoupling
and smoothing of the supply to valve V2. The steady
bias to V2, the nominal cut-off of about 7V, is
provided by resistance YB which, together with
YE, forms a potential divider across the supply.

Resistance YA is a voltage-dropping resistance,
and ensures that the heaters are supplied with their
nominal voltage of 48 for the two in scries.

Condenser QA is the reservoir condenser for the
rectified voltage produced by the voltage dropping
resistance YD and the rectifiers MRA and MRB.
Two rectifiers are used, instead of one, in the interests
of reliability, the nominal rating of rectifiers of this
type being only 60 mA. This current is drawn by
the potential divider alone, and relays A or B,
which operate alternately, need prov'ding for. The
mean value of the supply voltage depends on the
magnitude of QA ; the smaller the value of QA the
further the mean value of the supply voltage falls
below its peak value. The size selected ensures that
the mean voltage is approximately §0 and permits the
one set of taps on YD to be used for both A.C. and
D.C. supplies.

It has been pointed out that, under certain cir-
























ture variation of 20°C. may be expected, a variation
of natural frequency of about 0-05 per cent. must
be provided for. Actually, to provide an ample
margin against variations that may occur due to bad
adjustments, sufficient pilot is injected to pull in
from a difference of = 0-1 per cent. or = 4 ¢fs.

Special Circuits for Direct Locking.

In connection with a scheme of synchronising
incorporated in a certain 12-circuit carrier system, a
special locking circuit arrangement had been
developed employing rectifier networks which so
distort the locking signal that only the peaks are
left. It had been anticipated that this would result
in less disturbance due to line noise. Tests carried
out to compare this system with the direct injection
of a sine wave locking signal indicated, however,
that the special circuit gave no improvement, and
was indeed generally less satisfactory than the
simpler method.

Direct Injection c¢f a Pilot Tone Modulated with a
Harmonic cf the Local Oscillator.

A further system of synchronisation which has
heen tried out uses a 60 kc/s pilot tone which, at the
receiving terminal, is modulated with the 14th
harmonic of the local 4 kc/s oscillator. If this oscillator
has a natural frequency of 4 + A, where A is the
frequency error, then the 14th harmonicis 56 -+ 14 A
The result of modulating this with 60 kc/sis4 —14 A
(lower sideband). This tone of 4 — 14 A is now
injected into the local oscillator as a locking signal
and tends to pull the local oscillator frequency in
such a direction as to reduce A. The smaller A
becomes, the stronger the pull-in action, so that the
oscillator finally locks to an exact 4kc/s, ie.,
A —0. It is found, in practice, that the locking
characteristic of an oscillator locked in this way is
almost identical with the characteristic obtained
when the oscillator is locked by a constant 4 kc/s
tone, both characteristics being expressed in terms
of A.

Electromechanical (Motory Synchronisation.

The transmission of a pilot tone may be affected
bv an effect known as flutter. This is the term
given to momentary variations in the transmitted
pilot frequency caused by interference from noise
at frequencies close to its own, or by other
signals if intermodulation occurs and sidebands fall
close to the synchronising signal in the frequency
range. The effect on the synchronising signals, which
Is examined in morc detail later in the article, may
be serious and can be reduced by employing a
synchronising system having a large inertia. Systems
employing either mechanical or electrical inertia
arrangements have been tried.

In one electromechanical synchronising system
a received pilot tone of 60 kc/s is modulated with
either the 14th or 16th harmonic of the local 4 kc/s
oscillator.  If the actual frequency of the local
oscillator is 4 + A then the wanted modulation
products will be either4 — 14 A or4 + 16 A. This
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frequency is applied to a pair of frequency changers.
One of these frequency changers has applied to it a
carrier frequency of 4 4+ »A obtained directly from
the oscillator, while to the other, the 4 — A supply is
applied via a network which gives it a phase shift of
7/2 radians. The wanted output frequencies of
each of the frequency changers will be + 15 A but
with a phase difference of «/2 radians. If these
currents of equal frequency but of /2 radians phase
difference are applied to the poles of a small
synchronous motor,a rotating field of velocity 2= X 15 A
radians/second will be set up and the rotor
revolved. To this rotor is gcared the shaft of the
variable condenser of the 4 kc/s oscillator circuit,
and the direction of rotation can be so arranged
that the condenser is adjusted towards the point at
which A = 0. When A = 0 the field produced in
the motor is stationary, and the output of the
4 kc/s oscillator is at the correct frequency.

Flutter effects cause small irregularities in the
velocity of the rotating ficld, but by reason of the
inertia of the rotor of the synchronous motor these
will not seriously affect the frequency generated by
the 4 kc/s oscillator.

A particular advantage of this arrangement is
that in the cvent of failure of the ““ pilot ”* there is
no tendency for the controlled oscillator to drift
suddenly from the correct frequency.

Electrical Synchronisation Equivalent to the Motor
System.

It is possible to use an electrical circuit to provide
a synchronising system of high inertia. Such a system
has been tried out. It provides frequency control of
an oscillator by varying the feedback resistance by
using a valve impedance in parallel with the normal
resistance. The valve impedance is varied by the
rectified but unsmoothed (if slow) beat frequency,
which is applied to the grid, and is derived from the
pilot and local frequency in a manner corresponding
to that described in the previous paragraph. The
valve impedance thus varics according to thc beat
frequency, the oscillator frequency varies with the
valve impedance, and consequently the beat
frequency itself is changed. Provided the direction
of the changes is correct, the result is a stable con-
dition in which the oscillator is held at the pilot
frequency. The inertia of the system is made high
by inserting a resistance-capacitance combination
of high time constant in the grid circuit of the control
valve ; a relay contact operated by the pilot tone
arranges that, in the event of an interruption of the
pilot, the condenser alone is left connected to the
grid of the control valve, and thus the oscillator
frequency will remain steady until the charge leaks
away ; in this way the chief features of the motor
control system are reproduced.

THE MEecHANISM OF LocKING

Since so many synchronising systems depend on
the injection of a locking tone into the oscillator
circuit, a brief consideration is given here of the
manner in which this locking takes place.















Tests with the Oscilloscope.——The results (given in
Table 1) show clearly (a) that the selectivity of

the pilot receiver has no effect on the flutter, and .

(b) that the special rectifier locking circuit makes
the svstem 10 db. more sensitive to noise.

The reason why the selectivity of the pilot receiver
has no effect is because the oscillator itself has an
extremely high selectivity to extraneous signals
injected into the grid circuit. Actually, a certain
amount of filtering is essential on the pilot receiver,
not because of anv flutter effect, but because a
constant volume amplifier follows the receiver, and
any large stray signal or noise may cause sufficient
reduction in the volume of pilot to cause the oscillator
to pull out.

Tests with Speech.—Tests to detect flutter on
transmitted speech are naturally more difficult to
carry out. However, it can be stated as a general
conclusion of the tests made that a flutter can be
detected on speecli when the noise is about 30 db.
greater than that required to produce a noticeable
flutter on the escilloscope. Thus, to disturb speech,
the noise voltage must actually exceed that of the
pilot. In practice, therefore, it is impossible for
normal conditions to give rise to disturbance.

Test Results on the Experimental Synchronising
System, Bristol-Birmingham.

The Bristol-Birmingham 12-circuit carrier link
is synchronised by the direct injection of a 4 kc/s
tone into a 4 kc/s master oscillator, this tone being
produced by modulating the 60 kc/s pilot tone with
the 56 kc/s local frequency. The latter is produced
by controlling a free 56 kc/s oscillator directly from
the 4 kc/s local oscillator. The 56 kc/s frequency can
thus be regarded for most purposes as the 14th
harmonic of the 4 kc/s oscillator. The fact that the
channel carrier frequencies are obtained by this
controlled oscillator method does, however, help to
reduce flutter on this system.

Tests made to detect flutter on this system
showed that the noise (added resistance noise cover-
ing a 3 kc/s band including the pilot frequency)
can actually exceed the pilot level by 25 db. without
any flutter being detectable, even on tone. To make
sure that this result was not obtained because of the
high selectivity of the pilot receiver, practically all

tuning was removed. Still the same result was
obtained.

TI'or comparison with the above result, the same
system was synchronised by a directly transmitted
4 kc/s pilot, using the 4 kc/s portion of the pilot
receiver. Flutter was now detectable on tone with
the noise (measured over the same proportional
band-width as above, ie., 200c/s) 20 db. below
the pilot level. This shows the great superiority
of the 60 kc/s pilot system.

Tests on Experimental Equipment between Leeds
and Newcastle.

Tests were made using the 60 kc/s system referred
to above to synchronise the 4 kc/s master oscillators
on an experimental system installed by one of the
contractors on two of the four coaxial pairs in the
Leeds-Newcastle coaxial cable. In this system all
the multiple frequencies required are generated
directly from the 4 kc/s tone, using a saturated iron-
cored inductor. Listening tests were made on a tone
transmitted on the 300 kc/s channel. A flutter was
just detectable with the noise and pilot levels equal,
the noise again being resistance noise covering a
3 kc/s band, including the pilot frequency. Since
the magnitude of flutter is directly proportional to
the frequency of the signal concemed, i.e., in this
case 300 kc/s, this means that a flutter would just
be detectable on a 60 kc/s channel with the noise
14 db. in excess of the pilot level. Comparing this
with the result obtained above on a 12-circuit system
using the same method of synchronisation, it will be
seen that a considerable improvement in flutter
prevention is obtained when the channel frequencies
are not produced directly by multiplication from
the master frequency. However, in both cases the
margin against flutter production is much more than
adequate.

Conclusions.

Synchronising systems as described in this article
have been set up on a large number of carrier systems
in this country, and it is expected that ultimately
the whole carrier network will be synchronised.
No difficulty has been experienced in setting up the
systems, and the equipment used is very simple
and reliable.  As indicated in the test results
described, no disturbance of the synchronising
signal by line noise is likely to arise.
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The values of power-factor p; and p, will only
change slowly with frequency and within the attenua-
tion band, which is assumed to be narrow, R, and
R, will not change very much. The reactance X,,
on the other hand, is infinite at the lower cut-off
frequency ; the expression R,?/X;? therefore varies
rapidly in the attenuation band. Considering R,
in the numerator of (20) as constant but substituting
for R,%/X,? in the denominator, using (18) and (19) :

R, =

B

Inspecting this expression, remembering that p,?
will be of the order of 0-0001 or less, it is clear that
R,’ will vary rapidly with frequency for values of
w in the neighbourhood of w;, the variation being
moreover in the same direction for all frequencies
above the lower cut-off. Therefore, since R, is
approximately constant it will be impossible to make
R,’ equal to R, at more than one frequency in the
attenuation band, and complete resistance com-
pensation cannot be accomplished.

One Frequency ¢f Infinite Attenuation—Passing to
the condition where the two frequencies of infinite
attenuation coincide, it will be remembered that
when this holds,

Wiy = Wy = @, =V w0y

It is necessary therefore to make R’ and X,’ equal
to R, and X,, respectively, when e« is equal to

A/ wyw,, if the attenuation is to become infinite.
The procedure adopted is to make R,’ and R, equal
by adding resistance either in series with the lattice
arms if R, is smaller than R,’ or in parallel with R,
if R,’ is smaller than R, ; X, is then made equal to
X,’ by altering the value of capacitance in each
lattice arm. Since condensers are practically free from
dissipation, changing the value of the series
capacitance in a lattice arm does not alter the series
resistance R, appreciably, and the adjustment of the
reactances to equality does not therefore upset the
resistance adjustment previously made.

Conditions for Equating Resistance Components.—
The conditions under which R,’ and R, can be made
equal will be examined. If R, and R, are assumed to
be equal then from equations (16) and (22):

P2 wl, = '—(—I—w’j'_i‘
-2

Writing 4/ w,w, for @ and substituting for 1., Ly,
R;, using equations (12), (13), (18), thejrequisite
value of p, is given by :

ws )2
Wy

or the requirements may be written in the alternative

form :

When R, is initiallv less than R, it is necessary to
increase the former and the final value of p, required
is that given by equation {23). When on the other
hand R, is initially greater than R,’ the latter should
be increased until equality is reached Referring
to equation (24) it will be seen that there are in
general two values of p, which make R,’ equal to
R, but that these values are only real when :

We
2p, & o, 1
hence R;’ can only be made equal to R, when this
latter condition is satisfied. The reason for this
limitation lies in the fact that R,’ cannot be increased
beyond a certain minimum value by increasing
pu i.e., reducing R,. Substituting for R, in in equation

(22) using (18) and making w equal to \/ wywy !

R, = '\/wlwa L

(ligzz
w
Pl'f‘——“—'1

1

When p, is very small R,’ will vary in the same direc-
tion as p,. If however p, is increased continuously a
point will be reached where R, attains a maximum
value and decreases thereafter. By differentiating
R,’ with relation to p, and equating to zero it is
easy to show that this maximum occurs when :
— W2
P, = w, 1
The maximum value that R;’ can be made to assume
limits the values of R, and p, for which compensation
is possible. Substituting for p, in equation (23) using
(25) the upper limit for the value of p, is given by :

= %2 _
2p, o 1.
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Rubber

U.D.C. 678

A. D. W. DOWNES, Bsc., AlC., ALR.L(Sc.).

A short account is given of the nature of raw rubber and of the processes by which it is converted into everyday articles.

Introduction.

F the very great number and variety of
Omaterials employed by the Post Office, rubber

in various forms plays a not inconsiderable
part. Like many other substances, which, thanks to
scientific research, have been brought into general
use, little thought is usually bestowed upon it by
the ordinary user until reasons for complaint occur !
The following brief account of what is involved
to produce rubber may therefore be of some
interest.

First mention of rubber i1s found in the account by
an early 16th century traveller of how the Mexican
natives used “ rubber  playing balis. Much later,
in 1773, a French expedition noted that the Mexicans
obtained from the Hevea tree a milky liquid which
coagulated and hardened in air, and that they used
it, among other things, to coat fabrics and even make
boots. From this beginning sprang a small industry
of which as an example may be quoted the production
of the ‘ Mackintosh * proofed coat in 1825, but the
field of application of rubber was enormously in-
creased by the discovery of vulcanisation by Goodyear
in America in 1839, and independently by Hancock
in England in 1844. Although the name of Goodyear
is familiar, chiefly in association with vehicle tyres,
it may not be generally known that the firm founded
by the English inventor still flourishes in London.

Latex.

The sap (or latex, as it is generally known) of
the Hevea tree is obtained by cutting the bark and
fixing below the cuts cupsinto which the sap exudes.

The latex, when fresh, is a liquid not unlike milk
in appearance, consisting of small rubber particles
dispersed in a watery medium.

The composition of latex is approximately as
follows :—

Rubber 35 %
Water 60 9,
Proteins .. .. .- 2%
Fatty and waxy constituents 0:2 9,
Mineral matter 0-5 9%

It has a specific gravity of about 0-98.

The proteins, complex nitrogenous organic sub-
stances, appear to act largely as dispersing or
emulsifying agents.

The rubber particles themselves are largely pear-
shaped (Fig. 1) and are composed of three main
layers.

SOLID RUBBER
PROTEIN

LIQUID
RUBBER

F16. 1.—CoMPOSITION OF RUBBER PARTICLES.

Raw Rubter.

Raw rubber is prepared by coagulating the latex
by addition of acid and stirring. The coagulum so
obtained is subjected to various washing and drying
processes, and finally emerges in its commercial
forms of thin cream or brown coloured sheets or
blocks.

The raw rubber so prepared is a translucent
distensible solid of specific gravity about 0-92, and
although possessed of considerable elasticity and
strength it suffers from many defects, eg., cut
surfaces are tacky and the physical properties vary
greatly with temperature. The rubber soon
** perishes ” and is attacked by many liquids; it
becomes quite plastic when subjected to mechanical
working. As an example of the physical properties,
it is found that, depending on the rate of stretch, the
tensile strength of raw rubber may vary from 25 up
to 4001bs. per sq. inch, with elongation at break of
1,008 per cent. and more. If, however, raw rubber is
stretched at intervals by successive small amounts,
it may even reach a breaking strength of 2,0001b.
per sq. inch, and extreme elongations of 10,080 per
cent. have been obtained ! It 1s interesting to note
that under these conditions, provided that its
temperature is not altered, rubber becomes non-
elastic, and whereas normally it is a colloidal
substance, it now shows evidence of crystalline
structure.

Whereas formerly practically all rubber was pre-
pared on the plantations, in recent years a consider-
able amount of rubber is exported in liquid form,
usually as a concentrated latex. As latex commences
to decompose fairly quickly, a preservative must be
added if 1t is to be kept for a period ; the preservative
usually employed is about 0-5 per cent. of ammonia.

Vulcanisation.

Goodyear and Hancock discovered that when
rubber mixed with sulphur is heated, chemical action
takes place, and sulphur actually combines with the
rubber to form a new substance called variously
vulcanised rubber, vulcanisate, or V.I.R. By varying
the time of heating, temperature and amount of
sulphur, products varying from a tough elastic
substance up to a practically inextensible solid—
ebonite or vulcanite—can be obtained.

Generally the combination of from 1 to 3 parts of
sulphur produces a soft wvulcanised rubber, the
properties of which have greatly changed from that
of the parent rubber. The cut surface is not tacky,
and the compound is comparatively unaffected by
many liquids which attack or dissolve raw rubber,
It is also much more resistant to the effects of air and
sunlight. The physical properties also have changed
considerably, and are much less affected by changes
of temperature, and the plasticity diminishes to a
negligible amount.
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Vulcanisaiion Processes.

So far as ‘““raw “ rubber is concerned, no matter
which particular process is adopted, thz first step
is the intimate mixing of the rubber and other
irgradients. The raw rubber is warmed and softened
usually by  masticating "~ or rcpeated passing
between heated steel rolls under heavy pressure,
until it has become sufficiently plastic. The other
ingredients are now added to the rubber as it is
passing between the rolls, cocling the latter as
necessary to avoid the mixture commencing to “set
up "’ or vulcanise. To minimise this danger the
sulphur may frequently be added last, after the
other additions have been made and mixed.

The mixture is now rolled to a suitable thickness,
and cut or formed to the required shape ; the com-
pound is then wrapped in cloth, or enclosed in moulds,
and heated by steam or other means sufficiently to
vulcanise or “‘ cure ”’ it. Where the finished article
is of thick section, it is necessary to heat up slowly
to the vulcanisation temperature, on account of the
low heat conductivity of rubber compounds.

Vulcanisation of thin-walled articles; e.g., balloons
and small tubing, may be effected by the cold cure
process ; in this process the shaped compound
(containing no sulphur) is either dipped into a solu-
tion, or exposed to the vapour of sulphur chloride.
Under controlled conditions the sulphur chloride
reacts with the rubber as does sulphur under the
influence of heat.

A third process formerly used to some extent,
known as the Peachey process, exposed the shaped
compounded rubber to the action of sulphur dioxide
and hydrogen sulphide. These two gases react to
produce sulphur in a particularly active form. The
process, however, has not remained in favour, partly
for economic reasons.

Latex Vulcanisates.

Within recent years, progress in the rubber industry
has resulted in a considerable production of rubber
goods direct from the latex, and this in turn has
led to the preparation of special latices for the
purpose. With suitable precautions, the compounding
ingredients can be mixed into the latex so that the
whole remains in suspension, and the mixture
deposited on to formers or articles to be coated, a
sufficient thickness being obtained by dipping or
electro-depositien. Where applicable, the process
has several advantages over the older mecthod of
using rubber compounds dispersed in a solvent.
It avoids the fire hazard or danger of fumes frcm the
solvent ; water soluble accelerators vulcanising at a

much lower temperature can be used, and the products
have superior physical properties, due to the
avoiduance of the mastication process which always
destroys, to somc extent, the ‘“nerve’ of rubber.
As an example, it was found that ordinary toy
balloons when made with latex rubber were too
strong to be blown up by mouth.

A still later devclopment is the production of
vulcanised latex. As thc name signifies, this is latex
compounded and vulcanised while still remaining an
emulsion. When applied to fabric or other articles
to be coated, simple drying precdices a tough and
continuous film of vulcanised rubber.

The Testing f Rubber Compounds.

This short topical survey of rubber may con-
venicntly terminate with a few words about the testing
aspcect.

Testing falls naturally into three sections.

Composition.—This may include determination of
the amount and naturc of the mineral and other
fillers, of sulphur, and of amounts of matecrial
extracted from the rubber by various solvents.
Consideration of the amount and nature of these
extracts may enable conclusions to be drawn as to
softeners, substitutes, etc.

General Phystcal Tests—Other than dimensional
checks, these commonly comprise determinations
of tensile strength and elongation at break or certain
stresses ; also the extent of hysteresis or “‘set”
which specimens exhibit after being stretched for
definite periods.

Repeats of these tests may also be made on
specimens which have been artificially ‘“ aged *’ by
hecating in air, steam or oxygen, sometimes under
pressure.

Special and Pei formance Tests.—These are designed
to test the suitability of the rubber compound for
its specific purpose. Thus tyres and rubber flooring
may be tested for resistance to abrasion, and tubing
and hose for its resistance to splitting and kinking
Or pressure.

Conclusion.

The above is necessarily a brief outline of the
technology of one of the most remarkable materials
in world-wide and ever-increasing use to-day;
remarkable nol only for its adaptability and
versatility, but also because, despite years of intensive
study and research, we have yet no exact knowledge
of the composition of the compound or compounds
to which vulcanised rubber owes its characteristics.
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Notes and Comments

Post Office Roll of Honour

We deeply regret to have to record the deaths,
while serving with the Arined Forces, of the following
members of the Engineering Department :—

Aberdeen Area: Davie, H. S., Unestablished

Skilled Workman, Signalman, Royal Corps of
Signals. MacDonald, C., Unestablished Skilled
Workman, Able Seaman, Royal Navy. Taylor,
W. Q., Unestablished Skilled Workman, Signal-
man, Royal Corps of Signals.

Bedford Area: Bagnall, M. W., Unestablishcd

Skilled Workman, Gunner, Royal Artillery.
London Arca: Cooper, A. J., Skilled Workman,
Class II, Signalman, Royal Corps of Signals,
Grierson, S. K., Unestablished Skilled Workman,
Signalman, Royal Corps of Signals. Wass, R. S.,
Unestablished Mechanic, Aircraftman, 1st Class,
Royal Air Force.

Newcastle Area: Milne, J., Unestablished Skilled
Workman, Lance Sergeant, Royal Actillery.

Ministerial Changes

We take this opportunity of welcoming to the
Post Office the Rt. Hon. W. S. Morrison, M.C., K.C,,
M.P., who recently became the Postmaster-General in
succession to Major G. C. Tryon. Major Trvon, who
has been created a Baron and appointed Chancellor
of the Duchy of Lancaster, carries with him the good

~ wishes of the Post Office staff.

Mr. P. F. Rowell

Members of all classes of the Institution of Electrical
Engineers will have heard with great regret of the
death of Mr. P. F. Rowell, who, after thirty years of
continuous service, retired only last year from the
sccretaryship of the Institution. After training at the
Royal College of Mauritius and at King's College,
London, Mr. Rowell served for a short time with
the British Thomson - Houston Company before
joining the staff of the Institution in 1901. He
became Assistant Secretary in 1904 and Secretary
in 1909.

Mr. Rowell was an excellent French linguist, and
did much to promote the exchange of electrical
knowledge between this country and France. For
his work in this direction he was made an @fficier de
la Legion d’"Honneur and a Membre d'Honneur de la
Société Frangaise des Electricians.

Erratum

It is regretied that an error occurred on page 35
of the April issue in the article dealing with * Storm
Damage, January, 1940.” It was stated that in the
Evesham and Worcester Control Areas wires had
been found centred in a covering of ice 8}in. in
diameter, weighing 31b. to the foot. This should
have read that the ice was 34 in. in diameter, not
81 in.

Junior Section Notes

Leicester Centre

During the Winter Session six meetings were held, the
programme being as follows :—

November 7th—* Lift Engineering,”” by Mr. Lindsey
Evans, Lifts, Leicester.

November 21st—'‘ Railway Signalling,”” by Mr.
Somers, L.M.S. Railway, Derby.

December 18th-—Series of ten-minute papers for
the Chairman’s and Centre prizes.

This is the sccond year that we have held this series
of ten-minute papers, and, although the entries were
smaller than last ycar, it was a most enjoyable and
interesting evening. The reason for the drop in entries
is owing to several ef last year’s competitors being on
army service.

January gth—'* Underground Construction carried
out by Contractors,’”” by Mr. G. E. Gent.

February 1g9th—'* Main Works Control,” by Mr,
H. R. H. McKail.

March 19th—'* Local Line Underground Develop-
ment,” by Mr. Richards.

Considering the present conditions of black-out and the
number of members serving with His Majesty’s Forces,
we have had a fairly successful session.

The officers for the past session were .—
Chairman : Mr. A. J. Read.
Vice-Chairman : Mr. E. Keyworth.
Secretary : Mr. P. L. Dunleavy.
Treasurer : Mr. E. C. Dyson.

Horsham Centre

The following programme was carried out successfully
during the 1039-40 session :—

November 2nd, 1e39-—Mr. J. W. Corbett, ““ Con-
struction of UAX No. 13 and their Conversion
from Manual.”

November 24th, 1¢3e—Mr. G. T. Sparkes, “ The
Thermionic Valve.”

December 12th, 1939—Mr. Hutchings, ‘“Experiences
with Lawrence in Arabia."

January 12th, 1e40—Mr. E. Cork, '‘Siemens
16 System."”

April 19th, 1940—Mr. H. C. Dungate, '‘ Some
Experiences with the G.P.O. Film Unit."”’

April 1eth, 1940—Annual General Meeting.

The following have bcen elected as officers for the
1040-41 8ession —
Chairman : Mr. A. S. Grout.
Vice-Chairman : Mr. S. T. Stringer.
Treasurer : Mr. K. J. Green.
Secrctary : Mr. H. C. Dungate,
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Book Reviews

‘“ Electrical and Engineering Science.” A. Morley,
OB.E, D.Sc., M.I.Mech.E., and E. Hughes, Ph.D,,
D.Sc., M.I.LE.E. 256 pp. 152 ill. Longmans. 5S.

Those who are familiar with the first-year book,
“ Elementary Engineering Science,”” by the same
authors, will be glad to learn that second-year course
books, " Mechanical Engineering Science " and ‘‘ Elec-
trical Engineering Science,” arc now available, It is
the second of these that is the subject of this review.

There s little which calls for criticism in this excellent
volume, for the authors with their vast experience of
teaching, present the subject in a very clear fashion
and without recourse to any but the simplest mathe-
matics. It is therefore admirably suited from this
standpoint to the average student at Post Oflice Classes
in Technical Electricity; but, unfortunately, the
ground covered does not coincide exactly with that of
the Technical Electricity Grade II syllabus. The
differences are, however, small, being mainly that there
is hardly enough information on secondary cells and,
such matters as Leclanche cells and the megger are not
included. On the other hand, D.C. machines are covered
rather more fully than is necessary for this examination.

Numerous examples to bc answered by the student
are included, and the solutions, together with a set of
logarithm tables, are given at the end of the book.

The work can be thoroughly recommended to second-
year students.

H.L.

" Records and Research in Engineering and Industrial

Science."”’ J. E. Holmstrom, Ph.D.,, A.C.GI,
AssocM.InstC.E. 302 pp. London: Chapman &
Hall. 15s.

Scientific workers should have a lively appreciation
of the importance of documentation. This ‘“ ugly but
comprehensive "’ word, as Dr. Holmstrom -calls it,
embraces all the processes necessary for effectively
collating and disseminating the knowledge that is
available in the world te-day. Some 750,000 articles
and about 14,000 books are published annually, whilst
the number of reports, specifications, drawings and
other sources of information is probably too great to be
estimated. The special libraries and information bureaux
of research and industry provide the link between the
scientific worker and this vast amount of knowledge.
The author, who is an engineer with a wide experience
of information work, has produced a concise guide
to these resources which should be appreciated by the
scientific worker and business man as much as it will
be by the information officer and the librarian.

With a thoroughness which characterises this book,
Dr. Holmstrom traces the production and utilisation
of knowledge. He describes the methods used in scientific
investigation, including sampling and statistical methods
and shows how the knowledge so acquired is applied
to practice, to design, manufacture and testing and to
the management and development of industry. Under
this section the author discusses inventions and patents.
The two chapters devoted to a consideration of the
organisation of university, government and other
research organisations, and the activities of learned
societies and conferences are particularly useful. The

author, in what he considers the two most important
chapters in his book, discusses technical libraries and
information bureaux and the problems of documentation,
such as the co-ordinating of abstracting services, with
which they are faced. He gives a description of the
Universal Decimal System of Classification and the
Kaiser system, and illustrates the use of the personal
index-file by a description of his own system. The
chapter on technical dictionaries, translating and
interpreting is backed by much experience.

This very readable book contains a great amount
of information arranged in an orderly manner, and its
opportune appearance at a time when the war is providing
many scientific workers with new problems enhances
its value.

JEW.

“ Radio Interference Suppression.” G. W. Ingram,
BSc. 154 pp., 56ill. ‘' The Electrical Review.”

58.

This little book is intended by the author to be “ a
standard practical work and a theoretical trcatise on
the subject of radio interference and its suppression.”
The book is divided into five sections. Section 1 deals
briefly with the nature of electrical interference, and
methods of detecting its presence. Section 2z deals
with the production of interference by electrical plant;
the design of suppression apparatus is dealt with in
some detail. In Section 3 practical information is
given about the types of interference suppressors
appropriate to a large number of types of domestic and
industrial plant. The book concludes with Sections
4 and 5 and three appendixes, which give a certain
amount of miscellaneous data and a bibliography.

A number of omissions and minor inaccuracies are
noticed. It js a pity that no clear idea is given of the
precise mechanism whereby radio interference is pro-
duced, and the section on the basis of design of suppres-
sion apparatus (pp. 43-45) is perhaps a little misleading
in that undue emphasis is given to the use of inductors
for suppression, whereas in practice capacitors are of
rather more wide application. Some mention could
usefully have been made here of the impedance
properties of a capacitor at radio frequencies, and
their effect on interference suppression. A more
serious omission is the absence of any reference to the
question of protection of the user from shock, when
capacitors are connected from the supply mains to the
framework of an unearthed or portable electric appliance.

The author makes the common mistake of showing
shunt capacitors used for interference suppression at the
source as being connected to earth, whereas funda-
mentally they should be connected to the frame of the
interference-producing machine, connection to earth
being purely incidental. Anti-interference aerial systems
are barely mentioned, with the exception of one particular
trade type.

The book serves as a general introduction to radio
interference suppression, regarding which, however, it is
almost entirely non-theoretical. An amount of space
which could ill be afforded in a book of this size has
been devoted to audio frequency induction and inter-
ference problems.

B.
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