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To ensure that coaxial pairs meet specified requirements, acceptance tests are required as outlined in this article.

r of Coaxial Pairs
for the Inland Trunk Network

R. E. TAYLOR, AM.LEE., and
R. J. TURNER, Bsc.(Eng), AM.LEET

The equipment

and methods described were employed on the London-Birmingbam television cable for measurements at frequencies up to 26 Mc/s.

Introduction.

IN general, trunk cables containing coaxial pairs are
ordered by the Post Office on a basis which provides for
the laying of the cable by the manufacturer. The cable
is then accepted or rejected in so far as the coaxial pairs are
concerned on the results of measurements made on repeater
sections of cable, which are generally from 3 to 6 miles
long. Cables are manufactured in lengths of about one-
tenth of a mile to a factory length specification ; the cable
is then laid and terminated, and complete overall tests are
made on each repeater section of cable. The most important
side of Post Office measurement work in conneclion with the
initial testing of coaxial cables is thus concerned with
repeater section lengths of cable. When new types of cable
are being introduced, however, measurements are required
on factory lengths of cable and for such measurements a
different technique is required.

The frequency range over which the measurements are to
be made depends largely on the diameter of the coaxial
pair under consideration. Thus, for the 8:375-in. diameter
coaxial pairs, which form a large part of the trunk network,
acceptance tests up to 3 Mc/s are required. The intro-
duction of 0-975-in. diameter coaxial pairs! has necessitated
an extension of the testing range up to 26 Mc/s.

TEST SPECIFICATIONS FOR COAXIAL PAIRS

As measurements for acceptance tests are bound up with
the requirements of test specifications, some consideration
will first be given to methods of specifying the requirements
for coaxial pairs in cables for Post Office use. The cable
whose performance is to be specified consists, in general, of
a number of coaxial pairs, sometimes of differing sizes, with
their outer conductors insulated from one another, together
with ordinary pairs, all enclosed in a lead sheath. The
specification and testing of ordinary pairs follows well-
established practice and no further details will be given in
this article. It may be noted, however, that it is usual to
provide power for some repeater stations by feeding 50 c/s
alternating current supplies over the coaxial pairs. It is
thus necessary to make measurements to ensure that the
noise level on the ordinary pairs is not excessive.

The performance of a uniform coaxial pair is completely
specified by the resistance, inductance, conductance and
capacitance per unit length. It can also be completely

tThe authors are respectively Factories Executive Engineer,
Factories Dept. (formerly with Test and Inspection Branch,
E.-in-C.’s Office}, and Executive Engineer, Radio Experimental and
Development Branch, E.-in-C.’s Office.

1Stanesby, H., and Weston, W. K. “The London-Birmingham
Television Cable.” P.O.E.E.J., Vol. 41, p. 183; Vol. 42, p. 33.

specified by the dimensions of the conductors and the
conductivity, permeability and permittivity of the con-
ductors and the dielectric. It is more practical, however, to
specify the resistive and reactive component of the
characteristic impedance, the attenuation coefficient and
the phase-change coefficient ; for some purposes it is more
convenient to deal in terms of relative velocity rather than
the phase-change coefhicient. All these parameters are
functions of frequency, and, provided the frequency is not
too low, are given by the following relations :—

a =Avf+Ef .o (1)
p =p— DS (2)
Zy= R +(1 —NHNSf ...oc......8)

where @« is the attenuation coefficient,

p is the relative velocity,

Z, is the characteristic impedance,

f is the frequency in Mc/s,
and A, B, p;, D, R, and H are constants for a particular
coaxial pair.

Owing to inevitable variations in the dimensions of the
coaxial pair and to irregularities in the properties of the
conductors and the dielectric, the characteristic impedance
and propagation coefficient vary along the length of a
coaxial pair. It is thus necessary, particularly for pairs to
be wused for television purposes, to apply limits to these
irregularities or to their effects. Ideally the smooth curve
to be expected from the variation of the input impedance
with frequency of a long terminated line should follow
equation (3) ; due to theirregularities in the cable, however,
this curve has superimposed on it variations in both the
resistive and reactive components. In Post Office practice
the resistive component of the input impedance is measured ;
limits are then placed on the permissible amount of deviation
of the irregalar enrve that results, from a mcan curve drawn
through it. Limits are also applied to the value of the
smooth mean curve at a particular frequency.

In Post Office specifications the attenuation of a repeater
section at acceptance is required to be within certain
limits of the attenuation given by a relation similar to
equation (1). The attenuation of a cable changes with
temperature and the measured attenuation of the cable
must be corrected to allow for this.

Where there is more than one coaxial pair in a cable, the
question of cross-talk between them arises. In Post Office
specifications, the minimum permissible cross-talk attenua-
tion is quoted by laws similar to the following :—
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where a. and a, are the near-end and far-end cross-talk,
respectively, and J, K, M and N are constants for the two
coaxial pairs concerned.

AccepTANCE TESTS ON REPEATER SECTION LENGTHS

General.

In testing a repeater section length of a cable containing
both coaxial pairs and ordinary pairs, the order of carrying
out the tests is of importance since it would be a waste of
time to carry out high-frequency tests on the coaxial pairs
when there may be a contact fault or low insulation
resistance on the ordinary pairs which would necessitate
rejection of the section, with perhaps the need to replace a
drum length of cable. When a length has to be replaced
after acceptance tests have commenced, it is, of course,
necessary to repeat all the tests so far made. The order of
testing shown below has been found to be sound practice
to ensure that simple but important faults are found early
on by means of D.C. tests which do not take long to
carry out,

(1) Resistance of all conductors

(2) Insulation breakdown on coaxial pairs
(3) Insulation resistance of all conductors
(4) Attenuation of the coaxial pairs

(6) Impedance and/or reflection coefficient of the coaxial
pairs from both ends of the section

(8) Cross-talk between coaxial pairs
(7) Attenuation of ordinary pairs
(8) Cross-talk between ordinary pairs.

The tests concerned with the coaxial pairs will be
described in tum.

Conductor Resistance.

There are two reasons for making accurate measurements
of conductor resistance. The first is to check that no
high resistance joints have been made during installation ;
the difference between the resistances of any two inner
conductors is specified not to exceed 0-2 ohm for a repeater
section of 0-375-in. coaxial pair, and any value higher than
this is specially investigated by comparison with the values
obtained on drum lengths at works. The second reason is
that, since the resistance of the inner conductor varies with
temperature and is stable with time, it can be used to assess
the mean temperature of a cable ; the measured resistance
of the inner conductor is compared with that calculated
from measurements made on factory lengths of cable at a
known temperature by making use of the known value of
the coefficient of variation of resistance of copper with
temperature. The length of the cable when jointed is less
than that at the contractor’s works and allowance must be
made for this.

The resistances to be measured are small in magnitude,
being 5+0 and 3-56 ohms per mile at 10°C for the inner and
outer conductors, respectively, of the 0-375-in. diameter
coaxial pair. It is thus important to allow for the resistance
of the test leads and to ensure that there are no troubles due
to contact resistance at the points of connection of the test
leads. To this end, special connectors which can be tightly
clamped to the cable termination are employed. To obtain
consistent results and to check that there are no high
resistance difficulties, it is customary to deal with two
coaxial pairs at a time and take all six combinations of the
four conductors looped two at a time at the far end with a
connection of known resistance; from these results the
sum of the resistances of all four conductors can be obtained
in three different ways and any discrepancy shows up
connection troubles.
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Inswlatson Breakdown.

The insulation breakdown test is used to detect incipient
contacts between the inner and outer conductors of the
coaxial pair due to slivers of copper, metallic dust or fanlty
joints. An A .C.supply at 2,000V, 50 cfs is applied between
the inner and the earthed outer conductor for a period ol
two minutes. The test is used extensively by the contractor
during installation and is made jointly by the Post Office
and the contractor for the acceptance test.

One form of the apparatus for this test consists of a
battery-driven motor alternator feeding a 50 c/s voltage tc
a step-up transformer. The output voltage and current are
indicated by a 3-kV electrostatic voltmeter and by a milli-
ammeter, and the voltage is controlled by a rheostat in
the field circuit of the alternator. The voltage applied to the
cable is increased from zero to 2 kV and then maintained at
this value for two minutes. The whole of the equipment is
mounted in a jointer’s truck and long leads are used tc
connect to the cable end.

A disadvantage in using an alternating voltage supply is
that a fairly high current is normally taken by the pair under
test and fault currents may pass unnoticed. In the future it
is proposed to use 3 kV direct voltage for the test.

The elaborate safety precautions employed on complete
coaxial systems to prevent access to the cable pair while it
is carrying current are not available when these breakdown
tests are made, and it is, therefore, the practice to arrange
for a responsible person to be at the remote end of the
repeater section under test and in telephonic communication
with the tester to ensure that the cable end is not touched
while under test.

Insulation Resistance.

Measurements are made of the insulation resistance of the
coaxial pair to check that the insulation has not been
affected by moisture.

A 500-V motor-driven ohmmeter is used and the
insulation resistance of each conductor in the cable is
measured between that conductor and all other conductors
and the cable sheath which are connected together and to
earth. When testing on short sections, this test is sometimes
not sensitive enough, and in such cases the high direct
voltage required is obtained from batteries and applied to
the cable through a sensitive galvanometer.

Allenuation.

It is the practice to make attenuation measurements on
all coaxial pairs over their working frequency range on
every repeater section length; two coaxial pairs are dealt
with at a time, the far ends being looped together with a
short length of flexible coaxial pair. It is required to deduce
the attenuation per mile corrected to a specified temperature,
and the accuracy of the result depends not only on the
accuracy of the measurement of the attenuation but also on
the accuracy with which the length and the temperature af
the time of test can be assessed.

As already described, the temperature of the cable is
calculated from the resistance of the inner conductor. The
attenuation of a coaxial pair is proportional to its gh-
frequency resistance which, at the frequencies concerned
here, is proportional to thé square root of the resistivity ; i
follows that the coefficient of change of attenuation with
temperature is one-half that of the temperature coefficient
of resistance of the conductors.

The distance between the centres of manholes is measurec
to the nearest foot, i.e. 4+ 6 in., and this, together with 2
knowledge of the additional length of cable used in following
the contour of the walls of the manholes, gives the length of
a repeater section to about + 0-1 per cent. This measure-
ment is not necessarily the true length of the cable, however
























Introduction to Electronic Exchanges—
Trunking and Selection Systems T. H. FLOWERS, mse. 65c.Eng). MieET

U.D.C. 621.395.34 )

In & general analysis covering all forms of trunking and selection the author re-evaluates the basic principles of automatic telephony
and then shows how these principles can be applied to electronic exchanges.

General,

HEN the study of the possibilities of applying
electronic switching techniques to automatic

exchanges was first commenced, the question
which naturally arose was whether the basic principles of
known exchanges would necessarily apply to electronic
exchanges. It seemed very likely that this would be the
case. Certainly an electronic analogue of every electro-
mechanical switching device can be produced, so that
partially or fully electronic exchanges which are analogues
of the existing exchanges in their various forms are possible.
The analogues are not, however, exactly equivalent,
notably in cost, reliability and speed of operation ; existing
exchange systems are solutions to a highly complex
problem, and the solutions no longer apply when the
characteristics of the apparatus on which they are based
is changed. Moreover, to have proceeded by way of ana-
logues would have neglected the possibility, which is shown
in this article to exist, of an electronic exchange for which
there is no electro-mechanical analogue. Hence, there
was a need for a re-examination of the basic principles of
automatic telephony. An outline of this process is one of
the objects of these articles. In the first article! it was
shown that a speech path switch of any size can be built
up from element switches which, in tum, may be con-
structed from any means of making and breaking a speech
channel. In automatic exchanges, except those of the
smallest size, it is uneconomic for element switches to be
built up into one switch large enough for the whole
exchange. The use of a number of smaller switches to
achieve the result of one large switch is the main subject
of this article.

Problems and D¢ finitions.

The general problem of a telephone network of any size
can be reduced to that of the single exchange which is
connected by junction circuits to at least one other
exchange and connected by what will be termed terminal
circuits to subscribers’ stations, manual board jacks and a
variety of other services. A terminal circuit which starts
a call is said to call, or be a calling circuit ; a calling terminal
circuit indicates by dialling or other signals, which are
termed called number signals, that connection is required
to another terminal circuit which is then termed a called
circuit. If the called circuit is on the same exchange as the
calling circuit, the connection can be completed in that
exchange. If the called circuit is not on the same exchange
as the calling circuit, the calling circuit is connected to a
junction circuit in the line of advance of the call, the
junction circuit being a called circuit at the first exchange
and a calling circuit at the next exchange. A calling
junction circuit indicates, again by called number signals,
that connection is required to a terminal circuit, and the
whole process is repeated (that is, connection of a calling
circuit to a called terminal or called junction circuit) until
the required connection is completed.

From the description so far given there does not appear
to be much difference, from an exchange switching point of
view, between a junction and a terminal circuit and many

t Stafl Engineer, Research Station.
JP.O.E.E.]., Vol 43, p. 6l.
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of the distinctions commonly drawn are arbitrary. Sub-
scribers’ circuits generally, but not invariably, have to be
operated bothway, that is, as both calling and called
circuits ; junction circuits, generally, but not invariably,
are worked unidirectionally. Analytically, there is every
reason to regard bothway working as the general case for
all circuits and unidirectional working as the special case.
Again, junctions are generally heavily-loaded circuits
provided in groups of more than one line, and subscribers’
circuits relatively lightly-loaded single circuits or P.B.X.
groups ; but the switching system must be capable of
accommodating junction circuit groups down to one circuit
and subscnbers’ circuit groups of any number of circuits
from one upwards, and the most heavily loaded P.B.X.
circuits carry more traffic than the least heavily loaded
junction circuits. In this article, the possibility of any
essential difference between the various groups of circuits
connected to an exchange will be neglected. An exchange
is regarded as a switch to which groups of circuits are con-
nected, the groups varying in size from one circuit upwards,
the switch providing the possibility of bothway working for
each circuit and having the function that, in response to
called number signals from a calling circuit, it makes or
attempts to make a connection between the calling circuit
and a free circuit in a called group of circuits designated by
the called number signals.

The traffic which an exchange is required to handle is
never known with precision in all its aspects. For example,
the calling traffic originated by individual groups of sub-
scribers’ circuits is in general known only very roughly
from the meter readings and ticket records on which the
charges are based, and the traffic received by individual
groups of subscribers’ circuits is in general known even
more approximately from the assumption that it is equal
to the calling trafic. The effects ot defective knowledge
of the traffic and unexpected variations in the traffic can
be minimised, as is well known, by utilising simple prin-
ciples based on probability theory. Briefly, this means
keeping the traffic in the largest blocks possible, the traffic
in each block being derived from as many independent
sources as possible. The economy of, and service given
by. an exchange are largely dependent on the extent to
which these principles can be carried out.

The trunking problem arises because, for practical and
economical reasons, it is necessary to build exchange switches
up from smaller switches assembled in ranks and connected
in series by trunks between the ranks. Circuits between ranks
of switches will be referred to as trunks, the term ‘‘circuit”
being reserved for terminal and junction circuits. Trunking
is concerned with the number and arrangement of the
circuits, switches and trunks to form an exchange which
will carry the traffic offered at the least cost and with the
best service to the users. The selecting system is con-
cerned with individual connections as demanded by calling
circuits. The trunking and selecting systems are not,
however, independent of one another. The selection
system usually depends on a particular system of trunking
which may reflect on the amount of plant needed ; the
selection system may also not be capable of utilising to its
maximum capacity, the plant provided, a fact which again
reflects on the amount of plant needed.



TRUNKING SYSTEMS

For manufacturing reasons, groups of element switches
are made up into unit switches in the factory. In Strowger
systems the unit switch is usually ten 2-motion switches
made up into a shelf, and in the Bell cross-bar system the
cross-bar switch is a unit of either 10 x 10 or 10 X 20
contact assemblies, a number of which are made up into a

-still larger unit called a frame. For each exchange a
number of unit switches are installed, connected together,
and interconnected by trunks to form a switch of the
requisite size. The processes involved will be generalised
with the aid of the following symbols.

Symbols.

Trunking diagrams are usually drawn in symbols which
are related to particular kinds of switches. To appreciate
the basic principles, a set of symbols is required to generalise
all types of switches. In this article the symbols in Fig. 1
will be used. The plain rectan-
gle of Fig. 1 (@) is the general
symbol for a switch of any
kind. It is understood that
there are circuits connected
to the left-hand side, and (q) (v © (d)
other circuits connected to
the right-hand side, and the
switch can connect each circuit on one side to at least
some of the circuits on the other side. The symbol itself
conveys no idea of the size of the switch ; for example, the
effect of multipling or otherwise associating two switches
together is to produce a larger switch. The two switches
may each be represented by a rectangle or a single rectangle
may represent both switches, depending on whether it is
desired to treat them as two separate switches or one larger
switch. Hence the rectangle symbol may represent any
size of switch from an element-switch to a complete
exchange. Fig. 1 (), (c) and (d) represent switches having
some specified characteristic, but again not conveying the
size of the switch. Thus, (b) represents a full-availability
switch of any sort in which any one of N circuits connected
on one side of the switch may be connected to any one of M
circuits on the other side, the number of simultaneous
connections being limited only by N or M, whichever is the
less. The symbol may thus represent, among others, a
single Strowger switch, or a shelf of multipled Strowger
switches, or a cross-bar switch. If, due to the characteris-
tics of a switch, a circuit on one side of it cannot be con-
nected to a circuit on the other side, even though the circuit
on the other side is free, the switch is said to be a limited
availability switch. Limited availability takes two forms.
In one form, the switch is not able under any circumstances
to connect some of the circuits connected on one side of it
to some of the circuits connected on the other side. For
example, in a Strowger exchange, a number of 2-motion
switches are usually formed into a rank with their bank
contacts connected in graded multiples, and each
circuit connected to a set of wipers can be connected by
the wipers to only a limited number of circuits in each
grading. This form of limited availability switch is

indicated, as in (c), by a
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Fi1c. I.—Switcut SympoLs.

dot placed inside the rect-
angle which represents the
switch.

The second form of
limited availabilityisinher-
ent in any useful arrange-
ment of switches connected
in ranks in series. It is
illustrated in a very simple
form in Fig. 2. Three unit
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Fi6. 2.—Two RANKS OF
SWITCHES IN SERIES.

switches on the left each have one trunk connecting
them to each of the three unit switches on the right.
Each switch on the left has circuits connected on its left
side and each switch on the right circuits connected on its
right side. Treating the whole assembly as a single
switch, it can be seen that any circuit on the outside left
may be connected to any circuit en the outside right, but
only if the trunk between the switches concerned is not
already engaged on another connection. If the whole
assembly of Fig. 2 is treated as a trunking unit, it is repre-
sented by the symbol of Fig. 1(d). This method of forming
self-contained units from smaller switches is common in
systems which employ small capacity switches, cross-bar
switches or 10-point uniselectors for example. A unit is
usually made up of two ranks of the small switches, with a
uniform cross-net of trunks between the ranks and one
hundred or more circuits connected on each of the two
sides of a unit. The size of the switch thus produced is
more convenient as a trunking unit than the smallerswitches
from which it is formed.

In addition to the symbols for switches, it is useful to
have symbols for the connection of groups of circuits to the
switches and for the trunking between switches. In Fig. 3 (a)
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F16. 3.—TRUNKING SYMBOLS.

two ranks, each of three switches, are connected by a
network of trunks represented by the straight lines
connecting the extremities of the two ranks, the network
having the characteristic, denoted by the circle placed
between the two straight lines, that there is at least one
trunk from each switch in one rank to each switch in the
other rank. This form of network is said to be a full net-
work. A full network between the ranks may not,
however, be desirable ; if the number of switches in one
rank exceeds the number of trunks connected to each
switch in the other rank, a full network is not possible. A
network of trunks which does not provide a trunk between
each switch in one rank and every switch in the next rank
15 a limited network and denoted by a dot as shown in
Fig. 3 (b). To the right is also shown another symbol, a
dashed line, which represents a block of groups of circuits
connected to a rank of switches. The circle conveys that
every switch in the rank has connected to it at least one
circuit in each group of circuits ; a dot instead of the circle
would mean that not every switch had connected to it at
least one circuit in each group of circuits.

General Solution.

Fig. 4 represents in the symbols just described the
general solution to the problem of an exchange which will
interconnect, by means of ranks of switches in series,
the circuits connected to it. Bothway circuits are
connected to two points on the exchange. A calling
circuit calls on the left connection and communicates called
number signals to the exchange, which then finds a path
from left to right through the exchange to a free circuit
in the designated group of circuits. If no such path exists
other action is taken but is here neglected. The trans-
mission and reception of signals and the finding of free
paths will also be neglected for the time being, and attention
concentrated on the provision and arrangement of switches
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windings 1 and 2 connected series-aiding, operates in °

double-current manner to the forward loop current reversal
signals transmitted by Al, but does not respond to the
earth current signals transmitted back.

Relays D and I, w'th line windings | and 2 connected in
series-opposition, are non-inductive and thus non-
responsive to the loop currents, including impulsing, from
the outgoing end, but are responsive to earth current
signals from the incoming end.

An earth at the centre point of relay AP gives an earth
cusrent in one direction, to give one backward signal (say
answer) and an earthed battery would give an earth current
in the reverse direction to give a second backward signal
(which could be busy flash if required). The D and I
relays are of polarised type to (e¢) obtain adequate
signalling sensitivity, and (b) discriminate between earth
currents in opposite directions should the two backward
signals be required. To detect the absence of earth
current (e.g. backward clear) in addition to the presence
and reversal of earth current, it is necessary to add locally-
energised bias windings to the D and I relays. Earth
current in one direction reinforces the bias on relay I,
-which does not ‘' operate,” and opposes the bias on relay
D, which “ operates "’ against its bias to give, say, the
answering condition. Earth current in the reverse direc-
tion reinforces the bias on relay D, which does not operate,
and opposes the bias on relay I which operates against its
bias to give, say, busy flash. Relay AP is not affected by
the application or cessation of earth current signals, the

current being merely re-distributed between the line wires.:

Normal automatic exchange switching equipment works
single-current and the line impulsing system, worked
double-current, must work single-current at its two ends
by conversions. At the outgoing end, relay A (Fig. 2)
operates in single-current manner to the received single-
current signals and at contact Al transmits double-current
signals to the system. At the incoming end, relay AP
operates in double-current manner and the signals are
converted to single-current by working on the make side
only of contact APl to transmit the signals forward.

Extraneous Earth Currents.

Unwanted earth currents are a feature of earth signalling
systems. These currents, which influence the operation
of the D and I relays, but not AP, may arise from differences
in earth potential (e.p.d.) and by potentials induced
longitudinally into the line wires from 50 cfs power lines.
Both these causes will be referred to as e.p.d. for the purpose
of discussion ; e.p.d. can have effect only when the centre
point of relay AP is earthy and this applies during backward
signalling.

Assuming the loop signalling current due to potential
—F at the outgoing end to be flowing, and the centre point
of relay AP not earthy, this point (Y, Fig. 3) will be at

OUTGOING

WNCOMMNG

’:ii-'n?\ AP
MRA | ‘

F1c. 3.—THE EFPFECTS OF EARTH POTENTIAL DIFFERENCE.

otential —E/[2 reference earth zero. If now point Y be
joined via the earth to the earth (zero potential) point at
the outgoing end, as would occur during backward sig-
nalling, the current in the earth path will flow from the

high potential point (zero) at the outgoing end, to the low
potential point Y (—E/2) at the incoming end. This
current in the earth path may be considered as due to an
assumed source of potential —E/2 located in the earth
path, and, as far as the flow of earth current in the line
(as distinct from the earth path) is concerned, point Y is
at zero potential and the earth point X (Fig. 3) at the out-
going end is at potential —E/2. Thus, considering the
earth, but not the loop, current aspect, with point Y at
zero, i.e. full earth applied, a potential of —E[2 can be
assigned to point X. This assumption simplifies the
consideration of e.p.d. effects and Fig. 3 shows the derived
circuit for the earth current aspect. The resultant effect
on the system of both the loop and earth currents acting
simultaneously can be determined by application of the
principle of superposition assuming the loop and earth
currents to flow independently and using the above treat-
ment for the earth currents.

Consider first the e.p.d. in the presence of earth applied
at Y. If X is regarded as fixed and the e.p.d. as affecting
Y, an e.p.d. of —x volts will lower the potential of Y and
reduce the potential difference between X and Y to reduce
the earth current. An e.p.d. of 4 will raise the potential
of Y and so tend to increase the potential difference
between X and Y to increase the earth current. If x
equals —E(2 (25V in a 50V system) the potential between
X and Y will be zero and the earth current (and the signal)
will cease. If x is greater than —E/2 in a negative sense,
the potential of Y will be lower than that of X and the
earth current will reverse in direction. This would
normally give a false signal, as relay I would operate
instead of D, but may be prevented by rectifier MRA
connected as shown. ]

Similarly, in the presence of an earthed battery at Y,
an e.pd. of —x will increase the potential difference
between X and Y to increase the earth current, but an
e.p.d. of 4x will reduce the potential difference between
X and Y to lower the earth current. If x equals +-E/2
(256V in a 50V system) the potential between X and Y
will be zero and the earth current will ccase. Again a false
signal, relay D operating instead of I, due to the reversal
of earth current should +=x exceed E/2, may be prevented
by rectifier MRB as shown.

Induction from power lines may also cause unwanted
earth currents to circulate via the wire-to-earth capaci-
tances even when point Y is not earthy.

E.p.d:s and induced voltages, in reducing the magnitude
of the earth signalling currents, reduce the signalling lim’t
of the system.

Improvement in Received Signal W aveform.

A square wave signal may be assumed to consist of a
number of sine waves of different frequencies, i.e. a funda-
mental and a number of harmonics. If the transmission
mediuvm, including the reception apparatus, introduces
amplitude andjor phase distortion, some frequencies are
distorted relative to others and the received signal is not
the same shape as that transmitted. )

On most types of line to which the signalling system will
be applied phase distortion produces the greater effect
since it delays the attainment of the steady state value
to a greater degree than amplitude distortion. With

hase distortion, the delay in the reception of the higher
requency components is not so great as for the lower
frequency components, with the result that the attainment
of steady state is spread over a longer period of time.

It was desired that, with a minimum signal of 20 milli-
seconds duration, the impulse distortion should be as small
as possible on lines of microfarad-ohm value (CRI%) of up
to 75,000 (more conveniently expressed as line time-
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where ¢ — total transit time
{0 = constant mechanical transit time
% = incremental transit time
S = signal wavefront slope
K= a constant,

The mechanical transit time depends upon the mechanical
construction of the relay and the contact gap and cannot
be reduced regardless of current -amplitude and steepness
of signal slope. Signals of more gradual slope will cause
- the transit time to increase by the incremental transit
time. This increase is not linear with signal slope due to
the magnetic toggle with which the relay operates.

It can be shown that a constant dis-symmetry in the
operate and release current values of the relay is capable
of compensating for the incremental transit time. The
necessary dis-symmetry is obtained with an electrical bias
by using a third winding on the AP relay, the arrangement
being of bridge form. The bias affects the value of K in
the transit time equation above, and for any given relay
there is a value of bias which makes K zero. With this
bias the repetition distortion on the relay make contact
is equal to the mechanical transit time % ; the distortion
appears as shortening of the make periods of the impulses.
This is true for any wavefront slope and therefore for any
line. The bias adjustment is carmried out as follows :—

(2) with no bias and no line the relay is pulsed with

square wave pulses, the distortion is measured and
will be equal to the mechanical transit time,

(b) the relay is pulsed via a network simulating a line of

T = 76 milliseconds, and the bias adjusted to obtain

the same distortion as in (a).
The bias adjustment is carried out on initial set-up of the
incoming relay set and not on a per line basis. 1t is pre-set
for the longest line but as the compensation given by the
pre-set adjustment will vary with the signal slope, and thus
linelength, the output of the relay is substantially constant,
and distorted by the mechanical transit time, on lines of
lesser T value.

Compensation for the mechanical transit time by means

of the AP relay bias would give correct compensation at®

one line length only. The compensation would vary with
signal slope, and thus line length, and while this is a correct
condition for incremental transit time compensation, it
would not be correct for the mechanical transit time as this
has a constant value independent of signal slope. For this
reason the mechanical transit time is compensated for by
the adjustment on the high speed relief relay AA in the
incoming relay set, the make contact of which gives the
final output from the system.

APPLICATION TO A PRACTICAL SIGNALLING SYSTEM
General,

The foregoing principles have becn embodied in a new
D.C. dialling system for use on circuits carrying trunk
traffic (Signalling System D.C. No. 2). A trunk signalling
system is not required to repeat the busy flash signal and
the system does not provide this facility. The new method
of signalling would, however, be capable of providing this
facility in a system designed for use on non-trunk circuits.
Since it is not required to transmit the busy flash signal,
only one earth-responsive relay is needed in the outgoing
relay set and relay I (Fig. 2) has been omitted ; the battery
connection to the mid-point of relay AP in the incoming
relay set has also been omitted for the same reason.

The circuits are so designed that when a trunk is not in
use, earth current normally flows through the line and
holds the line relay (relay D) in the outgoing relay set in the
position required to maintain a free condition for a testing
selector or operator. This current also ensures that the line
relay (relay AP) in the incoming relay set is held in its

normal position. If the continuity of the line circuit is
broken, the line relay in the outgoing relay set responds to
the cessation of earth current and engages the circuit.

The continuity of the earth return path is broken if,

(1) the incoming relay set, or selector, is removed from
the shelf jack;

(2) the incoming relay set, or selector, is undergoing a
routine test ;

(8) the linc circuit is disconnccted, as, for example,
during line fault conditions,
and the outgoing relay set is caused to test engaged during
the existence of any of these conditions. The continuity
of the earth return circuit is also broken until the release
of the incoming equipment at the end of a call is complete,
and the engaged test is therefore maintained at the outgoing
end until a signal (the reconnection of earth current) is
received to indicate that the incoming equipment is ready
for the next call; this feature is referred to as the
‘“sequenced release” facility.

During the progress of a call over a unidirectional circuit
the following signals are used :

From the Outgoing End.

Seizure and holding Transmission of loop current in
such a direction as to switch the
line relay in the incoming equip-
ment from its normal position,
Reversals of the direction of the
loop current.

Transmission of loop current in
the opposite direction to the
holding current.

When a signal is received to indicate that the incoming
equipment has released, the circuit is made available for
the next call.

Dialled Impulses

Forward Release

From the Incoming End.

When the seizure signal is received, the earth current is
disconnected in the incoming relay set.
Called Party Answers  The earth current is re-connected.
Called Party Clears The earth current is disconnected.
Backward Release When the incoming equipment has
restored to normal, the earth
: current is re-connected,
1f a battery-connected earth signal were used to indicate
the answered condition, the connection of earth to one of
the line conductors would switch the line relay in the
incoming relay set and release the connection. When an
earth-connected signal is used, the connection of a battery
potential to one of the line conductors produces the same
result, but since irregular earth contacts (due to working
parties, etc.) are more probable than irregular contacts
with the exchange battery, a greater immunity from * cut
off "’ faults should result from the use of an earth-connected
signal. As use is made of only one type of earth signal, the
need to guard against false signals due to e.p.d. efiects by
means of rectifiers does not arise.

Impulse Correction at Tandem Switching Points.

The impulsing performance of the system offers a means
of dialling over a number of links in tandem without the
need for impulse correction or regeneration. To enable
full advantage to be taken of this feature it is essential to
minimise the impulse distertion which occurs at tandem
switching points where tke impulses are converted from
double current signals to loop-disconnect signals and back
to double current signals; this conversion, which takes
place in the incoming and outgoing junction relay sets, is
necessary to meet the requirements of the selectors at tan-
dem switching points. Adjustable impulse correcting
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The impedance (modulus)/frequency characteristic of the
two-terminal network may now be represented for this
purpose by the expression :(—

N=2 logml% ................ (N

which is in the form of expression (2) and conveniently
permits N to be plotted on the same scale as 4, the inser-
tion loss of the four-terminal network; it being noted that
the above expression and that for the insertion loss are
functions of a common independent variable, x.

At the resonant angular frequency, w, the above
expression (7) will thus assume a minimum value of :—

1
20 log,om

Comparison cf the Four-Terminal and Two-Terminal
Results.

The insertion-loss/frequency characteristic of the
four-terminal network given by expression (3) could now be
compared with the characteristic obtained by plotting
20 log,, | ZI/R against frequency. However, inspection of
expression (3) shows that at the resonant angular frequency
w,, the insertion loss becomes zero ; so, to allow the four-
terminal and two-terminal network characteristics to have
the same minimum value at this resonant angular frequency
the expression for |Z{/R can be multiplied by a factor
(1 + P), and expression (3) then compared with the
characteristic obtained by plotting 20 log,, {1 + P) |Z{/R
against frequency.

If now some simple relations are imposed between the
basic parameters of the networks, it is possible to make the
characteristic obtained by plotting 20 log,, (1 + P) I1Z|/R
against frequency have exactly the same shape as the
characteristic obtained by plotting expression (3) against
the same frequency axis.

The necessary relations are :—

. (1 4 Py
K2=(1+4+P)2 and Km2 =1+ "~

2

Sincethereare an infinite number of two-terminal networks
which will give the required characteristic, it is desirable
to evaluate the element values in terms of R, the highest
valueofimpedancewhich the two-terminal network assumes.

Hence, in the case of a given two-terminal network design, R
and w, are determined by the nature of the particular
problem for which the network is intended. For example,
in the case of an amplifier design, as mentioned in the
introduction, R may bear a simple relation to the gain of the
amplifier at the theoretical limits of zero and infinite
frequency ; and where the maximum gain occurs at w,.
Hence R and w, may be determined for this problem.

Assuming that the two-terminal network will be operating
in a constant-current feedback circuit, it then remains for a
suitable equaliser characteristic to be chosen by trial to
match the particular characteristic required for the
feedback circuit. FElement values can then be calculated
for the two-terminal network using the following relations
which involve the values of b and K :—

w, K__l bz——l .............. (8)
1 K—1 #2—1
€= w R W{ AR ..(9)
R
r= Jo e (10)

Conclusion.

The treatment has been confined to the well-known sec-
tion in Fig. 2, and the success of the method is due to the
availability of prepared families of insertion-loss/frequency
characteristics for this section.

It is probable that the method could be extended to
certain more complicated equaliser sections and their
transferintomore complicated two-terminal networks. The
success of the method would, however, again depend upon
the availability of prepared families of insertion-loss/
frequency characteristics relating to the chosen sections.

For those interested in this subject much useful informa-
tion is contained in “ Motion Picture Sound Engineering "’
(Chapters XVI and XVII, by Harry Kimball), published
by D. Van Nostrand Company Inc., New York.

Acknowledgment.
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Book Review

“Technical Instruction for Marine Radio Officers.” H. M.
Dowsett, M.[LE.E., F.Inst.P.,, and L. E. Q. Walker,
A.R.CS. lliffe & Sons, Ltd., London. 699 pp. 700 ill.
60s.

This volume is the ninth edition of a handbook of technical
instruction for wireless telegraphists originally published in
1913, this latest edition appearing under a slightly different
title from the earlier editions. The fact that it has, since its
first appearance, passed through so many editions is a clear
indication of the popularity and usefulness of the book and that
the authors are fully alive to the need for keeping pace with the
development of radio technique and practices.

As the title implies, the book is written primarily for the
marine radio officer with the object of providing him with
simple instruction in the principles and practice of radio
equipment associated with the maritime radio service. To-day, a
radio officer is likely to be in control of and operate equipment
employing radio frequencies lying in the range between 18 kc/s
and 9,000 Mc/s, and to gather together in a- single volume the
more important features of such equipment is no mean task
and one which the authors have accomplished with some
success. A balance has been struck between the theoretical
and practical aspects of the subject with the emphasis, quite
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properly, placed on the practical side whilst, at the same time,
giving the reader sufficient theoretical background to under-
stand the principles underlying the practical applications.

With such a wide field, it must have been difficult to decide
what material to omit and what to include, and, in this respect,
the authors’ choice can be criticised on some points. They
might well have excluded such items as the quadrant electro-
meter, the wave aerial, and short-wave arrays, which can only
be of academic interest to the average marine radio officer,
and given the space to more detailed discussion of the practical
difficulties of radio communication. Many ships are now fitted
with equipment working in the frequency range 4-25 Mc/s for
long-range communication and, to obtain the advantage.. of
such equipment, it is most important that the propagational
properties of these high frequencies should be well understood.
The authors have not given this aspect the attention it
deserves and, even in the propagation curves that are included
for the guidance of radio officers, a figure of 10 kW of radiated
power is used in their derivation which is very much higher
than likely to be met with on the average ship. Another
important criticism is the continued use of wavele., chs w
frequency would be a more appropriate term.

Apart from these minor criticisms, the book, which contains
such a large amount of practical information on such a complex
subject, can be confidently recommended to radio officers as
an imvaluable source of information and guidance. E. P.


















period were recognised by the well-merited award of the
O.B.E. in 1945. During his period as Staff Engineer the
Radio Branch was split into tliree separate Branches dealing
respectively with Planning and Provision (WP), Develop-
ment and Experiment (WE) and with Station Operation
and Maintenance (WM), and he took over WP Branch.
His one break with the work of the Radio Branches was
during 1948, when he attended the Imperial Defence
College.

In the last five years Mr. Mumford has been particularly
occupied with the international aspects of radio and has
attended many international conferences. Those who have
been concerned with post-war radio conferences will realise
the burden that this work must have entailed.

Following the pattern set by his predecessors, Mr. Mum-
ford has been active in the work of the Radio Section of
the [.LE.E. He has been a member of the Section Committee
for some 15 years and was Chairman of the Section in the
1945-1946 Session. He made the Students’ Lecture Tour

in 1947-1949 and gave the L.C.C. Children’s Lecture in
1951. He has contributed several papers to the I.P.O.E.E.,
was Chairman of the London Centre, 1947-1948, and has
been a frequent contributor to this Journal, of which he
has been a member of the Board of Editors for many
years.

It is characteristic of Mr. Mumford that he has found
time to lead his team as a Staff Engineer, to make major
contributions to post-war radio conference work and to the
Radio Section of the .LE.E. He has unbounded energy, an
analytical mind (which he can readily focus on diverse
problems, sometimes with devastating effect) and the
quality of leadership, all of which are cemented with a ready
wit. These qualities will serve him well in whichever sphere
he is directed and will enable him to grapple with the
problems awaiting him in his new post. All his immediate
colleagues, in fact, all who have been privileged to come
into contact with him, will say “well done, and good luck

. for the future.” C.F.B.

Institution of Post Office Electrical Engineers

Festival of Britain, 1951

A number of subscribers to the Journal who live abroad
and Corresponding Members of the Institution may be
visiting England for the Festival of Britain, 1951. On
behalf of the Institution, we should like to extend them a
cordial welcome and hope that they will get in touch with
the Secretary, Col. J. Reading, Equipment Branch,
Engineer-in-Chief’s Office.

While in Great Britain, they may wish to visit various
Post Office installations, such as exchanges and repeater
stations, etc., and we should be very pleased to make any
necessary arrangements.

Recent Additions to the Library

1957 Electric Cables. F. W. Main (Brit. 1949.)

Deals with the construction, technical characteristics
and manufacture of electric cables for lighting, power.
telegraphy and telephony.
Large-Scale Organisation.
1950).

An authoritative account of how eleven great indus-
tries and services are organised.

Wood Adhesives. E. H. Pinto (Brit. 1948).

Covers the use of a large range of adhesives from the
technical, commercial and economic points of view.
Micro-Wave Measurements. H. M. Barlow and A. L.
Cullen (Brit. 1950). .

Presents, primarily, those techniques of wide appli-
cation, particular attention being given to principles of
operation rather than details of apparatus.

Radio Aerials. E. B. Moullin (Brit. 1949).

Intended mainly for those concermed with the
electromagnetic aspects of the design of short-wave
aerials.

Fundamentals (f Radio—Valve Technigues.
(Dutch 1949).

Aims at giving technicians and research workers a
lucid account of the properties, functions, assembly and
applications of radio valves.

Short Wave Radio and the Ionosphere.
(Brit. 1950).

Presents in simple form, avoiding the use of mathe-
matics, all the available information on the role of the
ionosphere in long-distance short-wave communication.

1958 (Ed) G. E. Milward (Brit.

- 1959.

1960

1961

1962 J. Deketh

1963 T.W. Bennington
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1964 Protective Coatings for Metals.
Vaughan (Brit. 1950).

Describes the most important of the various films
or coatings applied for the protection of the more
commonly used metals; the theory of their action ;
the methods of application; and the scientific choice
of coatings for particular environments.

Vol.

J. W. Gailer and E. J.

1965 University Text-book (f Physics.

Poynting and Thomson (Brit. 1949).
Designed to serve those taking Honours Courses in

branches of Science other than Physics, who have

chosen Physics as a subsidiary subject for fheir degree.

Concrete Comstruction. C. E. Reynolds (Brit. 1950).

Describes the temporary and permanent work in the
construction of most plain and reinforced concrete
structures.

I1. (Sound)

1966

1967 Electronics. P. Parker (Brit. 1950).

Written from the point of view of a physicist interested
in the applications of a branch of his subject, it is
intended to provide a background for the circuit
specialist, and a starting point for the tube specialist.
Roughly of thc standard expected in the electronics
Paper for the London first degree in engineering.

1968 Advanced Mathematiss for Technical Students.
Lowry & Hayden (Brit. 1950).

Covers the work normally done by students taking
mathematics as a subject in Part II of an engineering
degree.

pt. TI.

1969 Semi-Conductors. D. A. Wright (Brit. 1950).

Gives an elementary account of their properties, being
especially concerned with the theory of electron flow in
them, and across the boundary between them and either

a metal or a vacuum.

1970 Emngineering Science. Vol. 111,
.Bryant (Brit. 1950).

Mainly concerned with experimental work, testing
and full-scale trials of prime movers, to the standard
required for the Ordinary National Certificate Course in
Mechanical Engineering and the Engineering Science
of the Ordinary National Certificate in Electrical
Engineering.

A.C. Motor Windings. H. Hopwood (Brit. 1950).
Written with the intention of explaining some of the
rules peculiar to A.C. armature windings.

H. B. Brown and A. J.
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The continued success of the recruiting methods is indicated
by the fact that 18 classes are running in the current session,
divided thus: Lancaster 5, Carlisle 4, Kendal 3, Barrow 2,
Whitehaven 2 and Penrith 2.

In each year the ratio of 1st Class to 2nd Class certificates has
been higher than the national average, and a very pleasing
feature of the 1950 examination successes is that the 2nd, 3rd
and 4th year subject certificates taken together exceed the
number of Ist year certificates.

The classes were taken (w'th very few exceptions) by
Executive Engineers, Assistant Engineers and Technical
Officers, and the scheme owes a large part of its success to
these tutors’ efforts. An average of 117 City and Guild
Certificates each year over a period of three years from a staff
of less than 500 (including external staff) is considered an
achievement. J. D.

ASHTON-IN-MAKERFIELD EXTENSIbN NO. 2

This exchange—described in a previous article*—was a
non-standard satellite exchange parented on Wigan. When an
extension became necessary, it was agreed by Headquarters
in 1947 that a “turn round’’ to a 2,000-type satellite exchange
was desirable to avoid the manufacture of non-standard equip-
ment. Owing to the limited rack space available and the height
of the racks (8 ft. 6 in.), it was not possible to introduce uni-
selectors, and linefinder working was therefore continued. The
“turn-round”’ in situ was effected by reducing gangway
clearances and allowing for two stages of installation, accom-
plished as follows.

The existing traffic recorder rack was recovered and the old
line and cut-off relay rack was shifted out of line. This allowed
for the erection of the new line and cut-off relay, primary
finder, satellite Ist selector, discriminator and final selector
racks to cover the transfer of the existing 400 subscribers’
multiple. Fortunately, sufficient space existed for the extension
of the main distribution frame, and additional vcrticals were
provided to cable the new exchange as a separate entity, thus
providing a simple method of changing over to the new equip-
ment. Owing to the restricted accommodation, it was not
possible to replace all the existing apparatus, and therefore
the old relay set, alarm equipment, meter and group selector
racks were rctained for further use and by various re-
arrangements the new equipment was installed on these racks.
Sufficient space existed on the old meter rack for 400 new
meters and these were installed and, after the initial cut-over,
the old meters were recovered and the final 200 meters were
fitted in their place.

The retention of rack 7A presented an interesting problem,
the final scheme requiring the replacement of the existing 100-
outlet group selectors by 200-outlet group selectors, so that
these outlets could be associated with the 200-outlet satellite
Ist selectors. It was found that by re-distributing the outlets
on shelf A over the remaining shelves B, C and D, it would be
possible to recover the shelf of 100-outlet banks and install in
its place a shelf of 200-outlet banks. By reducing the number
of incoming manual board circuits, it was also possible to reduce
the total incoming circuits to 10.

After extensive testing, the new portion of the exchange was
satisfactorily cut into service on 6th September, 1950. Within
a week of this, the contractor had recovered the remaining
shelves B, C and D of the 100-outlet sclectors and fitted the
two shelves of 200-outlet selectors, thus restoring the avail-
ability of the incoming routes to nomnal proportions. The old
line and cut-off, group finder and final selector racks were then
recovered and the remaining new primary finder, satellite Ist
selector and final selector racks were installed in their place,
thus completing the “‘turn-round.” In addition to this, new
miscellaneous equipment such as meter routine test, service
interception, trunk offering and trafic recorder, was also
installed. Last, but not least, a new power plant, batteries
and ringing machines were provided.

The exchange premises consist of two buildings with
approximately 30 ft. by 14 ft. and 17 {t. by 14 ft. floor space
available for apparatus and power plant, respectively. The
buildings are connected by a covered passage way and the
cables connecting the equipment have been arranged with

* P.O.E.E.J., Vol. 27, p. 290.

“bights”’ to avoid disconnections by possible subsidence of the
site due to coalmining. From the foregoing it will be
appreciated that there was extreme congestion of space during
most of the installation period, and much credit is due to the
staff of the Automatic Telephone & Electric Co. for their
installation work and to the Department’s maintenance staff
who had to keep the old exchange working under very trying
circumstances. The final stage of the work was satisfactorily
completed on 30th November, 1950. G. J.S.

Welish and Border Counties Region
BUILDING MANHOLES IN RUNNING SAND

The Chester Area was recently concerned with a contract for
the construction of 51 manholes of the R1A and R2D concrete
types, and at first no great difficulties were anticipated in the
work. Commencing at the Chester end, the first three man-
holes were built in normal ground, but further excavations
indicated that serious trouble was likely to arise from the type
of subsoil encountered.

It was found that the route passed directly over what
appeared to have been an old river bed and the manholes
would, therefore, be in running sand with a water level about
3 ft. below the surface. De-watering was considered to be the
best solution and as, during the war years, a Lee Howl pump
had been modified for this work it was decided, for economic
reasons, that the Post Office would accept responsibility for
operating this plant in making the excavations.

At the commencement of de-watering operations, four well
points were sufficient and the Lee Howl equipment was found
to be very satisfactory. It became evident later, howcver, that
a second pump would be necessary and one was therefore hired.
The continuous use to which the two pumps were subjected
caused many small and recurrent mechanical difficulties, but
reasonable progress was maintained with this simple cquipment.

Early in September, 1950, an effort was made to construct
an R2D manhole, but after three days pumping it was realised
that the two pumps were inadequate. As an alternative to the
expense of hiring a single pump of adequate capacity, it was
decided to hire a third small pump and adapt it for use with a
set of well points lent by the Regional Training School. By
means of the three small-capacity pumps, the contract was
completed and it is estimated that the improvised methods
resulted in a saving of about £2,074 in hiring charges. Rapid-
hardening cement was used as far as possible, but, as supplies
of this cement were difficult to obtain, much ordinary cement
had to be used and the pumps run for longer periods in
consequence.

Each manhole has since been carefully inspected and apart
from minor leaks in two manholes all others are satisfactory.

The experience obtained in carrying out this contract shows
that by the use of de-watering plant satisfactory building of
manholes in running sand is possible and it may be well worth
while having equipment of this type available in a central pool
of mechanical aids. G. B.

South Western Region

INTRODUCTION OF MULTI-METERING AT
TAUNTON

The first major change-over of an existing exchange in the
South Western Region to multi-metering was successfully
completed in November, 1950, and details may be of interest.

The existing through-dialling scheme had not been designed
for multi-metering and it was necessary to rearrange completely
the exdsting dialling codes in use for single-fee and through
dialling. Some 36 routes from selector levels, with a total of
over 250 outgoing junctions, mostly to U.A.X.s, were involved.
Second selector levels on 7 and 8, and third selector levels on
80 aud 89 were in use on the existing scheme, and level 6 was,
therefore, selected for multi-metering, with junctions routed
from levels on second and third selectors. The method of
change-over adopted was as follows:—

(1) Modify U.A.X. route-discriminating equipment to enable
calls to be routed on either the old or new code during the
transition stage. Modify cord circuits at manual ex-
changes and provide additional junctions for guarded
metering routes.
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Junior Section Notes

Bishop’s Stortford Centre

On the 15th November, 1950, practically our full member-
ship attended a lecture on “' Faraday Building,”" given by
Mr. AL E. W. Lee, of Museum exchange. An excellent
description of the layout of the building and the equipment
therein was given, together with some astounding facts and
figures. On the 22nd November, 1950, almost our full
complement paid a visit to Faraday Building and saw all that
our previous : peaker had described—and more ! We would
like to express our sincere thanks to Mr. Knox, Liaison
Officer, Home Counties Region, and the Cambridge Area
Liaison Officer, Col. T. C. Loveday, who made the arrange-
ments for this very interesting visit.

On 4th January, 1951, Mr. R. A. Collins gave a most
instructive lecture on ‘‘ Internal Combustion Engines,’* dealing
mainly w'th the 2- and 4-stroke cycles, carburation and
positioning of cylinders for engine balance; questions were
answered both during and after his talk. Unfortunately, bad
weather adversely affected the attendance at this meeting.

At the time of writing these notes the Centre was looking
forward to the following programme :—

10th january, 1951.—A Film Show by the Central Office of
Information.

22nd Kebruary, 1951.—Invitation from the Cambridge Centre
to attend a lecture  at Cambridge, given by Dr. Searle, late
Professor of Physics at Cambridge University, on his personal
contacts with the late Oliver Heaviside.

February, 1951.—Talk on Generation of Domestic and
Industrial Power by an Engineer of the Eastern Electricity
Board, followed at a later date in the same month by a visit
to Brimsdown Power Station.

A creditable response is being made by our members to the
Centre's activities, but more members, particularly external
personnel, would be very welcome. G. E. D.

Chiltern Centre

The Annual General Meeting of the Chiltern Centre was held
on Wednesday, 20th November, 1950, and officers for the
coming year were elected as follows :—Chairman, Mr. F. J.
Fagan: Vice-Chaiyman, Mr. F. Sherrift ; Secretary, Mr. H. ]J.
Trotman. Committee re-elected en bloc.

It is hoped to arranze a full programme for 1951, including

film shows, a lecture by Mr. K. E. Felton (member). visits to
local works and other activities. H.J. T

Darlington Centre

On 21st November, 1950, a talk, ‘“ Domestic Radio ' was
gven by one of our members. Mr. E. O. M. Grimshaw (of
lectronic Organ fame) in his usual breezy style. A very lively
discussion which followed, with the Telephone Manager
g;)lonel Sutcliffe) a participant, was thoroughly enjoyed.
reflection, this meeting could be voted as ideal both from
the speaker's and his listeners’ points of view.

Owing to the illness of Dr. Fothergill, in December, his
talk on ** Coloured Photography ** could not be given and an
interchange of programme arrangements was necessary.
The talk was replaced by one on ‘ Radar Up To Date," by
Mr. R R. Johnson, a contribution which was well received
by his audience. Br. Fothergill’s talk will be given on 10th
April, 1951,

‘“ Where the Money Goes,” was the title of a talk by
Mr. K. Millard, given in January. This subject was certainly
most enlightening—the disposal of the Budget Allocation of
money to be expended in the Area by the Engineering Depart-
ment gave the listeners the impression that the problem really
must give a headache to those officers responsible. Mr. K.
Millard proved to be a very able speaker.

Our meetings to date have been very well attended in spite
of the incidence of 'flu., which accounted for the absence of some
of our regulars.

On 25th January, several of the Centre members journeyed
1o Middlesbrough for the talk by a Darlington Centre member
—Mr. B. V. Northall, on “ Television.”” This was preceded

by a very pleasing ceremony-~the presentation by the C.RE.
(Mr. W. F. Smith) of his prize to Mr. R. V. Heppinstall for the
best paper by a Centre member in the North Eastern Region
and of the Shield to the Middlesbrough Centre to mark the
success of one of its members. May the Darlington Centre
record their sincere congratulations in these notes.

Needless to say, the Darlington Centre has mow designs on
that Shield ! Hitherto, our Centre has refrained from entering
the Competition due to written papers of talks by our members
not being available. C. N. H.

Doncaster Centre

On Wednesday, 20th December, 1950, a most interesting
paper was given to the above centre by Mr. E. C. Elstree-
Wilson of York. The subject, ‘“ Wood Tuming,” was a
rather unusual one,and Mr. Elstree-Wilson, who brought along
his own lathe, soon captured his audience by inviting them
individually to have a try during the course of his demon-
stration. At the conclusion the local secretary thanked Mr,
Elstree-Wilson for the most interesting paper and demon-
stration we have yet received. J. I.L

Guildford Centre

The Guildford Centre continues to grow in strength and now
numbers 100. Great interest is being shown by the members
in all activities, factory visits being particularly appreciated.

The Secretary, Mr. F. Kelsey, tendered his resignation and
at a General Meeting on 3rd November, Mr. L. G. Wallis was
elected Secretary and Mr. R. J. Nicholls Assistant Secretary.

The Winter Session was opened by Mr. H. Wells, Area
Engineer, who gave a most interesting talk on * Sound
Recording.”

A party of 33 visited the factory of Pirelli General, Ltd., at
Eastleigh, on 22nd November, and were shown the complete
process of telephone cable manufacture from the copper ingot
to the finished cable. On 14th December, Mr. W. Hancock
of British Railways, gave a talk on '’ Railway Signalling.”

The programme for 1951 was arranged as follows : —

17th January.—The Osram Lamp Works, Wembley. (Visit).

February.—Annual General Meeting.

28th February.—‘‘ Photography in the Post Office,” by

Mr. W. A. Paul. (Lecture).
6th March.—Harris Lebus, [.td., Mass Production Furniture
Factory. (Visit).

April.—Pirelli General Cable Works, Southampton. (Visit}.

May.—Visit to a Coal Mine, Canterbury.

Other visits and lectures arc in process of organisation and
will be announced later. LG Ww.

London Centre

The London Centre has been very active recently. On the
14th December, 1950, over 60 members attended a most
intercsting lecture on ‘‘ Electronic Switching * by Mr. T.
Flowers, and this was followed, on 16th January, 1951, by
** Some Aspects of Television ” by Mr. T. Kilvington, the
attendance of over 100 members being a great encouragement
to the Centre Committee. An excellent tea was provided on
both occa:ions. A pleasant ceremony was performed bcfore
Mr. Kilvington delivered his lecture, Mr. A. E. Penny, our
Liaison Officer presenting a certificate and cheque for £3 3s.
to Mr. Cochrane for his essay on ‘' Precision Testing.”” Con-
gratulations, Mr. Cochrane !

Are all members aware that Papers read at Junior Section
Meetings are considered for the award of Institution prizes ?
The Judging Committee an Papers believe that if this is widely
known more Papers will be forthcoming. Now then, authors,
produce those Papers and keep the Judging Committee busy.

Papers are not far removed from periodicals. It may
surprise members to learn that at the time of writing no less
than 1,611 periodicals arc circulating within the London
Centre. This figure does not include local purchases by Areas.
If members wish to see more of these periodicals, increased
speed in circulation is required please.

East Area have recently held an inter-exchange quiz
between Ilford and Seven Kings groups. After 25 difficult
questions per team, Ilford were declared victors, with 69 points
against Seven Kings 45.
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Book Reviews

“‘Ordinary Non-Linear Differential Equations in Engineering
and Physical Sciences.”” N. W. McLachlan, D.Sc.(Eng.).
Oxford University Press. 201 pp. 89 ill. 2ls.

Practically all the classical mathematical physics has
evolved from the hypothesis of linearity which embodies the
principle of superposition. When this principle is valid for a
physical problem, the descriptive differential equations are
linear, and an engineer can obtain solutions by well-known
methods based upon the hypothesis of linearity. But the
principle often fails to accord with the requirements of modern
problems ; consequently, descriptive equations are often
non-linear and the ingenious solutions which have grown from
the hypothesis of linearity are practically valueless, or, at the
best, only poor and inadequate approximations. In this book,
Dr. McLachlan sets out to provide engineers w'th a practical
introduction to methods of solving ordinary non-linear
differential equations.

Owing to the absence of a general mathematical theory of
non-linear equations, Dr. McLachlan has concentrated on the
presentation of particular analytical methods used in the
solution of important technical problems. Some of the topics
treated are: oscillations in electric circuits with non-linear
elements ; transient surges in hydro-electric installations ;
mechanical systems having non-linear control and non-linear
damping ; stability of synchronous electrical motors; relaxa-
tion oscillations and thermionic valve oscillators ; frequency
modulation in sound reproduction systems and the stability of
ships. Thus, the book is not an analytical treatise with
technical applications, but shows how certain types of non-
linear problem may be solved, and how experimental results
may be interpreted by non-linear analysis. A certain amount
of new material is included to fill gaps in previous knowledge :
there is a discussion of graphical and numerical methods of
solution applied to non-linear equations with periodic
coefficients.
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Copyright

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

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

Communications

All communications should be addressed to the Managing Editor,
P.O.E.E. Journal, Engineer-in-Chief's Office, Alder House,
Aldersgate Street, London, E.C.1. Telephone: HEAdquarters 1234.

Dr. McLachlan is to be congratulated on producing such
an excellent work : this useful and long-needed volume can be
warmly recommended to any engineering research worker or
advanced student. H.J.J.

“Electronic Engineering Master Index, 1947-1948.” 339 pp.
139s. 6d., and “Electronic Engineering Master Index,
1949.” 296 pp. 125s. Electronics Research Publishing
Co., Inc., New York.

These editions are the third and fourth volumes in the series.
The 1947-48 edition contains more than 18,000 references to
electronic and allied engineering literature printed throughout
the world during 1947 and 1948, including 5,500 electronic and
allied patents issued by the U.S. Patent Office during these two
years. The 1949 edition likewise contains more than 12,000
references to literature (including 4,000 U.S. patents) printed
during 1949. The references have been taken from the major
international scientific magazines, journals and proceedings,
from electronic and allied patents issued by the U.S. Patent .
Office, and from declassified documents published by the U.S.,
British and Canadian Governments. The 1949 edition also
contains references to British and American reports on
German and Japanese research developments, as well as many
theses on electronic subjects submitted at major American
universities.

The references are classified under subject headings, and the
patents are listed separately in numerical sequence under each
heading. A cumulative cross-index at the end of each book
serves as a useful guide to that book and also to the previous
editions. Five or six pages in each book are devoted to a
Bibliography of Engineering Books in which are listed the
books published in the ‘U.S. during the periods covered, as
well as a few published in other countries.

The books should find a place in the reference library of
every electronic engineer, and should prove invaluable to
anyone who has occasion to search for electronic literature.

C.G.

Remittances should be made payable to “The P.O.E.E. [ournal’
and sbould be crossed “& Co."”

Binding Cases

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

Back Numbers

The price of the JourNAL, which is published quarterly, is 1s. 8d.
(1s. 9d. post free) per copy, or 7s. per annum post free. Back numbers
can be supplied, subject to availability of stocks, at ls. 8d. each
(1s. 9d. post free). Orders for back numbers may be sent to the
Local Agents or to the Publishers.

Advertisements

All communications relating to space reservations should be
addressed to the Advertisement Editor, P.O.E.E. Journal, Alder
House, Aldersgate Street, London, E.C.1. Communications regarding
advertisement copy, proo{s, etc., should be addressed to the
Publishers, Messrs. Birch & Whittington (Prop. Dorling & Co.
[Epsom], Ltd.), 49 Upper High Street, Epsom, Surrey.
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