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Introduction of Semi-Automatic Operation of Continental
Telephone Services
M. G. TURNBULLf}

U.D.C. 621.395.35:621.395.5

Following field trials of two different voice-frequency signalling
systems for use between any two national telephone systems,
agreement was reached through the C.C.I.T.T. on the use of these
two systems. This article describes briefly the results of the field
trials and the agreed signals to be used over international circuits.
This is followed by an outline of the equipment and trunking
arrangements provided at London for semi-automatic working of
the European international circuits.

INTRODUCTION

HE growth in the international telephone service

over the past few years, and the extension of

automatic working within national networks, has
made it desirable to introduce facilities to enable opera-
tors to complete calls to subscribers in other countries
without the assistance of operators in those countries.
This method of working is known as semi-automatic
operation.

The basic technical problem involved in providing a
semi-automatic international telephone service is the
provision of a means of interworking between national
telephone systems that may differ widely in respect of
facilities provided and type of equipment employed.
To avoid the necessity for a multiplicity of different
types of equipment to cater for the differences which may
exist between different countries, agreement has been
reached through the International Telegraph and
Telephone Consultative Committee (C.C.I.T.T.) on the
use of two types of signalling systems, either one of
which will serve as a connecting link between two national
telephone systems. Previously the two systems had
been subjected to extensive tests between 1952 and 1954 by
a number of countries and proved to be satisfactory.
Complete specifications for these systems were, therefore,
drawn up and issued in Volume V of the C.C.LF.*
Green Book.

At the time these specifications were drawn up a
number of countries were considering the introduction
of national subscriber trunk dialling, and it was felt
logical to assume that international subscriber dialling
would be introduced during the life of the equipment
provided for operator dialling. It was, therefore, decided

t Assistant Engineer, Telephone Exchange Systems Develop-
ment Branch, E.-in-C.’s Office.

* The C.C.LF. (International Telephone Consultative
Committee) and the C.C.I.T. (International Telegraph Consulta-
tive Committee) were combined in 1955 to form the C.C.I.T.T.
(International Telegraph and Telephone Consultative Committee).

that the specification for international signalling systems
should take into account any additional requirements
that might arise with fully automatic operation, as
far as they could be foreseen. Several problems remain
to be resolved before fully automatic operation can be
introduced generally and these are receiving urgent
consideration.

CONDUCT AND RESULTS OF THE FIELD TRIALS

The main object of the field trials was to test the
relative merits of the two proposed signalling systems
under service conditions, but the trials also provided
an opportunity for the operating services to obtain
experience of international semi-automatic operation.
In particular, the opportunity was taken to examine the
extent to which calls could be completely established
and controlled by an operator at the outgoing inter-
national exchange without the assistance of an operator
in the distant country.

The scope of the field-trial network, which was set
up on a route-by-route basis between July 1952 and
May 1954, has been described elsewhere.! After pre-
liminary engineering tests, the circuits were used for
carrying public traffic, all types of call—ordinary,
personal and those requiring an incoming operator—
being handled without discrimination. Although several
series of engineering tests were made of calls established
over more than one international circuit and, therefore,
switched at an intermediate international exchange, such
transit routings were not used for public traffic due to
the comparatively small number of field-trial circuits
available.

The results of the field trials from an operational
point of view have already been discussed elsewhere,?
but the overall results obtained with public traffic, from
observations on the outgoing equipment, are of particular
interest. These results are summarized in Table 1.

It was not possible to discriminate between faults
occurring in the national network of the distant country
and faults due to the international signalling system.
The total failures due to faults, therefore, included all
faults between the manual board at the outgoing ter-
minal exchange and the foreign subscriber.

The fault records were analysed in several different
ways in an endeavour to extract the maximum possible
information, particularly in so far as a comparison of
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TABLE 1
Results Obtained from Field Trial Equipment

Result of Attempt Percentage
System to Establish a Nfugbﬁ:r of Total
Connexion ot Lalls Calls
Effective 12,860 771
Ineffective for
1vf. | reasons other than
faults 2,403 144
« Ineffective due to |
i faults | 1,426 8-5
Effective 22,897 77-8
Ineffective for
2v.f. reasons other than
faults 4,438 15-0
Ineffective due to
faults 2,126 7-2
|

TABLE 2

Analysis of Faults Traced and Cleared with Respect to the
Location of the Fault

Location of Fault ; 1v.f. System } 2v.f. 'System
Number (Percentage Number | Percentage
Outgoing end 23 124 56 11-0
Line , 81 43-8 223 43-8
Incoming end | 46 249 ‘ 106 20-8
National network 35 18-9 121 23-8
Not indicated - — i 3 06
TOTAL | 185 ‘ 100 ‘ 509 | 100

Note: The number of faults for the 1v.f. system was smaller than
that for the 2v.f. system because the latter was installed first and
was, therefore, in operation for a longer period.

the performance of the two systems was concerned.
Table 2 gives an analysis of the faults traced and cleared
with respect to the location of the fault. It can be seen
that the division, in percentage, of faults among the
four categories was sensibly the same for the two systems,
and that the total faults attributed to the equipment
at the outgoing and incoming ends was between 30
and 40 per cent of the total faults cleared.

The conclusion drawn from the results of the field
trials was that, in the conditions under which the trials
were made, the semi-automatic circuits with either
signalling system had given complete satisfaction to the
operating services. The fault statistics gave no evidence
of any superiority of one signalling system over the
other, and had established no evidence of any systematic
faults arising from the principles embodied in either
system. Therefore, the field trials, although proving
the practicability of semi-automatic working on inter-
national circuits, were inconclusive in determining the
choice of a standard signalling system.

The Final Report, issued by the Field Trials Com-
mission (C.E.A.) of the C.C.I.F., was considered at a
special meeting of the 6th and 8th Study Groups held
in Geneva in September 1954. At this meeting it was
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found that, although there was unanimity of views
regarding the operational facilities for semi-automatic
working, it was not possible to arrive at a unanimous
recommendation regarding the exclusive use of a single
signalling system. The use of a single standard system
is not so essential for terminal service, but in the case
of transit-switched traffic the coexistence of more than
one signalling system would give rise to very great
difficulties. Agreement was finally reached on the
following compromise solution, which gives national
administrations maximum freedom in the choice of a
signalling system while still achieving a certain degree of
standardization for transit operation.

(a) On international routes carrying only terminal
traffic, one or other of the two international signalling
systems should be used, the choice being determined
by mutual agreement. Where agreement cannot be
reached, the system to be used will be that in use, or
preferred, at the outgoing centre.

(b) The 2 v.f. signalling system should normally be
used for transit operation except where special agreement
is reached between three or more countries to use the
1 v.f. signalling system for transit operation between
themselves.

It was also agreed that, to enable the equipment to
be as simple as possible and to avoid double connexions
and “lock-ups,” the international semi-automatic tele-
phone circuits should be operated in one direction only.

DEFINITIONS AND FUNCTIONS OF THE SIGNALS USED
OVER INTERNATIONAL CIRCUITS

As a result of the experience gained during the field
trials it was agreed that the following signals should be
used.

Seizing Signal (transmitted in the forward direction)—
This signal is transmitted at the beginning of a call to
initiate circuit operation at the incoming end of an
international circuit. The seizing signal can also perform
certain switching functions and for this purpose two
different types of seizing signal are provided:

(a) The “‘terminal-seizing” signal, which can be used
for bringing into circuit, at the incoming international
exchange, equipment used exclusively for switching
the call within the national network of the incoming
country.

(b) The “transit-seizing” signal, which can be used for
giving access, at the incoming international exchange,
to equipment provided for switching the call to another
international exchange.

Proceed-to-Send Signal (transmitted in the backward
direction)—This signal is transmitted from the incoming
end of an international circuit following the receipt of a
seizing signal, to indicate that conditions have been
established for the reception of the numerical routing
information. In the 2 v.f. signalling system two different
proceed-to-send signals are provided:

(a) The “‘terminal proceed-to-send” signal is used to
invite the transmission of the necessary numerical
information for routing the call within the national
network of the destination country.

(b) The “transit proceed-to-send’ signal is used to
invite the transmission of only those numerical signals
necessary for routing the call through the international
transit exchange.

Pulsing Signal (transmitted in the forward direction)—
This signal consists of a number of elements, and a



succession of pulsing signals is transmitted corresponding Clear-Forward Signal (transmitted in the forward

to the information required to switch the call in the direction)—This signal is sent in the forward direction
desired direction. on the termination of a call when the operator at the

Acknowledgement Signal (transmitted in the backward outgoing international exchange withdraws her cord-
direction)—This signal is provided in the 2 v.f. signalling circuit plug from the switchboard jack, or when an
system only and is transmitted from the incoming end of equivalent operation is performed.

an international circuit to indicate that a complete

numerical signal has been correctly received. Release-Guard Signal (transmitted in the backward

direction)—This signal is transmitted in the backward

End-of-Pulsing Signal (transmitted in the forward direction in response to the clear-forward signal to
direction)—This signal is transmitted from the outgoing indicate that the latter signal has been fully effective in
international exchange to indicate that no further bringing about the release of the switching apparatus at
pulsing signals will be transmitted over the line. the incoming end of an international circuit.

Number - Received Signal
(transmitted in the backward TABLE 3
direction)—This signal is sent Codes of V.F. Signals for 2 V.F. Signalling System
from the incoming inter-
national terminal exchange Forward Direction ( Backward Direction
when the incoming register . Field | poiceq | . Field | Reyiced

. Signal | Tral Signal Trial
at this exchange has recog- e | Code | Code b Code | Code
anCd that lt' has recelved a Terminal seizure i CX PX i Terminal proceed-to-send ‘ X X
Complete national number. Transit seizure v CY PY | Transit proceed-to-send Y Y

'Busy-F (HSh Szgna'I (trans- Binary Code ‘ Terminal acknowledgement X x
mitted in the backward Digital signals } 1-(10) ‘ Transit acknowledgement y y
direction)—This signal is sent | ! °
to the outgoing international | GeeTabled) Number received
exchange to 1indicate that End-of-pulsing ‘ Binary Code (15) Busy flash I CcX PX
either the I:OUte or the called Access to operator ‘ Binary Code (11) l Ring tone CYy ; r(}jﬁjted
subscriber is busy. The trans- P
mis_sion of this Slgna] is Access to particular operator } Binary Code (12) Answer PY | PY
optional since the national  Forward transfer | PXX | PYY || Clear back PX PX
getworks Of §ertan.1 (;‘Ou'lll.trles Clear forward ‘ PYY ! PXX Re-answer i PY PY

o not cater for this facility. ’ Relonse guard Yy vy
_ Answer Signal (transmitted | ‘ | Blocking PX PX
in the backward direction)
—This si i - NOMINAL SIGNALLING FREQUENCIES

This §1%nal 2ti‘sentlto tlclﬁ out Xorx=30a0ch

ng international exchange ory = 2,400 c/s
tg(?] ir%dicate that the callfd C and P (Compound elements) = 2,040 — 2,400 ¢ s

. REVISED SIGNAL TIMINGs:
subscriber has answered the Signal Element Signal Duration (ms) Recogmition Time (ms)
call P 120-180 60-100
. Xory 30130 30-%
. X — —.

_Clea):-Back Signal (trans- XX or YY 280420 160-240
mitted in the backward direc-
tion)—This signal is sent to TABLE 4
the outgoing international 2 V.F. Binary Code
exchange to indicate that the ‘ T
called party has cleared. et 3 | 22 om w \Egl‘}ﬁe]g‘,fféf » |2 | 2 \‘ 2

) . Pulsing Signal =8| =4 =2 =1 Pulsing I Signal =8 =4 | =21 =

Forward - Transfer Signal Signal Elements | - . Signal | Elements ;
(t‘rans_mltted H'l the fqrward Number Binary Code ‘ Number Binar}; Code
direction)—This signal is sent ! T vy Y v [ % ‘ ‘
to the incoming international : pisenedg an | ox \ y | x | x
exchange when the outgoing 2 2 XYy x ¥ L
operator wishes to seek the 3 3 Y Y | x X 3;05531;3 12) x|l x 'v |y
assistance of an operator at 4 4 Y X 1 Y Y | operator
ﬂllle lnCOH}l{Iﬁg terminal ex- 5 5 Y | X | Y | X ° Spare 13 X | x ¥ |Xx
change. is signal will, 6 6 Y | x | x | Y Spare 4 X | X | X | Y
normally, serve to bring an | | ’ - i
assistance operator into circuit o Y X | X | X Bndofpuling] (%) X X x X
in the case of a call completed 8 | 8 X | Y.y |¥Y Spare a6 Y Yy 'Y vy
automatically at this exchange. 9 | 9 X | Y Y X |
When a call has been com- o | a0 X | ¥y x | v | [
pleted by an operator at the
i i i i - NOMINAL S[GNALL[NG FRE UENCIES ,
incoming international ex N0 o 5 EQ Y = 2,400 ¢s
change this signal will cause SIGNAL DURATION -
the incoming operator to be X or Y Elements = 27-42 ms tone with 27-42 ms silent interval
recalled between the elements. There should be at least

27-42 ms between successive pulsing signals.
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TABLE 5 system, and in Tables 5 and 6
Code of V.F. Signals for 1V.F. Signalling System for the 1v.f. system; in these
a compari is made
Forward Direction Backward Direction {)aél:\lsgen ctohepasilgl'(:;hs codes
Field : Field : :
Signal Tlnal Ré\gs:d Signal Trial R(e:\(;lggd adopted fOI' the . field trials
Code Code and the revised signal codes.
Terminal seizure X } X \ Proceed to send X X In the case Of the ‘pulsmg
Transit seizure XX | XX Number received Not provided X 51gnals transmltt.ed_ WIth the
e S ek - X 1v.f. system, the digitalinform-
r .
Digital signals Yoo Y ation has been rearranged to
(see Table 6) Ring tone XSX Not provided conformwith the mathematlcal
End-of-pulsing Arythmic Code (15) ||~ Answer X XSX arrangementofthebinarycode.
| Train of
pulses XX

Access to operator Arythmic Code (11) Clear back XSSXSSX... FACILITIES AND TRUNKING
Access to particular operator | Arythmic Code (12) Re-answer No signal XSX ARRANGEMENTS OF THE LONDON
Forward transfer X { XSX Release guard XXSXX XXSXX INTERNATIONAL AUTOMATIC

Clear forward XXSXX ‘ XXSXX Blocking Continuous signal EXCHANGE

NOMINAL SIGNALLING FREQUENCY: 2,280 ¢/s

REVISED SIGNAL TIMINGS:

Signal Element Signal Duration (ms)
X 120-18

Recognition Time (m)
60-100

The equipment provided
at London for the field trials
remained in service after the
conclusion of thetrialsand was

XX 480-720 300450 .

s 80-120 30-50 augmented in 1954 to enable
hgmh le of the Amsterd
the whole of the Amsterdam

TABLE 6 route to be converted to semi-
1'V.F. Arythmic Code automatic operation. The field-trial
re—— equipment was, however, primarily
Equivale- t . . . designed to test the relative merits of
a 22 =8 22 =4 2 =2 20=1 gned. ;
ol Signal the two signalling systems and was not
Pulsing Signal ' Swnal cloments Stop intended for large-scale expansion.
Start £ After the issue of the revised
1 2 3 4 C.C.LF. specification for international
Dieit 1 9 % signalling equipment in 1955 the
Digit 3 3 E design was started of equipment for
Disit 4 @ a new exchange capable of providin
Digit 5 (5) I s .g p p Ing
Digit ¢ ggg | 1,000 incoming and 1,000 outgoing
Digit 8 @® ! ! circuits. The outgoing circuits
Digt o R cater for 2v.f. working only, this
Access to operator (11) being in accordance with the C.C.I.F.
Acoess to particular operator {12) recommendation, mentioned  pre-
€ $]
S i - . . .
End op S sing He viously, that the choice of the signalling
Spare (16) used on any route may be determined
0 50 100 150 200 250 300 by the outgoing centre, but both 1 v.f.

Time in ms
NOMINAL SIGNALLING FREQUENCY: 2,280 ¢;s

SIGNAL DURATIONS:

The start, stop and signal elements each have a nominal duration of 50 ms, corresponding to a

speed of sending of 20 bauds.

Blocking Signal (transmitted in the backward direction)
—This signal is sent to the outgoing end of the circuit
to cause the international circuit to test “busy” when
it is necessary to perform certain maintenance operations
at the incoming international exchange.

SIGNAL CODES OF THE TWO STANDARD
SIGNALLING SYSTEMS

In the revision of the specifications of the equipment
used for the field trial, certain changes were made to the
basic signal codes of the 1v.f. and 2 v.f. systems, these
changes being made primarily to improve the margins of
security of circuit operation and, where possible, to simplify
the timing requirements. It was also necessary to modify
the signal code of the 1v.f. system so that it gave the
same operating facilities as the 2v.f. system; this resulted
in a major modification to the 1v.f. code of signals.
The signal codes are given in Tables 3 and 4 for the 2v.f.
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and 2 v.f. incoming equipment will
be provided at the London centre.

The trunking arrangements of the
London equipment are shown in Fig. 1
and Fig. 2, which refer to the outgoing
and incoming equipment, respectively.

Outgoing-Route Selection

The equipment provided at London on the initial
installation caters primarily for direct routings, and
access to each outgoing semi-automatic circuit is pro-
vided from the Continental manual board. Itisenvisaged,
however, that a limited number of routings will require
to be switched through an international centre in
another country, so that the facility has been provided
for all outgoing circuits to be used, if required, for either
terminal or transit connexions. Because of the common
access from the multiple, and because the establishment
of a transit call proceeds in a different manner from that
of a terminal call, information must be passed to the
outgoing equipment indicating what type of call, terminal
or transit, is being made. This information is given by
the depression of either a terminal start key or a transit
start key during the setting up of the call.
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Signals Keyed by the Operator

Each manual-board position in the Continental
exchange is provided with a signal key-strip for setting
up the connexions. The order in which the signals are
keyed for a call to a distant subscriber is as follows:

(7) Terminal-start signal or transit-start signal.

(if) Two-digit international code—on transit calls only.

(#ii) National number of required subscriber (may be
up to 10 digits).

(iv) End-of-keying signal.
This information is received and stored by the outgoing
register.

Assistance Facility

If the outgoing operator requires the assistance of
an operator in a distant country, due, for example, to
language difficulty with the called subscriber, it is
possible to call an operator in the incoming country
into circuit. The signal used to provide this facility is the
forward-transfer signal which is initiated by the opera-
tion of the position ring-key.

On calls set up automatically within the incoming
terminal country, the reception of a forward-transfer
signal will cause an assistance operator who can speak
the required language to be associated with the connexion
already established.

On a call routed via an operator at the distant in-
coming international centre, the reception of the forward-
transfer signal will cause the incoming operator to be
recalled.

Language Discrimination

The service language to be used between operators
in the European service is agreed, for each route, by
the administrations concerned. With semi-automatic
operation it is convenient to permit access to common
manual-board positions at the incoming terminal
exchange and, hence, it is necessary to indicate to the
operators answering calls to these positions the service
language to be used. To cater for this requirement, a
language digit is transmitted preceding the normal
digital information. The language digit may be keyed
by the operator or inserted automatically; the second
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4-wire speech path
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The incoming relay-set includes a 4-wire/2-wire terminating set
FIG. 2—TRUNKING ARRANGEMENT OF INCOMING EQUIPMENT
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method has been adopted in the design of the outgoing
equipment at London. For a terminal call, for which
the outgoing register receives a terminal-start signal,
the language digit required is determined by a discrimi-
nating signal received from the associated manual-board
relay-sets. For transit calls, the language digit is deter-
mined within the outgoing register, by an examination
of the country code keyed by the calling operator.

At the incoming terminal exchange the language
digit is detected by the incoming register, being the first
digit received, and an appropriate signal is extended
from the incoming register to the incoming relay-set,
where it is stored for future use should the call be to the
manual-board position, or should assistance be required
later. The method used to indicate the language to be
spoken on calls incoming to London is by the provision
of three calling lamps per incoming manual-board
circuit, each calling lamp being used to indicate a
particular language.

Outgoing Equipment

Provision is made in the outgoing relay-set for joint
access from the manual board and selector level to
permit, at a later stage, access for international subscriber-
dialled calls and for international transit calls. No
provision has been made in the initial installation for
international subscriber dialling or for automatic
international transit operation other than ensuring that
these facilities can be added at a later stage.

The voice-frequency receiver, which converts the
incoming v.f. signals into d.c. signals, is associated with
the outgoing relay-set and includes a buffer amplifier
to protect the receiver from near-end interference. All
voice-frequency signals are sent under the control of static
relays located in the outgoing relay-set, the control for
pulsing signals being on a d.c. basis from the outgoing
register. The duration of the line signals is accurately
timed by three capacitor-controlled relays and these
relays, operating in sequence, generate any of the re-
quired line signals.

A limited number of manual-board relay-sets have
been provided with access from the transatlantic telephone-
cable switching equipment, and these circuits cater for
the extension of transatlantic calls to the continent, on a
4-wire basis, via the International and Continental
manual boards.

Signalling-Failure Alarm Conditions

Due to the high cost of international circuits it is
most desirable to keep the out-of-service time to a
minimum and special arrangements have been made for
the detection and indication of signalling failures.
Wherever possible in the international signalling systems
each signal is acknowledged; the acknowledgement of
the seizing signal is the proceed-to-send or busy signal,
whilst the clear-forward signal is acknowledged by the
release-guard signal. In the 2v.f. system each numerical
signal s also acknowledged by an acknowledgement
signal.

If, during the setting up of a connexion, the outgoing
register fails to receive a proceed-to-send or acknowledge-
ment signal the register is forcibly released after a short
period, and the operator will receive number-unobtainable
tone. When the operator clears the clear-forward
signal will be sent, which should result in the reception
of a release-guard signal, this latter signal restoring the
circuit to normal. Should a release-guard signal not
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be received, the outgoing circuit remains busied and the
clear-forward signal is repeated at intervals of about
1 minute. If a release-guard signal is not received
within 3-6 minutes an indication is given on a circuit
alarm at the International Maintenance Centre (I.M.C.),’
thus bringing the fault to the notice of the engineering
staff.

The above conditions are the normal working con-
ditions, but keys are provided on the test positions in
the I.M.C. to enable any circuit to be kept under obser-
vation if intermittent faults that could be masked by
the repeat-clear facility are suspected. Thus, a key, when
operated, disconnects the repeat-clear facility and pro-
vides for an alarm to be given, as soon as the operator
clears down the associated circuit, should there have
been a failure to receive a proceed-to-send or an acknow-
ledgement signal. The operation of this key also provides
for an alarm to be given in the event of a release-guard
signal not being received within 5-10 seconds of
sending a clear-forward signal.

Incoming Equipment

Each incoming international line is connected to an
incoming relay-set which is associated with a voice-
frequency receiver and buffer amplifier. Provision is
made for each incoming relay-set to have access to one
of two types of register depending on the type of seizing
signal received, one being a terminal register which will
control the routing of calls within the national network
and the other a transit register whose function is to
direct the call to another country. There is at present
no demand for automatic transit routings and the
transit switching equipment has not, therefore, been
provided, but it can be added at any time should the
facility be required.

On terminal calls the selection of the required service
is provided by a route selector (a motor uniselector),
which is positioned under the control of the incoming
register. This selector caters for five groups of circuits,
each group having an availability of 10-40, the total
availability being limited to 100.

The incoming register-translators differ from those
provided for subscriber trunk dialling,* in as much as
they combine the functions of an incoming register-
translator for calls incoming to London and a controlling
register-translator for calls incoming to the provinces.
Each translator provides for the translation of 300
3-digit London codes and 300 3-digit provincial codes. The
incoming register discriminates, from the second digit
received (the first digit being the language digit), between
calls to be routed to the London director area and those
which are to be routed to the provinces and applies an
appropriate marking condition to the translator. The
operational sequences are similar to those used in the
national incoming register-translator for director areas.’

Access is provided from the route selector tothe London
(Faraday) trunk-exchange incoming-unit for calls to
London subscribers, and via the London (Faraday) trunk-
exchange outgoing-unit for calls to provincial subscribers.
The incoming relay-set and the route selector cater for
4-wire switching but, initially, 2-wire switching will be
provided on calls to the inland network until such time
as 4-wire selector switching becomes available.

Access to the Incoming Manual Board

To obtain uniformity in operating procedures the
dialling codes for access to the manual boards at each



distant incoming international centre have been stan-
dardized. Since the use of 4-eclement codes for the
transmission of the digital information provides discrete
codes for the numerical digits 1-0 and also for the codes
11-16, it has been agreed to utilize codes 11 and 12
for this purpose.

The code-11 operator performs the functions of an
incoming “B” operator for the completion of calls
which cannot be established automatically by the
controlling operators in distant countries.

The code-12 operator deals with calls which cannot
be completed by the outgoing controlling operator in
the prescribed number of attempts and with certain
classes of call requiring special treatment, or she may
serve as a booking operator.

Provision is made at London for access via the route
selector to the code-11 and code-12 common group
of manual-board circuits, and to the code-12 country
group selectors which have particular levels allocated to
the larger foreign countries for the booking of calls. Direct
access is also provided via a code-12 group selector to
the International exchange to permit calls from the
continent of Europe to be routed automatically, on a
4-wire basis, to the International exchange by the
keying of code 12, followed by the digit 8. In addition,
code-12 individual-position final selectors cater for
access to particular positions of the Continental manual
board. The code-12 individual-position service is used
for the extension of calls which have been booked in a
distant country, the position number being given to the
booking operator in the distant country at the time of
booking the call. A novel feature of the code-12 selectors
is that no manual-board relay-sets are provided, the
normal sleeve-control termination being included in
the selector circuit, thus providing a considerable economy
in equipment.

Incoming Subscriber-Dialled Calls

Provision has been made in the design of the incoming
register to cater for the requirements of incoming calls
from subscribers in distant countries. It has been agreed
internationally that the digit “0” should be sent in
place of the language digit on subscriber-dialled calls,
as an indication to the incoming equipment that the call
is from a subscriber and not from an operator. On a
subscriber-dialled call no end-of-pulsing signal will be
received, and the incoming register has to determine
when sufficient digits have been received. For a call to a
London subscriber this is readily determined by counting
the digits received, since all calls will consist of eight
digits. With calls to subscribers in the provinces the
number of digits may vary between seven and nine and

it is not possible to determine the correct number of
digits in every case except by an analysis of the first
five digits of the national number. It is not considered
practical to analyse up to five digits on all calls and use
is made of time-pulse discrimination to determine when
the complete number has been received. A 5-second
time-pulse circuit is connected after the receipt of the
seventh and eighth digits and if no further digit is
received within this period it is assumed that a complete
number of digits has been received.

CONCLUSIONS

Equipment to cater for semi-automatic operation on
300 outgoing and 300 incoming circuits using the
international 2v.f. system was installed at the London
Faraday International Exchange during 1958. Part of
the equipment was brought into service in November
1958, with circuits to Amsterdam and Rotterdam, and
has proved satisfactory in service. Several other routes
were converted to semi-automatic operation in the
early part of 1959, when the equipment became fully
operational. Work is now proceeding on the installation
of a quantity of incoming 1 v.f. equipment for use on
the Paris route. When this equipment has been installed,
semi-automatic operation will be possible to any
European centre suitably equipped with international
signalling and switching systems.

The future developments that are now being
considered involve the extension of this installation to
cater for international subscriber dialling, automatic
transit-switching for European circuits, and the inte-
gration of the continental and international telephone
services with 4-wire switching.
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The London International Maintenance Centre
K. E. STOTESBURY, B.Sc.(Eng.), AAM.LEE., and S. H. L. BYRNE{}

U.D.C. 621.395.5.004.5(421)

With the introduction of the semi-automatic operation of cont’nenta
telephone services it was necessary to define and agree, inter-
nationally, the organization required for testing and clearing
faults on international circuits. The organization in each telephone
administration established to perform these duties is known as the
International Maintenance Centre. This article describes the
organization of the London International Maintenance Centre and
the testing equipment provided to maintain continental circuits.

INTRODUCTION

HE introduction of the semi-automatic operation

of international circuits' has necessitated a com-

plete revision of the organization for the maintenance
of international circuits. Voice-frequency signalling
equipment is considerably more complex than the
manual signalling equipment which it supersedes, and,
from a maintenance point of view, requires special
fault-localizing procedures involving the use of test
equipment designed to indicate quickly and precisely
the type of fault which may exist.

The work of the International Maintenance Centre
(IM.C)) can be divided roughly into two parts; one is
concerned with the prevention of faults and requires
the carrying out of periodical tests of international
circuits to ensure that they conform to certain accepted
standards of maintenance, and the other is the localization
of faults as they arise. By combining the functions of
carrier-group control and circuit control, the I.M.C. is
able to keep the out-of-service time to a minimum.

The voice-frequency signalling and associated equip-
ment has been designed to provide a large measure of
automatic indication of faults, which are immediately
brought to the attention of the maintenance personnel.
It is a function of the I.M.C. to ensure that these faults
are dealt with expeditiously.

The following describes the organization which has
been set up at the London international centre and the
test equipment which has been provided to maintain
continental circuits. This section is known as the
London IM.C./C. Later, another section will be
provided dealing specifically with Commonwealth and
transatlantic telephone cable circuits and will be known
as the London I.M.C./A.

RESPONSIBILITIES OF AN INTERNATIONAL
MAINTENANCE CENTRE

The duties of an International Maintenance Centre
are clearly defined. The XVIIth Plenary Assembly of
the International Telephone Consultative Committee
(C.C.LE.*), 1954°, agreed that each Administration
would be responsible for the testing and clearance of
faults on its outgoing semi-automatic circuits, i.e. circuits
with manual access at the outgoing end and with dialling
facilities into the distant automatic equipment. The
body within each Administration which would carry out

+ The authors are, respectively, Area Engineer and Executive
ll%ngjneer, Long Distance Area, London Telecommunications

egion.

* The International Telegraph Consultative Committee
(C.C.LLT.) and the International Telephone Consultative Com-
mittee (C.C.I.F.) were combined in 1955 to form the International
Telegraph and Telephone Consultative Committee (C.C.I.T.T.).
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these duties should be the I.M.C., whose responsibilities
are as follows:

(a) To receive all reports of faults on its outgoing
international circuits and conduct tests with a view to
the broad localization of faults, limiting this to ascer-
taining the division of technical responsibility for their
clearance.

(b) To entrust the clearance of faults to the appropriate
technical division as determined by the broad localization.

(¢) To ensure that the out-of-service times on its
outgoing international circuits (due to faults or other
causes) are kept to a minimum compatible with the needs
of the service.

(d) To return a circuit to the operating services
after having verified its correct functioning.

(¢) To keep detailed records of the faults, localiza-
tions and clearances with which it has been concerned.

(f) To co-operate with the I.M.C.s of other countries
in respect to the broad localization of faults on its
incoming international circuits, and accept responsibility
for the clearance of faults found to exist in or beyond
the centre concerned.

(g) To advise the I.M.C. of an outgoing circuit of
the need to put any of its incoming international circuits
out of use.

(h) To ensure that routine tests on its outgoing
international circuits are carried out at specified times,
and that any faults revealed by such tests are dealt
with expeditiously.

(i) To ensure that new outgoing international circuits
are satisfactory in operation before being brought into
service, and co-operate with the I.M.C.s of other
countries in any tests which may be necessary on new
incoming circuits.

The control, for transmission purposes, of the line
is not included in these responsibilities and it was
agreed that the repeater station attached to each I.M.C.
should be the control station for the semi-automatic
circuits outgoing from that centre. At London, however,
the transmission control of the line is exercised from the
same test-desk position as that used by the testing officer
carrying out the duties of the I.M.C. These test-desk
positions are, therefore, provided with facilities for
testing the operation of semi-automatic circuits and also
for testing the transmission quality of the international
line.

GENERAL LAYOUT OF THE LONDON INTERNATIONAL
MAINTENANCE CENTRE

In the test-room at the London I.M.C. (Fig. 1), two
separate suites of normal test positions are provided, one
to accommodate the controlled circuits, and the other to
accommodate the non-controlled circuits. This allows
the testing equipment and replacement equipment pecu-
liar to either outgoing circuits or incoming circuits to be
segregated. This division also allows advantage to be
taken of the lower degree of responsibility of the I.M.C.
for incoming circuits, thus permitting increased loading,
with circuits, of the non-controlled-circuit positions com-
pared with the controlled-circuit positions. For the









When testing a circuit for fault-localization purposes,
or when all circuits to a distant centre are under special
observation because, for example, of a rise in the failure
rate on that route, the alarm change-over keys associated
with the appropriate alarm lamps may be operated.
With an alarm change-over key operated the alarm lamp
is caused to flash if

(a) a proceed-to-send or busy-flash signal is not
received within 15-30 seconds of the sending of a
seizing signal, or

(b) an acknowledgement signal is not received within
5-10 seconds of the transmission of a numerical signal, or

(¢) a release-guard signal is not received within 5-10
seconds of the transmission of a clear-forward signal.

Should any of these conditions arise the circuit is held
busied, awaiting maintenance attention.

In general terms, these alternative alarm arrangements
have the effect that, in the first case, with the alarm
change-over key in its normal position, only a definite
failure likely to result in the circuit being unworkable
will operate the circuit alarm, while in the second case,
with the alarm change-over key operated, any slight
trouble that is likely from time to time to result in a
call being set up incorrectly will operate the circuit
alarm. However, in the second case it may be consider-
ably more difficult to locate the cause of the alarm.

Busying a Circuit from the Incoming End

Facilities are provided at the incoming end of an
international circuit for the circuit to be automatically
busied at the outgoing end should maintenance attention
be required for a short period only. This busying is
effected by the operation of a key on the test position,
or seizure of the incoming equipment by a tester or
routiner, which causes a “‘blocking” signal to be returned
to the outgoing-end equipment to busy the circuit. At the
outgoing end the circuit-alarm lamp will glow if the
circuit is busied in this manner for a period exceeding
6-12 minutes.

Call-Progress Indicator

Facilities are provided for the testing officer to be
able to follow the progress of a call using equipment
known as the Call-Progress Indicator (C.P.L.); with
this equipment the signals exchanged over an inter-
national circuit are indicated on a display panel as the
call progresses. When the C.P.I. is used for monitoring
a circuit using the international 2 v.f. signalling system, the
signals are detected by two signal receivers, one of which
is connected to the transmit pair and the other to the
receive pair of the circuit. Provided the v.f. signals on the
circuit are at a suitable level and not seriously distorted
they are decoded and indicated on the lamp-display panel.
The receipt of a line signal in either direction causes the
display lamp for any previous signal in that direction
to be extinguished, and the new signal is decoded and
displayed. The circuit arrangements allow for signals in
both directions to be decoded simultaneously, if required.
Numerical signals and their acknowledgement signals
are also decoded and displayed, but the whole of the
numerical display is retained until the equipment is
automatically reset on the receipt of a release-guard
signal.

A similar arrangement is provided for monitoring
calls on circuits using the international 1 v.f. signalling
system. The selection of the appropriate section of the
C.P.I. equipment to deal with signals from either a

1 v.f. or a 2 v.f. international signalling system is made
by the operation of a key, but the same display panel is
used in both cases.

The display panel is arranged to display up to 16
pulsing signals comprised of two destination-code digits,
which may be repeated twice to cater for a routing via
two transit centres, the language digit, 10 digits of the
called subscriber’s national number, and the end-of-
pulsing signal. In addition, the display panel can indicate
the receipt of any of the standard line signals for both
the 1 v.f. and the 2 v.f. international signalling systems.

The C.P.I. does not carry out precise measurements of
the duration of the signals; when these measurements are
required they are obtained by the use of a calibrated
signal generator and measuring apparatus which is
fitted on one of the test positions, and which has been
described elsewhere.?

Picture-Call Position

Briefly, the present system of setting up calls for the
transmission of pictures by facsimile telegraphy over the
continental telephone network is a modification of the
normal demand procedure for completing a telephone
call. Thus, when the called subscriber has agreed to accept
a facsimile call, both ends of the telephone circuit being
used are intercepted at 4-wire points, and these 4-wire
points are extended to the renters’ premises at both ends
over specially provided 4-wire circuits. By this method
all terminal equipment containing relay and key contacts
which are normally in the transmission path is removed
from the circuit. The renters then have the use of the
circuit until the originator of the call notifies the operator
that the call has been completed. The 4-wire interception
is then cleared down and the circuit is restored for
normal telephone use.

This procedure provides a satisfactory means of
meeting the conditions required by these calls, which,
to be successful, demand negligible reflection of signals
(this condition is best met by providing a 4-wire circuit
from subscriber to subscriber) and negligible change of
transmission loss of the circuit throughout the time a
picture is being transmitted. The most convenient
point to establish such a 4-wire connexion is in the test-
room, where a 4-wire point is available and where the
staff are fully aware of the technical requirements of
such calls and the means of minimizing disturbances to
the calls. Since the number of such calls is high, and
is rising, a specially equipped position has been provided.
This position has, terminated on jacks on the vertical-
face panels, the 4-wire local circuits direct to the London
newspapers and news agencies who use this service, and
4-wire-line break jacks in the continental telephone
circuits nominated as suitable and normally used for
setting up these calls. Short stranded-conductor patching
cords are used to interconnect these circuits as required.
Speaker circuits from, and to, the London operators
and continental picture-call controls are provided to
ensure speedy and co-ordinated setting up and taking
down of these connexions. Also, arrangements have
been made so that up to three officers may function
simultaneously on the one position during peak periods,
which are liable to occur when an event of international
importance occurs in any country.

The picture-call position is equipped with 4-wire
speaker cord-circuits to allow speaking to both ends of
the circuit to ensure the connexion is established and
both parties are ready to proceed. Also, high-impedance
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peak-program meters are provided to check the trans-
mission level of the picture signal. A normal 4-wire-
line test-cord is fitted to allow immediate checks to be
made on the circuit should trouble be reported.

Occasionally additional circuits to those nominated
for picture traffic are required for a picture connexion.
A circuit is chosen that is likely to give good perform-
ance, and it is patched through, via break jacks
on the picture-call position, from its normal line-side
4-wire break jacks on either a controlled-circuit position
or non-controlled-circuit position, and back to its
normal exchange-side 4-wire break jack. Although
patched through the picture-call position, the circuit
is available for normal traffic use until such time as the
picture call is ready, when the circuit is intercepted and
the 4-wire end-to-end connexion is completed.

CONCLUSIONS

The task of designing and installing the London
ILM.C. was made difficult by the short time available
and the peculiarities of the accommodation. The main
difficulties created by the accommodation were due to
the existence of centrally placed pillars and strengthening
ceiling beams, and the low floor-loading permitted.
Team work was essential, and co-operation between
members of the Engineering Department, External

Telecommunications Executive, London Telecommuni-
cations Region, Long Distance Area and Londen
Power Section, and the Ministry of Works (to name the
organizations most concerned) was close throughout
the project. The burden of the installation work fell on
the London Power Section and the Long Distance Area,
for the short time available made it quite impossible to
produce detailed specifications to enable the work to be
done under contract, and the appearance of the room
is a credit to their standard of workmanship.
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Book Reviews

“Extrusion of Plastics.” E. G. Fisher, Ph.C., F.P.I. Pub-
lished for the Plastics Institute by Iliffe & Sons.
114 pp. 37 diagrams and 4 pages of art plates. 2Is.

This volume is the first of a series of monographs on
plastics which is to be published under the auspices of the
Plastics Institute, and which will deal with the more
important processes and plastic materials.

The dust cover states that “They have been planned
primarily to cover the syllabus in the technology, chemistry,
engineering, and physics of plastics leading to the Diploma,
Graduateship and Associateship of the Plastics Institute;
but they will also be found invaluable by anyone who wishes
to obtain specialized information on a particular subject
connected with plastics.”

The extrusion of plastics is dealt with under the following
chapter headings:

Introduction; Basic Principles of Extrusion; Theoretical
Considerations of the Modern Single Screw Extrusion
Machine; Multiscrew Extrusion Machines; Constructional
Features of Extrusion Machines; Materials for Extrusion
and General Applications; The Extrusion of Thermosets.

On an average about 7-10 references, mostly to literature
in the 1945-55 period, are given after each chapter.

Looking for specific information on points that might
interest engineers concerned with extrusion the following
are adequately covered for a book of 114 pages:—ram
extrusion, wet extrusion, pump extrusion and screw
extrusion, dry extrusion, single and multi-screw machines,
single and multi-start screws, zoning of screws, types of
screws for different purposes and materials, heat and power
requirements, cooling, barrel design, die adaptor design,
die design, wire covering and take-off systems. There does
not appear to be any reference to continuous vulcanizing
machines but it may be argued that these are more appro-
priate to a book on rubber extrusion.

The book is well written and logically arranged and would
appear to serve its declared purpose very well. A. A. N.
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An Introduction to the Theory and Practice of Semi-
conductors. A. A. Shepherd, M.Sc., Ph.D., A.Inst.P.
Constable & Co., Ltd. 206 pp. 99 ill. 18s. 6d.

Semiconductors and transistors continue to attract
increasing attention from scientists, technologists and
engineers. The subjects are so full of new ideas, facts,
processes and analyses that it is difficult to say which parts
are the most fascinating; but they have become so extensive
that books about them have to be selective, if not highly
selective, in the choice of fields covered. Dr. Shepherd opens
his small book with brief accounts of the physicist’s model
of solids and of the measurement of the electrical properties
of semiconductors and their interpretation; he then turns to
the technology of germanium and silicon, semiconductor
diodes, transistors and photocells, largely in descriptive
terms, though that part of the chapter which deals with the
physical processes of rectification might well have come a
little earlier. A final chapter deals with the compounds of
elements of Group III of the periodic table with elements of
Group V, which are semiconductors and have some pro-
perties comparable with or superior to those of germanium
and silicon. No attempt is made at elaboration and, but
for some loose use of the pronoun “this,” the writing is
easily followed. In condensing many hundreds of papers
into so few pages the author can rarely be accused of over-
simplification ; there is little more serious than the derivation
of the capacitance of a space charge double layer (more
often called a depletion layer) from the equation for a
parallel-plate capacitor rather than directly from dQ/dV.
But the author’s skill must not lead the reader to believe that
following up the references given will always be as easy a
task as reading the book.

The diagrams are simple, but generally sufficient, even if
a little inelegant here and there. In all, the book should
fulfil its purpose of introducing advanced students and
young graduates to the subject, “without tears.”

JR.T.



The IXth Plenary Assembly of the C.C.L.R., Los Angeles, April 1959

U.D.C. 061.3:621.396

INTRODUCTION

HE IXth Plenary Assembly of the C.C.I.LR. (Comité

Consultatif International des Radiocommunica-

tions) was held, at the invitation of the United
States Government, in Los Angeles during the period
2-29 April 1959. Plenary Assemblies of this body, an
organ of the International Telecommunication Union,
(itself a specialized agency of the United Nations) are
held at intervals of about three years, previous post-war
conferences being held in Stockholm (1948),' Geneva
(1951),2 London (1953)* and Warsaw (1956).

The organization of the Assembly was no mean task,
for some 40 countries, together with about 30 private
operating agencies, international organizations and
scientific or industrial bodies, were represented by
upwards of 300 delegates. Secretarial, translation,
interpretation and office staffs accounted for another
115 persons, so that the total strength of the conference
exceeded 400. The United Kingdom delegation of 27,
under the leadership of the Assistant Engineer-in-Chief,
Radio, included Col. A. H. Read, Telecommunications
Attaché from the British Embassy in Washington, nine
delegates from the Post Office, the Department of
Scientific and Industrial Research and the British Joint
Communications and Electronics Board, together with
ten representatives of the B.B.C., I.T.A. and other
British operating agencies, four advisers from the Radio
Industry Council, a Conference Officer and a Secretary.

The scope of the conference was wide, covering the
whole technical field of radio communication from the
simplest transmission of Morse telegraphy to the complex
systems required for the transmission of multi-channel
telephony and television. The work was split up among
14 Study Groups, each dealing with a particular field of
study. To give in detail the results of the Conference
would be impossible in a short review, for more than
700 papers were studied, some 200 of them being adopted
by the Plenary Assembly, most of them unanimously, for
inclusion in the official volume of documents of the
C.C.LLR. Space permits only the mention of a few of the
more important matters dealt with by the various Study
Groups.

WORK OF CONFERENCE

Study Group I—Transmitters

This Study Group, which is concerned with all aspects
of radio transmitters has, amongst other things, recom-
mended closer frequency tolerances and tighter limits for
spurious emissions for new transmitters in the various
classes of radio services throughout the spectrum. It
has also agreed on standard signalling conditions for
frequency-shift and diplex radio-telegraph transmissions.

Study Group II—Receivers

The work of Study GroupllI consists mainly of collecting
information on the performance of receivers for various
classes of service. This work, whichis primarily concerned
with future planning, was continued and revised tables
giving the latest information on sensitivity, selectivity
and stability wereapproved. Theinfluence of atmospheric
noise on receiver performance is also being studied.

Study Group III—Fixed Service Systems

Of the many matters dealt with by Study Group III,
which is concerned with the telegraph, telephone and
facsimile systems used by fixed radio services (operating
generally below 30 Mc/s), were the prediction of the
performance of radio-telegraph systems, in terms of
the band-width and the signal-to-noise ratio of the
system, and the preferred characteristics of 7-unit ARQ
(error detection and correction) radio-telegraph systems.

Study Groups IV, V and VI—Propagation

These three Study Groups deal respectively with
ground-wave, tropospheric and ionospheric radio propa-
gation. Among many other matters, of particular interest
are (a) the revision of the long-distance tropospheric
propagation curves essential for the planning of sound
broadcasting and television services in the v.h.f. and
u.h.f. bands, () the study of propagation by scattering
from the lower ionosphere using frequencies in the lower
part of the v.h.f. band over distances of some 1,000-2,000
km, (¢) the revision of atmospheric-noise data, (d) the
study of sporadic-E reflections on a global basis with a
view to improving frequency predictions and enabling
the degree of interference caused by such reflections to
be calculated, and (e) the study of the technical factors
affecting the selection of frequencies for communication
to and between artificial earth satellites and other space
vehicles.

Study Group VII—Standard Frequencies

Standard frequency and time signals are transmitted
in the h.f. band from a number of stations. The C.C.L.R.
recommendations for the preferred characteristics for
such transmissions were reviewed and brought up-to-date
in the light of the increasing accuracy required by some
specialized users. It may be noted that the British service
from MSF (Rugby) is operated fully in accordance with
the latest recommendations.

Study Group VIII—International Monitoring

This Study Group has reported on the preferred
equipments and methods for the measurement at monitor-
ing stations of frequency, field strength, band-width,
etc. of various types of radio emissions, and of the
necessary and attainable accuracies of measurement. It
has also reported on the automatic monitoring of
spectrum occupancy and on the facilities to be provided
by mobile monitoring stations.

The Study Group is also concerned with the identi-
fication of radio emissions and has recommended
methods of inserting identifying signals in various types
of radio emissions without interrupting traffic.

Study Group IX—Radio-Relay Systems

Study Group IX has revised or prepared recommenda-
tions relating to radio-relay systems for television and
telephony. Perhaps the most important are those
concerning radio-frequency channel arrangements. The
arrangements formerly applying to six go and six return
r.f. channels, each for 600 telephone channels, in the
2,000 and 4,000 Mc/s frequency bands have been
extended to cover broadband channels for 1,800 telephone
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channels, or systems with one television and 600 telephone
channels on each radio carrier.

For the 6,000 Mc/s band a new radio-frequency
arrangement for eight go and eight return channels
has been adopted as the preferred standard for world-
wide use. This new standard can be applied to systems
with 600, 960 or 1,800 telephone channels in each
radio-frequency channel and provides for interconnexion
withdsimilar systems operating in the 2,000 and 4,000 Mc/s
bands.

Among other recommendations adopted are those
dealing with the pre-emphasis characteristics to be used
on radio-relay systems for multi-channel telephony and
television; noise limits for such systems; and preferred
frequencies and levels for pilot signals on such systems.

Study Group X—Broadcasting

Study Group X is concerned with all forms of sound
broadcasting (except tropical broadcasting) and record-
ing. It has made recommendations on the necessary
protection ratios in v.h.f. frequency-modulation sound
broadcasting. Previous standards of recording for
program-exchange purposes have been brought up to
date. New studies have been made of stereophonic
sound broadcasting and compatible single-sideband
broadcasting.

Study Group XI—Television

The most important work of this Study Group concerns
the question of television standards for Bands IV and V,
and progress has been made towards the goal of common
standards for monochrome and colour television in
these bands in Europe.

All European countries (including the United Kingdom)
have stated that they are prepared to adopt a channel
spacing of 8 Mc/s in Bands IV and V to achieve a uniform
channelling arrangement and, in consequence, a more
efficient use of the spectrum. Of the countries now using
other than 625-line standards in Bands I and I1I, Belgium
will use 625-lines in Bands 1V and V. the United King-
dom has said the standard to be used with an 8 Mc/s
channel width is still under consideration and France,
while considering 625-line standards with an 8 Mc/s
channel width for colour television, at present wishes
to make some use of Bands IV and V for a second
819-line monochrome service (but using a 16 Mc/s
channel).

In addition, many countries now using 625-line
standards with a 7 Mc/s channel width in Bands I and I
have stated they would be prepared to use an 8 Mc/s
channel width in Bands IV and V if this would enable
a common standard to be achieved. Some countries
have said they would be ready to adopt a value of

4-43 Mc/s for the colour sub-carrier frequency of a
standard colour television system.

Study Group XI1I—Tropical Broadcasting

This Study Group has reported on improved methods
for calculating the sky-wave field-strength of tropical
broadcasting transmitters and on the necessary protection
ratios and fading allowances in the planning of tropical
broadcasting services. It has agreed that further studies
are needed before final recommendations are made.

Study Group XIII—Mobile Services

This Study Group is concerned with land, maritime and
aeronautical mobile radio communications. One of its
more important recommendations lays down technical
standards for the introduction of single-sideband
systems for maritime and aeronautical radio services.
Other recommendations concern the international dis-
tress signal “MAYDAY” and the accuracy of bearings
of radio direction finders, both vitally important matters
when ships or aircraft are in distress. A study has also
been made of “selective calling” systems and agreement
was reached on the lines of further investigation.

Study Group XIV—Vocabulary

This Study Group is concerned with terms, definitions,
symbols, etc. One aspect of its work of general interest
is a recommendation that the term Hertz (Hz) is acceptable
as an alternative to cycles per second (c/s).

CONCLUSION

Recommendations made by the C.C.ILR. are not in
themselves mandatory but form a guide for good design
of radio equipment of all kinds. Consequently they are
put into practice to a large extent. In addition, where
necessary, they are used as the basis for the recom-
mendations of an Administrative Radio Conference
to which the majority of countries bind themselves.
The imminence of such an Administrative Radio
Conference, to be held later this year in Geneva, makes
the results of the Los Angeles conference of particular
importance.

As a result of an invitation issued by the Government
of India and unanimously accepted by the Conference, the
next C.C.ILR. Plenary Assembly will be held in New
Delhi in 1962.

C.F.B.
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Telegraph Distortion in the Trunk Network of the Telegraph
Automatic Switching System

L. K. WHEELER, B.Sc.(Eng.), AM.IEE., and A. C. FROST, AM.ILEE.T

U.D.C. 621.317.34:621.3.018.782.4:621.394.74

The Telegraph Distortion Analyser described in a previous article
has been used to collect data on the service performance of the
v.f. channels in the automatic telegraph switching system and a
statistical analysis has been made to obtain an estimate of the
quality of connexions involving various numbers of channels.

INTRODUCTION

HE provision of v.f. channels in the telegraph

automatic switching system was founded on the

general principle that it should be possible to
connect any two switching centres through the medium
of not more than three channels in tandem. This was
based on distortion measurements made on channels
operating under known adverse conditions. The system
gives a very satisfactory telegraph service but quantita-
tive data to provide an overall estimate of the quality
of performance in terms of telegraph distortion under
normal working conditions has hitherto not been
available. An investigation has now been made of the
distribution of telegraph distortion in a considerable
sample of circuits comprising various numbers of
channels in tandem and statistical techniques have been
employed to predict the numbers of connexions that
may be expected to meet a given criterion of performance.
The field of investigation was extended beyond the
consideration of only three links in tandem to discover
the grade of service which might be expected with more
links. This is of importance when considering the

+ The authors are, respectively, Assistant Staff Engineer and
Senior Executive Engineer, Post Office Research Station.

economics of providing channels to meet the demands
of international telex operation.

The results of the investigation show that in general
a high-grade performance is obtained from the network
as originally planned and that although a lower security
of performance results from permitting an increase in
the number of links in tandem, the risk is calculable.
It is also shown that, if steps could be taken to reduce
the incidence of bias distortion, a considerable improve-
ment in overall performance would ensue.

SCOPE OF TESTS

The total number of telegraph circuits examined was
728, each being composed of a number of tandem-
connected channels ranging from two to six. The circuits
were set up by dialling to provide a route through various
switching centres to the centre at which the measurements
were made. Two series of tests were conducted, one,
termed ‘““London tests,” with the connexions originating
and terminating at a London switching centre and the
other, termed “Birmingham tests,”” with connexions from
London to Birmingham. In general, the v.f. telegraph
apparatus in service is Type 3, but one London centre
has Type 4 apparatus, which is of a superior performance.
In the first series of tests all connexions included one
link of Type 4 apparatus, whereas in the second series a
very small proportion of the connexions included this
apparatus. The effect of this is clearly shown in the
measurements. Table 1 shows the number of tests of
each size of circuit and the proportion of the tests that

TABLE 1
Percentage Use of Intermediate Switching Centres

Number of links in tandem, N

Intermediate Number of observations, n
Switching | .
Centre London Tests ! Birmingham Tests
" N=2| N=3| N=4 —s | N=6 | N=2 | N=3  N=—4 =5 | N=6
‘11:20 n=100"' n=40 [ n=1001 n=60 | n=11 n=49 in=100|n=200| n=98

Aberdeen (JAB) | ‘ | 2:0 13 13 1-8
Belfast (JBE) | 2-0 07 1-5 12
Birmingham (JBM)| 200 1 190 167 175 143 | 0-2
Bournemouth (JBH) 3-1 2-0 1-8 22
Brighton (JBR) | ‘ 07 02
Bristol (JBS) | ‘ 11-0 9-1 163 | 120 11-1 13-0
Cardiff (JCF) | 9-1 4-1 47 4-3 43
Edinburgh (JEH) x ’ 6-0 9-1 4-1 ‘ 47 | 45 4-5
Exeter (JEX) | 100 ‘ 83 ‘ 30 5-0 1-0 03 | 11 12
Glasgow dGw) ' 100 190 15-8 165 107 | 143 | 117 9-8 11-7
Grimsby (JGY) ‘ 2:0 17 2:0 ‘ 14
Hull (JHU) | \ ‘ 9-1 1-0 1-7 0-8 0-4
Leeds (JLS) 200 ' 200 15-0 16-0 130 9-1 225 17-6 167 16-2
Liverpool (JLV) 100 160 \ 125 125 9-3 9-1 82 8-0 64 82
London (Centre) ATS) | ‘ ‘ L5 75 65
London (North) (JXN) ‘ 10-8 11-0 97 ‘

London (West)  (JXW) | | | | Co96 | 113 112
Manchester (JMR) 200 | 150 | 117 \ 135 90 9-1 72 | 70 | 65 63
Newcastle NT) 100 \ 10 | 92 10-0 \ 73 ‘ 9-1 62 ] 60 | 52 4-9
Nottingham (JNG) ‘ 9-1 20 23 23 i 1-4
Sheffield (JSH) [ \ 9] 2:0 ‘ 1-7 23 1 14
Southampton (JSO) | ‘ ‘ 47 ‘ 9-0 20 13 2-7 2:0

|
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involved the various intermediate switching centres.
An attempt was made to plan the routes for the tests
according to random choice, but this was possible only
in part, as some switching centres have a very limited
number of routes available. Because the channels to
be tested were selected automatically, they functioned
as they would in ordinary service, without any possibility
of being specially adjusted.

MEASUREMENTS

The measuring apparatus employed was the Tele-
graph Distortion Analyser.* The modulation rate of
the test signal was 50 bauds, the character length was
7-5 units and the distortion of the test transmitter was
less than 0-25 per cent. The text of the test-message was:
THE QUICK BROWN FOX JUMPS OVER THE
LAZY DOG 12345 67890 LINE X C/R L/F L/S
X=1273,4,56o0r7).

The measurement made on each circuit was the
distribution of individual start-stop distortion of 1,000
space-to-mark transitions. This restriction to one kind
of transition must be borne in mind when reading the
subsequent discussion, particularly where ‘‘distortion”
or “distribution of distortion” is used without specific
qualification. Space-to-mark transitions were chosen
because, being of opposite polarity to that of the com-
mencement of the start element, they are directly affected
by bias, which is found to make a dominant contribution
to the limiting of circuit performance. The size of sample,
1,000 transitions, has been found to be adequate for
this particular type of study; comparison of the statistics
derived from measurements of 1,000and 10,000 transitions
indicated that very little precision was gained for the
additional cost in testing time.

The results of the distortion measurement on a
typical circuit are shown as a distribution curve in
Fig. 1. This curve can be used as a source of information
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FIG. 1—DISTORTION MEASURED ON A TYPICAL CIRCUIT

about the performance of the particular circuit; for
example, the point R shows that on the average one
transition in 1,000 has more than 3 per cent late distortion,
or + 3 per cent distortion has a probability of P = 0-001.

ANALYSIS OF DATA

It was found that the individual-circuit distortion
curves were of a similar shape and that they could be
individually represented by two parameters—m, the

* WHEELER, L. K., and Frost, A. C. A Telegraph Distortion
Analyser. P.O.E.E.J., Vol. 47, p. 5, Apr. 1954.
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FIG. 2—THE FUNDAMENTAL DISTRIBUTION CURVE

mean distortion (i.e. the mid-point value of the curve)
and s, the standard deviation of distortion (which deter-
mines the slope)—applied to a fundamental curve (s is
a scaling factor and m determines the vertical displace-
ment). The fundamental curve (Fig. 2) the values for
which are shown in Table 2, was derived empirically
from the analysis of observations on 60 circuits.

TABLE 2
The Fundamental Distribution Curve (see Fig. 2)

Xo F Xo F
— 3:10 0-001 0-0 50-0
— 290 0-01 0-5 68-4
— 262 0-1 1-0 83-7
— 25 02 1-27 90-0
— 212 1-0 15 93-9
— 20 1-6 2:0 984
—1-5 61 212 990
— 127 100 25 99-8
— 10 16-3 262 99-9
— 05 31-6 2:90 99-99

0-0 50-0 3-10 99-999

X, = normalized deviation of x
F = percentage of space-to-mark transitions that are
earlier than x

xX—m
Xp = , where
s

x = given value of distortion
m = mean value of distortion
s = standard deviation of distortion

For circuits comprising a given number of links, it was
also found that the distributions of these parameters
(m and s5) could be closely represented by the normal
error-curve and that there was negligible correlation
between them. Hence it is possible to characterize fairly
accurately the performance of a whole group of circuits
in terms of the statistics of these distributions:

m the mean of the mean values (m) of distortion,

o, the standard deviation of m,

5 the mean of the standard deviations (s) of distortion,

o, the standard deviation of s.

Using these statistics and the fundamental curve, it is
possible to calculate for each size group of circuits the
proportion of circuits expected to meet a given criterion,
e.g. producing an inherent start-stop distortion of less



than 30 per cent (P = 0-0001),* but, due to the limited
size of the sample of circuits, comparison of these propor-
tiens for the various size groups revealed an apparently
anomalous progression. To bring some consistency to
the final predictions of the quality of the telegraph
network, an attempt is made in the following to relate
the values of the statistics to the number of links in the
circuits on the foundation of the generally accepted
theories of the addition of distortion in tandem-con-
nected links, i.e. that bias is algebraically additive,
characteristic distortion is directly additive and fortuitous
distortion is quadratically additive, but these are strictly
applicable to only small values of distortion.

DERIVATION OF RELATIONSHIP BETWEEN DISTORTION
STATISTICS AND NUMBER OF LINKS

The distortion measured is the inherent distortion
(of space-to-mark transitions) and therefore contains
contributions of bias, characteristic and fortuitous
distortion. For simplicity it will be assumed generally
that there is no interdependence of these contributions.

The mean distortion on a group of circuits each
consisting of a given number of links will be largely
decided by the average value of bias distortion for
single links, but it is possible for the mean value of
characteristic distortion to be other than zero and this
will also affect the observed mean distortion. The
standard deviation of the mean distortions will be
controlled by that of bias distortion. The mean of the
standard deviations of distortion will naturally depend
upon the fortuitous distortion, but it will also contain a
component due to the dispersion of characteristic
distortion. The standard deviation of the standard
deviations of distortion will depend upon the distribu-
tion of the mean noise power in the circuits and probably
on the interaction of the various types of distortion, but
it is not readily predicted.

Let

a = mean bias distortion of single links

b = standard deviation of bias distortion of single
links

¢ = fortuitous component of the standard devia-
tion of the distortion of single links

d = characteristic component of the standard
deviation of the distortion of single links

e = characteristic component of the mean dis-
tortion of single links

N = number of links in tandem

Then
m=(a TN . €))
GL=DVN « e )]
=N+ AN 3)

These expressions have been used to fit curves to
the values derived from the observations, as shown in
Fig. 3, 4, 5 and 6. When applied to the London tests
equation (3) has been modified to the form

=N+ [dN — 1) + di]?
to take into account the difference in the characteristic
distortion produced by the final link from that in the
other links.

Whilst, in general, the fitted curves pass within the
95 per cent confidence limits of the statistics derived
from the observations, there are several instances where

* “Inherent” distortion is the total distortion produced by the
circuit when the input to the circuit is an undistorted signal;
P =0-0001 signifies that the probability of the distortion exceeding
the quoted value is 1 in 10,000.
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they do not. This is because they have been selected
to give a representation of the results of both series of
tests, and the tests terminating in London comprise the
smaller number of observations.

Considering the mean of the means (m), (Fig. 3 (@)
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and 5 (@)) a value of (a + e) = — 0-6 gives a representa-
tion of the general trend, but a possible fit can be
obtained only by the introduction of a constant term,
different for the two tests. A possible explanation for
this is that, since the measurements were made at two
stations, there was some circumstance individual to the
station at the time of the test which influenced the bias
on the channels terminated there.

The standard deviation of the means (o), Fig. 3 (b)
and 5 (b), in both tests is fitted to a similar degree by a
value of b = 3-5. This high value indicates the considerable
variation of bias over the whole system and its serious
effect upon the inherent distortion.

The relatively good representation which is achieved
for the mean of the standard deviations (s), Fig. 4 (a)
and 6 (a), may be regarded as justifying the notions of
characteristic distortion being directly additive and
fortuitous distortion being quadratically additive.

No attempt was made to substantiate from theory an
expression relating the standard deviation of the standard
deviations (o,) to the number of links, but o, = 0-:325¢/N
provides a possible fit, although agreement with the
London test results is not very satisfactory. The relatively
low value of the constant indicates a fair degree of
uniformity of circuits comprising a given number of
links from the aspect of fortuitous and characteristic
distortion and may be largely due to the variations in
noise level.

ESTIMATION OF QUALITY OF TRANSMISSION

By the use of the derived statistics and the funda-
mental distribution curve, an estimate has been made of
the proportion of circuits which will have a better
performance than that signified by a degree of inherent
distortion of 30 per cent (P = 0-0001), assuming them
to be composed entirely of Type 3 or Type 4 channel
links. This is shown in Fig. 7. It should not be assumed,
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however, that all circuits failing to achieve this criterion
are unserviceable. For this estimation it is assumed
that the additional constant term in m is — 2, i.e. that
the influence of a particular terminal station will not
be more adverse than this. The forecast is therefore
slightly pessimistic as the majority of stations are
probably better.

This stage might have been achieved more directly
from the original observations and a comparison is



TABLE 3

Comparison of Number (A) of Circuits having a Distortion of
30 per cent (P = 0-0001)

Number of links Number of tests =~ A() Ai)
2 20 20 20
London (Centre) | 3 ' 100 100 100
to 4 40 40 39
London (Centre) | 5 100 99 96
6 60 54 55

|
( 2 11 11 11
London (North) | 3 49 47 49
to 4 100 99 98
Birmingham | 5 200 185 187
L6 98 82 | 84

Note: The number of circuits (A) was deduced from:

(i) the measured distributions directly,

(i7) the final curves produced by statistical inference.
shown in Table 3, but from the mathematical models
derived it is possible to study the influence upon the
overall performance of the network of variation in the
parameters. This is illustrated in Fig. 8. One particular
result shown is that if, in general, the bias distortion
could be halved, one more link could be added for the
same grade of performance.

CONCLUSION

Although the effort involved in conducting these tests
and collating the results was considerable, it must be
admitted that, in the statistical sense, the sample con-
sidered is very limited and that the conclusions must be
applied with due caution. Nevertheless, it is felt that,
as an example of an attempt to measure the performance
of a fairly large switching network, this work should
prove a good basis for further investigations. The

3
N K
00 AN\

98 v\/\\ 9
95 w%\\‘\
; N
80 \ \\\

o
o
w

PERCENTAGE OF GRADE A CIRCUITS

2 3 4 5 6
NUMBER OF LINKS IN TANDEM (N)

Curve V—Circuits as found during the transmission tests

Curve W—Hypothetical circuits in which the average value of bias distortion per
link has been reduced from 0 6 per cent marking to zero

Curve X—Hypothetical circuits in which the mean value of the fortuitous distortion
component of the standard deviation of distortion has been reduced to
half 1ts present value

Curve Y—Hypothetical circuits m which the mean value of the characteristic dis-
tortion component of the standard deviation of distortion has been
reduced to half its preseat value

Curve Z—Hypothetical circuits in which the standard deviation of bias distortion
has been reduced to half its present value.

Grade A Circuits—Those of performance better than that signified by a degree of

inherent distortion of 30 per cent (P = 0 0001)

FIG. 8—EFFECT OF REDUCING THE VARIQUS FORMS OF DISTORTION
(TYPE 3 V.F. TELEGRAPH SYSTEMS)

procedure, to a large degree, circumvents the difficulties
arising if one attempts to predict overall quality from
consideration of the behaviour of single links alone.
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Book Review

“Pulse and Time-Base Generators.” D. A. Levell, M.Sc.,
A.M.ILE.E. Sir Isaac Pitman & Sons, Ltd. x + 175 pp.
146 ill. 25s.

Its scope is reasonably defined by the title of this book,
which, although evidently written from the aspect of the
radar specialist, is directed both to the student and the
electronics engineer. Slightly less than half the volume
is devoted to a consideration of both passive and active
basic circuit elements and the remainder deals with more
complex specialist circuits and their application to triggers,
pulse modulators and time bases. Short sections are
included outlining the principles of the electronic valve, in
which, strangely enough, triodes and more complex valves,
are introduced before diodes which follow later in a chapter
on non-linear circuits. These sections no doubt made for
completeness in the university dissertation upon which the
book was based. They are rather sketchy and are probably
redundant as far as the average engineer is concerned; he
will have assimilated the information during his basic
training, and will have reference books already available to
make good any lapses of memory. Transistors are dealt with
in a separate, final, chapter. The fact that the exploitation
of transistors is comparatively recent and is still being inten-
sively continued is presumably the cause of this arrangement,
but there seems little to commend it. Transistors are
evidently here to stay and they and their applications should
surely have been included at the appropriate points in the
main body of this new book.

The section on passive networks includes useful design

data on the response of simple circuits to step and ramp-
functions. In contrast the descriptions of the large number
of practical circuits that have been evolved over the years
are almost entirely qualitative. The engineer wishing to
employ, say, a suppressor-grid-controlled sanaphant (p. 140)
or even a Schmitt trigger (p. 68) for a given job is left
unguided in his choice of component values. To give a
detailed analysis of allthe circuits catalogued would doubtless
be an immense task but an introduction to an elegant
design technique for a few typical cases would have been
welcomed by many. The section on distributed delay lines
makes no mention of magnetic-core delay lines which have
now been available for several years.

The author employs the terms “‘selector,” and occasionally
“clipper,” to describe circuits that would commonly be
called “limiters.”” An Eccles-Jordan trigger is defined
(p. 69) as one which is switched alternately from one state
to the other by the repeated application of identical pulses.
It is interesting to note, however, that the original article
referred to mentions the application of pulses to the grid
of one valve only, so that only the first of a series of unipolar
pulses will cause triggering. The symmetrical arrangement
in which pulses are applied simultaneously to both valves
was evidently a later development.

The diagrams are clear but do not follow British Standard
recommendations. A decimal numbering scheme is em-
ployed in the text and for diagrams and bibliography, but
not in the index; the inclusion of section numbers at the
head of each page would have been helpful. Even by
current standards the book seems a little expensive in
proportion to its size and quality of production.

ILP.O.E.E. Library No. 2506 J.W. A,
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Waveform Distortion in Television Links

Part 1—Introduction to Waveform Distortion
I. F. MACDIARMID, A.M.LE.E.}

U.D.C 621.3.018.782:621.397.2

The linear transmission performance of television links is now
measured and specified in terms of their responses to certain
standardized test waveforms. The aim of this article is to previde
a simple non-mathematical introduction to the basic ideas connected
with the measurement of waveform distortion. In Part 1 of
the article, the reasons for the use of waveforms and the choice of
test signals are discussed. A number of examples of simple waveform
distortions are then given to illustrate the advantages of waveform
measurements and their connexion with the more familiar steady-
state responses. In Part 2 the application of tolerance limits to
waveform responses will be considered and methods of correction
of waveform distortion will be described.

INTRODUCTION

HE concepts of sine-wave transmission and the

methods of sine-wave circuit analysis are so firmly

fixed in the minds of some engineers that they find
the greatest difficulty in thinking in any other terms. In
speech or music transmission the exact reproduction
of the original waveform is not important (subject to
certain rather wide restrictions) provided that the
magnitudes of its spectral components are reproduced
accurately. The sine-wave concepts then yield enormous
advantages in respect of simplicity of thinking and
analysis. In television transmission, however, the exact
reproduction of waveform is essential for distortionless
transmission and, in what may be termed ‘“‘sine-wave
thinking,” this means that the phases of the spectral
components of the waveform must be considered in
addition to their magnitudes. This requirement, together
with another difficulty concerning tolerances which will
be mentioned later, adds so much complication to the
methods of sine-wave thinking that, for many purposes
concerned with television transmission, it is worthwhile
to abandon the familiar sine-wave ideas and think
directly in terms of some more relevant waveform.

The purpose of this article is to give in simple terms
some methods of thinking of waveform distortions which
have proved useful in studying and designing links for
the transmission of television signals, and, as examples
of these methods of thinking, to describe means of
measuring and correcting waveform distortions in
practical systems.

The following remarks apply to all that follows and
are given now to avoid making the article difficult to
follow by virtue of frequent restrictions and provisos.

(a) The distortions referred to are all linear distortions,
i.e. the distortion is independent of the magnitude of
the applied signal.

() Examples and comments with respect to television
systems all apply directly to the British 405-line 3 Mc/s
system but with appropriate modifications would also
apply to systems working to other standards.

(c) It is the author’s aim to present an introduction
to, and way of thinking of, the problems of waveform
distortion in as simple and non-mathematical a manner
as possible; consequently a number of statements will
be made which are only approximately true or are subject
to certain restrictions. These restrictions will be pointed

+ Senior Executive Engineer, Post Office Research Station.
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out only if they are likely to be important in practice.
Various text-books and specialized papers are available
to those who wish to study the subject more fully.

WAVEFORM DISTORTION
The Basis of Sine-Wave Thinking

The concept of the Fourier series is one that is very
firmly established in the minds of communications
engineers and is one of the fundamental ideas of sine-
wave thinking. It shows that any recurrent waveform
can be represented by a series of sine- and cosine-waves
harmonically related to the fundamental frequency of
recurrence. The idea is extended to non-recurrent wave-
forms in the Fourier integral by making the fundamental
frequency tend to zero. It follows from this that a network
or transmission system which will pass sine-waves of all
frequencies in the band of interest without change in
relative amplitude and phase will also pass without dis-
tortion any other waveform whose spectrum is confined
to the band of interest. The sine-wave is not unique in
possessing this Fourier property. It is possible to repre-
sent an arbitrary waveform by a series of waveforms other
than sine-waves but none of the alternatives find common
practical use.

Another fundamental concept of sine-wave thinking
1s that the derivative and the integral of a sine-wave
with respect to time have the same waveform as the
original sine-wave and are merely altered in magnitude
and displaced in time. This property is invaluable in
circuit analysis as can be seen from a simple example;
if one mesh of a circuit contains R, L and C and an
e.m.f., e, the basic circuit equation is

di D
La—{—Rz—}—z,fzdt—e

If the e.m.f. has the form e = E sinwt, i.e. a sine-wave
existing for all time, the equation, as is well known,
becomes

[jwL + R + 1/jwC]i = E sinwt
which immediately gives the solution for the current and
the voltage across any of the components.

If, on the other hand, the e.m.f. has the form of a
step function H(f), i.e. the voltage amplitude is zero
until £ = 0 when it jumps instantaneously to E volts and
remains at this value indefinitely, then the differential
equation must be solved as such and three different
types of solution for the current can be obtained according
to the value of L/CR®. These are sketched in Fig 1.
Furthermore, the voltage across the inductor and the
capacitor are now of a different waveform from the
current and must be calculated separately if they are
required.

This example illustrates the great simplification of
circuit analysis which results from the property that
the integral and derivative of a sine-wave have the same
shape as the sine-wave. A much more complete but very
readable discussion of the philosophy of circuit theory
is given in a text-book by Guillemin.?
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FIG. 1—STEP RESPONSE OF R, L, C CIRCUIT

The Disadvantages of Sine-Wave Thinking

In considering some of the practical problems of
specifying, designing, testing and maintaining television
links and equipment some of the disadvantages of the
sine-wave become evident. Firstly, the sine-wave is in no
way typical of a television picture; rarely does any part
of a picture waveform look like a single sine-wave. If
any simple waveform can be regarded as typical of a
television picture it is either the step function, corre-
sponding to a sudden change from one shade of grey to
another, or the narrow pulse (or impulse) corresponding
to a small spot of light in a dark background, or vice
versa. A picture waveform could be built up from either
of these signals by taking a succession of them occurring
at appropriate times with suitable signs and amplitudes.

Secondly, when specifying or measuring the per-
formance of television equipment in sine-wave terms,
the phase/frequency characteristic is as important as
the gain/frequency characteristic but is very much more
difficult to measure over the required frequency range.

Thirdly, having measured the gain/frequency and
phase/frequency characteristics, no immediate idea
can be obtained of the effect on a picture of any dis-
tortion in the characteristics. To obtain this it is
necessary to go through the mathematical operations
of calculating, from the measured characteristics, the
waveform response to a step function or other suitable
waveform. This is a lengthy process which is not usually
undertaken lightly.

Finally, what is perhaps the most important objection
to the use of sine-waves arises in considering the question
of tolerances. In any practical transmission system some
distortion must exist and the engineer’s job is to keep this
as small as is economically practicable. In a television
system the distortion is finally judged subjectively by
eye but the results of this assessment can, in principle at
least, be translated directly into distortion limits on the
picture waveform. It is therefore possible to specify
tolerances in the response of a transmission system to a
specified waveform or waveforms which will correspond
to any desired amount of picture impairment. While it is
possible, using Fourier transforms, to transform a
particular waveform response into the corresponding

steady-state characteristics and vice versa there is no
method known which will transform waveform tolerances
into steady-state tolerances.

In practice the greatest difficulties arise when dealing
with modest amounts of distortion. If the distortion is
very large it will cause serious picture impairment and
it does not matter much whether it is expressed in
terms of waveform response or steady-state response.
Similarly in the case of equipment which is virtually
distortionless, such as a single video amplifier, it may
not matter greatly in which form the distortion is
expressed. However, in the most common practical
case where the amount of distortion to be tolerated is
modest, the only economical method is to specify and
measure the waveform response and to abandon the
sine-wave ideas.

Choice of Test Waveform

Before one can start thinking in terms of waveform
response it is necessary to have in mind a suitable test
waveform or waveforms. Although in principle any
waveform having a more or less continuous spectrum
over the frequency band of interest can be used for
measuring waveform distortion, in practice it is desirable
that the waveform or waveforms used should meet as
many as possible of the following conditions.

(a) It should be representative of commonly occurring
parts of a television picture.

(b) The shape should be simple so that the presence
or absence of distortion can readily be observed when
the waveform is displayed on an oscilloscope.

(¢) The shape should be simple mathematically (not
necessarily the same thing as in (b)) so that it can con-
veniently be used in calculations.

(d) The spectrum should be confined to the frequency
band of interest so that irrelevant information is not
obtained from distortions occurring outside this band.

(e) It should provide the most sensitive indication
of any distortion likely to be met in practice so that
small amounts of distortion can be detected. In theory
this condition cannot be met by any single waveform and
it is possible to devise a special waveform which will give
the most sensitive indication of any particular distortion.

(f) The waveform, or an adequate approximation to
it, should be capable of being generated in an economical
and reproducible manner so that test-signal generators
can be made which will not differ significantly in per-
formance.

The waveforms which come nearest to meeting the
above requirements are the unit step function and the
unit impulse. The unit step function has a voltage
amplitude of zero until a time when it jumps instan-
taneously to unity and remains there indefinitely. In
practice this waveform can be approximated by a long
rectangular pulse or by a repetitive square-wave. These
are equivalent to two steps, or a succession of steps, of
opposite sign occurring one after the other. In practice,
for distortions which occur at frequencies above the
repetition frequency, the response to the repetitive wave-
form differs little from the response to the single step but
is much more convenient to display on an oscilloscope.

The amplitude of the unit impulse is zero until a
time when it jumps instantaneously to infinity and back
to zero where it remains for all later time; the area under
this infinitely high and infinitesimally narrow pulse is
unity. The unit impulse is the derivative with respect
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Cable Creepage
R. H. HARRISt

U.D.C. 621.315.232:621.315.221.5

Since the first reported case in 1921, the incidence of cable-creepage
faults has steadily increased in spite of the extensive and expensive
anti-creepage measures that have been carried out.

This article surveys the whole problem of cable creepage and
describes the investigations that have been carried out by the Post
Office and other administrations into the causes of cable creepage
and the conditions under which it occurs.

A description is given of the various anti-creepage devices that
have been developed and assessments are made of their performance.
Details are also given of some unusual cases of cable creepage.

INTRODUCTION

HE first reported case of cable creepage occurred

in 1921 when cables in a duct route under the

Liverpool-Warrington road were affected. No
details are available of the circumstances, or of any
remedial action, but it is, no doubt, fairly safe to assume
that at the time the occurrence was regarded as little
more than an interesting phenomenon and the possibility
that this was the beginning of quite a serious national
problem for external telecommunication engineers was
probably not realized. However, cases of creepage
occurred later in increasing numbers and the cable
faults that ensued showed that cable creepage was much
more than an interesting phenomenon: it was in fact
a problem requiring serious attention. Consequently, in
1927, an investigation into the causes of cable creepage
was carried out. This investigation and other research
into the problem will be referred to in later paragraphs.

INCIDENCE OF FAULTS AND CABLE CREEPAGE

In the one-year period 1957-58, 4,148 faults occurred
in main trunk cables and, of this number, 167 faults, or
approximately 4 per cent of the total, were attributed to
cable creepage; since the cable-sheath mileage was
42,511 the number of creepage faults per 100 sheath
miles was 0-39. Statistics for junction and local cables
are not available but a national percentage of creepage
faults for junction cables would probably be similar
to that for main trunk cables, whereas the percentage
for local cables is likely to be less than that for main
trunk cables because many of the duct routes subject to
creepage are not near towns and therefore carry few
local cables. The trend of the incidence of cable-creepage
faults over the last ten years, whether it be assessed as
a percentage of the total number of faults or as the
number of faults per 100 sheath miles, is unfortunately a
rising one, as the following figures show:

1946-47  1957-58
Creepage faults as a percentage of
total faults .. .. .. 2449, 4-0°
Creepage faults per 100 sheath
miles . 0-14 0-39

This rising trend is a disturbing feature because extensive
and expensive anti-creepage measures have already been
carried out.

RESEARCH INTO THE CAUSES OF CABLE CREEPAGE
Experiments carried out by F. E. Bentley

As far as is known the first serious investigation into
the causes of cable creepage was carried out in 1927 by

F. E. Bentley and was described in a paper read before
the Liverpool Section of the Institution of Electrical
Engineers.

In these experiments a length of duct-track on the
Manchester—Oldham road near Failsworth was exposed
and covered with a “saddle” of concrete. A length of
cable was drawn in and a similar length of cable was
drawn in a spare way in an adjacent section of track
which was not treated with cement. Both cables were
marked and observations were taken at intervals over a
period of 15 months. It was found that whereas the
cable crept in the unt.;ated section of track the cable in
the treated section rermiained stationary.

The author concluded that “this experiment offers
conclusive proof that most creeping is directly due to
vibrations set up by the passing of heavy vehicles.”

Investigations by Other Administrations

Very little is known of the cable-creepage experiences
of other administrations and absence of such information
would suggest that cable creepage is not a serious
problem to them, possibly because of cable installations
which differ from those of the Post Office, €.g. a greater
use of directly buried cable. However, instances of
electricity-supply cables moving in ducts have been
reported. British Electrical and Allied Research Associa-
tion reports have referred to the movement of supply
cables in duct caused by alternate heating and cooling
of the cable under varying conditions. Heating and
cooling of the cable causes, respectively, expansion and
contraction which, under certain circumstances, €.g. on
gradients, results in movement of the cable along the
duct (on a gradient the movement is downhill). It is
felt that the effects of heating and cooling, which may
be important for supply cables, can safely be neglected
for telecommunication cables in the considerations of
the cable creepage problem.

Investigations carried out by the Post Office Research
Branch

In 1937 the Post Office Research Branch carried out
very extensive investigations in localities that had
become notorious for cable creepage, e.g. Ilchester,
Watford, Brighton, Taunton and Selmeston. In addition
to the field investigations, laboratory experiments were
carried out at the Research Station. At about the same
time an article on cable creepage appeared in this
Journal . *

The basis of the investigations was the measurement
of vertical and horizontal vibrations generated by
road vehicles on the road surface and in the earth
beneath the road. Other factors investigated were:

(@) Actual depression of the road surface caused by
the passage of vehicles over it.

(b) Effect of stiffness of a cable.

(c) Effect of different types of road surface, e.g.
uneven or smooth.

t Assistant Engineer, External Plant and Protection Branch,
E.-in-C.’s Office.

* Timmis, A. C. “The Creepage of Underground Cables.”
P.O.E.E.J., Vol. 30, p. 180, Oct. 1937.
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(d) Tension developed in a cable due to cable creepage.

(e) Effect of speed and weight of vehicles.

It was concluded that as the horizontal vibrations
detected in the road surfaces during the experiments
were sinusoidal in nature, an earlier suggestion that
the creepage was similar to the movement of coal on a
conveyor belt (a slow forward movement of the belt and a
quick backward jerk producing a forward movement of
the coal) was disproved since this requires a saw-
toothed vibration; the creepage is more likely to be due
to the depression caused by a vehicle with the road
vibrations playing only a secondary part. A theory
developed on this line of thought was given by Timmis
in his article and is known as the “Surf-riding Theory”
(see Fig. 1).

~——— DIRECTION OF TRAFFIC
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(@) The weight of a vehicle compresses the earth beneath the road and the duct line
is depressed as shown between A and B

(b) The depression moves along the duct line as the vehicle proceeds along the road

() The cable moves forward (in the direction of the vehicle) as the duct restores, in
the same way as a surf-rider advances by sliding down the face of a wave

FIG. 1—“SURF-RIDING” THEORY OF CABLE CREEPAGE

Another Possible Theory

The surf-riding theory is generally accepted but another
possible theory relies on the conveyor-belt principle
described earlier, the slow forward and quick backward
movement of the ducts being caused by the travelling
depression in the earth mass when a heavily laden vehicle
passes along the road surface. At the front of the de-
pression the ducts are acted upon by a force along a
line which is assumed to be roughly 45° forward from a
perpendicular line drawn through the axis of the front
wheels of the vehicle. This force has a horizontal, as
well as a vertical component, i.e. the ducts are forced
forward as well as downward. At the rear of the de-
pression there is a similar force, the horizontal component
of which, however, forces the ducts backward. After
the depression has passed the earth-mass recovers
slowly and the ducts assume approximately their original
positions. Thus a cable in a duct so affected is caused
to creep by the following sequence of events as the
front and rear wheels pass in turn over an arbitrary
reference.

(i) The duct is forced rapidly forward, breaking the
static friction between the duct and cable.

(#i) The duct is forced rapidly backward, moving in
this direction relative to the cable.

(iii) The earth-mass recovers slowly and the duct

moves forward to approximately its original position
carrying the cable with it, the movement being too slow
to overcome friction.
Fig. 2 illustrates this theory, and for simplicity only the
effect of the rear portion of the travelling depression
(events ii and iii) is shown. Also, the downward effects
are neglected.

CONDITIONS ASSOCIATED WITH CABLE CREEPAGE
The 1937 investigation by the Research Branch
enabled the conditions associated with cable creepage
to be identified. These conditions are summarized as
follows:
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(a) The cable creeps in the direction of the traffic
directly above it.

(b) Creepage is greater under roads with poor sub-soil,
such as clay, shingle, peat, etc., than under those having
more-solid sub-soil. Creepage is also pronounced if the
road is badly drained.

(¢) Creepage is more marked under embanked roads
than under roads passing through a cutting.

(d) If the sub-soil is bad the condition of the road
surface (excluding concreted roads) has no effect on the
extent of creepage, but measurements have shown that
if the sub-soil is fairly good the condition of the road
surface may have an effect on creepage. These measure-
ments were not conclusive but the indications were that
creepage tends to be more severe with a “bumpy” surface
than with a level one.

(e) Creepage occurs mainly on cable routes under
carriageways and rarely occurs when the cable runs
under a footway unless the track is within about 4 ft
of the nearside traffic wheels.

(f) There is a tendency for cables to creep more on a
long straight section of road than on a winding one.

(g) Creepage under concreted roads is not likely.

(h) Creepage is more pronounced on downhill sections
than on uphill, but has occurred uphill in a number of
cases.

(i) Creepage occurs mostly in earthenware self-
aligning ducts.

Effect of Modern Traffic

Present-day road traffic is considerably greater than
it was pre-war and by any cable-creepage theory an
increase in the volume of traffic must produce an increase
in creepage tendency. Within limits it is reasonable to
assume that an increase in the load carried by traffic will
also produce a corresponding increase in creepage
tendency; it is questionable however, whether the load per
vehicle has increased very much since before the war
and any increase there might be is unlikely to affect
appreciably the overall creepage tendency. The effect
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FIG. 2—“CONVEYOR-BELT” THEORY OF CABLE CREEPAGE
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of increased speed of vehicles on creepage tendency is
problematic but with all other factors equal it would be
reasonable to assume that an increase in speed would
not alter the amount of creepage in a given period of
time. During the Research Branch’s investigation,
however, it was found that for a pneumatic-tyred lorry
earth vibrations increased in amplitude with increase
in speed of the lorry until a “critical” speed was reached
and above this the amplitude decreased. The critical
speed was about 16 m.p.h. The depression in the road
surface caused by the lorry appeared to be more marked
with slower speeds. From these findings, therefore,
there would be some expectation that creepage tendency
would decrease with an increase in road traffic speed in
the range above “critical” speed. It should be remem-
bered, however, that the type of traffic likely to cause
cable creepage is that of heavily laden goods vehicles
and these are required by law not to exceed certain
speed limits (until recently, 20 m.p.h. for the heavier
vehicles and 30 m.p.h. for others) and these restrictions
have been in force for many years; the general speed of
“creepage-causing” traffic should therefore be very much
the same now as it was before the war.

DEVELOPMENT OF ANTI-CREEPAGE MEASURES
Damping

The damping of ducts by placing a saddle of concrete
over them is probably the earliest anti-creepage measure
adopted. Comparatively little damping has apparently
been done, which is surprising because damping would
seem to be the method with the best chance of success,
without the encumbrances necessary (cable anchors, etc.)
with other methods. Damping is a costly method for
existing duct-tracks and it is probably on grounds of
prohibitive cost that so little has been done. There is,
however, the aspect that frequently, when ducts have
been laid, the possibility of cable creepage occurring in
them has not been considered so that no damping has
been carried out—at a time when the additional cost
would be least and no doubt well justified.

There have been a few instances of damping failing to
prevent cable creepage. In an investigation of one of
these cases, which occurred on the Hereford-Shrewsbury
road (A49), where creepage at the rate of about 1 ft per
year was reported, it was found that a ““cushion” of mud
and clay lay between the concrete saddle and the ducts.
No doubt the ““cushion” allowed the continued move-
ment of the ducts under traffic influence. The investi-
gation brought a realization that the standard method
of damping has an inherent weakness in that under
unstable conditions the unreliability of the adhesion
between concrete and duct may result in the duct
“dropping out” of its damping and then becoming prone
to traffic influence. The standard method of damping
is shown in Fig. 3.

CONCRETE

(a) Single-way duct (& Two-way duct

FIG. 3—METHOD OF DAMPING DUCTS

Wooden-Block-Type Anti-Creepage Devices (A.C.D.)

An early form of cable anchor or A.C.D. consisted of
a lead collar, plumbed to the lead cable sheath near the
duct-mouth, and wooden blocks interposed between the
jointing-chamber wall and lead collar. The standard
A.C.D. that was developed on this principle is known
asthe “A.C.D. No. 1.”” A weakness in this type of A.C.D.
is the necessity for plumbing, which is liable to weaken
the lead sheath of the cable. Consequently, failures have
occurred due to sheath fracture near the plumbed
portion of the A.C.D. Another disadvantage is the
necessity to completely dismantle the device, because
of the obstruction it presents, when additional cables are
required in the duct-way. Many A.C.D.s No. 1 have
been in satisfactory use for many years and will no doubt
continue to give good service but nevertheless they must
always be regarded as suspect because of their inherent
weakness in design.

Cable-Grip-Type A.C.D.

A type of A.C.D. that utilizes a double-eyed cable
grip and is known as the “A.C.D. No. 2’ was developed
primarily for anchoring coaxial cables, but it has also
been used as an alternative to the wooden-block type
for anchoring audio cables. The A.C.D. No. 2 is costly
to install because it has to be constructed to suit the
dimensions of the particular jointing chamber.

“Sugar Shovel” Type A.C.D.

The “Sugar Shovel” type of A.C.D., known as the
No. 4 Cable Anchor, is illustrated in Fig. 4. This device,

DUCT MOUTH

No 4 CABLE ANCHOR

DIRECTION
OF CREEP

(FINALLY COVERED WITH
PROTECTING TAPE)

" PROTECTING TAPE
FIG. 4—*“SUGAR SHOVEL” TYPE OF ANTI-CREEPAGE DEVICE

which came into use in 1950, had the advantage that the
duct-way was not obstructed, installation was compara-
tively simple and the anchor was cheap to manufacture.
There were, however, weaknesses in the original design
of the anchor, coupled with weaknesses in the method of
installation. These weaknesses were the use of a “plain”
tail on the anchor and the reliance placed on the pro-
tection tape over which the copper-wire bindings were
applied. Despite the fact that this method appeared
quite satisfactory from laboratory tests it was found in
practice that (a) the cable, under creepage, passed
through the wire bindings or (b) the cable carried the bind-
ings along the tail, or a combination of (a) and (b) was
experienced. As a result of these failures the design of
the anchor and the method of installation were modified
in 1953.

Modified ““Sugar Shovel” Type A.C.D.

The modification to the anchor-tail was simple—it
was merely provided with recesses in which to locate the
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wire bindings. The wire bindings are now applied
directly over the lead sheath, and where they pass over
the top of the sheath they are soldered to it. The amount
of soldering required is quite small and merely serves as
initial “keying” until the bindings take up the strain
and grip the cable by virtue of their own canting action.
Galvanized-iron wire is now used instead of copper to
limit any possible corrosion damage to the lead sheath
arising from the bi-metallic arrangement. This is the
current method of anchoring and appears reasonably
satisfactory. A disadvantage is that the cable, under
creepage influence, is still permitted to move until the
wire bindings take up the strain. This movement,
referred to as settlement, can amount to an inch or more
and is a potential cause of faults.

Core Constriction

The constriction of a cable core by swaging or dressing-
down the cable sheath is a measure for preventing the
core from moving independently of the sheath. Such
movement has been known to take place even when the
sheath appears to have been adequately anchored. Core
creepage seems to obey the same rules as normal cable
creepage, e.g. the movement is in the direction of the
traffic. Core constriction is not fully effective in all
cases and it is a difficult operation to carry out in many
jointing chambers because of the cramped conditions.
A further limitation is that it cannot be done on coaxial
cables having only a small number of audio pairs
surrounding the coaxial pairs. Whilst core constriction
is still a current method to apply in persistent cases of
core creepage it is hoped that a more effective method
will be found.

EXPERIMENTAL TYPES OF A.C.D.
Anti-**Creep-in” Device

This device, which is likely to be made a standard
Post Office item shortly, is illustrated in Fig. 5. It will
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FIG 5—ANTI-CREEPAGE DEVICE TO PREVENT ‘“CREEP-IN”
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be seen that the device is provided with a serrated tail
to which the cable is attached by means of wire bindings
in a manner similar to that used with the No. 4 Cable
Anchor. The tail is held fast in the ‘“creep-in” duct-
mouth by the collar, which is expanded to develop a
friction grip on the internal surface of the duct. Expan-
sion of the collar is achieved by means of the wedge-
shaped spreader attachment fitted to the end of the tail;
the spreader, which is located in a corresponding tapered
slot in the collar, expands the collar when the tail is
pulled towards the duct-mouth.

The need for an anti-““creep-in” device has been made
apparent by the number of cases which have occurred
where, despite the quite satisfactory anchoring of a
cable at its “‘creep-out” end, ‘‘straightening-out” and
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stretching of the cable along the duct takes place,
giving rise to an appreciable length of cable (over 2 in.
has been noted) passing into the jointing chamber at
the “creep-in” end and causing sheath fractures.

Self-Clamping-Type A.C.D.
A self-clamping type of A.C.D. which is wunder
development is illustrated in Fig. 6. The principle of

WING NUTS
HOOK BOLTS
SUGAR SHOVEL' h Y T0P CLAMPING
A SHOE
r‘l‘ T ’_________.___‘_'l_
R H
1]
[{ 11— -1
P A | h X
- ] 2 NTAIL
CABLE BOTTOM CLAMPING
SLIDE & STOP SHOE

FOR BOTTOM CLAMPING SHOE
FIG. 6—EXPERIMENTAL SELF-CLAMPING ANTI-CREEPAGE DEVICE

the device is quite simple; as the cable tends to move
forward it is clamped more tightly between the clamping
shoes because of the pivoting action of the hook-bolts.
Initial grip on the cable is obtained by screwing down
the winged-nuts. The device shows some promise,
being simple to install and positive in action, but some
precautions will need to be taken to prevent rapid
deterioration of the device under jointing-chamber
conditions. Also, the problem of catering for more than
one cable in any one duct-way has still to be overcome.

A.C.D.s for Coaxial Pairs

As was stated earlier, core constriction cannot be
carried out on coaxial cables which have only a small
number of layer pairs surrounding the coaxial pairs.
Even if constriction could be done it would have no
effect on the centre conductors of coaxial pairs, which
tend to move in relation to their tubes. Methods of
anchoring a coaxial cable core and centre conductors
are illustrated in Fig. 7.
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(a) Anti-creepage device for coaxial cables having few paper-insulated pairs
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(b) Anti-centre-conductor-creepage device for coaxial cables
FIG. 7—ANTI-CREEPAGE DEVICES FOR COAXIAL CABLES






(b) The change in distance between a ‘‘creepage
marker” placed on a cable and a reference point in the
jointing chamber.

EXTENT OF CABLE-CREEPAGE MOVEMENT

The extent of cable creepage in any particular case
is usually classed as slight, moderate or severe. The
degree of severity in the three classes is quite arbitrary
but is roughly of the following order:

Degree of Creepage Severity Cable Movement

slight up to 1in.
moderate over 1in. up to 3in.
severe over 3in.

It is interesting to study the relationship between
extent of cable-creepage movement and traffic. From
an actual case, 260,000 goods vehicles pass per year over a
duct-track in which, within a year, a cable creeps 12 in.
(classed as severe creepage). Thus, each vehicle causes

12
260,000
It is possible that this value of 0-00005 in/vehicle could
be used as a “constant” for forecasting, with some
degree of accuracy, the amount of cable creepage to
be expected in many other localities with similar road,
sub-soil and duct conditions.

the cabletomove n. = 0-00005in. approximately.

MAGNITUDE OF CABLE-CREEPAGE STRESS

During the Research Branch investigation a creep-
age pull of about 250 Ib was recorded on an isolated
length of cable. Whilst the figure of 250 1b may possibly
be taken as a fair indication of the general order of
creepage stresses it is thought that the actual values
vary considerably from cable length to cable length
because of the many differing conditions of duct, sub-soil,
traffic, etc. It is also possible that creepage stress is
related to the size, i.e. weight, of the cable involved.
Many instances that suggest that creepage forces vary
can be given, e.g. in one jointing chamber the bindings
of a No. 4 anchor installation were found to be very
tight and canted to an angle of nearly 45°, whereas in
another jointing chamber the bindings of an identical
A.C.D. of similar age were tight but only canted a few
degrees from the vertical.

SOME UNUSUAL CASES OF CABLE CREEPAGE AND
POINTS OF INTEREST

Reversed Direction of Creepage Movement

A case of a cable tending to reverse its direction of
creep has occurred on a cable route under the A229
road near Hastings. The duct-track is near the centre
of the road. No. 4 Cable Anchors had been fitted to
the cable on the “correct” side of the jointing chamber
to arrest creepage towards Hastings. An examination
of the jointing chamber some time after the anchor had
been installed revealed that the device was leaving the
duct entry, indicating a reversal in the direction of
creep. A possible explanation of this is that holiday
traffic returning from Hastings, particularly at week-ends
is very heavy and many of the vehicles may encroach on
the “wrong” side of the road so that their wheels are
over the duct-track. Thus there is a tendency to creep-
age in the direction of the returning traffic.
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Cable Creepage in Metallic Conduits

A few cases of cable creepage occurring in metallic
ducts have occurred. One particular case involved a
coaxial cable route under the A74 road near Ecclefechan
in Scotland, the cable being laid in iron pipe which was
once used for the old Northern Underground route.
The coaxial cable has been affected by both core creepage
and sheath creepage, which has not responded fully, so
far, to remedial action. This action has included the
providing of both “creep-out” and ‘“‘creep-in” cable
anchors, the building of intermediate jointing chambers
to provide additional anchor points and the drastic
course of swaging down the cable sheath (to arrest the
core creepage). Presumably the cable creepage occurs
because of the defective joints in the metallic conduit
permitting independent movement of the pipe sections
under traffic influence.

Creepage of Directly Buried Armoured Cables

Creepage of the core of armoured cables that are
directly buried in the ground sometimes occurs when the
cables are laid in the grass verge near a road surface.
The usual treatment is to swage down the lead sheath.
The explanation is not easily determined but it is thought
to be that the cable sheath behaves like a duct under
“creepage-causing”’ influence and as a result the core
moves as a cable does in a duct.

Effect of Earth Subsidence

When a section of duct-track is affected by earth
subsidence the usual effect on the cables is that they are
drawn in from both ends of the section. It is conceivable,
however, that cable movement due to subsidence may
be confused with “normal” cable creepage, but it is
clearly dangerous to apply anti-creepage anchors to the
cables in these circumstances as cable fracture is liable
to occur because of the possibly considerable weight
of earth pressing down on the duct-track. Fortunately,
subsidence usually produces quite definite effects on the
surface such as hollows in road surfaces and cracks in
nearby buildings, and frequently localities which are
prone to subsidence, e.g. those near mine-workings, are
well-known locally. In the main, therefore, sufficient
information should be available to avoid any confusion
between subsidence and “normal” cable creepage.

Effect of Temperature Change on Coaxial Cables

A number of cases have occurred where the centre
conductors of coaxial pairs in cables have broken away
from their jointing ferrules. The cause of some of these
failures has been attributed, incorrectly, to core creepage;
the real cause has been the considerable tension developed
in the centre conductors by contraction following a
reduction of ambient temperature in cold weather. In
some instances a contributory factor to the failures has
been defective soldering of the jointing ferrules. The
“pulling” of centre conductors due to the reduction of
temperature is very prevalent in long routes of single-
coaxial-pair cables, in which no “lay” is given to the
coaxial pair. In multi-coaxial-pair cables, where the
coaxial pairs rotate in a “lay,” failures of the centre
conductors due to reduction of temperature do not
occur very frequently. It is probable that a coaxial
cable laid and jointed in hot weather will be
more liable to “temperature” failures of the centre
conductor than one laid and jointed in cold weather.



CONCLUSIONS

Because of the increasing road traffic and increasing
sheath mileage the trend in cable-creepage fault incidence
will be a rising one. The counter measures to off-set
this trend fall into two categories, namely:

(a) Counter measures for existing cable routes.

(b) Counter measures for new cable routes or those
that are at the planning stage.

In (a), the counter measures are the greater use of
A.C.D.s and in some difficult cases the use of damping.
With regard to the extent that A.C.D.s should be used,
it seems better to anticipate cable creepage rather than
to wait for it to occur. This means that most duct-
tracks of self-aligning ducts under main roads (apart
from concrete roads) are suspect for cable creepage and
therefore all the cables in every jointing chamber should
be provided with A.C.D.s. Furthermore, for adequate
protection it appears that ‘“‘creep-in”’ as well as ““creep-
out” type A.C.D.s are necessary. Damping appears to
be justified only when, in established cases of severe

cable creepage, A.C.D.s prove inadequate or have a
very limited life.

In (b), the counter measures are largely the avoiding of
the conditions that produce cable creepage, and in this
respect the following are points for consideration:

(/) Avoid laying ducts under main road surfaces (apart
from concrete roads) wherever possible.

(i) (Supplementary to (i)). When dual-carriageways
are involved the possibility of laying ducts under the
centre ““strip”” should be investigated.

(iii) If the laying of ducts under main road surfaces
cannot be avoided, provide damping or even surround
the ducts with concrete as they are laid.

(iv) If, under a main road, a new duct-track is laid
near an existing one, the disturbance of the sub-soil may
result in the existing track becoming one in which
cable creepage will occur. Therefore the possibility of,
say, damping the existing track as a combined operation
with the provision and damping of the new track should
be investigated.

Book Review

“Mathematics Applied to Electrical Engineering.” A. G.
Warren, M.Sc., M.LLE.E., F.Inst.P. Chapman & Hall,
Lid., London. 464 pp. 150 ill. 70s.

This is the second (and revised) edition of a book that
first appeared in the autumn of 1939. The original first
edition was reviewed in this Journal in the spring of 1940
(Vol. 33, p. 49, April 1940). Here it was stated—*“The
author has turned out a book that will be useful to engineers.
There is much to praise and little to blame. But, as space
is limited here, we shall leave out the praising: a few critical
remarks are likely to be more useful in the long run.”

The author was criticized because in his discussion of
differentiation under the integral sign he had omitted the
case of variable limits. It was pointed out that the practical
application of a fundamental theorem of electric circuit
theory, namely,

10 =346 nEWw

involves the differentiation of a definite integral with
variable limits; and that the omission of a discussion of this
case from a text designed for electrical engineers was
remarkable. This omission, however, has now been dealtwith;
for this revised edition contains a complete and satisfactory
discussion of differentiation under the integral sign when
parametric limits are involved. Moreover, this second
edition shows how the above expression can be applied to
electric circuit problems. The treatment is clear and
accurate and forms a valuable feature of the new edition.

In the review of the first edition the author was also
criticized for an inadequate treatment of the Heaviside
operational calculus. It was claimed that his discussion was
too brief to be of any real value to an engineer. This
criticism is certainly not valid for this second edition, for
the author has completely rewritten and exten+ed his former
treatment. In addition, he has introduced a completely
new chapter on the theory of functions ef a complex
variable in order to discuss the Bromwich inversion of the
Heaviside transform. Also, he has deleted the section on
harmonic analysis that appeared in the chapter on Fourier
methods in the first edition. This has made room in the
second edition for a discussion of Fourier integrals and their
connexion with Heaviside functions.

The author does not make the fashionable mistake of

rejecting the basic principles of Heaviside’s operational
methods in favour of symbolic calculus or transform
techniques. Unlike the modern advocates of symbolic
calculus he does not talk about “p—premultiplied Laplace
transforms” and thereby introduce difficulties (and even
errors) that can easily be avoided by following the direct
Heaviside lead. This trouble started after Bromwich had
used the theory of functions of a complex variable to
explain how Heaviside’s methods worked. For then
Carson noticed that a method given by Heaviside (and
reinterpreted by Bromwich) for finding an operator
associated with a given function looked like a method used
by Laplace (1812). The result was that a large number of
books have been written for engineers based upon what is
called the ‘‘Laplace transform” and completely ignoring
the improvements embodied in the Heaviside-Bromwich
treatment (1916). Heaviside’s direct operational calculus
as used in this book has many advantages over Laplace
transform techniques; the author shows the remarkable
ease with which Heaviside's methods can be applied to the
calculation of transient responses and emphasizes the fact
that only simple mathematics is involved.

A monograph such as this must be largely a personal
document reflecting the particular interests of its author.
Here he has dealt with those parts of mathematics he
considers of most value to electrical engineers. Thus there
are chapters dealing with the mathematical manipulation
of scalar and vector quantities, symmetrical components, the
solution of differential equations, etc. These chapters
contain worked examples on the operation of transformers
and alternating current generators, valve oscillators, moving
coil speakers, high-frequency resistance, inductive heating,
flux waves, transmission of energy, etc.

An interesting chapter on Bessel functions is followed by
one showing how they can be applied to the solution of
problems connected with coaxial cables, strip conductors,
energy losses in solenoids and modulation of carrier waves.
The last chapter, dealing with conjugate functions, is most
interesting for it takes the reader, in easy stages, up to
problems calling for Schwarz-Christoffel transformations.

This book is well written, accurate, and commendably
free from any straining after rigour. It is also very well
produced; the type is easy to read and the diagrams are
clearly constructed. It is a book that can be warmly
recommended to all those interested in the application of
mathematics to electrical engineering. H.J. I
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A Medium-Distance, Built-in Out-band Signalling,
Carrier Terminal Equipment
Part 1—General Performance Requirements
E. T. C. HARRIS, B.Sc.(Eng), AMIEE., and K. C. A. KING, Associate L.E.E.F

U.D.C. 621.395.44:621.395.63

Some of the factors considered in the overall specification for a

medium-distance carrier terminal equipment with built-in signalling

facilities are discussed in Part 1 of this article. In Part 2, to be

published later, a detailed description will be given of an equipment
which has successfully completed its field trials.

INTRODUCTION

T has been the practice in the Post Office for many
Iyears now to separate the equipment required for the

transmission of speech over carrier and coaxial
systems from that necessary for signalling. Signalling
tones were within the speech band of 300-3,400 c/s and
were transmitted from and detected at the exchange
terminations of the circuits. The transmission engineer
was therefore able to design his equipment with no
special regard for the problems of the signalling engineer.

“Built-in” signalling systems where the signalling
is an integral part of the transmission equipment have,
nevertheless, been recognized to be useful in some fields
for many years and the general principles have been
described.! It is, however, only fairly recently that the
detailed requirements of such a system have been set out.

An earlier article® included a brief description of a
built-in signalling system and a later article’ has covered
the signalling aspects in detail. In this article some of the
factors considered in drawing up the overall specification
for the transmission equipment ard discussed and a
description is given of a system that has been found to
meet the required performance limits after extensive
trials, including the carrying of traffic, on a Middles-
borough-Newcastle route.

It had been decided that the built-in signalling equip-
ment should be capable of working over standard
line-systems. The most convenient point of inter-
connexion was at the Group Distribution Frame where
channels are assembled in the basic carrier-group
frequency range of 60-108 kc/s. When in this band a
group of channels should be capable of being handled
by any carrier or coaxial system, although certain long-
distance groups have been found to include spurious
4 kc/s multiple tones that would cause interference. The
built-in out-band signalling carrier terminal equipment,
therefore, consists of only that equipment necessary to
modulate a group of channels, each with its signalling
tone, into the group frequency band.

OVERALL SPECIFICATION
One of the prime aims in drawing up the specification
was to enable the Post Office to obtain channel translating
equipment that would be less expensive than the
standard 4 kc/s channel equipment. Moreover, where
the signalling requirements permitted the use of a
continuous signalling code further economies should be

+ Mr. Harris is a Senior Executive Engineer, Main Lines
Development and Maintenance Branch, E.-in-C.’s Office. Mr.
King is with the Telephone Manufacturing Co., Ltd.
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realized as compared with a speech-path system giving
the same facilities.

A particularly useful field of application is for distances
of, say, 20 to 60 miles where line costs are usually a fairly
small proportion of the total circuit costs and line band-
width may therefore profitably be exchanged for
cheapness in terminal equipment. The specification did
not lay down the number of channels to be assembled in
the carrier-group frequency band although it was
assumed that it would be either 8 or 12, when the channel
spacing would be either 6 or 4 kc/s respectively.

Further relaxations from standard practice were con-
sidered where these could have resulted in significant
economies although the general performance standards
laid down were those applying to the normal equipment
for the main trunk network.

CONSTRUCTION AND LAYOUT

There are at present two standard forms of construc-
tion for transmission equipment; pre-51-type consisting
of panel-mounted equipment bolted to both sides of a
U-section iron framework—the form of construction
familiar to engineers for many years—and 51-type’,
where panels are jacked into a sheet-steel box-framework,
two rack-sides being bolted back to back to form the
equivalent of a pre-51-type rack.

The 51-type construction was preferred for the built-in
signalling carrier equipment but alternative forms that
offered comparable facilities, and which could be
assembled in repeater stations together with either of the
standard forms, were to be considered. The equipment
submitted and described later was in a form known as
“Unit Construction Practice” (U.C.P.) developed by the
Automatic Telephone & Electric Co., Ltd., and Telephone
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FIG. 1-——PRINCIPAL RACK-SIDE ASSEMBLIES OF MEDIUM-DISTANCE
CARRIER TERMINAL EQUIPMENT



Manufacturing Co., Ltd. This is a form of construction
similar to 51-type and although certain facilities were
lacking it was accepted as an alternative for this carrier
equipment.

In U.C.P., components are mounted in can-assemblies
which are carried on a panel frame. The frame width is
about 19in. and the depth is a convenient multiple of

3 in.; on this equipment most panels are 3% in. deep.
The panel frames then jack into the rack-side framework,
which is constructed of sheet steel in the standard
width and, in this application, has a height of 9 ft.

Equipment for the medium-distance carrier system is
mounted on a rack-side to form one of several forms of
assembly, the various forms being necessary to meet the
circuit routing conditions that may be required.

CIRCUIT FACILITIES

The basic equipment (Type A—See Fig. 1) mounts the
apparatus for translating eight speech channels to and
from the frequency band 60-108 kc/s together with
signalling oscillators. In the transmit direction of trans-
mission the channels are assembled initially in the
frequency band 12-60 kc/s so that a 12-60 kc/s to
60-108 kc/s carrier group modemis provided together with
all necessary carriers. Similar translation processes are
used in the receive direction of transmission.

When further 60-108 kc/s carrier groups are needed,
the Type B rack-side, mounting equipment sufficient for
two 8-channel carrier groups, can be added and operated
from the carrier and signalling oscillators on the Type A
rack-side. Finally, the third rack-side (Type C) mounts
equipment for a fourth 8-channel carrier group together
with two sets of 16-channel combining panels. Again
these channel equipments can work from the carrier
supplies and signalling tones provided by the Type A
rack-side. The three rack-sides can therefore mount allthe
modulating, carrier and signalling equipment required
for the transmission and reception of two l6-channel
carrier groups assembled at line frequencies in the
band 12-108 kc/s.

Carrier power from one Type A rack-side is sufficient
to feed two Type B rack-sides and these three rack-sides
can together provide five 8-channel carrier groups each
operating in either the 12-60 kc/s or 60-108 kc/s fre-
quency band as required.

SPECIFIED ELECTRICAL PERFORMANCE AND SPECIAL
FEATURES
Frequency Response

The performance of the channel modulators was to be
such that the relevant C.C.I.T.T.* performance limits
should be met. Initially, in drafting the specification, it
was envisaged that most of the circuits to be provided
using the equipment would be point-to-point circuits and
performance limits were set fairly wide. Subsequently,
it was thought that circuits might be formed by connecting
several medium-distance carrier links in tandem and the
limits were therefore narrowed to the small proportion
of the C.C.ILT.T. overall circuit figures that may be
apportioned to one individual equipment.

The reference circuit of the C.C.I.T.T. includes three
pairs (transmit and receive) of channel modulation stages.

* International Telegraph and Telephone Consultative Com-
mittee (formerly the C.C.I.T. and C.C.I.F.).
{ dbm0—decibels relative to 1 mW when measured at, or

referred to, a point of zero relative level (usually the 2-wire point
of the circuit).

To ensure that the overall circuit distortion does not
exceed that permitted, and assuming no distortion over
each channel frequency-band due to other group-
frequency equipment, the spread in the gain/frequency
characteristic of the transmit and receive equipments
should each not exceed one-sixth of the overall figures.
There is, however, some scatter in the results obtained
from different equipments and the response specified is
therefore close to one-quarter of the C.C.I.T.T. figures
for the maximum permissible variations in gain/frequency
characteristic of a standard 300-3,400c/s channel.
These figures may have to be reviewed in the light of
the results obtained because the present trend is to
tighten audio-to-audio response limits so as to cater
for the larger number of audio translations that may be
desirable for economic reasons with subscriber trunk
dialling.

Channel Overload-Limiting

The channel overload-limiting characteristic required
was in accordance with that specified for the channel
equipment normally used on coaxial and carrier lines.
At the channel modulator input when an 800 c/s signal
is increased in level from —13 to 44 dbm0} the depar-
ture from linearity should not exceed +0-3 db, and as
the input level is further increased, the required output
level should at no time exceed a level of 9-5db above
the output level obtained with a +4 dbm0 level.

Considerable variations in the limiting characteristic
are therefore permissible at input levels beyond the
“linear” range. In this medium-distance equipment a
biassed limiter is used that restricts output levels to a
maximum of 2 db above that obtained with a -4 dbm0
input level.

It has been the usual practice to feed channel modu-
lators with a low-level carrier so that the modulators
themselves provide the desirable limiting characteristic.
The energy of high-level audio input signals is then
diverted into unwanted modulation products some of
which appear, within the nominal speech band, as second
and third harmonics of the input signal. To prevent
these harmonics from falsely operating the signalling
receiver, which is tuned to 4-3 kc/s. a limiter with a sharp
“turn-over” above a level of +4 dbm0 is included in the
modulator input. This is followed by a 3-4 kc/s low-pass
filter connected before the modulator. Both modulator
and demodulator are operated as devices linear with
respect to input and output signals so that no significant
spurious 4-3 kc/s signalling tones are produced by
harmonics of 2-15 and 1-43 kc/s input signals.

Carrier Generation

One of the desirable features of the medium-
distance equipment was that carrier generators
should be an integral part of the equipment, thus
facilitating ready installation of carrier terminals in small
stations. A convenient way of doing this is to use
individual crystal oscillators but associated difficulties
are the limitation of the number of channels that can be
fed from one oscillator without standby facilities, and
the relatively large frequency-drift that can occur when
using simple oscillators.

The United Kingdom carrier and coaxial network is
designed to enable circuits to conform to the C.C.LT.T.
recommendation of a maximum frequency-error of 2 c/s,
a limit suitable from consideration of speech and
program transmissions, v.f. telegraphy and signalling.
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Medium-distance circuits are intended primarily to
be suitable for speech transmission. Here frequency
errors up to 20c¢/s would cause few difficulties while
the built-in signalling equipment is, of course, designed
to cater for the variations in frequency that could
occur in use. On the basis of a monthly maintenance
adjustment of oscillator frequency the maximum
variation that should occur is 3 ¢/s so that the greatest
frequency error occurring over a point-to-point link
should be 6 ¢/s. In the exceptional case of two or more
links being used in tandem together with certain external,
in-band, signalling equipment, signalling failure could
occur under adverse conditions.

Although medium-distance equipment was intended
for operation with the integral carrier generators the use
of an alternative higher-power carrier source controlled
by a master oscillator was not ruled out. This would
yield the advantages of cheapness when supplying many
carrier terminal equipments and greater frequency
stability. The stability of the present integral carrier
oscillators would have to be improved if there were any
considerable scale of provision of this carrier equipment
in the main trunk network as, in the normal way, channel
translations are not expected to make any material
contribution to the overall 2c¢/s permissible error.
Another version of the equipment, shortly to be made
available by the manufacturer, will provide all carriers
synchronized with a master oscillator; the maximum
error with this equipment will be approximately 0-1 c/s.

Signalling

The basic requirements and the design of signalling
equipment for use over carrier channels that include a
built-in out-band signalling path have been described
in detail elsewhere.” In this carrier equipment the
signalling frequency was made 4-3 kc/s so as to lie con-
veniently in the gap between the top audio frequency of
3-4 ke/s and the adjacent virtual carrier frequency,
corresponding to 6 ke/s in the channel.

The normal signalling level is at —20 dbm0 but the
equipment will continue to work, though not with the
same distortion limits, over the range of levels +3 db
to —10db relative to normal. This large range of
possible working levels is required to take into account
the permissible change of 2 db in transmission equivalent
of a working circuit as well as the variations from
setting-up level due to changes in the gain/frequency
characteristic of the interconnecting 60-108 kc/s line
link.

Large changes in the response over the group frequency
band would only occur under adverse conditions and
with several links in tandem. It is, however, a principle
that channels that would be adequate for a speech
transmission should, if possible, not fail because of a
signalling failure.

The maximum permissible overall distortion of a
10 p.p.s. signal, applied at the end of a specified tie
circuit connected to the modulator static relay, when
measured between the output of the initial pulsing relay
and the contacts of the distant signalling relay, is 4-2-5 ms.
This distortion limit applies with a variation in the trans-
mission equivalent of the circuit of +3 to —7 db from
nominal.

Various other signalling requirements were specified,
such as the facility of being able to work with signalling
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tone either ““on” or ““off” during non-signalling periods
to enable common designs of exchange relay-sets to be
used wheie possible.

The distortion limit of --2-5 ms allows for the con-
nexion of two of these links in tandem with d.c. repetition
at the interconnexion point. Where more than two links
are needed in tandem. consideration would have to be
given to the use of in-band a.c. signalling.

Power Supplies

Power supplies in repeater stations are normally either
fully-guarded a.c. supplies at 240 volt +1-5 per cent, or
21-volt regulated, 24-volt unregulated and 130-volt
battery supplies; in some stations a 50-volt battery supply
for the operation of relays is also available.

It had been hoped that it would have been possible to
have common forms of rack-side for the two types of
power supplies, and indeed for the panels also to be
equally suitable after only minor changes in the strapping
of heater-circuit wiring. The battery h.t. voltage could
be made 154 volts by using the unregulated 24-volt supply
in series with the 130-volt supply, and this was suitable for
either a.c. or d.c. type panels but the difficulties in
accommodating 6-3-volt a.c. or 21-volt d.c. heater-
supplies were such that two series of equipment were
necessary.

Standby Equipment and Alarms

The provision of standby equipment for working
channels depends on the number of channels that would
be affected by an equipment failure, the likelihood of
such a failure and the importance of the circuits carried.
It was thought to be a useful compromise to have auto-
matic-change-over standby oscillators for the 120 kc/s
group modem carrier supply where eight or more channels
may be affected by a failure, but to use simple individual
oscillators for the channel supplies, where a maximum of
only five channels could fail with failure of one oscillator.
In the later version of the equipment automatic change-
over to a standby equipment is provided on the failure of
any channel, group or pilot supply.

There is a further 60 kc/s supply, derived by division
fromthe 120 ke/s group modem carrier frequency, that is
provided when required for supplying a continuous line
pilot in those installations where no other 60 kc/s source
is provided. Full standby facilities are always needed
when this supply is provided.

The alarm system was left as simple as possible, the
only faults that would give rise to a station alarm under
normal working conditions being a power-supply or fuse
failure and a change-over of a 120 kc/s or a 60 kc/s
oscillator.

(To be continued)
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phase modulation and thus to improve the output
spectral purity. These measures have improved the
short-term stability to one part in a hundred million,
which is more than adequate for the present micro-
wave communication systems. However, it is antici-
pated that a further overall improvement could be
realized by reducing the operating frequency of the
crystal oscillator and incorporating a further stage of
frequency multiplication. It would be necessary, however,
to compromise between the improved short-term stability
of the crystal oscillator operating at the lower frequency
and the phase modulation introduced by the additional
multiplier stages.

CONCLUSION

The triode oscillator offers an improved stability over
the electromechanically servo-controlled reflex-klystron
oscillator but it would require additional temperature
compensation to equal the long-term stability of the
quartz-crystal-controlled carrier frequency source. The
main merit of the triode oscillator is its basic simplicity,
which will reduce maintenance problems. At present,
however, it is, basically, a fixed-frequency source which
requires painstaking phasing during the initial alignment
period. For these reasons it seems likely that the
application of this type of oscillator will be restricted to
laboratory use as a reference source of high spectral
purity. With the quartz-crystal controlled carrier source
the present performance appears to be superior to the
requirements of the multi-channel systems envisaged at
the moment. It is almost certain, then, that the carrier
frequencies of future systems will be quartz-crystal-
controlled and in the case of carrier sources for present
microwave communication systems the performance can

be relaxed. This will result in a worthwhile reduction in
the size and cost of the quartz-crystal-controlled carrier
generation equipment described.
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Book Review

“Basic Electrical Engineering.”” J. Shepherd, B.Sc.,
AM.IEE., A. H. Morton, B.Sc., AMILE.E,
A.M.BritLR.E., and L. F. Spence, B.Sc., AAM.LLE.E.
Sir Isaac Pitman & Sons, Ltd. 310 pp. 220ill. 27s. 6d.

This book has been prepared mainly to suit the needs of
students studying for the Ordinary National Certificate in
Electrical Engineering. The work follows the main lines
of the new London University Part 1 syllabus in Electrical
Engineering and the Intermediate Standard in the City
and Guilds of London Institute Electrical Engineering
Practice examination.

Nine chapters deal with units and simple circuits, elements
of electromagnetism, elementary instruments and measure-
ments, capacitance and electrostatics, single-phase a.c.
circuits, simple three-phase circuits, the d.c. machine,
transformers and elementary electronics. The text of the
book adopts the rationalized M.K.S. units, there being no
reference to the C.G.S. system.

Any addition to the present range of text books in this
field must be judged on new material, scope and
presentation. No new material is included in the present
book except perhaps the adoption of the M.K.S. system of
units throughout. From a student’s point of view, however,
the book has merit in presentation as numerous excellently
solved and illustrated examples are set throughout the
book. These examples are carefully selected to stress basic
principles to students. Each chapter ends with a set of
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examples (with answers) taken from Ordinary National
Certificate and London University examination papers.

Due perhaps to the limitation in size of book, or possibly
cdue to the particination of three authors, the book is a
little unbalanced. The chapters on units and simple circuits,
elements of electromagnetism, and single-phase a.c. circuits,
are excellent. The chapters on d.c. machines, transformers
and elementary electronics, however, are not of the same
high standard. That on d.c. machines is not sufficiently
lucid for student purposes. It contains a number of errors
(a particularly unfortunate one being Fig. 7.17 which
shows poles of unequal width and brushes unequally
spaced). The chapter on transformers is too brief, being
limited to a very basic treatment in four pages. There is
no mention of no-load condition, losses, or regulation.
The chapter on elementary electronics is limited to an
elementary treatment of a few aspects (i.e. simple valve
theory, diode rectification, simple triode valve and triode
valve amplifier treatment, simple cathode-ray tube treat-
ment). This scope hardly justifies the title “‘elementary
electronics.”” It is admittedly difficult to give an elementary
treatment of the vast field of modern electronics. Selection
must be made. If, however, material on electronics is to
be included in a book of this nature, it deserves a fuller
scope, and a general introductory treatment of a wider
field than that given is, perhaps, called for.

The book is well produced, the diagrams are clear and
well drawn and fit excellently with the text.

S. W,






a coefficient of linear expansion of 19 x 10=° per
degree Celsius, a temperature change of 5°C will
alter the resonant frequency by 1 part in 10. The
anticipated working temperature range is 10°C to 32°C
so that temperature correction curves or tables would
be necessary for a brass cavity. The need for correction
can be avoided by using a low-coefficient material such
as Invar steel, which has a coefficient of expansion of
only 1 x 107% per degree Celsius. The first experi-
mental model was in fact constructed of brass, but a
special steel with a low coefficient of expansion is used
for the final design.

If the cavity is open to the atmosphere the resonant
frequency will vary slightly with changes of barometric
pressure, temperature and humidity, since these all
affect the permittivity of the dielectric contained in the
cavity. The permittivity depends upon the density and
proportions of dry air and water vapour present in the
cavity. Dry air has a permittivity of 1-0606 at N.T.P.
and water vapour one of 1-008 (corrected to N.T.P.); the
permittivity of a mixture varies linearly between the
two values, so the value at a given temperature and
relative humidity may be found with the aid of a table of
saturated vapour pressures. The variations in resonant
frequency due to humidity changes are given in Table 1.

TABLE 1
Effect of Relative Humidity on Resonant Frequency

Temperature 10°C 20 C ‘ 30 C 40 C

in 10°) for relative 4. _ o, _ =
humidity change from 44 83 | 15 26

Frequency change (parts ‘ ‘ |
I
0°, to 100°, I |

Thus an increase in relative humidity from 40 to
90 per cent at 20°C would reduce the frequency by over
four parts in 10°. The density of the air, and hence the
permittivity, vary with atmospheric pressure and tem-
perature. An increase in frequency of 1 partin 10’ would
be caused by a rise in temperature of 20 degrees or by
a reduction in pressure of 1 in. of mercury.

The need for corrections for the effects of atmospheric
changes can be avoided by hermetically sealing the
resonator. However, the density of the air inside the
cavity will vary with the piston setting since the air will
be compressed as the piston and the sealing bellows
move inwards. (See Fig. 9 for construction.) This
produced a frequency error of 2-5 parts in 10° for the
experimental cavity over the range of piston movement,
but, provided no leaks occur, the error is absorbed in the
calibration.

The mechanical design of the frequency meter must
be adequate to give the required reading accuracy of
1 part in 10°, and a long term accuracy of 2-5 parts in
10°. 1t must be possible to adjust the position of the
piston smoothly and without appreciable backlash, so
that, in terms of frequency change, it can be set readily
to 1 part in 10°. Considerable forces have to be over-
come in a hermetically sealed cavity and the micro-
meter threads have to be carefully designed and well
finished to reduce wear to acceptable limits. Cyclic
errors may be caused by eccentric movements in the
mechanical drive, or by cyclic errors in the pitch of the
screw threads. They will be absorbed in the calibration,
but the work of calibrating the frequency meter is much
simplified if such errors are made negligible.
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MODE OF OSCILLATION IN CAVITY

Any closed volume with continuous conducting walls
will behave as a resonator at certain frequencies. The
major source of imperfection leading to a finite Q-factor
is the loss in the conducting walls. Generally speaking,
the best Q-factor for a cavity of given volume and given
material will be obtained when the ratio of the volume
to the superficial area of the walls is a maximum, i.e.
with a spherical cavity. However, a cylinder with closed
ends of length approximately equal to the diameter is
the best practical approximation when an adjustable
high-Q resonator is required, and it is much favoured for
cavity resonators.

The cylindrical cavity can be considered to be a section
of waveguide half a wavelength long, terminated at
each end by reflecting walls. Electromagnetic waves are
reflected to and fro, and the wave motion in the cavity
is the result of adding together the instantancous fields
of two similar waves travelling in opposite directions.
The phase relations, neglecting losses, are such that at
one instant the magnetic fields of the two waves will
add together while the electric fields cancel out. A
quarter of a cycle later the electric fields add while the
magnetic fields cancel out. The stored energy is alter-
nately stored in a magnetic field and then in an electric
field, as in a resonant LC circuit.

A cavity is capable of supporting a large number of
modes of oscillation, each having a different wave
pattern and frequency. If an unwanted mode falls
within the frequency range of the frequency meter,
ambiguity may result from tuning the cavity to this
response instead of to the main response for which it
is calibrated. Generally, the frequency/dial-reading
curves of the main and unwanted responses have different
slopes, and occasionally cross each other. A “‘crossover”
within the tuning range can cause serious ambiguity and
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changes in sensitivity, and indeed the suppression of
unwanted modes and the avoidance of ‘“‘crossovers”
are major problems in the design of a high-precision
cavity frequency-meter.

The configurations of some of the modes possible in a
cylindrical cavity are shown in Fig. 3. At (@) the mode
of oscillation is such that at one instant (neglecting
losses) the whole of the energy is stored in the electric
field. A quarter of a cycle later the energy has been
transferred into the circular magnetic field ringing the
position previously occupied by the electric field. This
process is repeated over the next half-cycle with the
polarities reversed, and so on. At (b) the same pattern is
repeated twice along the length of the cavity, and at (c)
three times. The notation shown in the left-hand column
of Fig. 3 is a convenient method of describing modes of
oscillation in both cylindrical and rectangular cavities.
Some points are common to the two cases, but, to avoid
confusion, cylindrical cavities only are considered here.
The following descriptions are not rigid definitions® but
they will give a useful picture of the system.

The letter H means that there is a component of
magnetic field along the length of the cavity, while the
electric field is purely transverse; E refers to the con-
verse conditions. In general the E modes do not
cause much interference in a cavity designed to use
an H mode. The first figure refers to half the number of
times the field changes polarity along a radius sweeping
once round the circular section of the cavity. For
example in the H,;; mode the polarity changes twice,
in the H,; mode four times, while in the H,, mode
there is no change. The second figure indicates the
number of times the pattern is repeated from the centre
to the sides of the cavity. Higher-order modes of this
type have frequencies well above the range of the
frequency meter and only the order 1 need be considered
here. It will be seen from (a), (b) and (c) of Fig. 3 that
the last figure refers to the number of times the pattern
is repeated along the length of the cavity.

It has been shown? that the H,, modes require the
least volume for a given frequency and Q-factor. At
4,000 Mc/s, the H,; mode gives a sufficiently high
Q-factor for the present design and although it requires
a fairly large cavity the size is not unmanageable. The
optimum Q-factor for the H,; mode occurs when the
diameter and length are equal. Knowing the mode of
oscillation, the dimensions of the cavity, and the depth
of penetration of current in the walls, the maximum
attainable Q-factor can be calculated. The depth of
penetration depends upon the resistivity of the material
and the frequency of oscillation and, for a silver-plated
cavity, is 1-01 x 10~* mm at 4,000 Mc/s. The theo-
retical Q-factor is 49,000, but in practice it is reduced
to about 16,000 probably due to losses in the E,,
mode which theoretically has the same frequency as the
H,;, mode at all settings of the frequency meter. The
loading of the input and output circuits also reduces
the Q-factor.

An inherent advantage of the Hy, mode is that the
wall currents circulate round the axis of the cylinder.
No currents flow across the joint between the end plate
and the cylinder, because there is no e.m.f. from the
field in this direction, and additional dissipation is not
caused by the joint. Indeed, a gap can be deliberately
introduced between the piston or plunger used to tune
the cavity and the cylinder, without interfering with the
wanted mode for, besides avoiding troubles associated

with moving contacts, this tends to suppress unwanted
modes which require conduction across the gap. The
piston used to tune the cavity has a sliding action to
minimize the possibility of cyclic errors which would be
difficult to avoid if the piston were rotated as it moved
in and out.

CHOICE OF DIMENSIONS

The relationship between frequency, diameter and
length for the cylindrical modes can be shown con-
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FIG. 4—PERFECT CYLINDER RESONANCES (MODE CHART)

veniently in the form of a mode chart (Fig. 4). Each
curve is a straight line of the form:*

(fDf = 4 + B<%>2

where f = frequency (c/s)
D = diameter (cm)
L = length (cm)
and 4 and B are constants.
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For the Hy; mode

2
A= <3-832€>
v
and B — <§> )

where ¢ = velocity of light = 2:9979 x 10" cm/s in
vacuo. (The velocity is approximately 0-03 per cent
less in dry air.)

The figure 3-832 is a root of a Bessel function, and can
be calculated to any required degree of accuracy. This
type of equation forms the basis of a method of measuring
the speed of light in terms of the dimensions and resonant
frequency of a cylindrical cavity.*

The optimum ratio of diameter to length is influenced
by three factors:

(a) Dependence of the Q-factor of the cavity upon
the ratio D/L,

(b) Interference from other modes of resonance,
and

(c) The rate of change of frequency with length.

The Q-factor is not greatly affected by the ratio D/L
over the practical range. The maximum value of Q
for the H,;; mode occurs when D/L = 1, and falls by
only 8 per cent when the length tends to infinity, i.e.
D/L—0. The ratio D/L has to be increased to 2-8 to
reduce Q by 30 per cent. The range 0 << D/L << 2-8 is
ample for most frequency meters.

The mode chart (Fig. 4) gives an indication of the
interference likely to be caused by other modes. Inter-
ference can occur where the piston position is such that
the main mode and another mode resonate at the same
frequency, at points such as the intersections of the
H,:» and H,;;; modes with the Hy;; mode. It is desirable
that the working range of a frequency-meter should
not include a crossover of the principal mode with
another mode. Experiment has shown that the inter-
section of the E,;, mode and the principal mode may be
ignored, and that the effects of the H,,, crossover can
be reduced to acceptable proportions by careful position-
ing of the coupling loops. An H,; mode frequency-
meter can therefore be designed to operate between the
intersections of the Hy;; and Hy,, modes with the Hy;
mode, or to the right of the H;;, mode on the mode
chart. The space to the left of the H,,, mode is unsuitable,
one reason being that as the ratio D/L becomes small
an unduly long cavity is required.

The overall frequency range to be covered is from
3,625-4,250 Mc/s and is 17-2 per cent of the lowel
frequency. The space available between the intersections
of the Hy,, and H,;; modes with the H,,, mode is only
2-1 per cent and a set of at least nine frequency-meters
would be required to give complete coverage. A range
of 7-0 per cent is available between the H,;; and Hy,
modes and three frequency-meters would be required,
while to the right of the H,;, mode space is unlimited
and only one would be required.

The frequency-meters are tuned by micrometer
adjustment of the length, so the choice of the working
position on the mode chart is also influenced by the rate
of frequency change with length. At the right-hand side
of the mode chart, the higher values of (D/L)* represent
lower values of L, and the rate of change of frequency
with length is greatly increased. The micrometer must
be sufficiently accurate to enable the frequency to be
read to 1 part in 105 If the region to the right of the
H,,, mode were used the complete range of 17-2 per cent
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would be covered by a 0:69 in. movement of the piston.
This is equivalent to a frequency change of 25,000
parts in 10° per inch and would require a delicate and
expensive micrometer accurate to better than 1/25,000 in.
The space on the H,, curve between its intersections
with the H,;; and H;;, modes gives a travel of 2-0in.
for a 70 per cent frequency change, equivalent to
3,500 parts in [10° per inch, and requires a reasonably
accurate micrometer. The H,,,—H,;; space would give
a 19 in. movement for 2-2 per cent; the fine adjustment
of 1,100 parts in 10° per in. is attractive, but the number
of frequency-meters necessary to cover the overall range
would be prohibitive. The H,;,-H;,, space has therefore
been chosen, requiring three frequency-meters to cover
the overall range. The H,., mode crosses the wanted
mode but, by using appropriate coupling loops, as
described below, its effect on the wanted mode has been
minimized.

COUPLING TO CAVITY

The frequency-meter coupling is arranged to draw a
small proportion of power from a waveguide, which
may either form part of a through circuit or may have
one end connected to a matched termination. Resonance
is detected by a silicon rectifier coupled into the cavity
and connected to a sensitive galvanometer.

In the cavity either a coupling loop or an iris, consisting
of a small window in the wall of the cavity, can be used
to couple with the magnetic field of the H,; mode
(see Fig. 3 for field configuration). Loop coupling was
chosen to simplify hermetic sealing. Coupling into the
waveguide may then be either by loop on the wide or
narrow side of the guide linked by the magnetic field.
Alternatively a probe may be used on the wide side to
couple with the electric field along the length of the
probe (Fig. 5). It was found impossible to obtain the

/ DIRECTION OF
PROPAGAT ION

(Hio MODE)

(@) Loop 1n the narrow side of guide. coupling with the magnetic field.
) Loop n the wide side of guide, coupling with the magnetic field.
(¢) Probe 1 the wide side of guide, coupling with the electric field.

FIG. 5—USE OF LOOPS AND PROBES TO EXTRACT POWER FROM A
RECTANGULAR WAVEGUIDE

specified sensitivity of 1-5uA per 1 mW of waveguide
power with loop coupling in the narrow side of the
guide, so probe coupling in the wide side was tried and
found to be satisfactory.

Suppression of Unwanted Modes

Reference has already been made to the presence of
interfering modes of resonance. In particular, ambiguity
may be expected within the working range of the
frequency-meter due to responses from the Hiy;, Hp,
H., and E,; modes; outside the normal frequency
range responses may also be obtained from such modes



as Hy;; and H,,; (see Fig. 4). The response at the more
serious of the interfering modes may be reduced by any
or all of the following methods:

(a) Arrangement of the input coupling to avoid
excitation of the unwanted mode.

(b) Arrangement of the detector coupling to avoid
detection of unwanted resonances.

(¢) Damping of unwanted modes by placing wires
or resistive cards in line with the electric field, or by
introducing choke gaps to interrupt the wall currents.

Method (@) has been used to suppress the H,, and
H,,; modes. Two probes are used in the waveguide
and are placed half a guide-wavelength apart so that
the induced voltages are in antiphase. The associated
loops in the cavity are positioned to excite diametrically
opposite magnetic fields. The H,, mode, and unfor-
tunately the H.;, mode also, are excited rather than the
H,.. and H;;, modes (see Fig. 3 for field configura-
tion). Interference from the H,,, mode occurs over a
larger portion of the tuning range than in the case of
the H,,; mode. The probe spacing has therefore been
chosen to be an exact half-wavelength at the frequency of
intersection of the Hj», and H,, modes. Interference
from the E,., mode is negligible since the planes of the
loops are at 90° to the direction required to excite this
mode.

Method () is useful for dealing with the H,,. mode.
The detector loop is placed in the cavity wall with its
axis parallel to the axis of the cavity at a height corre-
sponding to half the length of the cavity when tuned
to the intersection point of the H.. and H,, modes.
The Z component of the magnetic field of the Hp,
mode is parallel to the axis of the cavity, and is zero at
this height. Detection of the Hi;» series of modes is
suppressed by placing the detector loop on the diameter
of the cavity which is at 90° to the axis of the waveguide.
Power will be dissipated by these modes at their inter-
sections with the H,; mode, and will cause a local
reduction in sensitivity, even though detection of the
unwanted mode is suppressed. This is illustrated in
Fig. 6 and 7, which show the performance at the E,,
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crossover, first with the detector loop in line with the
guide and then at 90° to the guide. In the first case the
readings would be ambiguous and incorrect in this region.
In the second case the frequency response merely suffers
two slight inflexions, though the sensitivity falls severely
in the region of the crossover. The sensitivity over the
whole range of the frequency meter is shown in Fig. 8.

Method () is used to suppress a second response whict.
occurs about 10 Mc/s above the main response and is of
similar amplitude. It is probably due to the E,;; mode
which theoretically has the same frequency as the Hg;
mode for the same dimensions, and is therefore known
as a ‘“companion mode.” Gaps of about 0-01 in. are
introduced between the piston and the cavity walls,
as described earlier, and in the final design at the bottom
of the cavity also, to interrupt the wall currents of this
unwanted mode.

Size of Coupling Loops

The resistance looking into each coupling loop depends
upon its area. Experiment has shown that the cavity is
seriously loaded by an excessive loop area, even with
loose coupling between the probe and the waveguide,

133



and consequently the Q-factor is degraded. The best
loop area was found by exciting the cavity through
weak coupling and observing the change in the Q-factor
as the area was varied. A detector coupling which
reduces the Q-factor by about 10 per cent is satisfactory,
gives sufficient sensitivity, and yet retains a high Q-factor.
Finally, the length of the waveguide probes was adjusted
to give the required sensitivity, and the Q-factor checked
to ensure that it had not been appreciably reduced by
the input loading.

MECHANICAL DESIGN

A photograph of the frequency-meter is shown in Fig. 1,
and details of the mechanical construction are given
in Fig. 9. The resonant part of the cavity is enclosed
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FIG. 9—CONSTRUCTION OF EXPERIMENTAL H,,; CAVITY
FREQUENCY-METER

by the cavity body A, the piston B, and the baseplate C.
The edge and back of the piston are coated with graphite
to reduce interference from spurious resonances in the
back cavity. The cavity is excited by power from the
waveguide D, size WG-11, 2}in. by 1}in., via two
probes E and loops F of which only one set is shown.
The detector loop G energizes a silicon crystal H, and
the rectified current is passed through a coaxial line
having a dielectric composed of dust cores I to the output
socket J, and so to a galvanometer. The purpose of the
dust cores is to provide a high attenuation (greater
than 40 db per inch) in this lead at the frequency being
measured. The cavity, base-plate and piston are silver
plated to increase the conductivity of the cavity walls,
and in the final design the plating is protected by a
layer of polystyrene lacquer. Allan and Curling’ have
shown that the contribution to losses by the lacquer
is negligible. The cavity surfaces have a smooth finish
to ensure that their area, and therefore the dissipation,
is as small as possible.}{Localized changes in the diameter
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of the cavity do not greatly affect the calibration curve
and are not important in an individually calibrated
frequency-meter.

The movement of the piston is controlled by a screw
micrometer and the simplest method would be to allow
the piston to rotate with the screw. A non-rotating
piston rod is, however, preferable as it facilitates the
hermetic sealing of the entry to the cavity, and cyclic
errors due to misalignment of the piston are minimized.
The screw K is guided by two nuts L and M; nut L can
be rotated and clamped by screws in slotted holes to
reduce backlash to a minimum. The pitch of the thread
is 3 in. and the total piston movement is 2-2 in. Since
there are 100 divisions on the thimble, the range of
the experimental frequency-meter is covered by about
7,000 divisions. The longitudinal motion is transmitted
to the piston rod N via a push rod O, which greatly
reduces errors due to eccentric motion of the screw.
The piston rod slides in bearings P and is forced against
the push rod by a spring Q, which is kept in position by
a pair of spring guides R. The guides also prevent
rotation of the piston. The spring has a free length of
18in. and is compressed to about 4 in.; consequently
the force is fairly constant over the working range of
movement. Since the bearings are hermetically sealed
by means of a p.v.c. gaiter S the spring must be suffi-
ciently strong to overcome the excess external pressure
due to an increase in barometric pressure or a reduction
in ambient temperature. The pressure difference acts
upon the mean area of the gaiter, and the resultant
forces amount to 1-51b for a change in barometric
pressure of 1 in. of mercury, and 3-5 Ib over the specified
working temperature range of 22 degrees Celsius. The
spring is effectively stiffened by the compression of air
inside the gaiter and cavity as the piston is depressed, and
produces a maximum variation in force of 41b. A
breather tube T links the two spaces.

A lubricating grease containing molybdenum di-
sulphide has been found effective in preventing a sticky
action at the micrometer threads due to the load of these
forces. Hardened and ground steel threads of truncated
V-section are used to avoid contact trouble at the tips
of the thread, and to leave space for excess lubricant
and dirt. End stops are arranged to arrest the rotary
motion of the micrometer screw and incorporate a
simple shock-absorbing device.

The hermetic seal is completed by the use of glass-
to-metal seals at the coupling-loop connexions, and by
“0O” Rings U where the base-plate and detector mount
are joined to the body of the cavity. A desiccator V,
containing selica gel, ensures that the calibration will
not be affected in the event of moisture penetrating into
the cavity. The frequency/temperature coefficient has
been minimized in the final design by using special
low-temperature-coefficient steel for the cavity walls
and end plates, and mild steel for the nut mounting,
piston rod, and push rod so that the piston moves
inwards as the cavity walls expand.

PERFORMANCE

Frequency Range
An experimental frequency-meter, to which all test
results refer, has a range from 3,975 to 4,275 Mc/s.
In the final model the frequency range is limited to
225 Mc/s, and is covered by approximately 5,000
divisions of the micrometer scale. There will be three



types of meter covering tbe ranges 3,625-3,850. 3,825~
4,050 and 4,025-4,250 Mc/s.

Q-Factor and Resolution

The Q-factor lies between 12,000 and 20,000, depending
upon the setting of the micrometer. No pronounced
dip is apparent at the crossover points of the unwanted
modes with the main mode. The resetting accuracy
taken over ten successive readings in the centre of the
range has been found to be better than +0-2 of a
division, equivalent to 4 2 parts in 10° in terms of fre-
quency.

Mechanical Stability and Cyclic Errors

The error due to resetting in either a clockwise or
anticlockwise direction while applying an upward or a
downward force of 6 Ib on the thimble does not exceed
6 parts in 10°. The cyclic error has been checked by
calibrating the frequency-meter over two turns of the
micrometer head at 1 Mc/s intervals, requiring 13
measurements in all. The error is less than 4 parts
in 105

Unwanted Resonances

The response of the frequency-meter to unwanted
resonances is usually at least 15db below the main
response. The E,;; mode has the same frequency as the
H,;; mode for a perfect cylinder, but disturbances such
as the coupling loops and the gaps at each end of the
cylinder displace the E,;; mode about 10 Mc/s higher
than the Hy;, mode. The response to this mode is at
least 23 db below the main response. There is a tendency
for modes which cross the main mode to become more
prominent as the crossover point is approached. The most
serious instance would be the H,; mode but, in the
final design, this cross-over is excluded from the ranges
of the frequency meters.

Coupling
The effect on the resonant frequency of standing
waves in the waveguide to which the frequency-meter

is coupled has been checked by terminating the wave-
guide in a short-circuiting piston and making frequency
measurements as the piston was moved through a
quarter of a guide-wavelength. The apparent frequency
change was less than 3 parts in 10°. The effect of changes
in the detector has been observed by using five different
samples of type CV103 detector crystals. The resultant
frequency change was less than + 3 parts in 10°,

CONCLUSIONS

The results obtained with the experimental model
show that an accuracy of 1 part in 10’ can be obtained
over a 300 Mc/s range in the region of 4,100 Mc/s.
The response of the experimental model to unwanted
modes within the range of the frequency-meter is usually
more than 15 db below the main response. For work
where the frequency and strength of the signal are
unknown it is desirable to augment the precision cavity
with a non-ambiguous frequency-meter of simple design.
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Book Review

“Problems in Radio Engineering. E. T. A. Rapson.
Seventh edition. Pitman & Sons, Ltd. 177 pp. 21 ill.
15s.

This book, which has become well known to radio
engineering students through previous editions, is unique
in that it is mainly composed of a large number and variety
of questions in telecommunication examinations set in the
past 20 or 30 years by the City and Guilds of London
Institute, the Institution of Electrical Engineers, the
University of London and, in recent years, by the British
Institution of Radio Engineers. That the book is now
produced in its seventh edition is proof of its popularity.

The questions are largely of the numerical-problem type
and are classified under 48 separate groups, each generally
being preceded by a short summary of the basic laws or
formula concerned with the particular subject. It is this
feature which has no doubt made a strong appeal to radio
engineering students.

In the preface to this edition the author says that a number
of early descriptive questions have been deleted. Surely it
would have been wise also to discard many of the early

numerical problems, some of which date back to the 1920s.
For example, one such problem, in which line attenuation
is quoted in the long out-dated transmission units, can only
confuse the modern student who has to grapple with
decibels.

It is not difficult to suggest ways in which this book might
be still further improved. There are no descriptive ques-
tions or problems quoted on v.h.f. amplifiers (earthed-grid
amplifiers, transit time and lead inductance effects, etc.),
nor is any help given on problems concerned with frequency
modulation, receiver noise and signal,/noise ratios. It would
have been very helpful to include standard formulae for
voltage-standing-wave ratio and reflection coefficients in
feeders, and also formulae on propagation and the sensitivity
of a half-wave dipole and more-complex aerials. In addition,
it would have been of value to include short definitions of
such commonly used terms as aerial gain and noise factor.

Other *‘gaps™ might be found by readers; nevertheless
there is no doubt that such shortcomings of the book will
be overlooked by the student who wishes to obtain ready
information and practice in numerical exercise, together
with the added comfort that he can compare his answers
with those printed at the end of the book.

JLK.S. J.

135



Prospects for Transatlantic Television by Cable

R.J. HALSEY, C.M.G., B.Sc.(Eng.), F.C G.I., D.1.C., M.LE.E,,
and A. R. A. RENDALL, 0.BE, Ph.D.,M.LE.E.T

U.D.C. 621.397.24:621.315.28

The possibilities are considered of transmitting television signals
across the Atlantic by existing and future submerged-repeater
coaxial-cable systems. It is concluded that, by eliminating
redundancies in television signals and thus reducing the band-width
required to, perhaps, 0-5-1 Mc/s, it should be possible to build a
suitable coaxial-cable system within a few years. It is unlikely
that a more conventional system of the standard used on land could
be provided for some seven or eight years, by which time a system
using transistors might be fully developed. On existing cables, it
should be possible to transmit short television news items on a
delay basis by exchanging band-width for time, a recorded item
being transmitted at a lower speed, re-recorded at the distant end
and finally reproduced at normal speed.

INTRODUCTION

HE possibilities of transmitting television signals

across the Atlantic have exercised both program

companies and transmission engineers for a number
of years, hopes being mainly centred on a radio-relay
system using tropospheric scatter on the northern route,
via Iceland and Greenland. Despite optimistic pro-
nouncements regarding such a system it has not yet
proved practicable, partly because the useful range of
tropospheric scatter systems seems to be less than has
sometimes been claimed and partly because of the
intrinsic difficulties of the terrain. Other proposals have
included radio-relay via aircraft and, more recently, via
earth satellites.! The latter could either be simple
reflectors or, later perhaps, be equipped as active relay
stations; with the tremendous effort now being expended
in this direction, at least a limited service via passive
satellites might well prove practicable in the not-too-
distant future.

Since the opening of the first transatlantic telephone
cable system? in 1956, there has been a good deal of
speculation on the prospects of television transmission
over this or future cables and it is the purpose of this
article to consider the technical problems involved and
assess the possibilities of success by this means in the
foreseeable future.

Television standards differ in various countries, and
nowhere in Europe is the American 525-line, 60-fields/sec
system employed. A reasonably satisfactory conversion
in respect of the number of lines can be effected by re-
scanning; this is common in Europe where several
different line standards are in use. Conversion in respect
of field frequency is more difficult but there is no reason
to assume that this aspect of the problem cannot be
solved satisfactorily. The video band-widths appropriate
to the various systems range from 3 Mc s to 10 Mc s: the
lowest applies to the British 405-line, 50-fields:/sec system.
On long coaxial cables video-frequency transmission is
impracticable and the C.C.I.LT.T.* recommends® that
television signals shall be transmitted as the upper side-
band of a 1-056 Mc/s carrier, with a vestigial lower side-
band extending down to approximately 0-5 Mcs, i.e.
3-5 Mc/s in all for the British system, as in Fig. 1.

tMr. Halsey is Director of Research, Post Office Research
Station. Dr. Rendall is with the British Broadcasting Corporation.

*C.C.I.T.T.—International Teleeraph and Telephone Con-
sultative Committee (formerly the C.C.I.T. and C.C.L.F.).

136

1056

T T T

0 ) 2 3 4
FREQUENCY (Mc/s)

FIG. 1—C CIT.T. FREQUENCY BAND FOR 405-LINE TELEVISION ON
LAND CABLES

In studying the present problem, therefore, it is
necessary to consider, firstly, the possibility of transmit-
ting a frequency band of 3-5Mcs, or something
approaching this, over a transatlantic cable some 2,000
nautical miles (n.m.) in length and, secondly, the
possibilities of transmitting television signals using a
much reduced band-width and, particularly, the band-
width available or likely to be available on transatlantic
cable systems.

CHARACTERISTICS OF EXISTING AND PROJECTED CABLE
SYSTEMS

Both the Scotland-Newfoundland section of the 1956
transatlantic telephone cable (TAT-1) and the France-
Newfoundland section of the 1959 cable (TAT-2)
utilize two unidirectional cables and, with about
51 repeaters in each, spaced at 37 n.m., provide for
transmission bands approximately 16-164 kcys, i.e.
148 kc's wide. The repeaters are energized by power
units, each with outputs of about 2 kV, located at the
terminal stations and driving a constant direct current
round the system, the power circuits of all the repeaters
being in series (Fig. 2). This arrangement requires
power-separating filters in each repeater, the high-pass
filters being in the transmission circuit.

WEST EAST
TERMINAL P J— TERMINAL
——— - . I | . ﬁ — — -
— b o b—
+2kV | | ~2kV

__ J—
FIRST LAST
REPEATER REPEATER

Power Circuit (d ¢) —>
Transmission Crrcuit —~—»
PU = Power Umt

FIG 2—SUBMARINE-CABLE POWER-FEEDING ARRANGEMENTS (TAT-1)

For telephony, it is cheaper to transmit in both
directions over a single cable when this is possible within
the terminal voltage limitation. and the development of
the United Kingdom—-Canada (CANTAT) system, due
for completion in 1961, has been along these lines. In
this system, a band-width of 240 kc/s is provided in each
direction using directional filters (as well as power-
separating filters) in each repeater and, with the 90
repeaters involved on the Scotland-Newfoundland
section, the d.c. power-feeding voltage at each terminal
will be as high as 4-5 kV.

Thus, a gross band-width of about 148 kc/s exists now



and some 240 kc¢/s will be available in 1961; it will be
seen later, however, that in neither case is the full band-
width likely to be suitable for television transmission
because of delay distortion in the essential filters.

POSSIBILITY OF CABLE SYSTEMS OF GREATER BAND-WIDTH

For a cable of given size the maximum transmitted
frequency is determined by the number of repeaters
which can be energized with the maximum-permissible
terminal-supply voltage: this in turn is settled mainly by
the design of the capacitors in the power-separating
filters in the repeaters. Thus, if the line current is 0-4 amp
and the maximum terminal voltage is 5 kV, as at present,
then the voltage drop in a 2,000 n.m. cable might be
2-3kV, leaving 7-7 kV to energize 110 repeaters at 70
volts each—a typical requirement for the usual 3-stage
amplifier.

Whereas the TAT-1 system uses conventional armoured
cable? having a core diameter of 0:62 in., the CANTAT
system will employ, over three-quarters of its length, a
new design of light-weight (armourless) cable’ with a
1-0 in. diameter core. The high-frequency attenuation of

each of the two types of cable is roughly 0-00274/f/d
db/n.m., f being the frequency in cycles per second and
d the core diameter in inches. For a 1-0in. core the
attenuations are about 2-7 and 5-4 db/n.m. at 1 and
4 Mc/s respectively.

Light-weight cable of somewhat greater core diameter
would no doubt be practicable but, the capacity of the
cable ship being inversely proportional to the square of
the cable diameter, greater diameter would involve
splices in very deep water as well as other laying com-
plications.

The maximum gain which can be provided by each
repeater, assuming adequate negative feedback for the
desired linearity, will depend upon:

(a) the minimum permissible level at the amplifier
input, as determined by circuit noise,

(b) the maximum permissible level at the amplifier
output, as determined by overload characteristics in
relation to the peak signal power,

(c) the loss due to extraneous networks such as filters
and equalizers, and

(d) the margins which must be allowed for changes in
cable attenuation—anomalous changes on laying, tem-
perature variations and ageing—and whether these can
be wholly or partly absorbed by automatic level control
in the repeaters.

The C.C.ILT.T. standard for a 2,500 km (1,350 n.m.)
television channel requires that the r.m.s. weighted
noise shall be at least 50 db below the peak-to-peak
picture signal; the noise will arise mainly from thermal
agitation at the input of each amplifier and, in a 3-5 M¢/s
band, will be about —105dbm;* each repeater will
make this contribution. The minimum permissible
signal level can thus be determined when the approximate
repeater spacing is known.

The maximum permissible level at the output of each
amplifier will depend on the power-handling capacity of
the output stage at the highest frequency transmitted and,
with the class of long-life valve now available, this is

*dbm—decibels relative to 1 mW.

{The American L3 land coaxial system,® which incorporates
automatic gain control, requires 150 watts per repeater—five
times that assumed for a submerged repeater.

§More can be accommodated by using compandors on the
telephone circuits.

about +22 dbm for top frequencies less than about
0-5 Mc/s, decreasing above this by about 3 db per
octave. The outcome of these considerations is that,
after allowing for equalizer losses, but without making
any allowances at all for misalignment and subsequent
cable changes, a system to transmit up to 4 Mc s over
a 1-0in. core could employ repeaters having about 50 db
maximum gain, spaced at 9-3 n.m. (216 for the 2,000 n.m.
crossing to overcome a total attenuation of 10,800 db).

Even with this idealized arrangement, the power-
feeding voltage would need to be increased to 9 kV—
twice the present limit. A further increase is required
because, to obtain adequate negative feedback at 4 Mc's,
it is necessary to use more than three valve stages. To
obtain adequate gain stability and freedom from non-
linear distortion some 30-35 db gain reduction must be
provided by negative feedback. With the present valve
this becomes impracticable, with only three stages, at
about 1-5 Mc’s; at 4 Mc/s the number of valves would
probably need to be doubled.

To take account of anomalous changes of cable
attenuation on laying and other factors leading to initial
misalignment of the system, together with temperature
and ageing changes after laying, would require either
substantially lower gain, so that changes of signal level
could be accommodated without overload or excessive
noise, or means for automatic gain control in each
repeater. The latter requires a degree of complication
never, so far, attempted in such a system, as well as a
substantial increase in the power required in each
repeater.}

In the TAT-1 system the attenuation at 150 kc's has
decreased by some 10 db (0-39%,) in three years and the
decrease appears to be asymptotic to about 15db
(0-5°5). On a 1-:0in. conventional cable the latter
would be equivalent to some 27 db at 1 Mc/s and 55 db
at 4 Mc/s, and automatic level control would clearly be
essential. It is likely that light-weight cable is much
more stable both in this respect and as regards
anomalous laying changes; for the CANTAT system, a
gain allowance of only 10 db (0-29,) has been made for
misalignment and all cable changes.§ On this basis, the
gain allowances in the 2,000 n.m. system being considered
would have to be 10 and 20db at 1 and 4 Mc/s
respectively. The need for automatic level control must
remain uncertain until more experience with light-weight
cable has been obtained.

It has been shown that, with 5 kV terminal voltage,
110 repeaters could be energized; allowing 10 db for
misalignment and cable changes, it is then possible to
operate at frequencies up to a little over 1 Mc/s. To
extend this to 1-5 Mc/s, the maximum at which three
stages will suffice, 140 repeaters would be required,
each of 48db gain. To energize these it would be
necessary either to raise the terminal voltage to 6 kV,
or provide a separate power-feeding cable to an inter-
mediate point, or reduce the voltage available in each
repeater to about 55 volts. It seems likely therefore that,
one way or another, it should be possible to provide a
1-5 Mc/s system; this, however, is likely to be the
practicable limit with valves of the present type.

While better and more efficient valves are possible, the
problem of ensuring that they are long-lived is a severe
one and it seems likely that transistors offer the best
prospect for further improvements. There is no doubt
that transistor amplifiers of adequate band-width and
reliability will become available, possibly in time for a
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transistorized system to be laid within seven or eight
years; they are certainly not available yet. Both the
voltage and current requirements of transistor repeaters
will be lower than for the present valve units, and this
will enable many more to be operated in tandem with
reasonable terminal voltages.

The effect on the out-of-service time of the system of
a substantial increase in the number of repeaters is
vitally important. On the basis of 10 per cent repeater
failures in 20 years, on which TAT-1 was postulated, the
average number of faults per annum on a system of 300
repeaters would be 1-5; this might well involve six weeks
out-of-service time and cost £200,000. To reduce the
number of faults the reliability of all the components
must be correspondingly increased and this must always
be an overriding design requirement.

Even with transistor repeaters it is unlikely that
transmission of a full conventional television band-width
will be achieved. Though this might eventually be
technically possible, the economics of the problem are
bound to lead to some measure of band-width conser-
vation; this will now be considered.

POSSIBILITIES OF TELEVISION TRANSMISSION OVER A SYSTEM
OF REDUCED BAND-WIDTH

Band-width compression of television signals generally
can be effected in three ways:

(a) by reduction of redundancies in the picture
information,

(b) by sacrifice of picture quality, and

(¢) by exchange of frequency band-width for time by
a slowed-down scanning mechanism.

Reduction of Redundancies

There are three distinct types of redundancy in a
television picture.” Firstly, the brightness variations
along the scanning line are not random; secondly, a
number of adjacent scanning lines contain identical or
nearly identical information; and, thirdly, successive
pictures are identical except in those parts where move-
ment has occurred. Removal of redundancies does not,
in itself, achieve band-width compression; it is also
essential to store and redistribute the non-redundant
information so that it is transmitted at a constant rate.
Information theory indicates® that a 7 to 1 reduction in
band-width might be achieved by quantizing and coding
the brightness information, but the means of achieving
such economy involve formidable problems which will
require much effort before a solution is available. Work
is proceeding in this field at a number of laboratories.

Sacrifice of Picture Quality

If the video band-width of a television transmission
system is reduced below that normal for the system
concerned, the rate of transmission of information will
be restricted and picture quality will suffer. To take
optimum advantage of reduced band-width it is necessary
to effect economies in all three of the directions corre-
sponding to the types of redundancy outlined earlier.

Along each scanning line the transition rate from one
degree of brightness to another can be reduced; edges
then become more blurred but the more gradual tonal
transitions are unaffected. The subjective satisfaction of
a picture depends very largely on the sharpness of edges
and the permissible deterioration can only be determined

*Moiré patterns—interference patterns such as are seen In
moiré silk.
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subjectively. Such tests using normal British 405-line
signals indicate that, if the transmission system is free
from delay distortion, the picture quality remains
reasonably tolerable for topical events when the video
band-width is reduced to about 1 Mgcs, ie. a 3 to 1
reduction.

In like manner, vertical detail can be sacrificed by
reducing the number of effective lines. In the final
presentation, the full number of lines of the appropriate
television standard would have to be restored and the
overall result would be that successive lines would
contain less change of information than in the original.
If the original contains an edge slightly inclined to the
horizontal, then all line scanning systems must reproduce
this edge as an irregular curve: if the number of lines is
large, the eye fails to distinguish any irregularity, but
the coarseness of the structure of the picture becomes
more apparent as the number of lines is reduced. A
further harmful effect introduced by reducing the
number of lines is aggravated moiré patterns;* such
patterns are generated by interference between the
frequency of a pattern in the original scene and the
scanning frequency. With fewer scanning lines this
interference occurs with larger detail in the picture and
is more obtrusive.

Finally, the number of pictures transmitted per second
can be reduced. The presentation to a viewer must have
a sufficient picture-repetition rate to avoid flicker, but
a reduction might be made on an intermediate link and
jerkiness of movement would be the price paid. If the
original scene is slow moving then little information is
lost by reducing the picture-repetition rate but if it were
a fast-moving game, such as tennis, then the players and
ball would proceed from place to place in a number of
jerks, or the movement would be blurred.

For any particular reduced band-width which may
be available there will be an optimum distribution of the
above economies, which can only be assessed subjectively;
many tests and observations would have to be made
before optima could be determined. Once so determined,
substantial effort would be required to design and
produce terminal equipment to effect the necessary
conversions; the overall system must accept the standard
television signals of the country of origin and deliver
the standard signals of the country of presentation. In
the end, the loss in quality must be weighed against the
interest aroused by televising a particular occasion. The
choice may well be of accepting a sub-standard picture
or none at all, a decision which will depend on the
balance between the degree of deterioration which must
be accepted and the satisfaction of being an immediate
viewer of a particular event.

Exchange of Band-width for Time

If a video program is recorded on tape, it can be
transmitted at a lower speed, be re-recorded at that
lower speed at the distant end and finally be reproduced
at normal speed. This constitutes a direct exchange of
band-width for time and, within reason, the band-width
could be reduced by any factor if the transmission time
were similarly expanded; it is very probable that special
magnetic recording equipment would have to be
developed for the purpose. This process takes no account
of different television standards on the two ends and
would not be admissible alone.

A more attractive solution might be to record the
event on film, scan the pictures at a slow speed for



transmission over the cable, re-record a film at the
receiving end from a cathode-ray-tube display and then
re-scan the film; the different television standards at the
two ends would then present no obstacle. A propor-
tional delay would be introduced by the slow-speed
scanning and there would be fixed delays for film process-
ing. This method appears promising for short news
items. If a normal music channel is used for transmission
the total band-width-reduction factor would be about
500; the time-expansion factor would probably be a good
deal less than this since the video band-width would
probably be reduced at the expense of picture quality.
Since the cost of a long-distance circuit will be roughly
proportional to both band-width and time, the cost of a
transmission would be virtually unaffected by the degree
of compression.

PROBLEMS INVOLVED IN THE TRANSMITTING OF REDUCED
BAND-WIDTH SIGNALS BY CABLE

In the methods of band-width restriction discussed
above the resultant picture signal will contain com-
ponents of frequencies from that represented by the
picture-repetition rate to the highest frequency required
for the detail transmitted. In the last method, the
exchange of band-width and time, components at very
low frequencies, even fractions of a cycle per second,
might exist in the signal. Transmission over a cable will
necessarily involve a vestigial sideband and, as indicated
earlier, this amounts in a normal transmission to 0-5 Mc/s
or about 14 per cent of the total band-width. When time
and band-width are interchanged, this proportion will
remain fixed but with either of the other methods means
must be found to reduce the vestigial sideband very
substantially; this requires special attention to filtering
and shaping techniques.

On repeatered submarine-cable systems, the inherent
delay distortion is so great as to be outside the experience
of television circuit engineers. The reduction of this
distortion to the requisite limits over the greatest
possible part of the available frequency band is one of
the major problems which would have to be faced if an
attempt were made to use telephone cables for television
transmission; even with the best possible correction, the
full band-width will not be suitable.

In a unidirectional system such as TAT-1, the lower
frequency is determined by the power-separating filters,
which contribute considerable delay distortion of a
nature which is exceedingly difficult to compensate. On
TAT-1 it is unlikely that a band-width of much more
than 100 kc/s, out of the total of 148 kc's, could be
made suitable and some of this would be needed to
accommodate the vestigial sideband.

A single-cable system such as CANTAT also requires
directional filters in each repeater and these, even more
than the power-separating filters, cause substantial delay
distortion towards the cut-off frequency; again the high-
pass filter will be particularly difficult to compensate.
With CANTAT it is unlikely that the band-width
available for television could be as much as 200 ke s—
perhaps 170 kc/s—and, again, the vestigial sideband
must be accommodated. It is clear that with the same
gross band-width restriction, single-cable systems will
always be substantially inferior to two-cable systems for
television transmission, because of the inherent delay
distortion in the directional filters.

CONCLUSIONS

On the existing TAT-1 cable a gross band-width of
about 148 ke/s is available but the delay distortion is very
severe and it is unlikely that much more than 100 kc/s
could be made suitable for television; TAT-2, to be
completed this year, is a similar system. On the CANTAT
cable, due for completion in 1961, the gross band-width
available will be 240 kc/s but here again delay distortion
is likely to restrict the usable band to, perhaps, 170 ke/s.
If it is practicable to restrict telephone service so that
optimum use could be made of these cables for television
—a matter outside the scope of the present article—it
will probably prove possible, in due course, to transmit
comparatively low-grade television on a non-delay basis.
This might well suffice for special events in the absence
of anything better but is unlikely to be adequate for
general application. By exchanging band-width for time,
either with or without other forms of compression, it
should be possible to transmit pictures of good quality.
The extended time scale makes this form of transmission
unsuitable for anything but short items. However, it is
the most readily applicable method.

It seems unlikely that a conventional television circuit
of the standard used on land, or even something approach-
ing this, could be provided for some seven or eight years,
by which time a transistorized system might be fully
developed.

The economics of system design show that it would be
worthwhile to spend a good deal of money on terminal
equipment to eliminate redundancies and thereby reduce
the band-width required. This, it seems, is the way events
should go, in which case a band-width of, perhaps,
0-5-1-0 Mcys should suffice for a good picture. A
0-6 Mc/s system could clearly be built any time after
1961 ; it would merely be a two-cable version of CANTAT.
It has been shown that a 1-:0-1-5 Mc/s system should
also be practicable, using valves of the type now available,
if present hopes of the attenuation stability of light-
weight cable are realized.

Whether a transatlantic television cable can be
justified ecoriomically—the capital cost might well be as
much as £20 million for the ocean crossing alone—is not
a matter for consideration here. It would, however, be
helpful, as in any communication system, to integrate
requirements, and a television channel of restricted band-
width might well be provided, ultimately, as part of a
more comprehensive system. It could then be accom-
modated in that part of the transmission band which is
least subject to delay distortion.
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Her Majesty the Queen’s Visit to Canada

Television News Films over the Transatlantic Telephone Cable

of Her Majesty the Queen to Canada have been

transmitted over the transatlantic telephone cable
between Montreal and London by the British Broad-
casting Corporation in collaboration with the Canadian
Broadcasting Corporation. The first transmission was to
Canada and covered Her Majesty’s departure from
London on 18 June: transmissions from Canada included
her arrival and the official opening of the St. Lawrence
Seaway.

The system used exchanges band-width for time, as
outlined in the previous article. From a 16 mm tele-
recording, alternate film frames are scanned at 200 lines/
picture and at 25 lines/second; thus, two film frames are
disposed of every 8 seconds, a time expansion of 100 to 1.

SHORT television news items relating to the visit

The horizontal definition is 360 picture-elements/line.
The final video-frequency band, extending from a frac-
tion of a cycle per second to 4,500 c/s, is amplitude
modulated on a carrier of 5,000 ¢/s and transmitted as
a vestigial sideband signal in the band 500-5,500c/s.
To improve the signal/noise ratio, 160 per cent modu-
lation and synchronous detection are employed.

The cable link consisted of a normal program channel
(50-6,500 c/s) with special delay equalization.

The transmissions have been generally very successful
and have evoked a good deal of technical and topical
interest. For short items the method is very much
quicker than aeroplane.

R.J. H.
A.

A.R. A R.

Increasing the Traffic Capacity of Transatlantic and Other
Submarine Telephone Cables

U.D.C.621.395.51:621.315.28

HEN the first transatlantic telephone cable'
(TAT-1) was planned, opinions concerning

the likely traffic over the system differed con-
siderably. In the event, the optimists were thoroughly
justified and the pessimists confounded; means for
increasing the traffic capacity soon had to be sought.
Possibilities in this connexion have already been dis-
cussed in the Journal® and include:

(a) closer spacing of conventional telephone channels
by reducing the guard bands between channels and/or by
restricting band-width,

(b) frequency compression or coding systems, and

(¢) time assignment speech interpolation (T.A.S.1.),
a high-speed switching system in which unidirectional
channels are seized electronically by the speech signals
and occupied only while speech is present.

In respect of (@), developments at the Post Office
Research Station, Dollis Hill, have led to 2 kc¢/s-spaced
and 3 kc/s-spaced systems transmitting speech fre-
quencies 300-2,170 c/s and 300-3,150 c/s, respectively.
These are capable of increasing the number of circuits on
the main Atlantic crossing from 36 to 72 and 48, respec-
tively. In fact, complications exist because of the
allocation of the original circuits as 294 London-New
York and 64 London-Montreal circuits. In regard to
(b) no developments leading to promise of early applica-
tion have taken place.

The American Telephone & Telegraph Company
(A. T. & T. Co.) appreach to the problem was to press
forward with the development of T.A.S.I., which had
already been demonstrated experimentally. The Bell
Telephone Laboratories evolved a system to operate over
36 circuits, such as were provided by the A. T. & T. Co.
submarine-cable systems—already installed on TAT-1,
Port Angeles-Anchorage (Alaska) and San Francisco-
Hawaii, and planned for TAT-2 (European terminal at
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Penmarch, Brittany), Miami-Puerto Rico and elsewhere.

In 1958 the A. T. & T. Co. Long Lines Department
opened formal discussions with the Post Office with the
object of installing this equipment on TAT-1. The
system proposed’ was planned for use on up to thirty-six
4 kc/s-spaced channels. For up to 34 calls, the con-
nexions would be ““solid” and switching would commence
only with the 35th call; the 36th circuit would be used for
control purposes and a total of some 72 connexions was
provided for. When the question of operation of T.A.S.I.
over 3 kc/s-spaced channels was raised, the two were
found to be incompatible because of the requirements of
the T.A.S.I. supervisory signals on both the control and
traffic circuits. It was, however, subsequently considered
worthwhile to modify the T.A.S.I. design to operate
within the frequency band of the 3 kc/s-spaced channels,
the number of circuits employed being increased to
36 + 1, providing at least 72 connexions and possibly
more. A redesign for the full 48 circuits was not under-
taken.

Consequent upon the decision that T.A.S.I. and
3 kc/s spacing would be made compatible, the following
points were agreed with A. T. & T. Co.:

(i) That this arrangement would, where possible, be
standard for submarine cable systems.

(i) That the A. T. & T. Co. would be responsible for
the development of T.A.S.I. in consultation with the
Post Office, and would supply Post Office needs until and
unless the Post Office wished to have the equipment
manufactured in the United Kingdom.

(iii) That the Post Office, on similar terms, would be
responsible for the development and supply of 3 kc/s-
spaced channel equipment.

(iv) That the Miami-Puerto Rico system, due for
service early in 1960, would be planned for and fully
equipped initially with 3 kc/s channel equipment, with



a (36 - 1)/72-circuit T.A.S.I. system to follow as
required.

(v) That the London-New York carrier groups in the
TAT-1 system would be modified to provide thirty-nine
3 ke/s channels early in 1960—16 channels on each full
group and 7 channels on the half group, leaving a 1 kc/s
band for telegraphy if required; a (36 + 1)/72-circuit
T.A.S.L. system would be added immediately, this being
the first T.A.S.I. installation.

In subsequent discussions with the Canadian Overseas
Telecommunication Corporation it was decided not to
install T.A.S.I. on the London-Montreal circuits. On
this route 2 kc/s-spaced channel equipment has been in
operation since December 1957 as a temporary measure,
with great success and without attracting any adverse
criticism; this equipment is not compatible with T.A.S.L.
and will give the maximum circuit provision on this route
until the CANTAT system* is completed in 1951.

Modification of TAT-1 for 3 kc/s channels is a task
of some magnitude, there being five basic difficulties:

(a) The inland carrier groups on both sides of the
Atlantic are not “clean™; they carry tones at the 4 kc/s-
spaced virtual carrier frequencies and these appear as
approximately 1kc/s and 2kc/s tones on ceitain
3 ke/s-spaced channels.

(h) The A. T. & T. Co. are unwilling to install special
equipment on the inland sections of transatlantic
carrier groups from considerations of flexibility: in con-
sequence the groups have narrow stop filters at 92 kc/s
and section pilots at this frequency, w hich is not a virtual
carrier frequency in the 3 kc/s system.

(¢) 92 kc/s is not admissible as a pilot frequency in the
3 ke/s system.

(d) Through-group filters on both sides of the Atlantic
are restrictive in respect of the end channels of 3 kc/s
groups—at each end the “cut” is at high audio fre-
quencies; the filtration is also inadequate at the 108 kc/s
end when the adjacent group is also 3 kc/s-spaced.

(¢) The overall group pilots on TAT-1 are at
84-08 kc/s, which appears as 3,170 c/s on one of the
3 ke/s channels; the speech frequencies also interfere
with the pilots.

To overcome (a), it has been decided that the circuits
will be operated, initially at least, on a 4 kc/s basis in
the inland netw orks. This involves back-to-back channel
equipments at the ends of the submarine section, i.e. at
Oban and Sydney Mines, and *‘cleaning up”” of the groups
between these two points only. This decision was reached
with reluctance because through-group working has been
a cardinal feature of T.A.T.-system design. However, it
automatically disposes of (b) above, permits the use of a
different pilot frequency (96 k¢/s) on the 3 kc/s section,
thus overcoming (c), and goes a long way to dispose of (d)
since the severe through-group-filter requirements are
restricted to Clarenville, the junction of the two sub-
marine cable systems. The filters already fitted at this
point, while not properly mceting the full pass-band
requirements of the 3 kec/s system, are much better than
many in the inland networks. The shortcomings in
respect of filtration at 108 kc,s are minimized by the
arrangement of interconnexion of the groups at Claren-
ville and by the fact that high-efficiency channel equip-
ment will not be used on the local groups between
Clarenville and Sydney Mines.

To overcome (e) it has been necessary to redesign the

group-pilot equipment for the 3 kc/s-spaced section
(i.e. the submarine cables) to operate at 84-00 kc/s
instead of 84-08 kc/s; fortunately, the carrier leak in the
channel equipment is already very low.

With channel equipment at Oban and Sydney Mines
the group pilots will be interrupted at these points and
the overall supervisory facilities will be lost. Tt is not
practicable to bypass the channel equipment as there will
be four carrier groups on the land sections and three on
the submarine sections. The following arrangements
will therefore be made:

(i) There will be 84-08 kc/s pilots on each land section
and 84-00 kc/s pilots on the submarine section, i.e.
three sections in all.

(i) On each section the pilot will operate a group auto-
matic-gain-control device.

(/i) Each section will have non-urgent (41 db) and
urgent (4 3 db) alarms at the receiving end, the alarms
being extended over an omnibus telegraph circuit to both
London and White Plains (U.S.A.).

These arrangements should adequately replace the lost
overall group-pilot facilities. On receipt of an urgent
alarm, the groups concerned will be disconnected from
the T.A.S.1. equipment.

Provision of program circuits is at present on a
through basis using “music-in-band” equipment and
displacing two or three speech channels (68-76 or
64-76 kc/s). With the new arrangements it becomes
necessary to translate to audio frequencies at Oban and
Sydney Mines but, to avoid special development, similar
music-in-band equipments will be used in the 3 kc/s and
4 kc/s terminals.

Facilities for through-group working at Oban and
Sydney Mines will be retained and this will permit the
use of 2 kc/s-spaced channel equipments at London and
White Plains in an emergency, e.g. failure of T.A.S.I.

For satisfactory operation of T.A.S.I. it is necessary
that the delay distortion in the range of the T.A.S.L
supervisory signals (600-2,500 c/s} shall be less than
1-5 ms and this requires delay equalizers, which will be
fitted at the receiving terminals. It is also planned to fit
attenuation equalizers to bring each channel response
within one-half. of the normal C.C.I.T.T. limits up to
about 3,100 c/s.

The T.A.T. London terminal and T.A. T. Test are now
at Kingsway but will be transferred to the new Iater-
national Terminal and International Maintenance Centre
in Faraday Building during 1960. The T.A.S.I. terminal,
comprising fifteen 11 ft 6 in. racks, will be installed at
Faraday Building and for some months it will be
necessary to connect it to Kingsway by some 500 cable
pairs carrying talker trunks, channels and control
circuits.

It is planned to bring the 3 kc/s-spaced channels into
service in January 1960; T.A.S.I. should be partly
operational during March 1960 and fully so by June 1960.

R.J H.
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Storage

Data and instructions are stored in the computer on
(a) nickel delay lines, (b) a magnetic disk, and (c) 35 mm
magnetic film.

The nickel delay lines are of two types, short lines
storing a single computer “word’” (i.e. a group of 32
binary digits) and long lines storing 16 words (512 bits).
There are 31 long and 19 short lines used for storage, and
these are located in the various assemblies; together they
constitute the “working store” of the machine. The
magnetic disk (three cabinets) stores 16,384 words
(0-5 » 10° bits) on 64 tracks each of 256 words. For
reading and writing, each track is divided into four
sectors each holding a block of 64 words and data is
transferred to and from the working store in 64-word
blocks. The average time to read or write a 64-word
block is 32:5ms and the “‘packing” density on the
magnetic surface is 166 bits/inch.

Apart from storage, the disk has three other functions:
it provides the basic machine pulse supply of 333 kc/s,
generated from a ““clock™ track; it controls the timing
of the gating of data to and from the delay lines by
signals generated from an ‘“‘address track’; and the
initial instructions which are necessary to enable any
information to be read into the machine are permanently
stored on one sector of the disk.

The magnetic films are 1,000 ft in length and each can
store approximately 300,000 words (107 bits). The film
is run with a 1-mil gap between it and the read/write
heads at a speed of 30in./second and its ‘“‘packing”
density is 140 bits/inch.

Data is transferred to and from the working store in
64-word blocks, the time to read or write a block being
290 ms approximately for intermittent working, i.e.
start, read/write, stop, and 170 ms approximately for
continuous working. There are two master film units
controlling the five film machines provided and the
whole film store occupies seven cabinets.

Input and Output

The two paper-tape input channels use Ferranti photo-
electric tape readers which can read 5-bit characters at
speeds up to 180 characters/second. At a later stage an
Elliott card reader will be added which will read punched
cards at 400 cards per minute (533 characters/second for
80-column cards).

The direct output from the computer is to a Creed
perforator working at 25 5-bit characters/second and to
a Creed Teleprinter No.75 at 10 characters/second. These
two output channels are normally used only when small
amounts of output are required; for payroll work, how-
ever, large quantities of printing will be required and a
fast output to one or more of the five magnetic-film units
is used. The output films are then taken away and used
to drive the Samastronic printer.

For the same reason, an “input/output compiler” is
provided to simplify the task of programming input and
output and the assembly and conversion of data from
decimal or sterling quantities to the binary numbers used
within the computer. For example, by using a single
instruction it is possible, on input, to provide automatic
decimal-binary conversion of several 5-bit characters
representing a decimal integer.

System Centre

Two cabinets of equipment contain the control and
arithmetic units of the computer. In the control unit

are the instruction register and the sequence-control
register; the former holds and decodes the instruction
being obeyed while the latter arranges that orders are
normally obeyed in sequence.

Examples of the time taken for the arithmetic unit to
execute certain instructions are: addition and subtraction,
100 us; multiplication and division, 33 ms.

Control Console

Facilities for monitoring the contents of the accumu-
lator in the arithmetic unit, the instruction register, the
working store, etc., and for manually inserting data and
instructions are provided on the console.

PRINTERS

The Samastronic printers are line-at-a-time printers
and can produce five lines of print per second. There are
140 character positions per line and letters or numerals
can be printed in all positions.

The printed characters are formed by a “dot-pattern”
produced by a stylus wire and carbon ribbon; each
character position has its own stylus. One end of the
styli wires is oscillated across the paper by a bar, and the
paper moves forward continuously. Each character
position is, therefore, “‘scanned” by its own stylus wire.
Pulse patterns corresponding to the various characters
are connected, as required, to 140 moving-coil trans-
ducers associated with the other ends of the styli wires.
Each pulse results in the printing of one dot in the
character pattern.

Two webs of continuous stationery may be used and
the movement of the webs is independently controlled
by signals derived from the magnetic-film drive equip-
ment. Paper-feed facilities include the selection of
various spacings between lines of print and a “long
throw” facility to ensure correct print registration when
pre-printed forms are used.

The print film, prepared on the computer, contains
alpha-numeric data} in 6-bit code (five characters per
word) and the control signals that select paper feeding
and layout alternatives. The data is read from the film in
64-word blocks and is decoded in 16-word blocks (i.e.
80 characters). The 80 characters in each 16-word block
make up one line of print and the positions in which the
characters are printed are determined by alternative cross-
connexions on the printer, the alternatives being selected
by programmed control signals on the film. There are
also facilities for selecting the blocks from which printing
is required and for suppressing printing from part of the
selected blocks.

POWER AND VENTILATION PLANT

Each of the two power rooms contains three motor-
alternators which may be switched to either computer or
printer installation as required. The supply to the
alternators is by a 60 kVA 3-phase feeder to each power
room direct from the building sub-station in the base-
ment, and each power room can be switched to the
alternative feeder if necessary. The feeders also provide
the essential lighting supply for the installation and
power for the punch-room machines.

Each computer dissipates about 25 kW as heat, which
is extracted from the equipment by individual fans
mounted at the top of each cabinet and from the com-
puter room by extract grilles in the false ceiling above the

} Alpha-numeric data—data consisting of alphabetical and/or
numerical characters.
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computer. The extracted air is replaced by filtered air
blown in through diffusers in the false ceiling above the
console. The temperature of the inlet air is controlled
by a thermostat in the computer room, the warm ex-
tracted air being mixed with fresh air in the necessary
proportions. The mixing takes place in the ventilation
room, which contains ihe intake and extract fans, filters
and the motor which controls the amount of air recircu-
lated under thermostatic control.

MAINTENANCE

The whole of the installation is maintained by the City
Telephone Area, London Telecommunications Region.
Approximately two hours per day, before the start of
operations, is reserved for computer maintenance, which
consists of the running of a number of test programs
under normal and marginal conditions. e.g. low voltage,
and the changing of 4 per cent of the plug-in units daily
according to a fixed schedule. The plug-in units removed
from the computer are checked on special testers in the
engineers’ room and the characteristics of all valves and
crystals are measured. The same procedure is followed
for the printers.

PROGRESS TO DATE

The LEAPS 1 installation is now complete; the com-
puter has passed its engineering acceptance tests and

final proving tests of the whole system are being made.
The second computer is now being installed and delivery
of the second printer is expected in the autumn.

By the end of the year, installation and testing of the
whole installation should be complete.
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The First Months of Subscriber Trunk Dialling

U.D.C. 621.395.38:621.395.374

INTRODUCTION

HE 18,000 telephone subscribers connected to

Bristol Central exchange were given dialling access

to most of the major cities in the country on
5 December 1958. These subscribers are using the
S.T.D. system* to obtain some 5,000 trunk calls per day,
which represents approximately 97 per cent of the trunk
calls they can obtain by dialling. Assistance operators
receive only about 70 requests per day from S.T.D.
subscribers for assistance in making trunk calls: about
half the requests are from S.T.D. subscribers who prefer
an operator to establish their calls. In addition, there
are about 120 requests per day for special-facility calls
such as personal and transfer-charge calls. Since the
opening of the service the number of trunk calls from
subscribers with S.T.D. facilities has increased by over
one-third while the average conversation time has
reduced by about half a minute. These two factors
together probably represent an increase in total trunk-
occupation time, but no firm figures on this can yet be
given. The time taken to set up calls has also been
reduced by approximately half a minute.

The load on the auto-manual board, which serves the
whole of the Bristol trunk group, has been reduced by
approximately 20 per cent, some of which has already
been made up by normal growth of other traffic. It is of
interest to note that approximately one-third of the
S.T.D. traffic is routed to London.

* Subscriber Trunk Dialling. P.O.E.E.J., Vol. 51, Part 4,
Jan. 1959.
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SUCCESS IN ESTABLISHING CALLS

Service observation of S.T.D. traffic reveals that at
Bristol calls unsuccessful at first attempt due to plant
conditions have decreased by something over 4 per cent
compared with the figure prevailing under the previous
semi-automatic system. This improvement has been
obtained even though additional S.T.D. and trunk mech-
anization equipment have been introduced. The lower
percentage of calls which have failed since the S.T.D.
service started reflects the reliability of the new S.T.D.
equipment and the value of the work done before the
opening of the new service to improve trunk signalling
equipment and the equipment in objective trunk
exchanges.

MAINTENANCE EXPERIENCE UNDER S.T.D. CONDITIONS

The pre-opening examination of the plant was of
assistance in bringing to light matters requiring attention
to ensure a good service under S.T.D. conditions where
the assistance of an operator to complete the calls is no
longer available. The main matters requiring attention
were as follows.

Need for a Route Performance Indicator

To control the performance of trunk routes an im-
mediate indication is required of how many calls are
failing due to plant so that service deterioration can be
quickly recognized. Observations of live traffic have
traditionally been used for this purpose but because of



the sample size, the period over which observations are
taken and the random way in which calls are selected for
observation. the results are not easy to interpret for
maintenance purposes. Service measurements were
therefore made using artificial traffic originated by
operators. Twenty test calls per trunk route per day were
made to final-selector test numbers in the objective
exchange network, the calls being distributed over the
day approximately in accordance with normal traffic
trends. The number of failures was summarized after
each series of 200 calls had been completed. Route
performance changes throughout the day because during
busy hours there is, of course, more frequent use of
late-choice outlets which are difficult to maintain
to the same standard as earlier choices. These changes in
performance emphasize the need for measuring, and
improving, service during busy hours.

Effect on Service of Trunk-Circuit Faults

Faults on early-choice trunk circuits cause sudden
and serious deterioration in service if not detected very
quickly. Line failures in carrier and coaxial systems can
cause the loss of a number of trunk circuits at the same
time, and, if all the circuits in a route are in one cable,
may cause the failure of the whole route. To supplement
the normal fault-reporting procedure it was arranged for
any indication of carrier failure received by the Bristol
repeater station to be passed immediately to the trunk-
test positions so that circuits could be busied promptly
at selector levels. Additionally, the automatic trunk and
junction routiner was arranged to make a short test of
selected early-choice circuits in non-busy periods. The
circuits included one circuit in each main carrier group,
so that, effectively, the trunk and junction routiner
ensured the serviceability of the main carrier groups
before each busy period.

All first-choice and second-choice circuits on outgoing
selector levels were “crossed”, on a shelf basis, so that
a subscriber who has experienced a failure in a non-busy
period due to a faulty early-choice circuit will have a
reasonable chance of obtaining a satisfactory circuit on
a repeat attempt. The effect on service of circuit failures
will be still further reduced when a new national v.f.
signalling system incorporating an automatic busying
feature under call-failure conditions becomes available.
Carrier-group pilot signals which will indicate line failure
to a carrier-group control station are also envisaged.

Failing Circuits
When service on a route gradually deteriorated it was
usually attributable to a number of circuits which whilst

not completely out of order had an abnormal call-failure
rate. Special co-operative testing as part of an intensive
test-call program, and the use of pulse-distortion
measurements by means of an oscilloscope, proved
valuable in tracing troubles on these circuits.

The excellent co-operation between the maintenance
officers at distant exchanges and the Bristol staff resulted
in expeditious clearance of faults and helped considerably
in the provision of a satisfactory service.

RELIABILITY OF THE ELECTRONIC REGISTER-TRANSLATORS

Despite the considerable difference between the elec-
tronic and the normal electromechanical equipment, the
staff have dealt adequately with the problems of fault
clearance. In 4 months over 750,000 calls have been
handled by the registers, and of these only about 150,
i.e. 0-02 per cent, failed to mature due to defects in the
register-translator and associated equipments. The table
gives details of the component failures in the 6 months
to 23 March 1959.

Failures of Components of Electronic Register-
Translators in the 6 months to 23 March 1959.

’ Number of Components

Component
| Fitted Faulty
Metal Rectifiers 83,000 5
Resistors 75,000 Nil
Cold-Cathode Tubes 12,000 7
Capacitors 12,000 Nil
Chokes ; 1,000 Nil
Plugs (36-point) 600 6
Valves 100 1

PLAN FOR THE FUTURE

It is the objective that S.T.D. should provide a service
which is not noticeably different in quality from that
given on local calls. Experience at Bristol has shown that
such a service is possible, with the measures outlined and
with full co-operation between exchanges, Telephone
Areas and Regions. An organization has been set up to
assist in maintaining this co-operation and with team-
working throughout the country under the general
guidance of a specialized headquarters group there is no
doubt that an extremely satisfactory S.T.D. service will
be given.

AE.C.
J.M.

Book Review

“The Ultra High Frequency Performance of Receiving
Valves.” W. E. Benham, B.Sc.(Lond.). F.Inst.P., and
I. A. Harris, A M.LLE.E., AAM.Brit..R.E. Macdonald
& Co., Ltd., London. 169 pp. 52 ill. 28s.

The authors state that their aims in writing the book are(1)
to present the theory of the conventional valve as a circuit
element, enabling linear circuit analysis to be applied to the
problem of valve amplifiers for small signals at ultra-high
frequencies, and (2) to give a simple detailed account of the
electronic processes in a valve. It is a modern approach to
valve theory written by engineers with research experience
in this field.

The presentation is new in that the currents in the valve
electrode circuits are represented by mesh currents:rather
than by the conventional currents in the grids, anode and
cathode. This treatment enables the effects of stray
inductances and capacitances in the electrode system to be
taken into account more completely than in some other
approaches, especially as the effects are considered in the
presence of transit-time effects. The valve as a whole is then
regarded as a non-reciprocal quadripole whose behaviour
in gain, admittance, etc., is analysed according to the mode
of connexion of the electrodes. The theory is applicable to
most types of valve, providing the operation is linear, i.e.
within the small-signal range, and providing the electrode

(Continued on p. 158)
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Notes and Comments

Birthday Honours

The Board of Editors offers congratulations to the following engineers honoured by Her Majesty the Queen in

the Birthday Honours List.

Bristol Telephone Area .. C. H. Lewis
Cambridge Telephone Area A. E. Smith
City Telephone Area, London .. F. G. Walton
Telecommunications Region
Engineering Department E. Hunt
Engineering Department N. Walker
Liverpool Telephone Area W. H. Ward
London Telecommunications W. S. Procter
Region
Newcastle-upon-Tyne Area .. R. F. Newns
North Telephone Area, London .. A. C. Butcher

Telecommunications Region

G. H. Metson, M.C., D.Sc., Ph.D., M.Sc., B.Sc.(Eng.),
M.LE.E.

Dr. G. H. Metson, Deputy Chief Scientific Officer in
the Thermionics Division at the Post Office Research
Station, Dollis Hill, has been awarded the degree of
Doctor of Science at Queen’s University of Belfast for
his work on the thermionic valve, and particularly on
the oxide-coated cathode. Sincere congratulations are
offered to Dr. Metson on obtaining this high academic
distinction.

Board of Editors

The Council of the Institution has appointed Mr.
G. J. Millen a member of the Board of Editors in place
of Mr. R. F. Waldegrave, who has recently completed
his term of office as a member of Council. The Board
would like to record its appreciation of the services
rendered to the Journal by Mr. Waldegrave, and par-
ticularly to thank him for his help with illustrations for
the Journal and Supplement.

Mr. J. H. Broadhurst has resigned from the post of
Editor (Supplement) and Mr. A. G. Leighton, formerly
an Assistant Editor, has been appointed to take his place.
The new Assistant Editor is Mr. J. Martin. The Board
of Editors takes this opportunity of thanking Mr.
Broadhurst for his services, and in particular for his work
on the Supplement to the Journal and the books of

Member of the Most Excellent
Order of the British Empire

British Empire Medal

British Empire Medal

Area Engineer

Technical Officer
Leading Technical
Officer
Technical Officer
Senior Executive

British Empire Medal
Member of the Most Excellent

Engineer Order of the British Empire
Technical Officer British Empire Medal

Chief Regional Officer of the Most Excellent

Engineer Order of the British Empire
Mechanic-in-Charge ..  British Empire Medal
Inspector British Empire Medal

model answers to City and Guilds of London Institute
examinations in telecommunications subjects.

12-Year Index

An index to Volumes 39-50 (1946-1958) is being
prepared and it is planned to publish it towards the end
of the year. The price of the index will be 2s. (2s. 6d.
post free) but one copy will be supplied without charge
to each reader who places an advance order. Any
reader wanting a free copy of the index should complete
the address label enclosed with this Journal and return it
to the Managing Editor forthwith.

Subscriptions

Some subscriptions for the Journal have in the past
been dealt with by Messrs. Birch & Whittington (Prop.
Dorling & Co. (Epsom), Ltd.), but in future all corres-
pondence about subscriptions, including renewals, should
be sent to the following address:

The Post Office Electrical Engineers’ Journal,

G.P.O., 2-12 Gresham Street,
London, E.C.2.

Publication Delay

Because of the recent dispute in the printing industry
the publication of this issue of the Journal has been very
much delayed. The Board of Editors regrets any incon-
venience to readers which this delay may have caused.

Institution of Post Office Electrical Engineers

Essay Competition 1958-59—Results

A prize of £6 6s. and an Institution Certificate have been
awarded to the following competitor in respect of the essay
named:

S. J. Spicer, Technical Officer, Engineering Department
(Inland Radio Planning and Provision Branch). “The
Design of a High Frequency Interference Tracing
Receiver.”

Prizes of £3 3s. each and Institution Certificates have

been awarded to the following four competitors:

W. M. Milne, Technical Officer, Aberdeen (Scotland).
“Visual Training Aids.”
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A. K. Hill, Technician, Class 1IA, East Area (London
Telecommunications Region). ‘‘Public Relations.”
B. D. Lock, Technical Officer, London Postal Region.

“Automatic Boiler Control Systems.”
V. D. Ede, Technical Officer, Stoke-on-Trent (Midland
Region). “Tracing Noise on Program Circuits.”

Institution Certificates of Merit have been awarded to:

J. Williams, Technical Officer, Rotherham (North
Eastern Region). “Basic Routines by Comparison.”

J. G. A. Wallace, Technical Officer, Southport (North
Western Region). ““An Infra-Red Electrical Heating
System in Practice.”



G. R. Southall, Technician, Class IIA, Birmingham
(Midland Region). “The First Two Years.”

A. Forte. Technician, Class I, Gateshead (North Eastern
Region). “Creepage in Underground Cables.”

W. Morrison, Technical Officer, Edinburgh (Scotland).
“Printed Circuits and their Potentialities.™

The Council of the Institution is indebted to Mr. J.
Stratton, Chairman of the Judging Panel, for the following
review of the five prize-winning essays.

The first prize was awarded to Mr. S. J. Spicer, Technical
Officer, Engineering Department. His essay is about
“The Design of a High Frequency Interference Receiver.”
The author introduces the subject by briefly stating why
an officer investigating interference complaints must have
testing equipment, and after criticizing the receivers in
current use he goes on to give an account of the considera-
tion that was given to the design of a receiver that would
overcome most of the shortcomings. For instance, tran-
sistors were considered, but since the receiver was to be
used in the frequency range 30-250 Mc/s, transistors could
only be used for intermediate-frequency stages. The author
describes other factors which were taken into account and
used to produce a satisfactory laboratory model.

The second prize was awarded to Mr. W. M. Milne,
Technical Officer, Aberdeen, for his essay on “Visual
Training Aids.”” He discusses the use of visual aids in
training a telecommunications student and their advantages
in helping to get a quick, practical understanding of what is
taking place in various pieces of apparatus. He describes
existing aids from photographs, sketches of parts of
apparatus, charts, cut-away views and films. He deals at
some length with two models, one to show the changes
taking place in the signal frequencies in carrier working,
and the other a scaled-down model of a manual exchange
and associated external plant. He finishes with the thought
that closed-circuit television could find its place in aids to
Post Office engineering training.

The third prize was awarded to Mr. A. K. Hill, Tech-
nician, Class IIA, East Area, London Telecommunications
Region. Mr. Hill, an Indian, or as he describes himself, a
coloured man, has written an essay on “Public Relations.”
The title is used in its broadest sense and the essay is an
interesting study of the views of a member of the Common-
wealth on the relations between different races working
together, the relationship between the Post Office and the
unions, and the relationship between the Post Office and
the subscribers.

The fourth prize was awarded to Mr. B. D. Lock. Tech-
nical Officer, London Postal Region, for his essay on
“Automatic Boiler Control Systems.” Mr. Lock, after
stating the requirement of a heating system, describes broadly
three methods of control: (i) mechanical, (if) using room
thermostats and time switches, and (ii7) using an electronic
variator with thermostats. He goes on to describe in more
detail control systems fitted at one or two installations.

The fifth prize was awarded to Mr. V. D. Ede, Technical
Officer, Stoke-on-Trent, for his essay on “Tracing Noise on
Program Circuits.” This is an account of the efforts made
by the engineering staff of the Stoke-on-Trent Area to trace
and remove noise on music circuits passing through the
Area. These music circuits, although on screened pairs,
developed trouble through noise after a fault had been
cleared on the Stoke-on-Trent—Warrington No. 2 cable.

The Council of the Institution records its appreciation to
Messrs. J. Stratton, G. Spears and A. J. Leckenby, who
kindly undertook to adjudicate upon the essays entered for
the competition.

N.B.—Particulars of the next competition, entry for which
closes on 31 December 1959, will be published later.

Institution Field Medal Awards, 1957-58 Session

In addition to the Institution Senior and Junior silver
and bronze medals, up to three bronze medals, the Field
Medals, are awarded annually for the best papers read at

meetings of the Institution on field subjects primarily of
Regional interest.

Field Medals were awarded to the following authors for
papers read during the 1957-58 session:

E.J. Harris and K. E. Wilkinson, Bristol (South Western

Region). “Subscriber Trunk Dialling at Bristol.”
R. C. Such and H. F. Gibbs, Oxford (Home Counties
Region). “The Oxford Cable Tunnel.”

J. A. Lee, Sheffield (North Eastern Region). ‘Accidents

on Duty.”

The Council of the Institution is indebted to Mr. J. J.
Edwards, Chairman of the Paper Selection Committee of
Council, for the following précis of the medal-winning
papers.

Subscriber Trunk Dialling at Bristol

The paper gives a brief description of the main features
of the S.T.D. scheme for the British telephone system. In
the course of this description reference is made to the
national numbering scheme, the routing principles based
on the use of register-translators, the new charging
arrangements, and miscellancous features, including the
50 c/s signalling scheme for operating meters at subscribers’
premises; a brief reference is also made to the new pay-on-
answer coin-box system. The application of the scheme
to the Bristol area is described in some detail, and a sim-
plified account of the electronic register-translator is
included. The paper then reviews the arrangements which
will obtain when S.T.D. is introduced at other centres in the
South Western Region, with particular reference to
Gloucester and Bournemouth, and concludes with a resumé
of various extensions to the S.T.D. scheme which are
currently under development in the Engineering Depart-
ment.

The Oxford Cable Tunnel

This paper describes the planning, construction and
cabling of 400 yards of 7 ft diameter tunnel, decided upon
to avoid difficulties arising from the presence of sub-soil
water, a culvert and other undertakers’ plant, the founda-
tions of the historic Tom Tower of Christchurch College,
and traffic congestion in the narrow streets. The choice of
method, soil consolidation and progress of construction,
and the effects on the latter of various traffic restrictions,
plant diversions and other points, are adequately covered.
Gas precautions, temporary lighting and incidental flooding
troubles during the cabling stages are dealt with, and
descriptions of the various difficulties, which may not be
apparent initially, make this a paper that should prove useful
to any other Area facing a similar problem for the first time.

Accidents on Duty

This paper ventures far from the general technical field
of I.P.O.E.E. papers, though, as the author points out,
accidents cause a considerable drop in efficiency and thus
can reduce the gains of technical advancement. The author
makes a special plea for more development of mechanical
aids to cover operations on ladders and poles, which are the
sources of the largest percentage of lost time due to acci-
dents: in one Area 45 per cent of the accident-sickness
absence was due to accidents on ladders, which compares
badly with the 33 per cent figure quoted by Mr. A. S.
Stubbs in 1919. The author concludes with a number of
suggestions for reducing the accident rate, and also suggests
that there should be a *‘First Aider” in each working party.

S. Welch,
General Secretary.

Supplement to the Library Catalogue
A Supplement to the Library Catalogue, listing the books
added to and withdrawn from the library during 1958, is
now available free on request from Honorary Local
Secretaries and Associate Section Centre Secretaries.
(Continued on page 154)
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Regional Notes

North Eastern Region
LINCOLN AUTOMATIC TELEPHONE EXCHANGE

At 1.30 p.m. on Saturday, 18 April 1959, the new auto-
matic telephone exchange in Lincoln was opened and the
two manual exchanges, Lincoln Main and Lincoln Relief,
opened in 1912 and 1950, respectively, were closed.

The site for the new exchange building, in Broadgate, was
acquired before the 1939-45 war, and a considerable amount
of ductwork and manhole rebuilding had been carried out.
1t was, however, necessary to lay a 48-way duct track from
the exchange manhole to the cable chamber. Thirteen MU
cables were diverted to the cable test racks in the repeater
station and during the installation period two new cables,
from Lincoln to Boston and to Retford were laid.

The installation was started in May 1957, and the
exchange has been equipped with 8,400 calling equipments
and a 9,100-line multiple. Forty-four manual positions, in
two suites, have been installed as well as six monitorial
positions. The repeater equipment installed consists of
1,536 Amplifiers, No. 32, and line termination and signalling
equipments, together with three 12-channel m.c.v.f. systems.

With the opening of the exchange, the 6,362 subscribers
can now dial 41 directly and indirectly connected U.A.Xs,
and a further 12 U.A.X.s are available via Newark and
Retford manual exchanges, to which junctions are available
by code dialling. In anticipation of S.T.D. facilities in late
1960, subscribers’ telephone dials are fitted with director-
type number rings and level 100 is used for assistance traffic.

Lincoln, as the centre of a rural district, has 36 U.A.X's
parented on it, 28 of which are directly connected. The
restrapping of the relay-sets at the U.A.X.s for 50-volt
working, and pre-transfer testing to the new auto-manual
exchange, presented a problem because of the limited time
available between the call-through test and the main-
exchange transfer. A number of proposals were studied and
it was finally decided to adopt a novel scheme which involved
a simple modification to the old manual-exchange (40-volt)
incoming relay-sets.

The modification consisted of the connexion of a 40-volt
battery in place of earth at relevant points in the negative
line and reversal of the rectifier to give conditions similar
to those on a 50-volt relay-set. Adoption of this idea
permitted the 50-volt straps to be inserted at the U.A.X. end
of the circuits at the same time as the auxiliary-route dis-
criminating relay-sets were strapped for automatic working.
Unidirectional incoming circuits to the U.A.X.s were
strapped for 50-volt working without requiring any changes
to the old manual exchange outgoing relay-sets.

After completion of the new exchange call-through test,
joint engineering and traffic tests were made to the auto-
manual exchange, and upon completion of these tests the
circuits were left working to the old manual exchanges.

Two weeks before the main transfer the new auto-manual
exchange was opened to cater for the pre-transfer of the
Lincoln coin-box lines in accordance with the standard
scheme for non-director-exchange conversions. During the
same week-end that the manual switchboard was opened, all
the U.A.X.s were diverted to the new exchange at the change-
over strips. Approximately 370 U.A.X. junctions were
transferred leaving only 10 to be switched at the time of
the main transfer. Co-operation was not needed at the
U.A.X.s since traffic tests by ““dialling back™ over the U.A. X.
junctions verified correct transfer. To cater for the traffic
originated by the Lincoln coin-box lines and U.A.Xs a
skeleton network of outgoing junctions and trunks was
pre-transferred.

In an endeavour to give the public an idea of how tele-
phone design has progressed since the turn of the century, an
exhibition of telephone equipment was held in the vacated
relief-exchange switchroom after the transfer. The tele-
phones on view ranged from the Telephone No. 1 to the
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new 700-type telephone, and working demonstrations were
given in automatic telephony, automatic telex and television-
interference suppression.

J.E.S.and T. A. B.

AN EXPERIMENT IN PUBLIC RELATIONS AT
SHEFFIELD

This story of a successful effort, inaugurated in January
last by the Engineering Division in the Sheffield Telephone
Area, to improve relationships with the customer is particu-
larly interesting in view of the P.M.G.’s message of 11 March
about satisfactory and courteous service.

Sheffield has the doubtful honour of maintaining an
automatic exchange working in what is probably the dirtiest
area in the Region; the smoke-abatement committee’s
records indicate that in this exchange area the dust-fall
averages over 40 tons per square mile per month, and reaches
70 tons per month at certain periods. The exchange in
question is Attercliffe, and it serves some world-renowned
steelworks which employ large P.B.X. staffs.

The idea of the experiment arose from a discussion
between the Area Engineer and the two Technical Officers,
who maintain the exchange, on how to improve still further
the quality of service to these important and busy sub-
scribers. The idea was to give an “At Home” for the P.B.X.
operators, when they could be shown what was being done
to give them a good service, and to help enlist their closer
co-operation, for example, in the holding and tracing of
faults. The Traffic Division was invited to assist in this
venture, and they co-operated in writing to the firms and
collating the replies. As the “At Home” would be during
working hours it was expected that only a dozen or so opera-
tors would be released, and they could all be entertained in
one afternoon. It was hoped that through these few the
efforts being made to help them would be more widely
known, and that greater satisfaction with the telephone ser-
vice would follow in due course. But the response from the
firms was quick and enthusiastic; it was almost a 100 per
cent acceptance. It was, therefore, necessary to arrange
seven afternoon visits, and when the last one had been
completed a total of 54 operators from 23 firms had been
entertained and shown the exchange.

It is too early to analyse statistics which may be affected
by the venture, but the following is not without interest.
During 1958, nine written and approximately 12 verbal
complaints regarding the quality of service were received
from the Attercliffe firms which sent operators to these visits.
In the two months since the last visit, no written and no
verbal complaints have been made to date. In addition, the
P.B.X. faultsman reports considerably improved relation-
ships and co-operation at all the P.B.Xs concerned.

Invitations have now been sent out to the larger P.B.X.s
served by Owlerton satellite exchange with the intention of
repeating the operation there. The possibility of making
this an annual event is under consideration.

J.W.S.

A METHOD OF ELECTRIC-LIGHT INSTALLATION
IN A LARGE BUILDING

With much telecommunications plant difficulties arise
due to the smallness of the pieces of equipment, but a
problem of the opposite type has recently been dealt with
in the Leeds Area. For the installation of a Sovex parcel-
sorting machine, a large industrial-type building has been
taken over and is being partially reconstructed. The
building is over 100 yd long by 90 yd wide and the height
to the roof trusses is 40 ft.

While the building work and some of the installation
work was in progress it was necessary for the local electric-
light and power staff to install a completely new lighting



system, and the problem was how to get the men to the job,
i.e. up to the roof trusses. Scaffolding was hired for the
purpose, but a tower nearly 40 ft high needs to be fairly
rigid and, thus, is heavy and difficult to move about quickly.
It was soon evident that the men were spending far more
time handling the scaffolding than they were in fixing
conduit, fittings and wiring. Also, the job was made
difficult by the quantity of builder’s materials and Sovex
machine parts lying on the floor in the place where the men
wished to erect the scaffolding. The solution to the problem
was the use of a Simon hydraulic platform. This device,
which is described in the Engineering Department’s mech-
anical-aids brochure, E.-in-C. 2290, consists of a double-
boom arrangement carried on a S5-ton long-wheel-base
chassis. The lower boom is mounted on a turn-table and
the upper boom carries a working platform. All movements
of the platform are controlled from the platform itself. The
device is often used for tree-cutting or the running of aerial
cable, but its versatility also proved very useful in this
case. The large floor area enabled the vehicle to be used
freely, and the presence of builder's materials did not cause
any difficulty, the booms allowing free range of movement
to the exact point required.

The men working on the platform were well pleased with
the arrangement; the platform is quite stable and well
guarded and it can be manceuvred to its required position
with ease. All their energies could be directed to the actual
work of the electric-light installation and there was no frus-
tration caused by the inability to reach parts of the work due
to building material being in the way, as occurred with the
conventional tubular-scaffolding platform. Where it was
necessary to pass from one bay of the building to another
under relatively low cross beams, it was only a matter of a
few minutes’ work to lower the boom and drive the truck
to its new position. The use of the Simon platform certainly
effected a most considerable saving and allowed the job to
proceed with speed.

W. E.

North Western Region

BUILDING A CABLE CHAMBER AROUND AN
EXISTING LEAD-IN

The partial transfer of the Birkenhead C.B.1 exchange
area to automatic working took place on 9 April 1959, when
Claughton automatic telephone exchange was opened for
service.

The automatic equipment is housed in a new building
erected as a wing to the existing manual exchange-building.
Due to site limitations the new wing could only be located in
a position immediately over the existing lead-in to the manual
exchange, which meant that the new cable chamber would
have to be constructed around the lead-in, as shown in the
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PLAN SHOWING POSITIONS OF EXISTING LEAD-IN AND NEW CABLE
CHAMBER

sketch. To ensure that there would be no interruption to
service and that building operations would proceed smoothly,
building sequences had to be carefully planned and an
unusual degree of liaison was necessary between the
architects, building contractors and works supervisors.

Included in the design of the basement steelwork were
subsidiary girders to be used as supports for slings to
suspend the existing lead-in ducts until such time as the
cable-chamber floor could be completed and cable racking
erected.

The sequence of the building operations was as follows:

Firstly, the ground was excavated until the top surface of
the existing lead-in, which consisted of two 9-way and two
6-way duct blocks, was exposed. Two trenches were
excavated down to the required level of the cable chamber,
one on each side of the lead-in, leaving the lead-in duct blocks
fully exposed and perched precariously on an embankment
along the full length of the excavation. Although the
ground was reasonably stable, consisting of soft sandstone,
clay, and strata of crumbling sandstone, a period of very
heavy rain caused crumbling of the embankment. To
counter any collapse of the duct, holes were excavated under
the duct blocks at 2 ft intervals, heavy planks were forced
through the holes, and by means of wooden staging and
wedges the weight of the lead-in was eased off the embank-
ment.

Excavation of the holes for the concrete footings for the
main vertical steel supports of the building steelwork was
then carried out, and the concrete foundation blocks were
cast in position. Erection of the main steelwork followed
and, when completed to ground-floorlevel, subsidiary girders
were bolted in place in such a position that they were below
the finished cable-chamber ceiling level and running parallel,
and above, each side of the lead-in duct. The duct blocks
were then supported at 2 ft intervals by means of slings
made up from 7/14 suspension wire and stay tighteners.
Each sling was passed under the duct blocks and over the
subsidiary girders on either side. By adjustment of the stay
tighteners the full weight of the lead-in duct and cable was
eased from the wooden staging and held suspended from the
steelwork.

The building contractor was now able to clear away the
embankment, level the excavation, lay the concrete floor of
the cable chamber, and proceed with brickwork and normal
building operations.

A new lead-in of 48 ways from a new exchange manhole
positioned adjacent to the existing exchange manhole was
constructed, the new lead-in being roughly parallel to, and
about 6 ft from, thé remainder of the old lead-in which
was not enclosed by the new cable chamber.

As soon as the cable chamber was completed the cable
racking for the new Claughton exchange cables was erected.
This racking was made with additional cantilever-type
support bolts on the far (back) side of the vertical H-
sections. Cable bearers were bolted to the cable-chamber
wall opposite to each cable-rack vertical H-section and a
number of flat bars provided, cut to such a length that they
could be supported between the wall cable-bearers and the
additional bolts in the cable rack.

Now came the most difficult part of the operation when
it was necessary to break the duct blocks from around the
cables, moving the cables from the slings on to the support
bars. This was done by first of all breaking away all spare
bores, then breaking away the duct a block at a time,
inserting the flat bars between each layer of cable as it was
exposed, releasing the slings one by one and easing each end
of the bars on to its support bolts. By slewing the suspended
formation as near to the back wall of the cable chamber as
possible, making use of a little slack obtained by flattening
the bend where the cables turned in the old cable chamber,
and by breaking open the duct from the top, the job was
completed very successfully. Not only was there no inter-
ruption to any working lines but the cables were quite
undamaged.
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A cable rack was installed in each services chamber
and provided with normal cable-bearers and brackets.
From the services chambers 9-way multiple ducts were
led out to join into the existing duct line. On the East side
the ducts were laid on the bridge approaches in a sand-filled
services trough under the footway, then through formal
gardens and a rockery to an existing manhole on the
embankment built by Telford. On the West side the ducts
were laid under the new footway and the existing track was
intercepted at a new manhole. In all, 280 yd of 9-way
multiple ducts and 109 yd of steel pipe in 9-way formation
were laid, and two manholes constructed. The work
was done as building progressed by the bridge contractor,
with Post Office supervision, and with the exception of
one or two minor matters the work went smoothly and as
planned. The cables have now to be changed over from the
old to the new bridge.

To overcome the difficulty of a single-way entrance arch
in the town wall on the West side of the old bridge, road
improvements to provide a single-way traffic scheme through
Conway are already in progress, and in connexion with this
the Post Office is laying 130 yd of 4-way and 350 yd of
2-way multiple ducts. A “fly-over” arrangement at the level
crossing on the East side is planned, and this should com-
plete the elimination of the notorious Conway bottle-neck.

The future of Telford’s beautiful bridge has yet to be
decided. The frustrations and irritations it caused have
already been forgotten and it is possible that it will remain
as a work of art and a memorial to a great engineer.

REMOVAL OF COMPLETE U.A.X. NO. 12

A fully equipped U.A.X. No. 12 was displaced by a
U.A.X. No. 13 at Llanarth, in Cardiganshire, and it was
decided to use this as the main portion of an extended-
multiple U.A.X. No. 12 at Crosswell, some 30 miles away in
Pembrokeshire. Service had been given at the latter exchange
by a U.A.X. No. 5 in an A-type building, and all the equip-
ment was in use. Since this A-type building was fit to house
an extended U.A.X. No. 12, which will suffice for several
years, it was arranged to carry out a transfer to a mobile
U.A.X. No. 12 in the adjacent field as the first stage of the
conversion. This having been done, and the Crosswell
building cleared, all was ready for the Llanarth equipment
to be removed there en bloc.

Such a removal has been done elsewhere, as described in
the Regional Notes for the North Western Region in the
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COMPLETE U.AX. NO. 12 READY FOR REMOVAL TO ANOTHER
BUILDING

P.O.E.E.J., Vol. 44, p. 88, July 1951. The main feature of
this present operation was a simple and convenient method
of trussing the equipment for manoeuvring and carriage, as
shown in the drawing. It consisted of fitting two angle
sections, squared up inside by a batten, to clamp the base of
the units together, and to provide a solid base for the
assembly. Used in conjunction with two sets of chimney
brackets, this proved very effective.

Selectors and relay-sets were removed, and the bolts fixing
the feet to the units were loosened to insert the channels.
The feet were then taken off and the units lowered so that
they could be wheeled out without altering the door aper-
ture. For moving the suite within the building 2 in. rollers
were found convenient, and a 2-wheeled bogie was used to
carry the load down the path to the road. A hired low
loader transported the suite to Crosswell where the ground
levels made unloading reasonably straightforward. The
removal was commenced at 9.30 a.m. and by 1.30 p.m. the
units were in position at Crosswell.

R. P.

L.P.O.E.E.—continued from p. 147

Additions to the Library

Library requisition forms are available from Honorary
Local Secretaries, from Associate Section Centre Secretaries
and representatives, and from the Librarian, I.P.O.E.E.,
G.P.O., 2-12 Gresham Street, London, E.C.2.

2528 Switchgear Principles. P. H. G. Crane (Brit. 1957).
A survey of the problems of circuit breaking, of the
methods available and of the apparatus for putting
them into practice.
2529 Applied Mechanics. J. A. Cormack (Brit. 1958).
Written for students reading applied mechanics for
Ordinary National Certificate, and for those preparing
for one of the professional examinations in the subject.
2530 How to Get the Best out of Your Tape Recorder. P. J.
Guy (Brit. 1958).
Sets out the basic theory for those without scientific
training.
2531 Theory of Machines. B. B. Low (Brit. 1958).

154

Deals with the subject to about the standard re-
quired in most universities and engineering institu-
tions.

2532 Interference Between Power Systems and Telecom-
munication Lines. H. R. J. Klewe. (Brit. 1958).

A report of the Electrical Research Association.
Contains all the basic information required by engi-
neers concerned with the construction of power and
communication lines.

2533 Radio and Television Servicing. Ed. E. Molloy and
W. F. Poole (Brit. 1955).

Contains the circuit diagrams and servicing data of
1958/59 models.

2534 Magnetic Recording Techniques. W. E. Stewart (Amer.
1958).

A reference text for engineers and others working in
the technical areas of the magnetic recording field—the
physics and mathematics background is held to a
minimum.

W. D. FLORENCE,
Librarian.



Associate Section Notes

Leeds Centre

On Monday, 16 March 1959, members of the Leeds
Centre attended the Institution of Electrical Engineers’
Faraday Lecture on “ Automation,” given by Dr. H. Thomas
in the Leeds Town Hall. Dr. Thomas is head of the depart-
ment of Unilever, Ltd., which deals with electronics
and computors. The widespread interest in this subject
was reflected in the large attendance, and Dr. Thomas
skilfully conducted his audience through the various stages
of industrial and scientific development up to the present
time. The lecture was well illustrated by the expert use of
electromechanical and visual aids. Tt was generally agreed
that great credit was due to Dr. Thomas and his assistants
for the splendid presentation of his lecture on a science
which may revolutionize our mode of life during the next
decade.

On Thursday, 19 March 1959, the Leeds Centre were
favoured with a visit by the President of the Associate
Section, Mr. A. H. C. Knox, whose talk on “Appraisements
and Promotions” was most interesting and instructive.
This non-technical subject appealed to all, and it stimulated
much discussion; questions were freely forthcoming and
were ably answered. A very good attendance, which
included visitors from the Bradford Centre, was recorded.
The meeting closed at 9.30 p.m., the Chairman paying a
sincere vote of thanks to Mr. Knox and coupling it with
the Centre’s best wishes to him for a successful term as
President.

Finally, on Tuesday, 14 April 1959, the Leeds Centre was
given a very interesting talk entitled ‘‘Recent Developments
in Aerial Cable Construction” by Mr. J. Bluring of the
Engineering Department, External Plant and Protection
Branch. With the free use of films and slides Mr. Bluring
described the various types of self-supporting aerial cable,
the methods of suspension and the advantages and dis-
advantages of each type. After describing various common
faults the speaker referred to the phenomenon known as
“cable dancing” and the theory of mechanical vibrations,
which is the subject of a treatise by Mr. Den Hertog, the
American physicist. The Chairman thanked Mr. Bluring for
his most interesting treatment of this subject and, as this was
the last talk of the session, the Chairman thanked the
members for the support and interest they had shown. He
promised them a very interesting and varied program for the

coming year.
C. B.

Middlesbrough Centre

During the 1958-59 session, the first since the Centre
re-formed, talks on varying subjects, from ‘“Colour
Photography” to ‘“Police Organization™, have been given.
A talk by Mr. M. J. Rubin, Research Branch, Engineering
Department, on “Electronic Switching™ ended the session.
Although it is evident that there is an interest in the
Associate Section at this Centre, the committee look
forward to increased support in the future.

J.L.B.

Sheffield Centre

Our November meeting attracted a record attendance of
over 120 members and visitors at a lecture on ‘“Subscriber
Trunk Dialling.” It was given by Mr. T. A. Barker of the
North Eastern Regional Headquarters, and we are indebted
to him for lecture notes and diagrams supplied for perusal
in advance of the meeting.

Mr. K. O. Verity of the London Centre was our speaker
at the December meeting: his subject was “Some Peaceful
Uses of Atomic Energy.”” The applications of radio-
activity in medicine, agriculture and industry were discussed
after we had been given some simple basic atomic theory and

some of the properties of radioactivity. Mr. Verity
illustrated his talks with slides and a film “Atoms for
Peace.” This meeting was novel in that it was a joint
meeting with the North Eastern Centre of the Senior
Section; the chair was shared by Col. J. Baines, Chief
Regional Engineer, North Eastern Region, and our own
chairman, Mr. J. McInnes. The success of the meeting
led to the hope that it will become an annual event.

As usual, the January meeting took the form of a social
evening. A supper followed a film show, which was arranged
and presented by members of the committee.

“Automatic Protection of High-Voltage Power Net-
works” was the subject of our February lecture by Mr. K.
Bolton of the Yorkshire Electricity Board (Y.E.B.). He
made particular reference to protection systems employing
Post Office pilot lines.

During March a visit was made to the Brinsworth Mill
of the Steel Peach and Tozer branch of the United Steel
Companies. This mill was opened last year for the pro-
duction of steel strip up to 18 in. wide in mild, carbon or
special steel. The motor room was of particular interest;
here we saw the electrical control gear and driving motors,
and were struck by the variety of power supplies, all derived
from the main 11 kV feed. Some motors were driven direct
from this high-voltage feed, while at the other end of the
scale there were machines powered by 230-volt d.c. supplies
obtained from banks of 1,000-amp mercury-arc rectifiers.
It was interesting to note that this power room was
pressurized by a supply of filtered air to prevent the ingress
of dust from the adjacent mill.

During the course of the winter session a series of talks on
“Practical Aspects of Amplifier Design™ has been given to
the Radio Section by Mr. F. S. Brasher; they have been
most interesting and enlightening.

J.E. S.

On Saturday, 4 April 1959, we learnt with great regret
that our ex-secretary, John McCall, had passed away in
his thirty-ninth year. John was a very keen and active
supporter of this section, and during his term of office was
largely responsible for the revival of the Sheffield group.
His charming manner and enthusiasm made it a pleasure
for me to work with him as Area Liaison Officer.

A floral tribute was sent from the Associate Section,
and about 40 of his workmates attended the cremation on
8 April 1959. ’

John leaves a widow and an 11-year-old son, to whom our
sincere sympathy is extended.

J.C.R. H.

Sunderland Centre

At the Sunderland Centre, following the splendid start
of the 1958-59 session, the program continued in October
when the Sunderland safety officer, Mr. Johnson, presented
some very instructive films on road safety.

The November meeting found us welcoming a visitor
from Dollis Hill Research Station, Mr. M. J. Rubin, who
explained the elements of that involved subject, “Electronic
Switching.” This was a follow-on from a previous lecture
on the magnetic drum, and once again we had good support
from the members of the Newcastle Centre.

In December Mr. J. Trotter of the Gateshead Technical
College enlightened us on the ignition system of motor
vehicles.

A very interesting evening was spent in January when
Mr. G. Rennison, chief photographer of the Sunderland
Echo, gave us an informal talk, and displayed photographs
showing the work of the Army Cinematograph Unit, and
press photographs in general.

On 2 February 1959, 16 of our members travelled to
King’s College, Newcastle, to hear Mr, Barron, Assistant
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Engineer-in-Chief speak about S.T.D. This lecture was
arranged by the Newcastle members of the L.E.E., and we
are grateful to them for the invitation. Then, on the 26
February, a party visited the Sunderland power station of the
Central Electricity Generating Board. The two guides spared
no pains to make our tour both interesting and instructive,
and all members thoroughly enjoyed the visit.

In March we had our first film show of the session; the
films, of our own choice, covered subjects ranging from
the British grid system to the manufacture of electric lamps.
Unfortunately, several of our keen members could not
attend some of the meetings because of the obligations of
evening classes but, with planning for the coming session
well in hand, we look forward to continued support.

Chichester Centre

The Chichester Centre has completed a very successful
1958-59 session with regular lectures each month, except
in March when the lecturer was unable to attend owing to
illness.

The program commenced on 13 September 1959 with a
visit to the Port of London. This was in the nature of a
river cruise organized by the Port of London Authority.
The cruise took about four hours and was thoroughly
enjoyed by the members. The remainder of the program
for the session was as follows:

1 October 1958: The opening meeting: a show of films

supplied by the Gas Council.

15 October 1958: Visit to the new trunk mechanization
exchange at Cosham: it was very well organized by the
staff concerned.

5 November 1958: Mr. H. H. Cosh of the Central
Flectricity Board gave a lecture on “Electricity Supply”
—a lecture on generation, well illustrated with slides
made by the lecturer.

3 December 1958: The arranged lecture was postponed
but the Centre secretary deputized with a film strip
describing a visit to a photographic factory.

January 1959: Film show with films supplied by the
Irish linen manufacturers and the Trinidad Asphalt
Company.

4 February 1959: “Past, Present and Future,” by Mr.
F. W. Greenway.

8 April 1959: The final meeting of the session was an
open night for members’ guests, with the subject
“Touring in the British Isles” by courtesy of South-
down Motor Services.

Considering the remoteness of the homes of some of our
members the attendances at the meeting throughout the
session have been very satisfactory. The 1959-60 program
is now being prepared.

H.S.P.

Hitchin and Luton Centre

To start the new year an interesting meeting was held at
Luton on 1 January 1959, when Mr. W. A. J. Paul, of the
Dollis Hill Research Station, gave a talk, illustrated by
films, on the use of cinematography in the Post Office.
On 26 February 1959, Mr. A. E. Mayne, Telephone Manager,
Guildford, gave a talk on “Telecommunications in the
U.S.A.,” illustrated with slides. Both of these meetings
were well supported by members from all parts of the Area,
and were much appreciated by them.

A visit to New Scotland Yard took place early in April
and a visit to the B.B.C. television studios at Lime Grove
has been arranged. A full program is being prepared for the
new session, which will start in the autumn and be preceded
by our annual general meeting.

E. T. N.

Slough Centre

The Slough Centre reports a very successful session for
the past year, and wishes to thank all those who have
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contributed in making the talks, demonstrations and visits
so enjoyable.

At the annual general meeting the following officers were
elected for the 1959-60 session: President: Mr. E. W. Weaver
(Telephone Manager of Reading Area); Chairman: Mr. N.
Cloke: Treasurer: Mr.R. Lambert; Secretary: Mr. F.Rigby;
Committee: Messrs. J. O’neill, F. Gemmel and J. Nutt.

F. R.

London Centre

At the time of writing, as May and the annual general
meeting approach, reports are received from Area chairmen.
A highlight among these reports, on a wide variety of
activities, is one covering the making of a very entertaining
amateur film by Messrs. Martin & Ham, of Thornton
Heath exchange, in the South-West Area. This film, which
parodies life at the exchange, was shown at the Centre
technical film show last December, and has been shown at
several Area meetings, too. It is a most praiseworthy effort.
Another report is concerned with a visit, by the North-West
Area, to Amsterdam and the Dutch bulbfields. A veritable
air fleet of four Viking aircraft took the party from Black-
bushe Aerodrome.

Attendance at Centre meetings has improved during the
session and we look forward to still larger audiences in the
future. The opening lecture of the 195960 session will again
be a public lecture, which will be open to members’ wives
and friends. Dr. Tom Margerison, the well-known tele-
vision science broadcaster and scientific editor of the magazine
New Scientist, will be talking on “Exploring Space.” The
session will also include lectures on telex, the continental
semi-automatic switching unit (installed at Faraday Build-
ing), synthetic speech, the Cable and Wireless organization,
and the pay-on-answer call-office system, and it is planned to
have lectureson S.T.D. and automatic aids in telephone main-
tenance. Tentative arrangements have been made for the
Associate Section member giving the paper on the conti-
nental semi-automatic switching unit to lecture to other
Centres.

Two lectures given before the Centre in the spring
deserve mention. The first, an exceptional talk on “Radio
Astronomy,”” was given by Dr. F. C. Smith of the Cavendish
Laboratory, Cambridge, and our only regret was that he had
to dash off back to Cambridge so soon afterwards. The
second by Mr. D. M. Gambier, of the Main Lines Develop-
ment and Maintenance Branch, on the “Transatlantic
Telephone Cables™ was so interesting that discussion con-
tinued well after the end of the lecture.

The inter-Area quiz has now reached the semi-final. Of
the four teams surviving the first round, the West Area beat
the City Area by one point, the closest match yet, and now
the South-West Area have to meet the East Area before the
finalists are decided. The last match was the best attended
yet and we look forward to bigger audiences in the next two
matches. The trophy has been brought out of retirement,
polished up, and will be presented by the President of the
Associate Section, Mr. A. H. C. Knox, at the annual general
meeting.

Following the interest shown in the possibility of an
Associate Section neck-tie, the Area chairmen are at present
assessing the demand within their areas.

D.W. W.

Ayr Centre

Although notes from the Ayr Centre have not appeared
for some time the Centre has been quite active. The mem-
bership stands at 88. The average attendance at meetings
was 20; this low figure is largely due to members having to
attend night-school classes. The list below shows the variety
of subjects covered during the 1958-59 session.

September 1958: A quiz, by members of Ayr Centre.

October 1958: Lecture and demonstration on *‘Tape

Recording,” by Mr. D. Laurie.
November 1958: Lecture and demonstration on “Tran-



sistors and Valves,”” by Mr. Marsh, of Mullard, Ltd.
December 1958: The Centre dinner and social evening,
held in Carrick Lodge Hotel.
January 1959: Visit to Rolls-Royce factory at Hillington.
February 1959: Lecture and demonstration on “Trunk
Mechanization and Subscriber Trunk Dialling,” by
Mr. G. Campbell, from Post Office Headquarters,
Scotland.
April 1959: Visit to Saxone shoe factory, Kilmarnock.
The excellent program and quality of the lectures justified
a better attendance. However, the committee look forward
to the next session with the hope that members will give their
support, ideas and suggestions.
J. H.

Hamilton and Coatbridge Centre

The annual general meeting, held in April, concluded an
interesting and instructive session. The policy tried out so
successfully in the preceding year was continued, namely,
that of developing the individual member’'s ability to
express himself clearly from the rostrum or the body of the
hall, and also to listen sympathetically yet critically, accepting,
questioning or rejecting as need be.

The opening meeting, addressed by our only visiting
speaker, was on “Public Speaking,” and aptly set off a series
of talks, debates and discussions covering a variety of
subjects, e.g. “Foremanship,” ‘Electric Motors,” “Dis-
cipline,” ‘‘Staff Relationships.” Though not over-ambitious,
they did fulfill the two-fold purpose of creating a real
healthy interest in ““Our Job’" and talking about its problems.

For our next program, now under consideration, we
will be able to invite speakers to talk on subjects of general
appeal with some assurance that they will be speaking to
an appreciative and responsive audience.

A. M. L.

Edinburgh Centre

The February meeting consisted of the presentation of
two papers which had previously been read to the Senior
Section in Edinburgh. “Maintenance Control” was the
title of the first paper, which was given by Mr. D. R. Leask,
who, until quite recently, was Assistant Engineer at the
Edinburgh maintenance control. Commencing with a
detailed survey of the functions of a maintenance control,
Mr. Leask then outlined the working of the ‘‘filtered
ENG” service, which is under trial in Edinburgh, this being
the first director area in which it has been introduced.

The second paper presented was entitled *“Special Investi-
gations” and was read by Mr. W. Ovens, in the absence of
the author, Mr. W. McStravick, who was unfortunately on
sick leave. The working of the special investigations team
in Edinburgh was explained and illustrations were given of
some of the unusual fault conditions encountered. During
the evening many questions were asked and a most
interesting discussion followed.

At the meeting of the Centre on 16 April 1959 we were
honoured by a visit from the President of the Associate
Section, Mr. A. H. C. Knox, who gave a talk entitled
“Appraisements and Promotions.” Mr. Knox had, during
the two previous days, given this talk to the Aberdeen and
Dundee Centres. Having been a member of many promo-
tion boards, he had a large number of interesting points to
make on the subject. Opportunity was later provided for
members to ask questions relating to the promotion
procedure. Our many guests at this meeting included
Mr. A. G. Robins and Mr. F. N. Lucas, Regional Engineers
from the Post Office Headquarters, Scotland, and also, from
the Edinburgh Telephone Area, Mr. I. Matheson, Telephone
Manager, and Mr. H. C. Stevenson, Area Engineer, Planning.

D. M. P.

Aberdeen Centre

Mr. A. H. C. Knox, President of the Associate Section,
gave a very illuminating talk on ““Appraisements and Pro-
motions”’ to the Aberdeen Centre on Tuesday, 14 April 1959.
This meeting was additional to our 1958-59 program,
giving us a total of eight meetings for the session. The talk
was successfully broadcast over land lines to Peterhead and
Wick, with a total of 36 members attending.

For our future program we have arranged, tentatively, a
visit to a local industry, and a bus outing to Dundee to see
the S.T.D. equipment and meet our Dundee colleagues.

We also have talks on the following subjects provisionally
scheduled for the forthcoming session: S.T.D., West Indies’
Telephones, Major Works Control, Works Study, and
Cable Corrosion.

J.G. P

Dundee Centre

The annual general meeting was held on 7 April 1959,
when the following officers were elected for the 1959-60
session: Chairman: Mr. R. L. Topping; Vice-Chairman:
Mr. W. G. L. Bennett; Secretary: Mr. D. L. Miller;
Treasurer: Mr. J. S. Brown; Committee: Messrs. I.
Matthew, D. Livingstone, R. Burns, R. C. Smith, E.
Taunton and G. Sherwin; Auditors: Messrs. J. A. Lamb
and E. Maclaggan.

The session just finished has been one of the most
successful, with attendances at meetings around the 60 to 70
mark, showing an increase of about 50 per cent on previous
years.

The session opened on 14 October 1958 with a film show
presented by “Esso,”” when three films were shown, namely,
“Refinery at Work,” ““‘Lubrication,” and ‘““Farnborough Air
Show.”

On 4 November 1958, Mr. J. Lawson, a member of this
centre, gave his paper on ‘“Model Aircraft,” which proved
to be a very interesting and informative talk.

On 18 November 1958, Mr. A. Robertson gave us a talk
on “‘Optical Lenses.”” This talk proved to be quite an eye-
opener.

On 2 December 1958 we delved into the realms of high
finance when Mr. A. Cameron, Chief Clerk, gave a talk on
“Post Office Finance.™

On 7 January 1959, Messrs. Forster, Barton and Ellis of
the Telegraph Branch, Engineering Department, gave us their
paper on “Automatic Telex Exchanges.”” This proved to be
one of the worst evenings of the winter for weather, when
transport throughout the city was at a standstill, but despite
this over 40 members heard a most enlightening talk.

At present a new telephone exchange and repeater station
are being constructed in Dundee, and our next two meetings
dealt with the underground-plant transfer arrangement and
the automatic-equipment design of these stations. On
20 January 1959, Mr. J. S. Knight, Executive Engineer, dealt
with the underground-plant transfer and on 10 February
1959, two associate members, Messrs. W. L. G. Bennett
and A. S. Reid, dealt with the design of the automatic
exchange. This talk was relayed to our colleagues in
Aberdeen, drawings and diagrams having been sent before-
hand so that they were able to follow the talk.

On 11 March 1959, a quiz was held between the Dundee
and Aberdeen Centres. The quiz masters were Mr. K. F.
Jalland, Dundee, and Mr. J. B. Duff, Aberdeen. Dundee’s
team were Messrs. R. Burns, G. Baird, C. Coull and J.
Mathew. This proved to be a most entertaining evening,
with victory coming to Dundee.

The annual general meeting was held on 7 April 1959,
and the session ended on 15 April 1959, when Mr. A. H. C.
Knox, President of the Associate Section, gave us a talk on
“Appraisements and Promotions.”

In conclusion, I would like to thank the committee and
members of this centre for the support and assistance given
during the session.

D. L. M.
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Staff Changes

Promotions
Name Region Date Name Region Date
Senior Executive Engineer to Assistant Staff Engineer Inspector to Assistant Engineer
Lee, W. H. E.T.E. 9.2.59 Friend, A. G. .. L.T. Reg. 14.1.59
Fletcher, E. A. H.C. Reg. 4.12.58
Area Engineer to Telephone Manager Brady, T. Mid. Reg. 15.4.57
Todkill, H. Mid. Reg. 1.4.59 Greenwood, F. A. N.W. Reg. 21.1.59
Maguire, S. P. L.P. Reg. }7.10.56
Area Engineer to Deputy Telephone Manager Gray, A. L.P. Reg 2.10.56
; Martin, S. w. ' L.P. Reg 12.10.56
Collins, J. E. .. N.E. Reg. to N.W. Reg. 27.4.59 Alexander H. L. L.P. Reg. 12.10.56
Executive Engineer to Area Engineer ?(t:l\gin?f C. t"l; %Zg 1%01 (l)gg
Facer, J. H. Mid. Reg. to H.C. Reg. 13.4.59 Brown, E. J. W.B.C. 12.3.59
. . . i , Webb, F. H. N.E. Reg. 22.4.59
Executive Engineer to Senior Executive Engineer Bowles, L. C. Mid. Reg. 24.3.59
Rance, J. W. .. Scot. 2.3.59 Miles, E. . Mid. Reg 13.4.59
Simpson, W. G. E.-in-C.O. 5.3.59 Whlte51de J. L. W.B.C 20.4.59
Chamberlain, A. E. E.T.E. 16.3.59 Morris, E. K. S.W. Reg 15.4.59
Thompson, C. D. E.-in-C.O. 23.3.59
Technical Officer to Assistant Engineer
Executive Engineer (Open Conpetition) Vogel, E. C. E.-in-C.O. 20.1.59
Knox, K. A. T. E.-in-C.O. 1.1.59 Scott, E. E.-in-C.O. 20.1.59
Little, J. A. E.-in-C.O. 20.1.59
Executive Engineer (Limited Competition) Elplt’ler, IJ[ s J. E'%H-RC'O} E . C ° 23%23
: . axter, M. S. J. .T. Reg. to E.-in-C.O. 1.
Burling, K. G. H.C. Reg. to E-in-C.O. 1459 | Stanton, S. C. L.T. Reg. to E.-in-C.0. 20.1.59
Howarth, J. E. E.-in-C.O. 23.3.59 : :
Cross, B. E-inC.O 16.3.59 Gilroy, J. S. .. L.T. Reg. to E.-in-C.O. 20.1.59
. ’ Y Hogg, A. M. .. L.T. Reg. to E.-in-C.O. 26.1.59
Kennard D. E. E.-in-C.O. 16.3.59 :
Tthell, A H. .. E-in-C.O 3.3.59 Coleman, W. T. L.T. Reg. to E.-in-C.O. 26.1.59
Wherry, A B, Ein-C.O. 3359 Ridge, R. A. .. E-in-C.O. .. .. 20.1.59
Wickens, R. F. E.-in-C.O. 16350 | Franklin A K. LT. Reg, to E-in-C.0. TS
Chandler, K. .. E.-in-C.O. I 16.3.59 Shater . L S o
: ater, F. N.E. Reg. 1.1.59
Haigh, B E.-in-C.O. to Scot. 16.3.59 Wilson. G NE R 24.11.58
Hamn, F. A. .. Mid. Reg. 1.4.59 Frost. P.J HC Rgg “41238
Smith, G. T. C. L.T. Reg. to E.-in-C.0. 23.3.59 Leggett, R. F. LT. Reg. 6.1.59
Assistant Engineer to Executive Engineer Ic)glrlggshj'FE' o ]]:’¥ %Zg' 2};3
Norris, J. W. .. L.T. Reg. 31.10.58 Jones, J. R. .. L.T. Reg. 6.1.59
Vidler, W. C. .. N.I 15.10.58 Amos, R. M. .. Mid. Reg. 23.9.57
Phillips, G. J. A. E.-in-C.O. .. .. 22.12.58 Merrill, F. G. Mid. Rez 19.8.58
Best, F. L. .. H.C. Reg. to E.-in-C.O. 19.1.59 Clark, E. E. .. L.P. Reg 1.7.57
Cosier, J. E. H. E.-in-C.O. .. .. 22.12.58 Creigh, J. W. .. L.P. Reg 1.2.57
Babidge, R. E. S.W. Reg. 14.1.59 Argyle, L. F. .. W.B.C. 19.1.59
Perry, E. T. E.-in-C.O. 12.1.59 Harris. J. G. L.P. Reg. 9.11.58
Blick, N. E. .. Mid. Reg. 22.1.59 Stubbs,S. .. N.E. Reg 23.2.59
Horrocks, P. .. E.-in-C.O. 26.1.59 Birbeck, J. T. .. Mid. Reg 15.12.58
Whittaker, E. N. Mid. Reg. 5.1.59 Spears, R. G. .. L.T. Reg 30.1.59
Jackson, J. .. E.-in-C.O. 5.2.59 Hawkins, R. J ... L.T.Reg 4.2.59
Friend, N. L. W. L.T. Reg. 22.1.59 Wisdom, F. A. W. L.T. Reg 30.1.59
Kennedy, B Mid. Reg. 22.1.59 Bradshaw, J. E L.T. Reg 30.1.59
Curle, F. J. .. L.T. Reg. 2.2.59 Phillips, D. A. L.T. Reg. 30.1.59
Menday, F. G. E.-in-C.O. 12.2.59 Bell, J. J. R. H. E.-in-C.O. 31.3.59
Meade, J. (In absenna) S.W. Reg. 5.2.59 Mitchell, R. A. E.-in-C.O. 31.3.59
Long, W.J. .. S.W. Reg. 4.5.59 Ledwith, D. A. E.-in-C.O 31.3.59
Philip, A Scot. 6.4.59 Turner, T. M. Scot. 10.3.59
Watson, D. N. N.W. Reeg. 20.3.59 Reid, R. S. .. Scot. 10.3.59
W_elburn R. .. H.C. Reg. .. 13.4.59 Murphy, G. J. L.T. Reg 16.3.59
Gibbon, R. D. E.-in-C.O. to L.P. Reg 6.5.59 Reilly, W. J. L.T. Reg 16.3.59
M K. N.E. R 5.3.59
Assistant Engineer (Open Competition) Shzgflriason . N.E. Rgg 5.3.59
Bates, E. J. . E.-in-C.O. 8.1.59 Gunn L.J .. E.-in-C.O 7.4.59
B1rcumshaw D. E.-in-C.O. 21.1.59 Kirkwood, T. .. E.-in-C.O 7.4.59
Clarke, K. E. E.-in-C.O. 5.1.59 Bryant, 1. .. E.-in-C.O. 7.4.59
Copping, B. .. E.-in-C.O. 5.1.59 Stubbs, D. L. . N.W. Reg. to E.-in- C 0. 7.4.59
Derbyshire, R. H. E.-in-C.O. 5.1.59 Francis, W. W, E.-in-C.O. .. 7.4.59
Feltham, D. R. E.-in-C.O. 5.1.59 Hadkiss, L. R. L.T. Reg. to E.-in- C. O 7.4.59
Fincham, P. C. E.-in-C.O. 12.1.59 Rickarby, C. S. L.T. Reg. to E.-in-C.O. 7.4.59
Garside, R. .. H.C. Reg. 5.1.59 Baker, S. H. .. E.-in-C.O. .. 7.4.59
Hartog, W. B. E.-in-C.O. 9.1.59 Wildblood, W. J. Mid. Reg. to E.-in- -C.0 7.4.59
Hempseed, P. H. E.-in-C.O. 5.1.59 Hewstone, H. D. L.T. Reg. to E.-in-C.O. 7.4.59
Hunt, R. J. E.-in-C.O. 5.1.59 Yates, T.C. .. L.T. Reg. to E.-in-C.O. 7.4.59
Jeffery, . N E. Reg. 5.1.59 Davey, L. R. .. L.T. Reg. to E.-in-C.O 7.4.59
Martin-Royle, R.D... E-in-C.O. 5.1.59 Little, F. W. .. L.T. Reg. to E.-in-C.O 7.4.59
Mitchell, P. A. .. E.-in-C.O. 14.1.59 Munday, E. A. L.T. Reg. to E.-in-C.O 7.4.59
Myers, H. B. .. E.-in-C.O. 21.1.59 Baynham, C. A. L.T. Reg. to E.-in-C.O 7.4.59
Sweetman, B. E. E.-in-C.O. 5.1.59 Leake, N. A. .. N.L .. 13.3.59
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Promotions—continued.

Name Region Date Name Region Date
Technical Officer to Assistant Engineer—continued Technician I to Inspector—continued
Wark, A. K. .. .. Scot. 25.3.59 Binks, H. V. .. .. N.E. Reg. 5.3.59
Haggart, J. R. .. Scot. 25.3.59 Moroney, T. K. .. N.W. Reg. 11.3.59
Walker, F. .. .. N.IL 3.4.59 Mack, H. J. .. .. L.T. Reg. 17.4.59
Barnett, L. .. .. N.W. Reg. 11.3.59 Preece, W. G. .. .. L.T. Resg. 17.4.59
Hinchley, R. B. .. N.E. Reg. 11.3.59 Wyndham, G... .. L.T. Reg. 20.4.59
Peek, D. T. C. .. L.T. Reg. 3.4.59 Reynolds, D. G. .. L.T. Reg. 11.3.59
Eddleston, E. .. .. N.W. Reg. 14.4.59 Hough, G. .. .. N.W. Reg. 18.3.59
Clegg, E. R. .. .. N.W. Reg. 22.4.59
Draughtsman to Assistant Engineer
Smith, T. R. .. .. Mid. Reg. 1.1.59 Experimental Officer (Open Competition)
. Bell, D. .. .. E.-in-C.O. 21.1.59
Technical Officer to Inspector
Maskell, G. C. L.T. Reg. .. .. .. 4.2.59 Assistant Experimental Officer (Open Competition)
Barry, B. G. V. L.T. Reg. .. .. .o 12259 Bryan, I. E. .. . E.-in-C.O. 9.1.59
Morris, L. A. .. L.T. Reg. .. .. .. 4.2.59 Yule, S. K. (Miss) .. E.-in-C.O. 1.1.59
Venn, H. E. .. L.T. Reg. 4.2.59 Rohrer, B. R. .. .. E.-in-C.O. 29.1.59
Neale, W. H. T. L.T. Reg. 4.3.59 French, M. J. G. (Miss) E.-in-C.O. 18.2.59
.. Phippen, J. H. .. E.-in-C.O. 27.2.59
Technician I to Inspector Murrell, D. L. .. E.-in-C.O. 20.3.59
Hill, S. N.E. Reg. 25.11.58
Browell, J. N.E. Reg. 1.9.57 Assistant (Scientific) (Open Competition)
Sugden, D. . N.E. Reg. 18.1.59 Sargent, J. W... .. E.-mn-CO. 7.1.59
Sutcliffe, H. C.~ N.E. Reg. 3.7.58 Fishwick, B. J. .. E.-in-C.O. 26.2.59
Bentley, B N.E. Reg. 18.1.59
IS_Itgzgi’scl)\fq‘ F W Eg Iﬁ:g. 4;.1 %gg Technical Assistant II to Technical Assistant 1
Bradley, ol A HC. Reg: 41258 Shiells, E. D. .. Scot. to E.-in-C.O. .. 1.4.59
Rozier, J. .. H.C. Reg. 4.12.58
Eames, R. W. L.T. Reg. 7.1.59 Leading Draughtsman to Senior Draughtsman
Saggers, G. E. L.T. Reg. 6.1.59 Clement, N. C. .. WB.C. 8.1.59
Fergusson, W. A. L.T. Reg. 7.1.59
I\ivaldon, Dé E. g&l’ Eeg- zg%gg Draughtsman to Leading Draughtsman
awrence, S. .. .. S.W. Reg. 1. :
Burrough, C. F. .. L.T. Reg. 30.1.59 McConaachie, J. M. L.T. Reg. to L.P. Reg. 11238
Wannan, J. .. .. Scot. 13.3.59 Youde. A. L " W.BC. 1.4.59
I(:};ilels JJ W, M Sgg: gggg Mountford, E. D. .. Mid. Reg. to Factorles Dept 20.4.59
Craven, M. . .. Mid. Reg. 3.2.59 .
Gli?] D. G. . s.\l;v, Reg. 19.3.59 Clerical Officer to Executive Officer
McMu]len JA. .. N.L 27.1.59 Lowry, M. J. (Miss) .. E.-in-C.O. 27.11.58
Retirements and Resignations
Name Region Date Name Region Date
Regional Engineer ' Assistant Engineer
Wallcroft, F. E. .. WB.C. .. .. .. 31359 Doubrowsky. J. L. .. L.T. Reg. 31.1.59
Engi Keast, R. E. .. .. S.W. Reg. 23.1.59
Area Engineer . Major, A. S. .. . N.E. Reg. 25.1.59
Grlﬁiths, G. J. .. Mid. Reg. .. .. .. 31.12.58 McCubbin, W. J. K Scot. 26.1.59
Wright, C. H. .. LT.Reg. .. .. .. 31.12.58 Jones, F. J. .. .. L.T. Reg. 16.1.59
Parsons, R. A. E. .. LT.Reg. .. .. .. 31359 McIntosh, A. .. .. Scot. 20.1.59
Senior Executive Engineer Rohoran B 1 1 NW. Ree. 21139
Rhodes, W. .. .. E.-in-C.O. .. .. .. 31359 Adair. J. C. .. .. E.-in-C.O. 15.1.59
. X (Resigned)
Executive Engineer Tinsley, W. F. .. L.T. Reg. 3.2.59
Frost, J. .. N.W. Reg. 3.12.58 Townsend, F. T. G. .. H.C. Reg. 6.3.59
Anderson, J. N.E. Reg. 5.12.58 | Perks, H. .. Mid. Reg. 28.2.59
Craig, W. A. .. E.T.E 5.1.59 Hodson G H. .. N.W.Reg. 19.2.59
McBurnie, R. S. N.W. Reg. 23.1.59 Davies, F. J. .. .. E.T.E. 1.1.59
Peach, R. S.* .. E.-in-C.O. 6.2.59 Metcalf, F. .. .. N.E. Reg. 20.2.59
Ryan, R. L. E.-in-C.O 20.2.59 Brooker, H. J. .. E.-in-C.O. 28.2.59
Wilson, F. . S.W. Reg 31.1.59 (Resigned)
Luscombe, E. W. E.-in-C.O 28.2.59 Martin, C. W. J. .. ET.E. 28.2.59
(Resigned) Hinton, G. B. .. Mid. Reg. 12.3.59
Wearn, R. G. O .. N.W.Reg. 11.3.59 Snook, R. A. .. .. H.C.Reg. 31.3.59
Young, A. .. Scot. 29.3.59 Kempsell, C. .. .. L.T. Reg. 14.3.59
McKendrick, W .. Scot. 31.3.59 Bellion, W. E... .. N.W. Reg. 4.3.59
Selby, G. R. .. .. E.-in-C.O. .. .. .. 27.3.59 Parker, H. .. .. N.W. Reg. 19.3.59
(Resigned) Lynes, F. A. . .. E.T.E. 8.4.59

*Mr. R. S. Peach is continuing as a disestablished officer with the E.-in-C.O.
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Transfers

Name Region Date ‘ Name Region Date

Senior Executive Engineer Executive Engineer—continued
Froom, R. P. .. E.-in-C.O.to I.T.U., Geneva 18.3.59 \ Bluring, J. E.-in-C.O. to H.C. Reg. 13.4.59
Executive Engineer | Assistant Engineer
Cunninghame, J. W. E.-in-C.O. to W.B.C. 5.1.59 ‘ Dawkins, J. E.-in-C,O. to M. T.C.A. .. 22.12.58

N. S. Street, M. J. H.C.R. to Min. of Supply .. 12.1.59
Jennings, J. C. Nigeria to S.W. Reg. .. 11.1.59 \ Tolliday, E E.-in-C.O. to H.C. Reg. 26.1.59
Rolls, A .. Nigeria to S.W. Reg. 9.2.59 Stevens, H. E... E.-in-C.O. to L.T. Reg. 6.2.59
Tarbet, A. G. .. L.P. Reg. to Scot. .. .. 23.2.59 Dawson, G. H. E.-in-C.O. to L.T. Reg. 18.2.59
Baxter, E. C. .. India to L.T. Reg. .. 24.2.59 Hoare, H. V. .. E.-in-C.O. to L.T. Reg. 9.2.59

Deaths
Name Region Date 1 Name Region Date
Executive Engineer Assistant Engineer—continued
Blake, E. C. H.C. Reg. 26.1.59 Alcock, G. E. N.W. Reg. 20.1.59
Raffles, H S.W. Reg. 16459 | Kerslake, R. J. S.W. Reg. 11.1.59
Wood, T. N.E. Reg. 19.4.59 Bullen, W. L. .. E.-in-C.O. 10.1.59
Packham, E. C. E.-in-C.O. 21.2.59

Assistant Engineer ‘ Buchanan, A. .. Scot. 2.3.59
Smith, A. H. .. Mid. Reg 6.9.58 Baron, J. C. N.W. Reg. 4.2.59
Taylor, A. E. .. Mid. Reg 30.9.58 Pratchett, C. H.C. Reg. 10.3.59
Spooner, J. A. E.-in-C.O 11.10.58 ‘ Harvey, C. T. L.T. Reg. 1.3.59
Chany, C. H. .. N.W. Reg 12.10.58 Mahoney, J. W. L.T. Reg. 27.4.59
Beattie, F. . .. E.-in-C.O. 6.11.58
Heppmstall R.V. N.E. Reg 12.11.58 |
Wenban, K. .. L.T. Reg. 3.12.58 Inspecror
Shaw, J. S.W. Reg 5.12.58 Gleave, J. T. N.E. Resg. 22.10.58
Saunders, J. D .. H.C. Reg. 10.12.58 Sykes, R. P. H.C. Reg. 1.11.58
Cooper, E. R. .. E.-in-C.O. 1.1.59 Hirst, K. H. .. N.W. Reg. 27.11.58
Scott, D. W. R. .. S.W. Reg 29.1.59 Kearnes, F. J. L.T. Reg. 28.11.58
Budgen, A. H. H.C. Reg 17.1.59 Edmonds, A. T. L.P. Reg. 1.12.58
Williams, E. S. Mid. Reg. 7.1.59 l McAlister, C. .. N.I. 2.12.58
Bird, F. G. T. H.C. Reg 16.1.59 Dunne, A. B. S. L.T. Reg. 23.2.59
Oswald, C. L. L.T. Reg. 27.1.59 Campbell, M. Scot. 9.2.59
Tribbeck, D. A. S.W. Reg. 29.1.59 Turpin, F. W. L.T. Reg. 19.3.59
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BICC Polytel sleeves insulate and seal
the individual conductor joints in plas-
tic insulated communication cables,
against ingress of moisture.

They are made from polythene tubing,
sealed at one end and filled with non-
melting, non-hardening silicone grease
which has good dielectric properties,
a high degree of water repellence,
oxidation resistance and a working
temperature range suitable for home
and overseas service.

Fitting is simple, the joint being folded
back alongside the core and the Polytel
sleeve pushed over the joint.

cap the conductor joints

in Plastic Insulated Communication Cables

Publication GS25
gives further information.

May we send you a copy?

BRITISH INSULATED CALLENDER’S CABLES LIMITED
21 Bloomsbury Street, London, W.C.1



























THE NEW POTENTIOMETER
Type PV2

This new miniature Wirewound Potentiometer is fully
type-approved to R.C.S.C. styles RVW 13/14.

Available with normal shaft for knob operation,
slotted shaft for preset adjustment by screw-
driver, and longer slotted shaft with split collet
locking device. All styles can be supplied with
or without panel seals.

A wide air gap at the back of the component
prevents condensation in humid conditions.

The resistance element is of copper-nicke|
wire for the lower values and nickel-chrome
wire for the higher values; both are wound in
strip form on a bakelite laminate of high
electrical quality.

The resistance wire is welded at each end to
aninterwire,whichissolderedtotheconnecting
tag. The three tags are of plated brass and
2 watts at 20°C. project through slots in the shell.

RATING

Contact ring and wiper arms, the tips of which
are rhodium plated, are nickel silver. Shaft
bush and nut are nickel-plated brass.

The lockable shaft model has along bush with
split conical extension at the end. The shaft is
locked by amilled sleevescrewedoverthebush
compressing the split cone.

tllustrated are some of the

styles available Write for technical leafliet

Painton& Co. Ltd.

KINGSTHORPE NORTHAMPTON
Tel: 32354/7 Telegrams: ‘Ceil, Northampton'
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