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Post Office Cabling in the Mersey Tunnel D. A. BARRON,msc.am.E

U.D.C. 621.315.23 621.315.68

The author describes the cabling and jointing work recently concluded in the Mersey Tunnel.

This work presented many

unusual difficulties due to limited times of access, restricted space, and the cold air current necessary for the ventilation of
the tunnel.

Introduction.

XTENSIVE cabling work is now in hand in con-
Enection with the forthcoming conversion of the

Liverpool Area to automatic working. The
scheme necessitates the provision of a new junction
network to serve exchanges in the Wirral peninsula,
the junction cables crossing the river Mersey via the
new Mersey Tunnel, utilising the facilities provided

jointing, and balancing of five cables over a length of
1.171 miles from the manhole at Shore Road,
Birkenhead, through the tunnel, to the cable chamber
in the basement of the George’s Dock building on the
Liverpool side. Fig. 1 shows schematically the layout
of the area of operations.

A number of unusual difficulties were encountered,
and it is hoped that a description of the work, and

CHANGES IN CABLE FORMATION.
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F1G6. 1.—LAYOUT OF THE AREA OF OPERATIONS.

therein for this purpose and fully described in this
Journ~aL in 19341, The Jand portions of the junction
cables are being provided by contract, but i1t was
decided that the Post Office would undertake the
cabling and jointing work in the tunnel.

The work comprised the placing in position,

\P.0.E.E.J., Vol. 27, p. 81.

of some of the special measures adopted, will prove
of general interest.
General.

The cables to be provided in the cross-river section
consisted of four 540/20 pair P.C.Q.L. type, and one
P.C.Q.L. 250/20 + 570/10. For the greater part of the
distance these cables run in one of the airways, used
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_pump, vacuum chamber, and a rectifier unit which
provides the power for the discharge, and was designed
to deal expeditiously with the resonators. A
sputtering time of some 20 minutes is necessary to
plate each side of the specimen—it is necessary to
turn over the specimen to plate both surfaces—and
the unit will handle some 150 sq. cm. per charge.
Special precautions are necessary to ensure that the
edges of the specimens can be easily cleaned of the
residual material which accumulates on them during
the process. This is accomplished by coating them
with a special solution before the sputtering process
which enables the gold to be washed off with ease.

PERFORMANCE OF THE RESONATOR PLATES

The 1,408 resonators required for the equipment
of the first 40 circuits on the London-Birmingham
coaxial cable were produced according to schedule,
and the methods of production described are con-
sidered to have been justified by the performance of
the crystal filters.

Complete details of the methods evolved by the
Post Ofhce, including the design of the cutting
machines, have been given to the Contractors
interested in the production of coaxial cable equip-
ment and a specification for resonator plates has been
drawn up. A brief outline of the specification is
given in the Appendix. The equipping of additional
super-groups is now in hand, and the resonators for
the terminal equipment are being produced by a
Contractor in accordance with this specification.

Many thousands of resonator and oscillator plates
have now been made in the Crystal Laboratory, and
the work which has been described has proved of
considerable assistance in the production of the many
types of crystals which have been handled.
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APPENDIX
SPECIFICATION OF QUARTZ RESONATORS
Material and Dimensions.

The quartz to be free from optical and electrical

twinning and from cracks, flaws, discolorations, rain
and bubbles.

The plates to be plane parallel within 0-0025 mm.,
the x and z dimensions to be within 4 0-0056 mm. and
+ 0-01 mm. respectively of the specified values, and
the y dimension to be adjusted to give the quoted
Y wave frequency. The finish of the plates to be fine
matt as obtained with 600 abrasive, and the edges to
be sharply defined and free of fraying and chipping.

Electrodes.

The electrodes to be of gold deposited on the
XZ plane surfaces by cathode sputtering, precautions
being taken to ensure that no gold is deposited on the
other faces during the process. The plate faces to be
perfectly clean before the sputtering process and the
thickness of the gold film to be such as to give a
resistance in the range 4-5Q between two contact
electrodes spaced 2 of y apart and sufficiently long to
cover the z dimension when the applied voltage is2 V.

As an alternative aluminium electrodes deposited
by the evaporation process may be employed.

Mounting.

Each plate to be mounted in a sealed standard
resonator holder so that the centres of the lines
joining the contact points and the centres of the plate
are in line, and the line of contact makes an angle of
19° with the Z axis of the plate, the sense of the angle
being such that the contacts are in the nodal plane
of the Y vibration. The holder spring tension to be
adjusted just to prevent movement of the plate when
the holder is subjected to normal jars and vibrations.

The mounted crystal and the inside of the can to be
free of grease and moisture and to be perfectly clean
immediately before sealing. ‘‘ Seekay ' Wax A70 to
be heated just to melting point and the wax to be
poured into the top of the can until the trolitul is
flooded to a depth flush with the top of the can. The
wax to be allowed to cool for one minute and the top
of the can to be dipped into the wax bath to 0-5 cm.
below the rivet heads, the holder to be quickly
removed and allowed to cool.

Per formance.

The series resonant frequency of the sealed crystals
to be within 4 10 c/s of the specified values at 20° C.
The difference in response between the series and
parallel resonant frequencies as measured in the
Standard Resonator Test Set to be not less than 65 db.
The leakage resistance between electrodes with an
applied voltage of 10 V to begreater than 100 megohms.
The frequency, response and leakage tests to be made
not earlier than one month after the crystals are
sealed.
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The Application of Hollerith Accounting Machines
to the Distribution of Engineering Instructions

U.D.C. 681.177.5 : 621.39 (083.9)

H. E. BARNETT, MSc. AC.G.L,DL.C. AMLEE.,
and W. A. H. VENUS

Insufficiently selective distribution prevented Engineering Instructions from being fully effective and a new method of
distribution on a functional basis has been devised. Operation of the scheme depends on the analysis of punched-card

records by machines designed for the purpose and developed from standard accounting machines.

The application of

such machines to an analysis of this type is believed to be novel. This article outlines the scheme and describes the principles
of the machines.

Introduction.

RINTED instructions, as a feature of the
PPost Office Engineering Department’s opera-

tions, are about as old as the Department. They
have changed in form from time to time but in the
last few years have undergone considerable expansion.
This has been a natural consequence of the rapid
expansion of the Department’s activities, the increas-
ing complexity of the work of the staff and the
necessity for producing instructions for the large
numbers of relatively inexperienced staff which it
has been necessary to recruit to cover the increase of
work.

To facilitate the indexing and amendment of the
Engineering Department’s instructions (E.I.s) a
loose-leaf scheme was adopted but after some years
of operation of the scheme it was found that it was
failing to be fully effective because of faulty distribu-
tion. In consequence a new scheme of distribution
was devised and is described in this article.

It is based on a novel application of punched-card
accounting machines which themselves are funda-
mentally controlled by relays operating on timed
cycles.

Distribution cf Instructions.

With the introduction of the scheme of loose-leaf
instructions a method of distribution was introduced
based on three principles : — restriction by subject,
restriction by grade, and recording of holders of
instructions. An instruction in the loose-leaf scheme
is known by its designation which consists of division,
sub-division, section and number. As an example,
in the designation TELEPHONES, General, D 6011
the parts are :

Division—TELEPHONES
Sub-division—General
Section—D

Number—6011

The unit for distribution purposes was the sub-
division, subject to certain broad restrictions by grade
of user, indicated by the * circulation letter ”’ printed
on each instruction. The ten circulation letters
included only three relating to workmen, one for
“ external ”’ workmen, one for ““ internal ”’ workmen
and one for all workmen.

A manuscript record was kept at each Section office
of each individual or group to whom instructions were
sent, together with particulars of the sub-divisions
with which the particular users were concerned and
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new and amended instructions were distributed
according to that record. This scheme had one
major and several minor disadvantages. The major
disadvantage was that within the largest class of
user—workmen—there was (apart from division into
“internal ” and ‘‘ external ” men) only one restric-
tion, that by sub-divisions, and with the growth
of the number of instructions—his meant that a
workman requiring instructions on one aspect of a
subject, and therefore receiving all those workmen’s
instructions in the related sub-division, would
probably receive many instructions in which he had no
interest. Among the minor disadvantages were :—
the difficulty of deciding the sub-divisions appropriate
to a particular job, and of keeping records amended as
the issue of new instructions made fresh sub-divisions
necessary ; the necessity at headquarters of issuing an
instruction in a particular sub-division so that it
would reach the users of the sub-division ; and the
relative uselessness of certain circulation letters.

Various ways of improving the position were con-
sidered. The biggest need was to effect some dis-
crimination between various workmen to make
distribution to them more selective. It was finally
decided that satisfactory results could be obtained
only by distribution on a strictly functional basis.
This conclusion was supported (a) by the knowledge
that the South African P.O. was using on its E.l.s
circulation letters some of which signified grade
distinctions as in the British P.O., whereas others
signified restrictions according to certain simple
functions, e.g. all jointers, and (b) by the fact that in
the North Wales District it had been found desirable
to prepare lists of those E.l.s considered proper to
various classes of work. It was obviously undesirable
that the reading and classification of E.I.s as issued
should be carried out simultaneously in fifteen
Districts and moreover the scheme as commenced in
North Wales covered only a limited portion of the
Engineering Department’s activities.

The work of the Department was therefore analysed
and classified, the idea being that the ultimate unit
should be an item of work which is undertaken as a
whole by one man or a group of men and is not
normally sub-divided. With this end in view these
elements of work were named ‘‘ basic duties.”” The
full load of one man may then consist of one basic
duty or a combination of several. As a result of this
work a list of approximately one hundred technical
and twenty clerical basic duties was prepared and
with minor modifications and additions the list still
stands.

\



Typical basic duties are :(—

B.D. No. 1—Installation and maintenance of
subscribers’ apparatus, direct exchange
lines.

No. 1ll—Installation of U.A.X. No. 12,

No. 49—Advice note and minor works control
centre procedure.

No. 67—Radio interference investigation.

No. 87—Maintenance of stamp - selling
machines.

No. 96—Construction of overhead plant.

No. 121—Clerk of Works, duct and manhole
works.

. No. 158—Clerical duty, cashier.

. No. 171—Clerical duty, stores.

PR W EE ww
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In addition to the basic duty numbers, a few letters
are used to indicate blocks of numbers or to indicate
that an instruction is to be circulated but is not to be
filed except in complete files. For example, distribu-
tion letter F indicates circulation without retention
to all clerical staff. Much advice and help in this
work, the groundwork of the scheme, was given by
Mr. L. G. Semple and the list before final ‘adoption
was discussed with representative Districts and
Regions.

It being agreed that distribution according to
these primary functions should be made, it was
then necessary to decide the means. It was decided
to provide a set of instructions at each man’s head-
quarters or at his place of work, and that the set should
include only those instructions directly relating

it would be necessary to indicate on each E.I. issued
the basic duties concerned and to distribute it only
to the files used by those of the staff concerned with
the particular basic duty or duties indicated. The
problem lay in how the records should be analysed
to determine the distribution of each instruction
issued. Purely manual analysis of scheduled records
being obviously unworkable, card record schemes were
corsidered.

Consideration was first given to the use of cards
with edge clippings indicating basic duties. This was
found to be unsatisfactory because of the size of the
card required to record the necessary information.
Cards of such a size would have been difficult to
handle in batches and moreover renewals of cards due
to wear or amendment would have been expensive.

It appeared necessary, therefore, to employ a
scheme using the whole surface of each card, to make
better use of the size of card employed. Such a
system, intended for manual operation, was considered
and rejected, partly on account of the limited capacity
of the largest standard card available but primarily
because of the high cost of card renewals which would
obviously be necessary to cover amendments to
records and whatever damage might occur in use.
This left only the machine-accounting systems to be
considered. Of these there are two, Hollerith and
Powers-Samas. Both use similar cards, 74 in. x 3} in.
and smaller, punched in a similar fashion with holes,
the significance of each of which is determined by
its co-ordinates in relation to the edges of the card.
In each system analysis is made by passing the card
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Fi1c. 1.—TypricaAL BLANK HOLLERITH CARD.

-

to the man’s work, expressed in terms of basic
duties. The requirements of all men using a common
headquarters or working in the same place were, in
general, grouped. A set of instructions provided
for one man or for a group of men is known as a file,
is given a serial number and has its contents expressed
in terms of basic duties. It seemed obvious that it
would be necessary to have one record for each
file of instructions. It seemed also fairly clear that

through a machine, the fundamental difference
between the systems being that in the Hollerith
machine the basis of operation is electrical whereas
in the Powers machine the basis of operation is
mechanical.

A typical blank Hollerith card is shown in Fig. 1.
This is the largest size and has eighty columns in
each of which a hole may be punched in one of ten
(or sometimestwelve) positions. In normal commercial
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use these cards may be used to record figures to be
added to or subtracted from other figures, information
to be printed or information which is to be stored until
required. When it is necessary to extract particular
cards from a number they are sorted for compliance
with certain conditions. This is done, in both systems,
by causing the selecting device to operate on a
particular column in each card ; the operation of the
selecting mechanism distributes the cards into boxes
according to the position in the column concerned
in which each is punched. An additional facility
in each system makes it possible to select all cards
which comply with each of eight predetermined
conditions. Neither of these standard facilities would
make it possible to obtain without repeated sorting
of the cards the information required in the Engineer-
ing Department since it was necessary to determine
which of several cards, representing files, were punched
in one or more of certain positions, representing basic
duty numbers allotted to the E.I. to be distributed.
An example will perhaps make this clearer :—

Assume three files exist, to which the following
basic duty numbers have been allotted as representing
the work of the users :—

File No. 1—Basic duties 1, 7, 16.
File No. 2—Basic duties 4, 5.
File No. 3—Basic duties 2, 5, 6, 21.

Now assume an E.I. is issued to which the basic
duty numbers 5 and 21 have been allotted on the
strength of its contents. The selecting arrangements
must obviously pick out all those cards representing
all files to which basic duty numbers 5 or 21 or both
have been allotted. Therefore files 2 and 3 will be
selected and the fact that file 3 is twice qualified makes
no difference. Since the total number of basic duties
created was about 120, not including spare numbers,
it was necessary that the selecting device should
be capable of picking out, in one operation, all cards
punched in one or more specified positions out of 120.
Moreover, since it was not necessary to examine the
actual cards but only to obtain from them particulars
of the files represented, it was desirable that the
arrangements should be such as to extract the required
information from the chosen cards as they pass through
the machine without upsetting their sequence, thus
avoiding the necessity for re-sorting which normally
follows every sorting operation. This facility exists
in the listing-sorting machine made under each
system.

The requirements for this particular scheme were
referred in turn to the makers of each type of machine.
After consultation, a design meeting all requirements
was evolved by the British Tabulating Machine Co.,
the makers of the Hollerith electrically-operated
machines. From the investigations made during
that period it appears that the Hollerith system is
the more flexible of the two as regards provision of
non-standard facilities because much can be accom-
plished by circuit changes which could only be achieved
in the mechanical system by redesign of machine
parts,

Principles cf Hollerith Machines.
The essential principle upon which the operation
of Hollerith machines depends is the operation or
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non-operation of relays or solenoid-operated mechan-
isms at fixed times in a cycle of operations.

A card which is being analysed passes between a
series of wire brushes and a roller. (Fig. 2). The card

TO RELAY & -
NEG.LINE

Fic. 2.—PRINCIPLE OF SELECTION.

feeding device is geared to the main drive and
timing shaft of the machine and the card moves so
that the brushes run along the card columns. When
a hole has been punched in a column a circuit is
completed from brush to drum at the time the hole
comes under the brush. Master contacts operated by
cams geared to the main shaft break all brush
circuits before they can be broken by the card at the
trailing edge of a hole and also ensure that the
brushes are live only when a card is between them and
the roller.

In the next four paras. an outline is given of the
operation of standard Hollerith machines so that
the origin and development of the special machines
in use in the Engineer-in-Chief’s Office will be <learer.

In a standard sorting machine cards are analysed
column by column only. A single brush is used which
runs on the column being analysed. The card
receptacle consists of thirteen compartments (one
for each digit) from 9 to 0, X and Y and one for
“rejected "' cards—i.e. cards unpunched in the column
in question. Two of the compartments (corresponding
to the X and Y positions) are used only when pence,
months, or similar items involving twelfths are
involved. The timing, relative to the passage of the
card, of the pulse which occurs when a hole passes
under the brush determines the compartment into
which the card is guided, and hence each card
is deposited in the receptacle corresponding to the
number punched in the column being dealt with.

In the brush circuit is a rotating switch, not unlike
a Baudot distributor in construction. Shown schemati-
cally in Fig. 2, it consists of a drum of insulating
material into which have been moulded a ring of
copper and twelve segments (see Fig. 3). Each segment
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F16. 13.—E.I. REcorRD CARD.

not of the same issue 00 is punched and reference
to a separate list is necessary.

Thus, as an example, E.I. TELEPHONES, Auto-
matic, G 5001, issue 5, would be shown in code as
58 07 5001 05. By setting the machine to select
all cards punched for a particular duty number
(for a list of E.I.s for that basic duty) or for any one
of a combination of basic duties (for a list of E.I.s
appropriate to a file) and arranging to print from
columns 70 to 79 the coded designation of each E.I.
(including the number of the latest issue) a list of
E.Ls is easily prepared. These lists are invaluable
in compiling or checking files of E.I.s.

Common Composite File Lists.

When it had been decided to prepare lists of the
E.I.s appropriate to certain files it was immediately
realised that certain combinations of basic duties
recur quite frequently and that therefore one dupli-
cated list would serve for all such files. The problem
then was to determine to which files common com-
binations of basic duties applied without checking
the 16,000 file records by eye and hand. It was found
that the machines as originally designed could not do
that work, but a relay set was designed, and built
in the Post Office Circuit laboratory, which, in
conjunction with one of the machines, made it
possible to do the analysis by machine. Fig. 14
illustrates the normal distribution connections, some
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or all of the twenty drums being plugged to a corres-
ponding number of the eighty upper brushes as
required. The circuit with the added relay set is shown
in Fig. 15, only five drums being illustrated. The
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F16. 15.—CONNECTIONS FOR SELECTION OF COMMON
COMBINATIONS OF DuTIES.

circuit operates as follows :—Assuming it is desired
to find all those files to which a combination of basic
duties applies, say 1, 2, 96, 97, 98, 99, 126, relays
SA to SG are each connected to a selecting drum and
an upper brush as shown below.

Relay SA. Connect to drum 1, set at 1, and to
brush 10

Relay SB. Connect to drum 2, set at 2,
brush 10.

Relay SC. Connect to drum 3, set at 6, and to
brush 19.

Relay SD. Connect to drum 4, set at 7, and to
brush 19

and to
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Relay SE. Connect to drum 5, set at 8 and to
brush 19

Relay SF. Connect to drum 6, set at 9 and to
brush 19

Relay SG. Connect to drum 7, set at 6, and to
brush 22

It will be seen from this that any card which is
punched for basic duties Nos. 1, 2, 96 to 99 and 126
will allow relays SA to SG to operate when the card
is passing between the roller and brushes. Each relay
holds, after operation, via one of its own contacts
and one winding. This provides a series connection
from L1 to 12 via SA2, SB2, . .. SG2, S relay and
UCL, and allows relay S to operate, thereby establish-
ing the ““ selected ”” condition in the tabulator. A
cam contact CT in the machine then breaks the
holding circuit of relays SA to SG which release in
readiness for the next selecting operation, and the
selected card is listed as it passes between the lower
roller and brushes. It will be obvious that unless a
card is punched for each of the required basic duty
numbers the series connection between L1 and L2
via relay S cannot be established and the card is not
listed.

This arrangement does not, however, meet all the
requirements because any card which is punched for
other basic duties in addition to all those chosen
will be listed. The rejection of those cards is arranged
by connecting relay C as follows :—

Relay C. Connect to drum 8, set at 3 to 0 inc.,
and to brush 10.

Relay C. Connect to drum 9, set at 1 to 5 4 0,
and to brush 19

Relay C. Connect to drum 10, set at 0 to 5, 7 to
9 inc., and to brush 22.

All the remaining upper brushes which cover the
basic duty field on the card are connected direct to
relay C. From this it will be seen that a card punched
for basic dutics other than 1, 2, 96 to 99 and 125 will
allow relay C to operate and hold during the passage
of the card between the upper roller and brushes.
C2 breaks the series connection Ll—relay S—L2,
relay S cannot operatc and the card is not listed.

Withdrawal Notices.

The scheme as described so far fully covers the
information required for the construction of E.I.
files and for the supply of waybills showing which
particular files should receive copies of a new or
amended E.I., but it was recognised in the earlystages
of preparation that any change on re-issue in the
basicduty numbersallotted to a given E.I. would soon
result in certain files holding up-to-date copies of
the E.I. whereas others retained copies of an
out-of-date issue. In the latter cases it is necessary
to advise the users of the files that their copies of
the E.I. concerned should be destroyed and it was
first thought that analysis of the file records to
determine the files affected would have to be
carried out manually. The provision of the auxiliary
relay set referred to earlier afforded a means of
analysing the records by machine, and, in brief,
this 1s carried out in the following manner.
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Assuming issue 1 of a certain E.I. was allotted to
basic duties Nos. 20 to 33, and thatissue 2 was allotted
to basic duties Nos. 20 to 25, 44 and 45 because of a
radical change in the text of the instruction or for
some other reason, any file which includes one or
more of the basic duty numbers 20 to 25, 44, 45 in
its composition will receive a copy of issue 2 of the
E.I. whereas those files which include one or more of
the basic duty numbers 26 to 33 will not receive a
copy of issue 2.

Using the relay set in a manner similar to that for
determining files of identical composition, the relay
SA only is connected to the upper brushes so that it
will operate on the passage of a record card which is
punched for any of the basic duty numbers 26 to 33,
and relay C is connected so that it will operate on the
passage of a record card punched for any of the
basic duty numbers 20 to 25, 44, 45. The operation of
SA only willensure the listing of the appropriate record
card, and the operation of C will ensure that a record
card is not listed. The list of files prepared in this
manner is used for distributing the withdrawal notice.

Cancelled E.I.s.

The E.-in-C.’s Monthly List contains particulars
of those E.I.s cancelled during the previousmonth and
is useful for keeping up-to-date those files located
in S.E.s’, Sec. Engrs’. and similar offices. The list
does not normally circulate to workmen, so that they
cannot keep their files up-to-date from that source,
and as these files constitute the greater proportion of
the whole a special list of cancelled E.l.s is prepared
monthly in E.I. form and a copy is supplied to the
users of each file affected. The basic duty numbers
allotted to each of the cancelled E.I.s are added to-
gether and form the basis for preparation of the relative
waybills for distributing the information.

Tests Applied to Prove the Setting cf the Machines.

Before any attempts are made to analyse records a
special set of cards is passed through the machine to
be used to prove that it has been plugged and set
correctly in all respects. At the completion of each
analysis the test cards are again passed through the
machine and providing the same test results are
obtained it is safe to assume that the analysis has
been correctly carried out. The cards are punched
in such a manner that the basic duty numbers and
distribution letters (where applicable) which are to
be selected by the machine are actually printed by the
machine when it has been correctly connected up.
The latest development in this direction is the printing
of the basic duty numbers which are required to
operate the C relay for those analyses where the
special (auxiliary) relay set is utilised. Normally,
of course, the operation of the C relay prevents any
listing of cards. It has been made a principle that
after the test pack has proved the connection as
being satisfactory the setting of a machine must not
be altered in any way until the analysis in hand is
completed.

Life of Card Records.

It has been found that as a result of the care taken
by the staff in handling the card records the cards



will pass through the selecting listing machines 800
to 1,000 times before renewal is necessary. This
performance is remarkable when it is considered that
the majority of the cards pass through the machine
at the rate of 200 cards per minute.

Punching f Card Records.

The preparation of the card records is an essential
feature of any scheme such as this, although the
scheme just described uses far less cards than most
other applications of such machines. For most com-
mercial applications of these machines a separate
card is necessary for each primary voucher or each
transaction. Each card must be punched and that
part of the work may be of considerable magnitude,
justifying the use of power-driven punches andjor
pre-punching of frequently-repeated details in blocks
of cards.

For the application just described the card require-
ments are small, since once the scheme was set up
cards are only required to record changes in the
basic duties applicable to E.I. files (i.e. changes
in the work of the users), to add to the record of
existing E.L.s or to replace worn out or damaged
cards. When replacement of a complete pack is
necessary it is done by the Stationery Office (or by
the B.T.M. Co. in an emergency) using a power-
driven reproducing punch and checking machine.
All the other requirements are relatively small,
total card requirements for purposes other than
complete reproduction being of the order of 400
cards per month (all records being in duplicate).
Hence the punching can conveniently be done on a
hand-operated punch. It is possible to punch two
cards simultaneously, thus halving punching time
and ensuring identity of the two sets of records.

Possible Applications cf Machines ¢f This Type.

The selecting-listing machines just described were
the first of the type to be built. The results obtained
and the flexibility of the system of operation suggest
that similar machines should be applicable to a wide
variety of problems requiring analysis of information.
For ordinary statistical analysis these machines have
two main advantages over any other sorting machine
or system known to the authors :

(1) The information required can be obtained as a
printed record without disturbing the order of
the card records. This saves time on re-sorting
and makes possible the restriction of analysis
to predetermined blocks of cards.

(2) The analysis can be made on a basis of finding
all those records which comply with one or
more of a given set of conditions or all those
records which meet all of a given combination
of conditions. A mixture of the two types of
analysis is also possible. There would be no
fundamental difficulty in building a machine

which could make an analysis of any of the
foregoing types, in respect of 800 items, in
one operation.

One possible application to Post Office work which
immediately suggests itself is in connection with fault
analysis. For many applications of machine-account-
ing, details are entered on cards in manuscript, the
information later being translated into punched holes
in the same cards. By a suitable choice of layout
this can be done without making the original manu-
script entries illegible. It would seem feasible to use
such cards in lieu of fault dockets, and to arrange
for the cards to be collected, then punched and
analysed at one or more points according to the amount
of information to be handled.

The printed results of such analyses could then be
duplicated for distribution.

Similar records and analyses in respect of the
particulars of apparatus at each subscriber’s premises
might be advantageous; although this would
probably be useful if existing machines were available,
the frequency with which analysis of such information
could usefully be made would probably not be sufficient
on its own to justify such a scheme.

Duplication cf Machine Records.

The machines were designed to print on single or
manifold paper, using ordinary typewriter ribbon.
It has been found possible to cut stencils directly on
the machines for reproduction by the Rotaprint or
Gestetner processes or to eliminate the stencil stage
and use sensitized aluminium plates provided a
suitable lithographic typewriter ribbon is employed.
The plates have so far provided the most satisfactory
results, but this has almost certainly been due to the
fact that the existing type faces on these machines are
suitable for ordinary printing with ribbons but are
not the most suitable design for stencil cutting. With
suitable modifications to the type faces and perhaps to
the type pressure, it should be possible to produce,asa
routine matter without intermediate typing, dupl-
cated printed records of the standard of rotaprinted
E.Ls.

Tracing paper in conjunction with carbon paper
arranged to give an impression on the back of the
tracing paper has been used as a stencil in the
preparation of listed information which has to be
duplicated. The trialshave so far shown that readable
copies can be produced by this method, which with
minor improvements will produce work comparable
with the standard of normal rotaprinted work.
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the above circumstances the steady anode current
through R, is of rectangular waveform and is
shown in Fig. 1 (oscillogram 1), which was obtained
by using the circuit of Fig. 2 with the 500 c.p.s.
generator switched off. Here, periods of steady anode
current alternate with periods of zero anode current.
Oscillogram 2 (Fig. 1) shows the result of switching
on the 500 c.p.s. generator and is self explanatory.
Comparison of this waveform with that required
(oscillogram 3, Fig. 1) shows that it is of the correct
form except that it contains an unwanted 20 c.p.s.
component of rectangular waveform. This is removed
by connecting the filter shown in Fig. 3 across the

F16. 3.—FILTER FOR ELIMINATING 20 c.P.s. COMPONENT.

resistance R,. This comprises a rejector circuit tuned
to 500 c.p.s. in series with the resistance R,. The
circuit is heavily damped to avoid distorting the
envelope of the impressed oscillation; a Q (i.e.
quality = X/r where X and r are element reactance
and total circuit resistance respectively) of 3 was
found to be suitable and enabled a standard P.O.
€oil Retardation No. 39A to be used. The resistance
R, serves to reduce the voltage across the resonant
circuit to a value suitable for application to the power
amplifier. The condenser C; is kept small to assist
the filtering of L.F. components. The output resulting
across the potentiometer is illustrated by oscillogram
3 (Fig. 1) ; no trace of residual 20 c.p.s. oscillation is
observable.

In the intermittent amplifier already mentioned
the switching voltage was derived from a sinusoidal
oscillation by a distorting diode rectifier. This
method might well be used here, except that it is
difficult to produce a 20 c.p.s. resonant oscillator.
Accordingly it was decided to employ a multi-
vibrator, especially since this type of oscillator yields
an inherently suitable waveform and, furthermore,
can readily be synchronised with the 500 c.p.s.
oscillation.

The Multi-vibrator.

The circuit is shown in Fig. 4. Although the use
of the multi-vibrator for the generation of harmonics
is well known,5 the physical considerationsgoverning
the shapes of the voltage waveforms produced donot

s See, for example, E. B. Moullin, ‘‘ Radio Frequenc_\;
Measurements,” 1931, p. 125 and pp. 202-206.

F16. 4 —THE MuLTI-VIBRATOR CIRCUIT.

appear to have been clearly stated, and a brief
discussion of its mode of operation may not be out of
place.

Thus, suppose the grid of V,; is considerably
negative with respect to the cathode; the anode
current of V; will be zero. Further, let it be supposed
that the grid of V, is at cathode potential and V,
drawing, therefore, a steady anode current. The
negative potential on the grid of V, will decay
exponentially with time since C; discharges through
R’ in series with the joint resistance of R, in parallel
with V,. Meanwhile conditions in V, remain un-
changed, and in due course the grid potential of V,
will reach that negative value which corresponds
with the inception of anode current in V,. The anode
potential of V, will then decrease and the grid of V,
will become negative with respect to the cathode by
virtue of the coupling circuit C,R’,. Correspondingly,
the anode of V, and the grid of V; will become more
positive, while the anode of V;, together with the grid
of V,, becomes more negative. Thus the grid of V,
becomes increasingly negative and so on; once
current starts in V, it will increase at a very rapid
rate, limited only by the (very small) time constants
of R, and R, in parallel with their stray capacitances.
This state of rapidly increasing current in V; will
continue until the grid of V; reaches cathode potential.
Very little further increase of the potential of the grid
of V, is then possible, for grid current will begin to
flow and will inhibit any appreciable rise. In general
the parameters will be such that the current in V, is
now zero, its grid potential being highly negative
with respect to the cathode.

Conditions are now exactly those envisaged at the
start, except that the valves V, and V, have changed
rdles, and the process is repeated with a frequency
which is closely related to the time constants of the
circuits through which C; and C, discharge.

It follows that the grid voltage of either valve
alternates between a sensibly steady value, approxi-
mating closely to the cathode potential, and a negative
value which 1is initially great, but decreases
exponentially with time until a certain point is
reached where it changes quasi-discontinuously to its
previous phase. Fig. 5, oscillogram 5, illustrates such
as waveform. The grid of the other valve executes
similar oscillations 180° out of phase.
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F15. 6.—CirculT OF 500/20 VALVE GENERAT@R.

20 c.p.s. generators. Accordingly, the multi-vibrator
i1s set to oscillate freely at about 17 c.p.s. and is
speeded up to 20 c.p.s. by judicious introduction of the
500 c.p.s. synchronising voltage. Arrangements are
made to energise the grids differently, if necessary, in
order to achieve equality of the tone and no-tone
intervals.

The Complete Stage.

The circuit of the complete drive stage is shown
to the left of the dotted line in Fig. 6. A steady
500 c.p.s. oscillation is supplied to the control grid of
the Mazda A.C./S.2 Pen by a Mazda A.C.2/H.L. used
as a simple sell oscillator. Pre-set potentiometer
feed is used, and automatic grid bias is provided by
the 0-75 megohms resistance and its associated 0-1 pF
shunt condenser. It may be noted that it has been
found convenient to overdrive the A.C./S.2 Pen
slightly, the pulses then produced being more closely
rectangular. The waveform of the 500 c.p.s. oscilla-
tion is unimpaired since the harmonics introduced
thereby are removed by the filter.

The multi-vibrator circuit has already been fully
described and needs no further comment except to
describe the means adopted for synchronisation with
the 500 c.p.s. oscillation. The two paralleled
10,000 ohm resistances carry the oscillating anode
current from the A.C.2/H.L., and the anode supply
for the multi-vibrator 1s derived from their sliders ;
it is thus possible to inject into the anode circuit of
each valve an adjustable 500 c.p.s. voltage which
trips the device as already explained. The potentio-
meters are adjusted in turn until each operating
phase lasts 1/40th sec. as seen by visual observation
on an oscillograph.

The component values of the filter are chosen so
that the drive voltage provided by the potentiometer
can be adjusted over the required range.

Tue OuTpPUT STAGE

According to the specification for 500,20 generators,
an output of 51 volts at 80 mA is required, both

measurements being made with rectifier type instru-
ments. Allowing for the “ chopping ”’ the maximum
output required of the amplifier is 10-2 volts (R.M.S))
at 160mA (RM.S.), ie. 1-63 watts. Assuming a
minimum probable efficiency of the order of 20 per
cent., the anode dissipation required in the power
valve is 8-2 watts. Inspection of published data
failed to reveal a pentode yielding this dissipation
with an anode voltage of 90 ; it could, however, be
achieved with two Osram KT32 tetrodes. These
valves have characteristics of pentode type and are
constructed in accordance with the “beam” principle
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which has been discussed elsewhere, notably by J. H.
Owen Harries®?8, and by O. H. Schade.®

Fig. 7 shows a set of characteristics for two of
these valves connected in parallel; the screen
voltage was set at 70, not 90, to allow for inevitable
loss of voltage due to bias and decoupling arrange-
ments envisaged in the final design. The curve of
interest is that with zero bias ; the flat portion occurs
in the vicinity of 200 mA. Hence the steady current
under working conditions should be about 100 mA,
which corresponds with an anode dissipation of 9
watts.

The circuit to the right of the dotted line in Fig. 6
was then set up. This isa “Variable Q" amplifier of the
type recently described by the authors.1® The grid
resistances and the small condenser between anode
and cathode were introduced to prevent parasitic
H.F. oscillation. The bias resistance was adjusted
to yield an anode current of about 100 mA, a value
of 43 ohms being required. A fresh set of characteris-
tics was then taken and is shown in Fig. 8, where
anode current is plotted against anode-carth voltage
for various grid-earth potentials. The screen-cathode
voltage was held constant at 70 to simulate working
conditions (since the condenser is connected between
anode and cathode the screen-cathode voltage remains
constant under working conditions, not the screen-
earth voltage ; the reason for this connection will be
noted later). The curve with 10:5 volts positive bias

8 Wireless World, Aug. 2, 1935, Vol. 37, No. 5, p. 105.

? Wireless Engineer, April, 1936, Vol. 13, No. 151, p. 190.

8 Wireless Engineer, April, 1938, Vol. 15, No. 175, p. 212
(contains short bibliography).

8 Proc. Inst. R.E., Feb., 1938, Vol. 26, No. 2, p. 137.

10 Wiveless Engineer, Feb., 1939, Vol. 16, No. 185, p. 57.
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is of greatest interest, since this corresponds with
sensibly zero grid-cathode voltage (the cathode is
biased positively with respect to earth by the resistance
by an amount 0-250 X 43, i.e. 10-5 volts). The knee
of this curve occurs at about 40 volts, 250 mA so,
with a steady current of 125 mA and 90 volts anode
supply, the optimum load resistance Ro is
(90 — 40)/0-125, 1.e. 400 ohms. This is sketched on
the graphs. Comparison of the flat parts of Figs.
7 and 8 shows that the anode slope resistance is
higher for Fig. 7 than Fig. 8. This results from the
negative feed-back derived from the bias resistor,
and obtains only if the screen current is by-passed
from it. High anode impedance is essential to the
satisfactory aperation and hence the screen decoupling
units were arranged as shown ; inductive decoupling
was used to avoid unnecessary loss of screen voltage.

It is required that the output voltage (E,) on open
circuit (R’ infinite) shall be approximately 13 ;
under these conditions, the load impedance of the
valve is sensibly the condenser, since the choke is
merely a decoupling unit, and is arranged to have an
impedance much greater than that of the condenser.
Hence, if X is the reactance of either element of the
tuned circuit, the magnitude of the output voltage
is XI or I/Cw, where I is the R.M.S. value of the
oscillating component of theé anode current, and
w 1s 27n, n being the frequency.

But from the valve characteristics :
I = 125/1-414 = 81-5 mA.
Hence
C = [/JEw = 81:5/(13. 6-28. 500)
= 2-2 uF (approx.).

To facilitate construction from standard units a
value of 2-25 uF was used. Thus X is 141:6 ohms,
and the corresponding value of L is 1/Cw? and is
0-045 henry.

The specification of both these reactance elements
requires considerable care if the performance of the
completed stage is to be satisfactory. The coil was
considered first and experiment showed that, where
it is desirable that a coil shall remain of good quality,
i.e. Q not less than 30 while carrying A.C. of magnitude
greater than a few milliamperes, the most satisfactory
construction appears to be achieved by employing a
gapped laminated core of mumetal. The cross-
section of the core is } inch square, and the stampings
are “ E ” type, 5 mils thick, and are enamelled on one
side ; the gap is nominally 60 mils, as compared with
the more usual 10 mils, but is adjustable in order that
the resonant frequency of the circuit may be set to
the correct value. With a nominal gap of 60 mils a
coil of this type has an inductance of the order of
0-27 henry/1,000 turns; thus, for the required
inductance of 0-045 henry, about 410 turns would be
necessary. Actually, the experimental model used
had 470 turns of 22 SW.G., D.S.C. Having decided
upon the design of the coil, it is then necessary to
select a suitable condenser. A mica dielectric type
might have been utilised, and no further experiment
done, but this seemed unnecessarily extravagant, so
various paper types were examined, commencing
with the ordinary, general purpose, P.O. M.C.
pattern. These were abandoned, since it was found









reached, whereas the specification calls for 80 mA
only. The remainder are included to show that the
apparatus is, in fact, used in .its most efficient condi-
tion, for whereas the 6-4 volt curve does not cross the
2-5, 4 or 6 volt curves at high currents, the 7-1 volt
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curve does cross them, and this is due to overloading ;
6-4 volts corresponds, therefore, with the highest
permissible drive. This point is further illustrated
by Fig. 13, which shows output voltage as a function
of drive voltage on open circuit and on full load.
The open circuit curve is straight to a value of about
6-4 volts, and thereafter bends over. Since this
6-4 volts is sensibly the oscillating component of the

anode voltage of the pentode, the bend is evidently
due to overloading in the grid circuit. The full load
curve shows a more severe curvature entering at the
same grid voltage, and indicates that now overloading
i1s occurring also in the anode circuit. Thus over-
loading sets in simultaneously in both anode and
grid circuits on full load. The normal drive point is
shown by the arrow, and it is evident from the figure
that, by slight variation about this point, the correct
output voltage can be obtained, despite small
fluctuations of battery potential.

It is desirable in apparatus of this kind that the
alternating component of battery current shall be as
small as possible. No trouble from this source should
arise in the present circuit, for the multi-vibrator
valves operate in phase opposition and, if they are
balanced, there is no residual 20 c.p.s. component in
the battery lead. The space current in the A.C./S.2
Pen alternates between screen and anode at 20 c.p.s.,
and the total is therefore free of 20 c.p.s. component.
Higher frequencies such as 500 c.p.s., and harmonics
of the 20 c.p.s., may be excluded by a simple choke-
capacitance filter. A system of filament heating
suitable for the battery supplies described earlier is
shown in Fig. 6.
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TELEGRAPH AND TELEPHONE PLANT IN THE UNITED KINGDOM
THE PROPERTY OF, AND MAINTAINIED BY

TELEPHONES AND WIRE MILEAGES.

THE POST OFFICE IN EACH REGION AND ENGINEERING DISTRICT AS AT 3lst MARCH, 1939.
OVERHEAD WIRE MILEAGES ‘J UNDERGROUND WIRE MILEAGES
Number of |—-—— ———— " T “— ] Regionor | 7T T Tl -
! 501 ! I Telephone 8pares

Telephones| peegrapn | Trunk | Junction | Exchange®, Spare District Tclcgmph‘ Trunk  Junctiont Exchanget: — - - —
i i ¢+ Trunk ! Junction}

1,177,846 324 502 1,532 0 57,445 5627 | London Reg.| 23,660 | 318192 | 946,212 | 3.264,651 85,048 278,482
147,238 1,541 - 1,415 10,960 57,715 12,648 | S. Eastern 5,717 138,334 24,370 | 395,200 55,916 21,410
177,829 1,835 10,311 26,946 116,093 10,451 :© S. Western 19,835 ¢ 145,094 15,852 | 359,927 ! 66,656 20,489
126,270 2,158 ¢ 8,621 21,849 88,614 21,475 Eastern 6,801 ; 169,782 20,116 262,599 : 116,504 20,666
146,216 2,387 | 10,230 18,191 74,528 27,633 N. Midland 9,352 | 228,696 23,832 1 299,197 118,032 25,499
162,818 1,306 4,598 15,904 81,572 | 20,609 = S. Midland 10,381 208,014 38,638 © 414,298 68,504 37,890
85,213 936 4,140 16,632 60,079 11,523 8. Wales 6,035 93,110 ! 18,292 159,720 ‘ 73,550 17,354
213,797 1,561 9,170 23,636 91,619 18,718 N. Wales 12,237 244,340 | 105,624 459,593 | 113,570 38,526
41,813 2,745 6,678 6,718 19,628 . 1,745 © N. Ireland 1,600 15,744 7,998 ¢ 90,897 | 25,020 4,878
355,585 1,657 2,912 8,141 75,490 19,625 . N.W.Region 16,468 273,920 @ 129,887 977,786 | 142,700 69,049
303,216 3,963 10,922 21,665 105,124 | 32,566 - N.E. Region 17,395 280,684 75,374 734,345 201,958 50,686
280,863 5,687 22,451 31,694 106,887 28,315 Scot. Region 11,446 233,688 40,609 552,389 151,898 39,682
3,218,704 26,100 ) 91,950 203,868 934,794 210,935 Totals 140,927 | 2,349,598 | 1,446,804 = 7,970.602 | 1.260.63C ‘ 624,611

. - o = i T T
: Totals as at |
3,164,652 28,987 99,175 207,830 | 921,317 i 207,240 i 31 Dec., 1938 140,624 ! 2,257,212 | 1.395,629 7,876,026 1,221,9)3 | 632,522
. !

* Includes low gauge sparc wires, i.e. 40 1b.

1 Includes all spare wires in Local Underground cables.

{ Wholly Junction Cables.

H
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Additional Group Modulated Carrier
Systems between Stranraer and Belfast

U.D.C. 621.395.443.2

R. J. HALSEY, 8.5c.(Eng).. A.C.G.Il.D..C.. and
F. SCOWEN, B8.5c., A.inst.P.

The high-frequency cables between Belfast and Stranraer were initially equipped with modified Carrier Systems No. 4

(1 + 3 circuits) and a Carrier System No. 5§ (12 circuits). Two additional 12-circuit groups have recently been added

by group modulating normal 12-circuit systems. Provision is made for the addition of three further groups on the same
basis, thus giving an upper frequency limit of 300 kc/s.

Introduction.

HE cables and the initial installation of
I carrier equipment between Belfast and
Stranraer have been fully described in this
Journar! so that the present article will be concerned
only with the subsequent provision of circuits on
the route. The high frequency cables are of balanced
pair construction between Stranraer and Port Patrick
(718 miles) and between Belfast and IDonaghadee
(18-14 miles) ; the submarine cables between Port
Patrick and Donaghadee are concentric with paragutta
dielectric (21-04 and 21-31 nauts.), separate cables
being provided for the two directions of transmission.
The initial installation consisted of two modified
Carrier Systems No. 42 (1 + 3 circuits operated on a
duplex basis on each cable) and a Carrier System
No.5 (12 circuits) (Fig. 1). These systems utilise the
frequency range up to 60 kc/s.

of these additional groups have now been provided,
the channel modulating equipment being normal
12-channel terminals supplied by Messrs. Standard
Telephones and Cables, Ltd. The repeaters, group
modulating equipment and group frequency generators
were designed and made by the Post Office. Although
the principle of group modulation is now of common
application3, the groups to be modulated have
previously been chosen so that the ratio of the extreme
frequencies is less than 2 ; this ensures that all second
order modulation products fall outside the required
frequency band and thereby avoids interference due
to intermodulation of the channels in the group
modulators and demodulators. The choice of primary
groups such as 60-108 or 60-100 kc/s is partly governed
by such considerations. In the present equipment the
primary group is 12-60 kc/s so that it has been neces-
sary to design group modulators of higher quality
than those usually required.

Since the line repeaters transmit
the normal 12 channels as well as

the modulated groups, their ultimate

working range is from 12-300 kc/s,
le., a ratio of 25 between cxtreme

frequencies.

12 CHANNEL

GROUPS Repeater Sections.

For the present scheme it has been
necessary to install one intermediate

repeater station at Donaghadee ; for
12 CHANNEL

the full scheme a further repeater
station will probably be necessary at

Port Patrick although this may be
avoided by the use of compandor equip-

IRELAND SCOTLAND
BELFAST DONAGHADEE PORT PATRICKI lSTRANRALR
]
E LOADED LOADED E
143 CABLE CABLE 1+3
@ PAIRS PAIRS @
12 CHANNEL __E_@ 1
GROUPS f = ?
H . ]
.
aA:A:cm CONCENTRIC BA:A:VCED
PAIR ) s“::::[': € PAIR
) CABLES CABLES
]
12 CHANNEL| l 1
GROUPS =t GROUPS
@ LOADED LOADED E
143 l CABLE CABLE , 1+3
PAIRS PAIRS ‘E
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The cables are suitable for transmission of
frequencies considerably higher than this and the
additions described in the present article form the
first part of a larger scheme involving a total of six
12-circuit systems with a maximum frequency of
300 kc/s. Above this range it will be possible to make
furtherextensionsat a later date although no provision
has been made at present.

The acditional groups, i.e., beyond the initial
12-circuit group, are formed by the group modulation
of standard 12-circuit systems, these being trans-
mitted in the frequency ranges 60-108, 108-156,
156-204, 204-252 and 252-300 kc/s. The first two
Vol. 31, p. 23.

Vol. 29. pp 226 and 294,

\POLE).
2PO.EFE.]J.
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ment? to reduce resistance noise. At
156 kc/s, the highest frequency for the
present groups, the cable attenuations
are as follows :
Belfast-Donaghadee
Donaghadee-Stranraer

32 db.
52 db.

The necessary constant impedance line equalisers
and additional pads give repeater section attenuations
of about 60. db.; the requisite equalisation can be
readily deduced from curves given in the earlier
article. As installed, the overall wideband circuit
1s equalised flat within about 4 1-5 db.

General Arrangement.

Iig. 2 is a block schematic of the Belfast and
Stranraer terminals and I'ig. 3shows the arrangements

3Sze for example P.O.E.E.J., Vol. 30, pp. 206 and 270, and
Vol. 31, pp. 51 and 132.
‘P.O.E.E.J. Vol. 32 p. 32



BDETAILS OF EQUIPMENT

' 1l

CmcuT | adb l{g&'}?‘;ﬁ : ||I Group Frequency Changers.
TRANS —tfe— __D*H> ' |!l T The frequency changers for
! ', l ! | groups 2 and 3 are identical
REC—* . . S ” and are shown in Fig. 5. They
| FREQUENCY m m | include a modulator, a de-
| Group2 BETLIERS [l medulator and as§9c1ated pads
’ 34 [ and filter. “Ring” type modu-
[ |§|| latprs are .pscd, yvith copper
FUSB'BER ’ mam & §,| HE oxide rectmers“, it has been
| GROUPS ’ e } Sl aktames  found that this arrangement
| _._._ BPRLIERS eod g ’ | i3 syutable if the carrier voltage
rRANS : . —) L l < is high and the input level low.
3 | E“ﬁf%;{“scyy l Input levels of about — 30 db.
REC——tfo— WA | ’ ’ are uscd and this explains why

- 12 EMERGENCY e lifi
| g O LINK | group transmitting amplifiers
ERAER " T PANEL l are not required on the
CROUPS | ! H 12-circuit equipments.

L ‘ The transformers used are
—-—Tm - much more bulky than is
/] necessary, but later units for

Fic. 2. —TerMINAL EQUIPMENT AT BELFAST AND STRANRAER TERMINAL STATIONS.

at Donaghadee and Port Patrick. The 12-circuit
svstems are of normal tvpe except that transmitting
amplifiers are not fittcd on either the normal or
modulated groups.

Fig 4 shows the frequency allocetion of the channels.
Group 1 is transmitted over the cables via the group
combining equipment and repeaters, without change
of frequency, lower sidebands being transmitted.
Group 2 1s modulated with a carrier frequency of
120 kc/s and the lower group sideband is filtered out
and transmitted via the group combining equipment
and repeaters. Group 3 is similarly modulated with a
carrier of 168 kc/s and further groups, when added,
will be modulated with carrier frequencies of 216,
264 and 312 kc/s. In all the modulated groups the
channel sidebands are erect, whereas in the primary
group they are inverted.

If one submarine cable is faulty, U-links at Stranraer
and Donaghadec are changed over and the Stranraer-
Belfast direction of transmission utilises the whole of
group 1 and channels 7-11 of group 2, while the Belfast-
Stranraer direction utilises channels 1-5 of group 2
and the whole of group 3.

Owing to filter difficulties, only 11 channels of
group 2 are at present used, the 60-64 kc/s channel
being unworkable. It is hoped to overcome this
difficulty at some later date by using crystal group
filters for group 2. It will be observed that channel
12 of group 1 and channel 12 of group 2 are lower and
upper sidebands of the samevirtualcarrier frequency?,
i.e.. 60 kc/s.

°A speech channel, in a carrier telephone system, may be

transposed to the frequency band in which it is to be trans-
mitted, by successive stages of modulation. It is possible,

g ! . g BALANCED -
and sometimes convenient, to imagine the speech channel as PAIR CABLES O

having been transposed, from its original audio range position
to its final position in the frequency scale, by one modulation
stage only. The imaginary modulating frequency, which
would have effected such a single stage transposition is then
referred to as the ‘‘ virtual carrier,” and demodulation could
be achieved in one stage by the application of this virtual
carrier, if desired, instead of by the successive application of
demodulating processes.

- REPEATER I

similar schemes are more com-
pact, being accommodated on
the group filter panels. The
low-pass filter attenuates the carrier frequency anrd
the upper sideband of demcdulation to avoid over-
loading the group receiving amplifiers.

Group Carrier Frequency Generators.

The carrier frequencies of 120 and 168 kc/s are
generated by crystal-controlled oscillators, the
crystals being mounted in temperature-controlled
ovens. The oscillators are supplied from one of two
mains units and the bays are equipped for the addition
of the 216, 264 and 312 kc/s generators. A spare
oscillator can be switched to provide any one of the
group carrier frequencies. It is hoped to include an
article on this equipment in a subsequent issue of this
JOURNAL.

Group Filters.

The group band-pass filters are designed to have a
flat impedance-frequency characteristic in the pass
range and to attenuate the unwanted frequencies by
at least 70 db. Low loss inductors and clamped mica
condensers are used, each resonant unit being sealed
in a copper case after adjustment. “ Q" values in
excess of 200 have been obtained for all units. The
filters have an impedance of 200 Q, this giving about

' i
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the most convenient values of inductance and
capacitance. Since the pair cables also have an
impedance of about 200 Q the repeaters may have
similar impedances at theirinput and output terminals.

Figs. 6 and 7 show the pass-band insertion loss of
the two group filters. The attenuation of the group
filter in the band 60-64 kc/s makes this channel
unworkable at present. Fig. 8 shows the circuit of
group 3 filter.

Group Combining Units.

Fig. 9 shows the arrangements for combining
the groups. Owing to impedance difficulties it is
not convenient to connect all the group filters in

~ 150

MOD. 600
IN OHMS

3000

parallel at their line terminals. The scheme adopted
consists of paralleling all the odd numbered group
filters and, separately, all the even numbered group
filters. The two sets of filters so formed are combined
by a differential transformer, i.e., a bridge, so that,
with a reasonable balance return loss, each set of
filters is protected against impedance variations in
the other set. This results in greatly improved
group filter characteristics. A small low-pass filter
for group 1 is incorporated in the group combining
unit ; the panel is labelled ‘‘ filter hybrid panel ™
in the photograph of the terminal equipment Fig. 10.

Repeaters.

The line repeaters: have fixed gains of 62 db.
They are 3-stage amplifiers with a com-
bination of series and parallel feedback
between the anode circuit of the output
valve and the grid circuit of the input
valve, the gain reduction by feedback

200 mOD.
OHMS OUT

7

CARRIER

990

DEM. 600
OUT OHMS

1800

varying from about 50 to 35 db. in the
working range 12-300 kc/s. The input
and output impedances of all repeaters.
are 200 Q. Since the Donaghadee repeaters
are at the junction of the 200 Q land
cables, and the 50 Q submarine cables,
an impedance matching transformer is
connected between the output of the

200 DEM
OHMS IN

N\

[

1

|
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7 Belfast-Stranraer repeater and the sea.

I'ic. 5.—Groupr FREQUENCY CHANGER.

114

cable, and a similar transformer is incor--









TaBLE 2

Frequency Group 2 Group 3
o7 —— - : — - : R -
Ch.1 | Ch.2 Ch. 10 Ch. 1 Ch. 1 Ch. 2 Ch. 11 Ch. 12
300 —0-2 + 02 — 17 —17 0 0 — 09 —2:0
500 0. ' 405 —0-2 + 0-1 + 0-3 + 0-1 —02 — 04
800 0 | 0 0 0 0 0 0 0
1,400 + 05 -+ 02 + 0-1 +0-2 —0-1 0 0 + 0-1
2,000 +0-3 + 0-1 +0-2 + 0-7 0 + 0-1 + 0-3 + 06
2,400 + 02 402 405 408 — 02 401 403 403
2,600 + 0-3 + 0-3 +0-3 + 0-7 + 0-1 0 0 + 0-1
TaBLE 3. where a and b are signal frequencies passing through
the repeaters and m and n are integers. The combina-
. . Noise at Stranraer tions tested are those expected, from the above
Bisturb on  Receiveon "7 T T considerations, to give the worst interference, and the
Channel Channel  Noise E.M.F. S/N ratio results in Table 4 are due to the three line repeaters.
mV db Inter ference between Adjacent Channels in Different
1 5 0-5 76 Groups.
1 9 0-4 78 The crosstalk attenuation from the end channel
2 11 0-28 81 of one group to the adjacent end channel of the next
4 11 0-3 80 group is always greater than 80 db.
7 and 11 1 0-35 79
2 and 11 1 0-4 78 TaBLE 4
Disturb on Receive on ‘ Noise at Stranraer
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I1G. 14, —INPUT AND @UTPUT IMPEDANCES.

Intermodulation in Line Repeaters.

Intermodulation in line repeaters is caused by the
generation of components of the form (ma 4 nb)

Group | Chan. Group Chan.  Noise EM.F. SN ratio

; mV db.
1 1 1 5 1 045 77
1 1 1 9 04 78
2 8 3 1 0-4 78
1 10 2 2 03 80
1 10 3 1 035 79
1 7 2 10 0-25 82
1 7 2 1 0-4 78
3 1 &5 ‘ 1 1 0-85 71
g ; 1(1) }1 0 - 0-85 .

Conclusions.

The provision of two additional 12-circuit groups
between Belfast and Stranraer has been carried out in
a satisfactory manner by the group modulation of
normal 12-circuit systems. The repeaters now carry
three groups in the frequency ranges 12-60, 60-108 and
108-156 kc/s and after the addition of another repeater
at Port Patrick further groups in the ranges 156-204,
204-252 and 252-300 kc/s may be provided when
required. The cables now normally carry 43 circuits,
with emergency arrangements giving 21 circuits
when one cable is faulty.










auxiliary craft had to be used to land the shore end
of the 1938 cable at Abergeirch because a direct pull
could not be obtained ; the cable lands at an angle
with the 1937 cable to give the adequate separation
to avoid cross-talk between cables and to facilitate
repair operations. The cables were hauled to the
cable hut at Abergeirch by horse and man power.
The shore end having been laid in North Wales the
cable ship paid out about 32 nauts on a bouyed
course at an average speed of about 5 knots. The
shore end at Howth was then laid and about 30
nauts of cable paid out to meet the eastern section
of cable and the two ends were then spliced.
Including delays due to gales and laying and recovery
of the buoys marking the route, the laying of onc
cable occupied eight days. Both cables were electri-
cally satisfactory after laying, and, after the 30 days’
contractor’'s maintenance period, were therefore
accepted by the Post Office.

Electrical and Mechanical Characteristics.

The following figures refer to the 1937 (No. 1) and
1938 (No. 2) (S. & N. respectively) Nevin-Howth
paragutta dielectric cables after laying.

1937 1938

No. 1 No. 2

Cable Cable
Total length (naut. miles) from

Nevin to Howth 62-59*  63-98
Length of land section from Nevin

to Abergeirch (naut. miles) .. 1-20 1-20
Overall diameter of submarine

portion (inches). . . 1-70 1-70
Overall diameter of lead- 5heathed

shore end (inches) .. .. 1:80 1-80
Overall diameter of steel tape

sheathed land section (inches).. 1:24 1-24
Insulation resistance at 100 V after

clectrification for one minute

(megohms per naut.) .. .. 80,000 71,000
Conductor resistance at 60° I

(ohms per naut.) . 2:254 2-260
Actual central conductor welght

(Ibs. per naut.) .. . 513-5 513-1
Actual outer conductor welght

(Ibs. per naut.) .. .. 852 852
Average capacitance at 60° I

(microfarad per naut.) . ... 0200 0-201
Attenuation (db. per naut. at

10 kels) .. .. .. .. 045 0-45
Attenuation (db. per naut. at

60 ke/s and 57-5° I'.) .. . 1-08 1-08
Worst singing point from Lmooth

mean curve (db. in range 0-3 to

16 kefs) .. 52-0 547
Do. (db. in range 16-0 to 70 kc/s) 44-0 41-0
Near-end cross-talk between cables

at Howth (db. in range above

10 kefs) .. >126
Do. (db. in range above 60 kc/s) >106

* 62.119 nauts. before the repair of September, 1938.

Fig. 6 shows the impedance-frequency character-
istics (actually they are resistance values as measured
by a parallel resonance bridge) for both ends of the
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Fic. 6.—IaPEDANCE CHARACTERISTICS OF THE 1938
NEVIN-HowTH SUBMARINE CABLE.

1938 cable ; the smooth curve gives the values on a
smaller scale from 5 down to 0-6 kc/s. The singing
points obtained from these curves are given above.
In order that the cable should be suitable for duplex
or 2-wire working if required, the deviations of the
impedance-frequency characteristics from the smooth
mean curve were specified as minimum singing points
of 43-0 db. from 0-3 to 12-0 kc/s and 46-0 db. from
12-:0 to 16-0 kc/s. This would allow a minimum
margin of 8 db. between the cable attenuation and
the singing point and so would enable 2-wire balances
to be constructed with a sufficient stability margin.
As these limits have been easily met, as shown by the
figures above, and as the attenuations of the cables at
16 kc/s are 34-5 and 35-2 db., there is actually a
minimum margin between singing point and attenua-
tion of 52:0—34:5=17:5 db. on the 1937 cable, and
of 54-:7—35-2=19-5 db. on the 1938 cable. Hence the
cables are suitable for duplex working up to 16 kc¢/s
at least.

Iig. 7 gives the attenuation-frequency character-
istic of the 1938 cable and shows the amount due to
leakance losses. The values for the 1937 cable are
very similar.

Howth-Dublin Cables.

Nevin repeater station is the carrier equipment
terminal in Great Britain, and circuits are extended
thence on an audio basis by 44 mH loaded pairs to
Liverpool and London. In Eire the submarine cable
terminal is at Howth, which is an intermediate
repeater station. The extension to Dublin is by two
lead-covered A.S.P.C.Q.T. cables laid (in duct)
specially for the purpose. One cable has seven quads
and the other three quads, and each cable carries
circuits in one direction of transmission only. The
allocations of the cable pairs with the directions of
transmission are as follows, Nevin being considered

as the “ Up ' station :—
Cable *“ A
7 Quads, 40-1b. Conductors.
Pair 1. IL.R. tests.
Pair 2. Circuits above 60 kc/s, D-U.
Pair 3. 12 circuit carrier, D-U.



" T T [ E working, ie., with “go” and
ro — “return’’ channels in separate
09 /,’/W cables. For the four carrier
200 ] | circuits, lower side bands of 6-0,
Z., P N ' 9-2, 125 and 160 kc/s are
go‘ aan | ‘ transmitted.
8 \ AT | - sercricanion vaues The range 16 to 60 kc/s is used
8° P i by 12-circuit carrier equipment?
go* | ‘ (P.O. Carrier System No. 5). The
gos ‘/,A | : circuit normally provided by this
Zo2 equipment in the range 12 to
Zo | | 16 ke/s is omitted since this fre-
DELECTRIC LOSsimaur | || I 1E._ quency space 1s occupied by the
° 10 » 0 40 0 &0 1 4 4 type equipment ; hence 11

FREQUFNCY kc/s
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DixLEcTRIC CABLE.

Pair 4. 1 -+ 4 circuits, D-U.
Pair 5. Test line amplifier.
Pair 6. Urgent alarm.
Pair 7. Spare.
Pair 8. Spare.
Pair 9. Trecastell-Howth circuit, D-U.
Pair 10. Trecastell-Howth circuit, U-D.
Pair 11. Speaker circuit.
Pair 12. Test alarm.
Pair 13.  Spare.
Pair 14. Spare.

Cable “ B

3 Quads, 40-1b. Conductors.

Pair 1. 1.R. tests.
Pair 2. Circuits above 60 kc/s, U-D.
Pair 3. 12 circuit carrier, U-D.
Pair 4. 1 4+ 4 circuits, U-D.
Pair 5. Test line amplifier.
Pair 6. Mains failure alarm.

Other details of the cables are as follows :—
Length (miles) .. .. 9516
Attenuatlonpermlleatl6kc/s(dec1bels) 1-79
Attenuationper mileat 60kc/s(decibels)  3-31
Average impedance at 30 kc/s (ohms) 125-9/9° 4’
Average impedance at 60 kc/s (ohms) 124- 4/6O 52’
Average impedance at 160 ke/s (ohms) 114-5/5° 42’
Average near-end cross-talk within

cable at 60 kc/s (decibels) .. .. 78
Do. at 160 kc/s (dec1bels) .. 72
Average distant-end cross-talk w1t}11n

cables at 60 kc/s (decibels) .. 79
Do. at 160 kc/s (decibels) .. 71

Cross-talk between pairs in (hfferent
cables at 60 kc/s (decibels). Average 126
Worst 110

EQUIPMENT AND UTILISATION OF THE FREQUENCY
Baxp

The lower portion of the frequency spectrum from
0-3 to 16-0 kc/s i1s used by 1 + 4 type carrier equip-
ment? (P.O. Carrier System No. 4)% with simplex

2P.O.E.E.]., Vol. 29, pp. 226 and 294.
3P.O.E.E.J., Vol. 31, p. 23.

circuits are provided giving a
total of 16. Lower side band
transmission 1s employed, the
carrier frequencies being 20, 24, etc., to 60 kc/s. As
with the 1 4+ 4 equipment, “go”” and ‘ return”
channels are in separate cables; all 16 circuits are
therefore 4-wire throughout from Nevin to Dublin.

The carrier frequency generating equipment now
in service has a frequency stability of 3 parts in 105 ;
in order to provide adequate stability for V.F.
telegraph channels, the master oscillators will
shortly be replaced by others having a stability of
1 part in 105 This stability will be satisfactory when
additional circuits at higher frequencies are provided.

Fig. 8 is a simplified block schematic diagram
showing cables and equipment at Howth and Dublin :
the equipment at Nevin is similar to that at Dublin
except that at Nevin the circuits are extended 4-wire
to Liverpool and London and the equipment for the
Welsh end of the 4-core cable i1s at Trecastell,
Anglesey. Equalisers, line transformers, U links and
other details are omitted from the figure. A 500/20 ¢/s
valve oscillator is installed at Nevin for ringing Dublin
during maintenance testing. It will be seen that at
Howth the circuits on the two types of equipment are
separated by a high-pass and low-pass pair of system
filters. These are of 32 ohms impedance and un-
balanced on the submarine cable side and of 600
ohms impedance and balanced on the equipment side.
Amplification is provided in both directions of trans-
mission by a 36A repeater (a spare being provided)
for the 1 + 4 equipment, and by line amplifiers (with
one spare and two in service) on 12-circuit carrier
equipment at both Howth and Dublin. At Dublin
halves of normal single stage repeaters (Repeater 26A)
are used for amplification on the audio-frequency
side of the 1 + 4 equipment, in the receive direction
only, on the four carrier circuits. The audio circuit
passes via the V.F. telegraph change-over U link
panel to the voice frequency telegraph equipment.
The 15 carrier circuits pass, on the audio side, via an
emergency change-over U link panel (which enables
7 circuits to be worked if one cable fails) to the 2-wire-
4-wire terminations and thence to the signalling units
(Units, Signalling, No. 3) for conversion from 17 ¢/s
to 500/20 c/s and vice versa.

Fig. 9 is a photograph of the cable termination and
equipment bays at Nevin new repeater station.

41.P.O.E.E. Printed Papzr, No. 167.
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CIRCUITS.

V.F. Telegraph Channels.

The 18-channel V.F. telegraph system is routed over
the audio circuit of the two cables (TSX-DN 10), the
London “go’ being on the No. 2 cable and the
“return”’ on the No. 1 cable. Channel tests were
made and the following examples indicate the
distortion on signals received at the London end.

Channel
16 | 12|18

Test

: [
Perce n’cagevi Disto rtion

Reversals at 66 bauds 12 8 10 | 8
Reversals at 33 bauds .. .. 6 2. P2
Series of '5 Mark+ 1 space’’ signals 6 ' 12 2 4
Series of ‘1 Mark+ 5 space” signals 15 15 | 16 | 12
‘“ Paris "’ in Morse Code .. 10 8 10 4
‘“ Paris "’ in inverted Morse Code .. 10 8 10 5

Tests were also made to ensure that the channels
were satisfactory for interference and at normal
line level the average was about 30 db. with the
voltage limiters disconnected at Dublin and Nevin.
With the limiters in circuit and the level increased
to 4 10db. the interference was found to be 11}
to 2 db. worse. As this made no appreciable difference
it was decided to work the system with the limiters
in circuit.

Upon a failure of the V.F. telegraph circuit the
normal telegraph change-over at London and Dublin
is made by U links to put the circuit on the Trecastell-

122

to be closed after a useful
service of 68 and 53 years.

The Trecastell-Howth Circuit Equipment.

The Trecastell-Howth 4-core cable has been
converted from D.C. telegraph to 4-wire telephone
working to serve as a V.F. telegraph reserve circuit.
The installation at Trecastell includes a working
repeater with a nominal gain of 50 db. (Repeater
28A) and a spare, and a submarine cable equaliser on
the receive pair ; the high gain is necessary due to
the length of the submarine cable (64.4 nauts.).
The actual maximum gain is about 33 db. and the
frequency response of the repeaters is substantially
constant from about 200 to 6,000 c/s. A 500/20 c/s
valve oscillator has been provided at Trecastell in
order to enable Trecastell to call Dublin for testing
purposes. At Howth the equipment consists of a
28A Repeater and a spare, and equalisers for the
submarine cable and for the Dublin-Howth cable.
The nominal output level to the submarine cable is
+4- 10 db. and towards Dublin is zero db. referred to
1 mW in 600 2. At Dublin a single stage 4-wire
repeater (Repeater No. 26A) is used on the receiving
side only, since the loss between Dublin and Howth
(including the equaliser) is only 14 db. at 800 ¢/s.
The other half of the 4-wire repeater serves as a
spare. The circuit then passes via the V.F. telegraph
change-over U links to the termination and signalling
unit.

In the event of the failure of one of the concentric
submarine cables the U links at Howth (Fig. 9) are
changed to the positions shown dotted to bring into
circuit the high-pass and low-pass emergency direc-
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bars designed to carry an ultimate peak load of 560 A
on the basis of 1 V P.D. between the battery lugs and
the farthest feeder point in the exchange.
.. Standard ringing and tones are provided by power-
“and battery-driven ringers, each having an cxtpat of
75V 1 A at 16% c/s. The ringing panel is equipped
with duplicate tone filters, one set for each machine,
and a two-step auto-starter for the standby ringer.

Exchange Trunking.

The trunking arrangements are shown in Fig. 12.
In addition to normal dialling facilities, Kingston
subscribers have been instructed to use the dialling

Elmbridge is ““ 356, not ““ 316.”” The exchanges are
scheduled for conversion to automatic working, and
if the exchange-name code “ ELM,” etc., were used
now, the psychological probability is that the
subscribers would continue to dial the code, omitting
the exchange number, after the introduction of auto-
matic working. As these exchanges are converted,
Kingston subscribers will be re-instructed regarding
the dialling codes.

Circuit Arvrangements.

From the circuit point of view, the introduction of
2,000 type exchanges has involved extensive re-design.
Besides revision necessitated by the improved
functions of the two-motion switch, the new circuits4
include developments prompted by research. These
include :

(a) The ‘ balanced tones’” method of applying
dial, busy and N.U. tones through an
additionat winding of the line relay.

(b) Battery testing instead of earth testing.

(c) Thedecisive functioning of the B or guard relay.

(d) Greatly improved operation of the linefinder.
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IN OPERATION
F16. 2 —BRIDGE FOR ADJUSTING LLENGTH OF SPECIMEN.

The use of the bridge ensures strict comparability
of results with tinsel ropes of equal diameter.

The rope is woven backwards and forwards through
the clamps on platforms A, B and C, being *‘ teased ”’
into position against the guide pins through the
blocks of the clamps and with enough slack left at
the ends for final adjustment.

The rope is finallv set with the clamps at  in. apart.
Working from A-B or A-C, with the bridge in position,
the rope is pulled up tight against the tightened
clamp A, adjacent lengths of the rope being manipu-
lated together. The appropriate clamps are then
tightened and the same procedure followed on the
other and adjacent pairs at the same end of the
machine, the slack being worked out at the end B
or C as the case may be. The bridge is then with-
drawn and the whole procedure followed out again at
the other end of the machine.

Examination.

Examination of test specimensis normally made after
50,000 reciprocations for tinsel ropes of instrument
cordage, or 200,000 for ropes for switchboard cords.

The test specimen is cut cleanly away from the
clamps, using a razor blade, the cut being made
1/16 in. away from the blocks. This ensures that the
specimen does not contain any part damaged by
stresses set up at the outlets of the blocks and only
rope actually bent in the centre is examined.

The specimens of rope whei detached are carefully
de-stranded, each strand being tested electrically for
continuity ; the percentage failures are then calculated
and recorded. Specimens of one make of rope are
generally tested together when possible, but ropes of
different makes may be tested together if required.

MACHINES FOR GENERAL TESTS OF NON-EXTENSIBLE
CORDS

Owing to the impracticability of trying to simulate
in one machine all the varieties of stress and wear
likely to be encountered in practice, it was considered
preferable to adopt a series of simple tests which
could always be repeated, and which would not call
for undue complication in the design of the testing
machines. For these reasons six tests were decided
upon as illustrated in Fig. 3, these being intended for
cordage of the non-extensible type only.

The tests referred to are arranged to simulate, in
general, the dragging, kinking, twisting and abrasive

movements of instrument cords and the steady
tensile, bending and abrasive movements that
switchboard cords are subjected to.

Five of these tests can conveniently be provided
on one machine ; it was realised that test 5, which is
a twist test, would require a separate machine with
the object of preventing undue complication.

A preliminary design of machine for tests 1, 2, 3,
4 and 6 was manufactured at the Post Office Factory,
Holloway. The machine is driven by a } h.p., 3,000
r.p.m. motor, through a 5:1 reduction worm gear.
The slow speed shaft carries a crank disc and con-
necting rod to impart reciprocating motion to two
sets of cord-testing platforms operated in tandem.
The latter are supported on two rod side members
which also act as slides. To these movable platforms
is affixed one end of each of the cordage samples to
be tested, the other ends being attached to similar
platforms firmly clamped to the side members. This
machine was used considerably in early tests of cords,
and from the experience gained a new improved type
of machine was developed on which to make the tests
already described. Two models of the latter were
constructed. Fig. 4 shows complete assemblies,
including the tinsel machine.

The new machines are arranged for balanced
reciprocation, each machine being divided into two
units for this purpose. They are each driven by a
0-25 h.p., 1,400 r.p.m. motor, with double reduction
gears giving a final shaft speed of 135 r.p.m. The
transmission is by sprocket and chain, giving machine
speeds of 100 and 200 r.p.m. No ‘ change speed ’ gear
is provided, the gear chains being changed by hand
to the sprockets required. The motors are situated
below the machines, and it will be seen that the upper
driven sprocket Sl drives a short shaft having
balanced crank arms CA at each end. Connecting
rods transmit a reciprocating motion to the slide
blocks SB, these moving a fixed distance of six
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The Operation of Filters in Parallel

U.D.C. 621.391.312

H. STANESBY, AM.LEE.

The article discusses methods of operatmg a number of band-pass filters in parallel, with particular reference to the procedure

followed in designing the terminal equipment for the London-Birmingham coaxial cable.

Special attention is given to the

connection of filters having pass-bands which are contiguous or overlap.

Introduction.

HEN it is necessary to connect several

s}s/ band-pass filters in parallel the technique

that should be employed if satisfactory
results are to be obtained, is not as clearly defined as
that of designing an isolated filter. For this reason
the methods that are adopted are not perhaps so
well known.

The terminal equipment used on the London-
Birmingham coaxial cable provides several interesting
examples of the operation of filters in parallel. For

“instance, in both the sending and receiving sides at
each terminal eight different channel filters are
paralleled at the point where they connect to the
group equipment ; similarly the five group filters in
a super-group are connected to a common circuit. It
is proposed to explain briefly the procedure that was
followed when this equipment was designed.

Input Impedance f Individual Filters.

Before the problems associated with the parallel
connection of filters can be appreciated it is necessary
to consider how the input impedance of an individual
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Fic. 1.—INPUT IMPEDANCE AND TRANSMISSION
CHARACTERISTICS OF GROUP FILTER.

filter varies with frequency. If a number of band-
pass filters is to be connected in parallel, the ends of
the filters at which paralleling is to take place should
each terminate in a series arm of the prototype ladder
structurel, or its equivalent, in order that the
impedance of each filter may rise outside its own pass-
band. Under working conditionsthe general character
of the curve connecting input impedance and
frequency for each individual filter will be similar to
that shown in Fig. 1 (a), and the transmission-
frequency characteristic will be of the form shown
against (b) in the same figure. It will be seen that the
impedance is fairly constant and mainly resistive
within the pass-band, but outside it rises rapidly and
becomes almost entirely reactive. The curves used to
illustrate this point were obtained from one of the
group filters used in the broad-band modulating
equipment.

Gaps Between Adjacent Pass-Bands.

If the pass-bands of the filters which have to be
paralleled are separated by gaps which are con-
siderably wider than the pass-bands themselves,
there is no difficulty at all and the filters may be
connected directly in parallel. In its pass-band each
filter will be shunted by a high reactance, due to the
presence of the other filters, and this reactance will
be so high, owing to the large gaps between adjacent
pass-bands, that it will not affect the performance of
the filter appreciably. These conditions obtain for
the filters which are used to select various carrier
frequencies from a train of harmonics in the carrier
generating equipment.

A little more attention is needed when the pass-
bands are not spaced so widely apart. It will be
assumed that the pass-bands are all of the same
width and are spaced evenly in frequency, conditions
which usually obtain. As before, the filters may be
connected directly in parallel, but there will now be a
difference in that the reactance components shunted
across each filter by its neighbours will be lower,
owing to the narrower gaps between the pass-bands.
The filters above and below will contribute com-
ponents which are opposite in sign and therefore tend
to correct one another, and this mutual correction of
the shunt reactance components will be adequate for
a filter having its pass-band symmetrically disposed
with respect to those of other filters, but where most
of the pass-bands are on one side or the other the
resultant shunt reactance may not be sufficiently
high. It is often necessary therefore to connect an
auxiliary network across the complete system, as
indicated in Fig. 2, to compensate for the shunt

1 The best values for the elements of the series arm may be
different from those used for the normal mid-series termina-
tion:; see E. A. Guillemin, ' Communication Networks,"’
Vol. 2, p. 360, et seq.
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reactance. This method has been adopted for
paralleling the channel filters.

No Gaps Between Pass-Bands.

When the pass-bands of the filters that have to
be connected together are contiguous or overlap the
problem must be solved in another way. Consider the
example illustrated in Fig. 3 in which the substantially
flat portions of adjacent pass-bands abut. At the
common boundary of two pass-bands the input
impedances of the two filters corresponding, will be
largely resistive and will have the same value ; if the
filters were connected directly in parallel they would
therefore shawe any energy of this frequency supplied
to them. On the other hand for frequencies well
inside the pass-band of one of the filters, that particular
filter would receive most of the energy. If therefore
a number of filters having contiguous pass-bands were

FILTER . FILTER 2. FILTER 3. FILTER 4. FILTER 5.

AT TENUATION - ARBITRARY SCALE

FREQUENCY  kcus

F16. 3.—TRANSMISSION CHARACTERISTICS OF IFILTERS HAVING
CoNTIGUOUS PASS-BANDS.

frequency characteristic of cach filter would be
adversely affected by the presence of the others.

It is necessary that the group filters in the broad-
band modulating equipment have contiguous pass-
bands; similar requirements are also demanded of
the super-group filters ; it has therefore been neces-
sary to adopt some special arrangement for con-
necting the filters together. The problem may be
stated in theseterms :—The transmission loss between
any one filter and the common circuit to which all the
filters are connected should be independent of varia-
tions of the input impedance of filters passing adjacent
bands. This may be accomplished in the following
way. Numbering the filters consecutively according
to the frequency order of their pass-bands, the odd
and even numbered filters are separately paralleled
and connected to opposite sides of a hybrid trans-
former ; the two remaining pairs of terminals on the
transformer are connected respectively to a balancing
resistance and to the common circuit with which all
the filters are to be associated. The circuit arrange-
ment is indicated in Fig. 4. Referring to the figure
the action of the hybrid may be described in two
different ways :

(a) Consider an oscillator connected to the far end
of one of the filters. If the impedance of the common
circuit is balanced by that of the balancing resistance,

connected directly in parallel the transmission- the output from the filter which is energised will
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Fic. 4.—ComBINING CIRCUIT USING HYBRID.
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divide equally between the common circuit and the
balancing resistance, and none will flow into any of
the filters connected to the opposite side of the hybrid.
Assuming the transformer to be ideal the transmission
loss of the filter and hybrid together will therefore be
3 db. higher than that of the filter alone at all
frequencies. The transmission loss will, of course, be
the same if the direction of transmission is reversed,
from the principle of reciprocity.

() Assume an oscillator connected to the common
circuit. If the oscillator frequency coincides with the
common boundary of two adjacent pass-bands, then
the impedances presented by the corresponding
filters, one on either side of the hybrid, will be equal.
The shunt reactances due to the other filters will be
high and may be neglected, and the energy delivered
from the oscillator will divide equally between the
two filters. It will be observed that at this frequency
no current will flow in the balancing resistance and
that the loss between the far end of each filter and the
common circuit will be 3 db. above the loss of each
filter alone. For frequencies inside the pass-band of
one filter the input impedance of that filter remains
approximately constant, but the impedances of
filters passing adjacent bands change. The hybrid
is no longer balanced and some current flows in the
balancing resistance. It can be shown that the
magnitude of this current is such that the loss between
the common circuit and the far end of each filter is
3 db. above the loss of each filter alone, assuming the
hybrid itself to be free from loss.

The second explanation is perhaps the more
informative. It reveals that this method of com-
bining filters is in theory perfectly efficient in that the
loss of 3 db. must under any circumstances be involved
at the frequencies where two pass-bands abut. It
provides in effect a means of rendering this loss of
3 db. constant throughout the various pass-bands
whether energy supplied to them is shared equally by
two filters or not. This circuit arrangement has been
adopted for combining the group filters within a

super-group and the super-group filters for one coaxial
pair.

As a matter more perhaps of academic interest than
of practical importance, it may be pointed out that a
resistance network could be used instead of the hybrid
transformer. Referring to Fig. 5, the three resistances
R, together with the impedance of the common

COMMON CIRCUIT

D~

AAAAA
YWW
o
o
AAAAA.
YWW

TO 00D j T0 EVEN
NUMBERED = R r NUMBERED
FILTERS VYV FILTERS

\
COMPENSATING  NETWORKS
Fi1G. 5.—CoMBINING CIRCUIT USING RESISTANCES.

circuit, assumed to be resistive, form a balanced
Wheatstone Bridge, with the odd-numbered filters
across one diagonal and the even across the other.
Since the bridge is balanced it is easy to see that
variations in the impedance presented by one set of
filters would not affect the transmission between the
other set of filters and the common circuit. The loss
would be 6 db., however, instead of 3 db., owing to
the extra resistors that have been introduced.

The impedance presented by any one of the three
pairs of terminals of the resistance network would be
R if the other two pairs were connected to circuits of
that impedance. The circuit would therefore be
satisfactory from the point of view of matching
impedances. Apart from the question of increased
loss the resistance network does, however, suffer from
the disadvantage that, unless transformers are added,
it cannot be used with unbalanced circuits, neither
can it be used with balanced circuits in which
longitudinal currents are present.

Group Working on 12-Circuit Carrier Cables

A field trial is in course of preparation to examine
the possibilities of working more than 12 channels on
each pair in 12-circuit carrier cables. The London-
Cambridge route has been selected as being the most
convenient, particularly from the point of view of
power supplies for intermediate repeater stations.

The 12-circuit carrier equipment to be
installed will be “ group-modulated ”’ so that one
group occupies the range 64 to 112 kc/s, and another
occupies the range 112 to 160 kc/s, and these
together with a group occupying the normal range of
12 to 60 kc/s will, if the trial proves successful, be
transmitted together over the cable.

The existing distant-end cross-talk balancing huts

«

(midway between the repeater stations) will be used
as additional repeater stations due to the higher
attenuations involved at these frequencies. Two
pairs, at least, in each cable will be equipped.
Additional distant-end cross-talk balancing will be
required, since the number of repeater sections on the
route for these circuits is being doubled, and
frequencies considerably higher than normal will be
used. The normal amplifiers will also require to be
replaced by others which will pass the frequency
band 12 to 160 kc/s at least. The circuits will be
arranged so that in the event of failure of any part of
the experimental equipment, 12-circuit working can
rapidly be resorted to. E.M.R.
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The Localisation of Small Leaks in the
Underground Transmission Line System
at Cooling Radio Station

U.D.C. 621.315.212 : 621.315.221
621.315.23 : 636.67.088

L. L. HALL ; H. S. LLOYD ; C. E. RICHARDS

‘I counted seven and seventy stenches
All well defined, and several stinks.”

Introduction.

HE construction of a new Post Office radio

I receiving station at Cooling Marshes, involving

the laying underground of approximately 16
miles of concentric transmission line, has necessitated
the evolution of a method for the location of small
leaks in the transmission line sheathing. To enable
the various problems which were encountered to be
appreciated a general description of the site and plant
layout will be given.

The method of reception to be adopted at this
station requires the use of 16 similar aerials, erected
over a flat and wet site, each aerial being provided
with its own transmission line. The aerials, which
are of the rhombic type, were erected in a straight
line at 200 m. intervals, so that the whole aerial
system extends over a distance of approximately
“two miles. The station building is located at the rear
end of this line, and the transmission lines from the
aerials are laid underground along the centre line of
the aerial system, back to the station building. The
transmission lines were laid side by side in the bottom
of a trench which was on the average 2 ft. 3 in. deep,
so that starting from the forward end of the aerial
system the number of lines steadily increased from
one to sixteen.

The requirement that the site should be flat and
wet limited the choice of sites to marshes, and this
brought various constructional difficulties in its train,
The fact that the water-level on this site could reach
ground-surface-level, and the necessity for maintain-
ing the lengths of the lines constant irrespective of
temperature variations, called for the adoption of
special means for the jointing and anchoring of the
lines.

As has been mentioned previously, the transmission
lines are of the concentric tube type, consisting of
high-grade copper tubing, ¢ in. and 2 in. diameter for
core and sheath, respectively. The tubing was
supplied in lengths varying from 16 to 20 ft., and the
construction of the 16 miles of line involved the
making of some 4,500 joints in each of the core and
sheath. Obviously, these joints had to be water-
tight, and accordingly, special jointing-sleeves of the
capillary soldered type were employed. Since the
length of the lines had to be maintained constant, the
standard jointing-sleeve, as normally supplied by the
manufacturers, was modified, and an additional radial
flange was provided to increase the earth fixation of
the tubes.

It should be mentioned that at the average depth
of 2 ft. 3 in. at which the pipes were laid, the soil
consisted of very soft wet clay, so that the adhesion
of the soil to the sheath could not be relied upon to
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—Coleridge.

restrain completely the tendency to variation in
length of the line due to seasonal temperature changes.
Also, it was thought that there might be some danger
of different expansion between the core and the
sheath, and accordingly special means to prevent this
were adopted. The core was maintained concentric
with the sheath by simple three-legged spacing
insulators of high-grade ceramic material fixed to the
core at 2-ft. intervals, but at each joint, a special
insulator was employed which fulfilled the dual
function of maintaining the concentricity of core and
sheath and restraining differential expansion.

One end of each length of sheathing was provided
with three slots, and the special insulator was provided
with a projection on the end of each of its three arms,
which fitted into the slots in the sheath. The bore of
this insulator was metallised with a deposit of copper
on silver, to permit the ceramic insulator to be
soldered actually to the copper core of the line. Thus
the insulator was fixed to both core and sheath, and
was strong enough in itself to retain any differential
repression between the copper tubes.

It will be appreciated that this insulator lay inside
the jointing-sleeve ; and further, owing to the bulk
of the insulator, special care had to be taken with
temperature changes such as would be applied when
soldering the jointing-flanges to the sheath. It was,
in fact, found necessary to heat the radial flange first,
so that the heat would be gradually conducted
through the body of the sleeve and thence to the
sheath and insulator.

The same difficulty applied in soldering the core
to the insulator. Further, the type of flux used had
to be as nearly non-corrosive as possible, consistent
with ease and certainty of soldering, since, when the
joint had been made, there was no possibility of
cleaning off surplus flux. Both of these limitations
militated against the ease and certainty of making a
perfect soldered joint and, in consequence, when air
pressure was applied to the lines it was found that
some leaks existed.

It should be mentioned that the work of jointing
and laying the transmission line was carried out under
somewhat adverse circumstances ; the work had to be
completed during the summer period owing to the
abnormal site conditions, and also it was not per-
missible to keep a long length of trench open. The
usual method of testing for leaks was therefore not
possible. This was not at the time considered a
serious matter because the special nature of the
jointing flange made the possibility of leakage remote.
The position, then, when the leaks become apparent,
was that the pipes were laid and the trench filled in,
and some method had to be devised for locating such
leaks which were of the order of very small pinholes.









gassing plant. The performance was impressive, not
because the dog could smell the gas (we could all do
that), but that he could recognise it and dig at the
right spot. The test was actually made more difficult
because the wind was blowing right down the line
from the largest leak (and the gassing plant) to the
smallest. Consequently, so long as the dog was on the
line at all he could always get a stronger scent up the
line and wanted to go back there instead of sticking
to the weaker spots.

A few days after this the dog was taken to Cooling
and given a trial there. Gassing on all the tubes was
started at 10 a.m., and the first discovery was that of
three leaks in the apparatus room, which rapidly
became almost uninhabitable. At 1 o’clock the party
left with the dog, who was on a long lead (about 10
yards). Almost at once he started to dig about 30
yards from where the pipes enter the ground. He
was rewarded with a piece of meat and taken along
the line. A digging party was left to uncover the
pipes and determine whether there actually was a
leak or not. A leak was found. On the rest of the
journey the dog made eleven more finds. seven of
them being good and one being an old one which had
been cleared a few days earlier; the smell had
evidently persisted in the ground, and although
changed to the human nose had retained its character
sufficiently to be identified by the dog.

At the far end of the cable line he made three false

locations, but this is not to be regarded so much a
fault in the dog as evidence of over-eagerness on the
part of those with him, who were disposed to accept
any perfunctory scratching as a location. It was
found that, when tired, the dog could by strong urging
be induced to dig. However, the day’s bag of eight
good locations spread over a mile was exceedingly good.

A fortnight later a further test was made at which
the dog only made two locations, both good. At one
place where it was felt certain there was a leak the
dog was strongly urged and then made a half-hearted
attempt at digging. The pipes were uncovered and
no leak was found.

From the experience gained in this work it appears
that too great a length of pipe or cable should not be
surveyed at one session. It seems essential that, as
the scent is not a natural or ““ game ” one, the dog
should not be asked to concentrate his attention
when feeling tired. Incidentally, it should also be
pointed out that Cooling Marshes are used for sheep
and cattle grazing, and they must be absolutely
alive with animal scents which would normally
interest a dog. ‘‘ Rex of Ware ”’ came through his
four-mile trip each time without taking any notice
of sheep, cattle, dogs or horses. At the end of a
tiring day he showed that he was still a normal dog
by joining enthusiastically in a rat hunt.

The illustrations show four stages in the detection
of a leak.

Book Reviews

““ Electron Optics in Television.”” I. G. Maloff and D. W.

Epstein. 299 pp. 197 Ill. McGraw-Hill. 2is.

During the last few years remarkable advances have
been made in cathode ray tubes. The discovery of
methods of controlling electron streams to bring them to
a sharp focus or to maintain them in accurately parallel
paths has been of immense importance in facilitating
the development of television to its present stage of
perfection.

A number of articles and papers have appeared
on this subject, but they have been few, considering its
novelty and importance, and a reliable text book on this
new extension of the art is welcomed. The authors point
out that the book should not be considered as an exhaus-
tive treatment of the subject but rather an account of
that part of it with which they have had first hand
experience at the Research Laboratories of the R.C.A.
Manufacturing Co. Inc. In spite of their modest dis-
claimer, however, the ground is covered very compre-
hensively. The book is divided into three sections ;
an introduction of about 40 pages describes the funda-
mental principles of television, and presents a brief
description of a complete cathode ray television system,
and a few applications of electron optics.

The main body of the book is divided into two parts.
In Part I the theory of electron emission, and electron
optics is developed. Part II deals with the problems
encountered in designing tubes capable of producing
satisfactory television. In this section are included
several approximate methods of solving non-linear
circuit problems connected with the design of apparatus
associated with the television cathode ray tube. As
might be expected Part I is largely pure physics, and

covers electron emission, the analogy between electron
optics and light, the motion of electrons in electrostatic
fields, electrostatics and magnetostatic lenses. Part 11
deals with the electron gun, luminescent screens, classifi-
cation, ruling and characteristics of cathode ray tubes,
accessories such as scanning oscillators and impulse
generators, while a final chapter is devoted to vacuum
practice. Enough has been said to indicate that this
book is likely to be useful to all who have to work
with cathode ray tubes. A.]. G

‘““ Accumulator Charging, Maintenance and Repair,””
(Sixth edition). W. S. Ibbetson, B.Sc., AM.I.LE.E.
161 pp. 42 Ill. Pitman. 4s. 6d.

The main changes between the sixth edition of this
book and the fifth are an additional shilling in the
purchase price and an additional ten pages of text
dealing with 6 V and 12 V batteries for cars, the constant
potential method of charging, electric vehicle batteries,
and additional questions set at City & Guilds examina-
tion for motor vehicle electricians. Otherwise the fifth
and sixth volumes are almost identical and even the
printer’s errors have been perpetuated.

It follows that the main points of criticism and praise
given in the review of the fifth edition (P.O.E.E.j.,
Vol. 29, p. 337) remain unchanged, namely, that despite
numerous small blemishes the book contains much
sound advice on the upkeep of secondary cells and should
be of considerable value to the layman who takes an
interest in the welfare of his car, radio or house lighting
battery, and especially to the garage proprietor or
wireless dealer who undertakes the charging and main-
tenance of secondary cells.
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Calculation of Great Circle Bearings

F. ADDEY, 8sc., F.R.AS. M.LEE.

The author develops a formula which can be used in either the Northern or Southern hemisphere for the calculation of great
circle bearings. The application of this formula reduces considerably the calculations usually made in ascertaining this
information.

system, and also in connection with wireless

direction finding work, it is necessary to be able to
forecast the most probable direction on the surface
of the earth of the path which will be followed by
wireless waves in passing between the station con-
cerned and one or more distant stations. These
paths are great circles, so that the problem is to find
the direction, at the station concerned, of the great
circle which passes through that station and the
distant station.

In the methods published up to the present for
obtaining these directions, or “ great circle bearings "’
as they are called, either the distance between the two
stations is first calculated, and the bearing then
obtained by a formula involving this distance, or
else the bearings of either station from the other are
simultaneously found. Nearly always, however, it
is only the bearing of the distant station from the home
station which is required, a knowledge of the distance
between the stations or of the bearing of the home
station from the distant station being superfluous.

I N determining the lay-out of a directional aerial

A

B a
FiG. 1. C

In recent years the extensive use of directional
aerial systems for transmission and reception, and the
development of direction finding stations and of radio
beacons, has made necessary frequent computation
of these bearings, and any shortening of the calcula-
tions required would be an advantage. The method
described gives directly the bearing of the distant
station from the home station, and is shorter than the
other methods mentioned.

In the spherical triangle ABC, Fig. 1, we have:
cosb = cosc.cosa + sinc.sina.cosB.......... (1)
(This is the fundamental formula in spherical
trigonometry. The proof can be found in any text-
book on the subject. The reader is reminded that the
sides of a spherical triangle are expressed in angular

measure).
Also :
cosa = cosb.cosc + sinb.sinc.cosA.......... (2)
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Substituting in equation (1) the value of cos a given

by equation (2) we obtain :

cosb=cosc (cosb.cosc+sinb.sinc.cosA) +sinc.sina.cos B
cos b=cosb. cos?c+cosc.sin b.sinc.cos A+sinc.sina.cos B
cosb (1 —cos?c)=cos c.sin b. sinc. cos A+sinc. sina. cos B
cos b.sin?c=cosc.sin b.sinc.cos A+sinc.sina.cosB
Dividing each side by sin b. sin ¢, we obtain :

cot b.sinc = cosc. cos A + :%t .cosB ...l (3)

In a spherical triangle the sines of the sides are
proportional to the sines of the opposite angles.
Therefore :

sin a sin A

sin b sin B~

Substituting this for ?inTE in equation (3), we obtain :
cot b. sin ¢ = cos ¢. cos A +S¥LA.COSB
sin B
cot b. sin ¢ = cos ¢. cos A + sin A. cot B
Therefore :
cosc.cos A =sinc.cotb —sinAcotB........ (4)

This formula, called the “ four parts formula,” can
casily be memorised thus :

Call ¢ and A the “inner side” and ““inner angle”
respectively, and b and B the *“ other side "’ and *“ other
angle ”’ respectively.  The formula can then be
expressed :

cos (inner side). cos (inner angle)
= sin (inner side). cot (other side)
— sin (inner angle). cot (other angle).

P

Latitude of A
Latitude of B

Equator

I'ic. 2.



Now to apply this formula to the problem in
question. Let A and B, Fig. 2, be two stations in the
northern hemisphere, and P the pole. It isrequired to
find the direction at A of the great circle joining Ato B,
or tlie bearing of B from A. Bearings are expressed by
the angle made by this great circle with the north-
south line through the station from which the bearing
is taken, this angle being measured from north through
east, that is, in the clockwise direction. Bearings
measured in this manner are called ‘‘ true bearings.”
Thus the true bearing of Station B from Station A is
the angle PAB, or A.

In the spherical triangle PAB we have, by the four
parts formula, equation (4) :
cosb.cosP =sinb.cota —sinP.cotA........ (5)

Now b = 90° — lat A and a = 90° — lat B.
Therefore :

cos b = sin lat A.
sin b = cos lat A.
cot a = tan lat B. )

Also P =1long A ~long B. This is written
““d long,” the difference in longitude between A
and B.

Thus equation (5) becomes :

sinlat A. cos (d. long)=coslat A. tanlat B—sin(d. long).

Therefore :

cot A — 08 lat A. tan lat' B — sin lat A. cos (d. long)
sin (d. long)

or:

cot A=coslat A. tan lat B. cosec (d.long)
—sinlat A.cot(d.long} ............ (7)

Noles.

If cot A be 4, A is between 0° and 90°

If cot A be —, A is between 90° and 180°

If B be to the east of A (d. long E), the true bearing
of B from A, i.e. measured from N through E, is A.
If B be to the west of A (d. long W), the true bearing
of B from A is 360° — A.

In the foregoing investigation it has been assumed
that the stations A and B are both in the northern
hemisphere. The formula is, however, also applicable
when either or both of the stations are in the southern
hemisphere, if the convention be adopted that southern
latitudes are called negative.

If B, Fig. 3, be in the southern hemisphere, and
““lat B" denote the magnitude of the latitude of B,
then a = 90° 4+ “lat B.”

Therefore :
cot a =cot (90°+ “lat B")
= —tan “lat B"”
= tan (— “lat B")

Similarly, if A be in the southern hemisphere,
b=90°4 “lat A".

Therefore :

cosb =cos (90°+“lat A”")
=—sin “latA"”
=sin(—"“lat A").

cot A

and :
sinb =sin (90°+“lat A™)
=cos “lat A”
=cos (—"“lat A™).

Thus, when the appropriate signs are prefixed to the
magnitudes of the latitudes, equations (6) hold good
wherever A and B may be. Therefore equation (7),
which is obtained by the substitution in equation (5)
of the values given by equations (6), also holds good
universally.

Two examples of the method just described are
given below. It will be seen that the working can be
set out very compactly.

The small n’s written against certain of the
logarithms in the second example are indications
that these logarithms are those of negative numbers.

P

Latitude

of A
A
Fic. 3.
Examples.
Lat. Long

(1) Bearing

from Lands End Radio 50° 07' N. 5°40° W.

of Ushant:.......... 40° 27" N.  5°05 W.

d.long: 0°35 E.
log cos 50° 07" = 9-8070114
log tan 48° 27" = 10-0524280
log cosec 0° 35" = 11-9922133
1-8516527 = log of 71-0645  (a)
log sin 50° 07" = 9-8849945

log cot 0° 35" = 11-9921908
1-8771853 = log of 75-3677  (b)
(a—b) = - 4.3032
= cot of (180° — 13° 05).
Therefore : A = 166° 55’
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Since d. long is E, the true bearing of Ushant from
Lands End is 166° 55'.

’(2) Bearing
from London. ..... 51° 307-5 N. 0°05-75 W.
of Perth, Australia 31° 57°-5 S. 115° 52’-75 E.
dlong: 115°58:5 E.
log cos  51°30"-5 = 9-7940701
log tan (—31° 57":5) = 9-7950862 n
log cosec 115° 58"-5 = 10-0462474
9-6354037 n
= log of — 0-431920. .(a)

log sin  51°30"-5 = 9-8935946
log cot  115° 58”5 == 9:6877006 n
9-5812952 n
= log of — 0-381325..... (b}
(a—b) = —0-050595
= cot of (180° — 87° 06'-22).
Therefore : A = 92°53-78

Since d. long is E, the truc bearing of Perth from
London is 92° 53'-78.

Notes and Comments

Birthday Honours

The Board offers its congratulations to the following
members of the Engineering Staff on whom honours
have been conferred in the Birthday Honours list.

To be Members of the Most Excellent Order of the
British Empire :

Mr. W. C. Burns, Motor Transport Officer Class I,
E.-in-C.O.

Company Sergeant-Major I. O. Creighton, Skilled
Workman Class I, London.

Company Sergeant-Major L. A. Whittingham,
Skilled Workman Class I, London.

To be awarded the Medal of the Most Excelient
Order of the British Empire :

Mr. A. E. Twycross, Chief Inspector, Nottingham,
Mr. A. P. Barker, Skilled Workman Class I,
Uxbridge.

Board of Editors

Readers will be interested to learn that Mr. A. J.
Gill, after an absence of a year, has returned to the
Board of Editors as Chairman, to fill the vacancy
arising from the promotion of Mr. P. J. Ridd. The
list of members of the Board as now constituted is
given on page 158.

Dr. L. F. Morehouse

The Board of Editors has heard with regret that
Dr. L. F. Morehouse, technical representative of the
American Telephone & Telegraph Company and
Bell Laboratories in Europe since 1935, is returning
from this country to the United States at the end of
June on the conclusion of his active service with the
Bell organisation.

Dr. Morehouse first visited this country in 1906 to
1909 as Transmission Engineer of the Western
Electric Company, and was associated with engineers
of the National Telephone Company and Post Office

on the introduction of iron core loading coils into
this country. Until his return in 1935, he was largely
concerned with development work, especially in the
field of automatic telephony, in the Bell Laboratories.

Since 1935, he has not only represented his
Administration in Europe, but has acted as a very
efficient liaison between the Bell organisation and the
Post Office.  The relations between these twe
Administrations are now much closer than ever
before and his wealth of experience combined with a
very attractive personality have contributed very
materially to this happy position. His many friends
in this country will wish him and his family bon
voyage and much health and happiness in the years
to come.

Dr. Morehouse is succeeded by Mr. C. W. Green
who has already arrived in London. To him the
Board, on behalf of its readers, extends a cordial
welcome and hopes that his stay in this country
will be profitable and enjoyable.

Errata

It is regretted that there are errors in the article
entitled Comité Consultatif International Télé-
phonique ; Meeting of the Sub-Committees, London,
December, 1938, published in the April issue.

Page 53, last paragraph, 5th and 6th lines, should
read :—One super-group comprising 5 groups is
shownin the . . .

Page 54. The following diagram 1is the correct
version of Fig. 3.

Page 54, third paragraph, line 6, should read :—
1116, 1364, 1612 . . . etc. kc/s. These are the 9th,
11th, 13th . . .

IST SUPER-GROUP 2ND SUPERCROUP 3RD SUPER-CROUP 4TH SUPER.CROUP STH SUPER-CROUP

(BASIC POSITION)
1052| I060 1300

R O

P P B
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Local Centre Note

North Wales Centre

The sixth mecting of the 1938-1939 scssion took place
in the Assembly Hall of the Technical College, English
Bridge, Shrewsbury, on Thursday, March gth, 1939, at
2.45 p.m.

The Chairman, Mr. H. Faulkner, presided over an
attendance of 123 members and visitors, the latter
including representatives of the District Managers’
staffs at Chester and Gloucester, the traffic staff of the
Birmingham Area Manager and representatives of the
West Midlands Joint Electricity Authority. The paper
before the meeting on this occasion was that by Mr.
H. M. Wells, Grad.I.E.E., of the South Eastern District,
entitled ‘* Some applications of automatic telephone
apparatus outside the field of telecommunications.”
Mr. Wells gave a brilliant paper with various extensions
which proved him master of his subject. The paper was
full of interest and, as well as being illustrated with a
selection of slides, was covered by practical demonstra-
tions on models of automatic traffic control systems and
remote metering apparatus for power stations.

In opening the discussion, Mr. Watkins, Assistant
Superintending FEngineer, said that the telephone
engineer could take pride in the fact that automatic
telephone apparatus was now being widely used in other
fields of electrical engineering. Several members took
the opportunity to discuss the paper and the Chairman
closed the discussion speaking on the maintenance
aspect of traffic control pillars, comparing such relay
sets with our group service boxes. Mr. Wells fully
covered all the questions in his reply to the discussion,
also giving many other interesting points in connection
with the various systems mentioned in the paper.

The meeting then terminated at 4.55 p.m. with a hearty
vote of thanks to Mr. Wells, secorded by the assembly
in the usual manner, after which members gathered
round the exhibits for a closer examination.

The seventh and final meeting of the session took the
form of a practical demonstration of the manufacture of
‘“ Motor Traiisport '’ by onc of the Department’s chief

suppliers, Morris Commercial Cars, Ltd., of Adderley
Park Works, Birmingham, who welcomed the centre to
see over its works.

Members from all over the North Wales District
foregathered at Telephone House, Ncwhall Street,
Birmingham, at 1.30 p.m. to board two 54-seater double
deck Corporation buses which had been requisitioned to
carry a party of 100 members to Adderley Park, a suburb
of Birmingham, for which the buses left at 1.45 p.m.
prompt.

Arriving at 2.5 p.m., the party was met by Mr. Cladish,
Sales Manager, and was split up into a number of small
parties preparatory to touring the works.

A general outline of what was to be seen was first
given by Mr. Cladish, after which the parties moved off
into the works. Just over two hours later tired, hot and
noise-deafened, but still interested, the groups rejoined
at the Staft Club to cnjoy a delightful tea very kindly
provided by the management.

After tea Mr. Cladish spoke of the pleasure of the
management in seeing members of the Institution and
representatives of onc of its customers and hoped that
some idea of the building of the Department's vehicles
had been gained.

Mr. H. Faulkner, Chairman of the Centre, responded
and thanked Lord Nuffield and the management of the
Adderley Park Works for thc opportunity to see over
the works, saying that members would understand our
vehicles better for having seen their manufacture. A
special vote of thanks was passed to Mr. Cladish and
the other guides for their services, which was acclaimed
by the party in the usual manner.

The buses picked up the party again at 5.20 p.m. to
return to Telephone House, which was reached at
6.45 p.m.

As the demand to go to this meeting was larger than
usual, it was necessary to limit the party to 100, and two
other parties of a similar number visited the \Works
on April 25th and 27th, 1939.

This concluded the activities of the Centre for the
Session 1938-1939.

Junior Section Notes

Aldershot Centre

During the recent session three interesting debates
have been held on the subject ‘“Methods whereby
Members could improve on Departmental Methods *’
in respect of overhead and internal maintenance and
construction. They were very interesting and created a
good discussion.

There has been a better interest displayed during the
past session, which is very pleasing.

Chiltern Centre

At a meeting held at Amersham-—presided over by
Mr. Allen, Inspector, High Wycombe—it was unani-
mously agreed that a Junior Centre be formed in the
area and that it should be known as ‘“ The Chiltern
Centre.”

The following officers were elected :—
Chairman : F. Sheriff.
Vice-Chairman : L. Sheppard.
Secretary : L. B. Slatter.
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Committee : H. J. Trotman, J. W. Arthur, I'. G.
Bates, L.. F. Page, \V, Dean and G. Hope.

The meeting was well attended and the Committee
are arranging a programme for the forthcoming session
which will be announced at a later date.

Gloucester Centre

The attendance at the final mecting held at Gloucester
for the 1938/39 session showed that interest in the Centre
continues to be fully maintained.

Before the paper was read, officers for the forthcomng
session were elected and the retiring Secretary, Mr.
F. E. Huckfield, and Treasurer, Mr. S. B. Foote, who
had both received recent promotions to Inspectorships,
were made life members in recognition of their services.

A very interesting paper on Carrier Telephony was
then given by Mr. B. B. Butterworth and, on conclusion,
the Scctional Engineer, Mr. H. W. Gifford, addressed the
meeting and encouraged members to continue their
interest in the Centre.



The papers read during the session were ot a high
standard and were as follows :—

Local Line Development : R. A. \Vhitehead.

Electrical Interference to Broadcast Reception :
I'. E. Huckfield.

First Aid and A.R.P.: J. H. Gale.

Local Line Transmission: . J. Trimmer,
A.M.I.LE.E. (member of the Senior Section).

Carrier Telephony : B. B. Butterworth.

Owing to illness, we were unable to hear a paper on
fault abatement which was to have been given by Mr.
G. E. J. Jacobs, Senior (a member of the Senior Section),
and hopes were expressed that Mr. Jacobs would soon
make a speedy recovery.

Officers for the 1939/40 session arc :(—
Chairman : A. J. Hodgson.
Vice-Chairman : C. H. Cecil.
Treasurer . P. IF. Noctor.
Secretary : R. R. Hodges.
Committee : J. I. Harrison, I{. B. Hodges, R. ].
Long, W. G. Powell, J. A. Purveur and A. J. Stiff.

It would be appreciated if anyone wishing to read a
" paper during the next session would give his name to
one of the above officers.

The thanks of the Centre are due to Mr. Cecil for the
operation and use of the lantern, which has greatly
attributed to the interest of the papers read.

In closing these notes we should like to wish every
success to our colleagues at Swindon who have recently
opened a Centre. R. R. H.

Huddersfield and Halifax Centre
The first season of the Huddersfield and Halifax
Centre was brought to a most successful close on April
Ist by a visit to the Manchester Blackfriars auto, trunk
and toll exchanges, by 47 members and friends.

This was followed by tea in the Telephone House Café,

by kind permission of the Dining Club Committee. The
evening was then spent by many members and friends
at the Princes Theatre, and elsewhere.

The seven lectures in the 1938-9 programme were
fairly well attended and in only one instance was a
senior officer called upon for a paper.

The present officers of the Centre thank all members
for their support, especially those who kindly came
forward to give papers.

It is hoped that all will continue to take an interest
in the Centre and help to make the 1939/40 programme
even more successful. A. G, J.H.N.

Manchester Centre

The 1938/39 session of the Manchester Centre has
not been so successful as previous sessions from the
attendance point of view, but has been well up to
standard for interesting visits and papers. A total of
six meetings and five visits were arranged, but unfortu-
nately two of the visits had to be cancelled, due to
causes beyond our control.

At the Annual General Meeting the following officers
were elected for the 1939/40 session :—

Chairman : W. Hyde.

Vice-Chairman : J. Pickles.

Secretary : E. G. Owen.

Assistant Secretary : Andrew Jones.

Treasurer : R. R. Gaythorpe.

Librarian : A. Bentley.

Committee : Messrs. Pratt, Potter, Cleary, Brierley,
Pauline and Albert Jones.

The debate after the Annual General Meeting was
“ That this house is of the opinion that the advantages

of modern electrical inventions have been offset by the
evils which they have produced,’” which produced a very
interesting discussion ; on being put to the meeting the
motion was voted on, and was returned with 32 votes
for and 12 against.

Subscriptions are now due and should be paid to the
Hon. Treasurer or to any officer or member of the
Committee.

The Committee will shortly be commencing com-
piling the new session’s programme, and would welcome
any suggestions or offers of papers from members.

Ryde Centre

Unfortunately, the most noteworthy fact in con-
nection with the first session of this Centre was the
marked falling-off in attendances at the later meetings.

IFor next session i1t is hoped to arrange a more ambitious
programme than was possible last September and to
extend the scope of the papers given, by invitations to
colleagues outside the Centre, and it is hoped that these
efforts will be better rewarded than were those of
members who volunteered the papers given last session.

Members expressing dissatisfaction at the continued
location of all meetings at Ryde arc assured that the
possibility of holding some at, say, Newport and
Shanklin, will be considered by the Committee at the
next meeting. It is pointed out, however, that, from the
point of view of transport alone, Ryde is by far the most
convenient venue.

IFor the present, it is desired to urge very strongly the
necessity for united and continuous co-operation by all
members if the Centre is to continue successfully, and
they are reminded that all they are asked to do to
ensure this success is to give up one evening monthly
to attend the meetings. R.AY.

Slough Centre

We can look with pride upon 1938, the year our
Centre was born, as being a very successful and interest-
ing start of what we hope will prove to be a worthy
Centre of the Junior Section. Our best thanks are due
to the officers of the Centre for the excellent arrangements
made during the session and to our President, Mr.
Mortimer, for the keen interest he has shown in our
welfare. The best way to repay this honorary service is
for all of us to make new members.

[t is important to note that next season’'s meetings
will be held at The New Telephone Exchange, Slough,
and it is hoped that the Windsor and Ascot members
will continue their support in spite of the journey.

The programme drawn up for next season is a very
ambitious one, but the Committee are determined to
carry it out. In the meantime, the Committee will be
engaged in arranging certain visits to places of interest
and they hope all members will give their support to
this venture.

Applications for membership of the Centre should be
sent to Mr. S. W. Wiltshire, Windsor Exchange.

Southampton Centre
The Annual General Meeting was held at Ogle Road

on Thursday, April 13th. The following officers were
clected for the 1939/40 session :—

Chairman : C. S. Hale (Inspector).

Vice-Chairman : R. J. White.

Secretary and Treasurer : N. E. Dodridge.

Auditor : R. H. Tucker.

Committee : C. . Middleton, S. E. Harvey, C.
Hislop, F. Couzens, R. ]J. White, R. Maggs,
D. T. Bagley and L. T. Jennings (Inspector)
co-opted for East Park Terrace.
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The last paper for the 1939 session was read by
Mr. E. W. Weaver, Grad.I.E.E. (Assistant Engineer),
entitled *“ The Local Interviewing Board.” Mr. Weaver
covered his subject from procedure to the objects of the
Board and gave an analogy of the ambitious schoolboy
and the interviewed. All questions were answered fully.

The programme for 1939/40 will be compiled and
circulated as soon as possible. The Committee have in
the past arranged the programme to cover the widest
range of subjects of interest to the members, while
maintaining a high standard.

The fitting, maintenance and construction staffs are
cordially invited to join the Junior Section. A visit will
be made in due course to a local cinema to inspect the
“ Talkie’’ apparatus and general electrical lay-out
of a modern cinema. Mr. Maggs will give details
later.

Our thanks are due to all members who have supported
us during the session, to the Senior Section members
who have attended, and particularly to Professor
Menzies, Southampton University College, for the loan
of projectors and operator. N. E. D.

District Notes

London Region

SEVEN-DIGIT DIALLING FROM TRUNK
EXCHANGE

During the past three months there has been con-
siderable activity in the opening of new automatic
exchanges and eight such exchanges have been opened.
Over 21,000 subscribers have been transferred from
manual to automatic working and over 8,000 automatic
junctions brought into use. The most notable was the
introduction of 7-digit dialling to the London director
network from the Trunk Exchange in Faraday Building.
The change-over from 4-digit to 7-digit working was
spread over four week-ends commencing March sth.
One hundred and thirteen routes, comprising approxi-
mately 650 junctions, were changed over, thus giving
the traffic staff accessto the London network by director
outlets from the trunk junction multiple.

The new arrangement will also enable the provincial
zone centres to dial direct into the network via the
2 V.F. equipment. Extensive rearrangement of the
multiples of the eight large switchrooms, which formed
the International and Trunk Exchanges, was necessary
to provide :(—

(1) Posifions for additional director outlets from
the multiples ;

(2) Spare provision for 2 V.F. routes to facilitate
the change-over to 2 V.F. signalling ;

(3) For the rearrangement of certain outgoing
junction routes which have retained a number
of 4-digit circuits.

The equipment brought into use as a result of the
opening of the Trunk auto. exchange is as follows :—

Manual 1st code selectors .. .. 480
2nd code selectors .. .. 1,836
3rd code selectors .. .. 297
‘“ A’ digit selectors .. .. 126
Directors .. .. .. 154

Numerous changes in the positions of circuits in the
multiples were necessary prior to and immediately after
each stage of the transfer in order that all routes should
be available for service by 7 p.m. to meet the demands
due to the cheap night rates. It is interesting to note
that the following jumper wire was used in connection
with the provision of the new equipment and rearrange-
ment of the existing multiple jack fields :—

32 miles of 4-wire jumper ;
61 miles of 3-wire and single wire jumper.

Approximately 27 miles of 4-wire jumper were
recovered. The number of labels recovered and replaced
during the four week-ends was 70,000 and the number
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of groups of circuits on which free line signal rearrange-
ments were concerned was 118.

Each stage of the transfer was effected without any
hitch and without any interruptions to service, which
speaks well of the excellent co-operation which existed
between the engineering and traffic staffs concerned.

HODDESDON NON-DIRECTOR AUTOMATIC
EXCHANGE

This exchange was installed by Messrs. Standard
Telephones & Cables, Ltd., with initial capacity of
1,200 lines, ultimate 2,300. Eight hundred and fifty
subscribers’ and 100 junction circuits were transferred
from the manual exchange at 1.30 p.m. on March 16th.
The manual board is at present located at Tottenham
manual exchange and the power plant is of the parallel
battery float system. Two batteries of 300 Ah each,
connected in parallel, were installed by the Hart
Accumulator Company, Ltd., and are charged auto-
matically by two 15 A mercury arc rectifiers under the
control of an Ah meter. The provision of a third mercury
arc rectifier to cover future developments has been
allowed for.

LADBROKE DIRECTOR AUTOMATIC
EXCHANGE

This exchange was installed by Messrs. Ericsson
Telephones, Ltd., with an initial capacity of 3,600,
ultimate 5,000, and is equipped with line finders. At
1.30 p.m. on March 3oth 1,073 subscribers at Ladbroke
manual exchange (old Park) and 711 subscribers from
Willesden were transferred to the new equipment.
This exchange has its own manual suite of 15 sleeve
control positions to cater for “ O’ and ‘*“ TOL "’ traffic.
The power plant is of the divided battery float system,
the batteries being supplied by the Chloride Electrical
Storage Company. Two motor generators of 100 and
200 A output respectively have been provided and
arrangements include provision for a third motor
generator when required. Automatic voltage regulators
of the carbon pile type are provided for each motor
generator for controlling the machine output under
floating conditions. The two main batteries are each
plated to 8oo Ah, with boxes having an ultimate capacity
of 1,200 Ah.

Prior to the opening of the exchange it was found that
when the battery not on float was being trickle charged
an audio frequency E.M.F. was introduced across the
exchange discharge leads. The disturbance was due to
induction between the trickle charge leads and the
exchange discharge busbars despite the fact that the
disposition of the leads and busbars was reasonably
remote. By rearranging the routes of the leads the
induction was reduced to negligible limits.



ALBERT DOCK DIRECTOR AUTOMATIC
EXCHANGE

One thousand eight hundred and fifty-seven subscribers
were transferred at 1.30 p.m. on April 1st from the
manual exchange to the new automatic equipment
installed by Messrs. Standard Telephones & Cables, Ltd.
The equipment has an initial capacity of 2,400 lines with
an ultimate of 5,400, and is of the standard line finder
type. The sleeve control manual board of 1o positions
is situated in the same building. The power plant is of
the divided battery float system and the batteries were
supplied by the D.P. Battery Company, Ltd. Initial
provision of the machines comprised two motor
generators of 1oo and 300 A output respectively and
provision is made for an additional 300 A machine to
cater for future developments. Each machine is pro-
vided with an automatic voltage regulator of the moving-
coil type and the two main batteries are each plated to
1,200 Ah capacity with boxes having an ultimate
capacity of 1,650 Ah.

MARYLAND DIRECTOR AUTOMATIC
EXCHANGE

Two thousand nine hundred and fifty-eight subscribers
were transferred from the old exchange to the new
equipment installed by Messrs. General Electric Com-
pany, Ltd., at 1.30 p.m. on April 22nd. The equipment
of standard line finder type has initial capacity of 4,000
lines with an ultimate of 6,800. Manual board traffic
is dealt with at Advance Bypath Exchange. The power
plant is of the divided battery float type, and two motor
generators of 1oo A and 200 A output respectively are
provided with accommodation for a third machine of
200 A at alaterdate. Each motor generator is provided
with an automatic voltage regulator of the carbon pile
type to control the machine output under floating
conditions. The batteries supplied by D.P. Battery
Company, Ltd., are plated to 1,200 Ah with boxes of
capacity of 1,650 Ah.

HEADQUARTERS” AUTOMATIC EXCHANGE

The old ** Official ”” P.A.B.X., National 6321, situated
in the C.T.O. Building, was replaced by a non-director
line finder equipment at 1.30 p.m. on April 2g9th. The
old exchange was of Keith line switch type and was
installed in 1912, and the fact that it has given good
service over a period of 27 years speaks well for the
robustness of the old Strowger equipment, which was
among the first of its kind to be installed in this country.
The new equipment is housed in the Wood Street
Building and is of standard non-director line finder
type, manufactured by Messrs. Ericsson Telephones,
Ltd. The auto-manual suite is in the same switchroom
as those for Metropolitan, National and London Wall
and the power supply is obtained from the existing
batteries serving these exchanges. The equipment
has an initial capacity of 1,600 and ultimate 2,000.
One thousand one hundred extensions in the Head-
quarters’ Building, C.T.O., K.E.B,, Alder House and
other Post Office buildings were transferred, together
with 214 junctions and the lines to and from other
switchboards in the London area. The code HEA has
been brought out on all directors in the London network
and 95 junctions are provided from Holborn Tandem
exchange to route calls from the public system into the
Headquarters’ exchange. All extension numbers have
4 hgures so that a caller can obtain any extension by
dialling HEA plus extension number. If the extension
number is not known the manual board can be obtained
by dialling HEA1234.

As far as outgoing calls from the exchange are con-
cerned, any number in the director area can be obtained
by dialling 7 followed by the 7 digits of the required
number. A number of 1- and 2-digit dialling codes are
provided to enable extensions on the exchange to
obtain other Post Office Departments such as the
Accountant General’s Department, Dollis Hill Research
Station, Mount Pleasant Sorting Office, Cornwall House,
Waterloo Bridge House, Faraday Building, Union
House, Savings Bank and Stores Department. Special
codes have also been allocated for Toll, Trunks, ENG
and the Speaking Clock.

It is of interest that the ringing machines are of the
new ‘‘tone inductor ’ type and represent the first of
their kind to be installed on a permanent basis in the
Region. On this type of machine the high speed tone
drum which was employed on earlier types of machines
is dispensed with and the tones are generated by an
inductor. By this means the tones have an improved
wave shape and are of much purer quality. The regular
machine is fitted with a mains driven synchronous
induction motor which ensures constant speed and tone
frequency regardless of ringing loads.

VICTORIA DIRECTOR AUTOMATIC
EXCHANGE

Six thousand eight hundred and ninety-one subscribers
and 2,864 junctions were connected to the new Victoria
automatic exchange installed by the General Electric
Company, Ltd., at 1.30 p.m. on May 6th. The exchange
has a multiple capacity of 10,000 and 7,600 uniselectors
have been fitted. The manual exchange was one of the
largest in the London area and was of 40 V Peel Connor
type installed in 1912. It was notable for the very large
amount of C.C.I. equipment. The exchange is situated
such that a very large proportion of the incoming traffic
is originated at automatic exchanges in the centre of
London. There were 24 C.C.I. positions divided into two
suites of 12, I,100 incoming junctions from automatic
exchanges having access to these positions. There were
98 “ A’ positions, including an island suite of 23 with
1,540 outgoing junctions. There were also 11 ordinary
“ B positions, 3 S.F.J. and 11 Toll positions equipped
with chargeable time indicators.

The power plant at the new exchange is of the divided
battery float system and the machine equipment
provides for :—

Ultimate

3 motor generators 8oo A.
1 motor generator 400 A.

Initial

1 motor generator 200 A.
I motor generator 400 A.

This special grading of machines is due to the gradual
development anticipated over a long period and the
provision of a second exchange unit in the same building
at a later date. It is intended that the 200 A machine
should be recovered when the third 8oo A machine is
installed, and to avoid alterations of piers at this stage
an over-size pier has been provided for thé 200 A
machine.

Two automatic voltage regulators of the moving coil
type are provided, one suitable for use with either the
200 A or the 400 A machine, and the other suitable for
use with the S8oo A machine. Switches are provided for
changing from automatic regulator to hand regulator,
so arranged that voltage regulator No. 1 may be con-
nected to either the 200 A or the 400 A machine initially
and voltage regulator ‘No. 2 may be connected to any
of the 800 A machines ultimately. The switches are
changed by one transferable handle which can be fitted
to or removed from any switch only when in the hand
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regulator position to prevent more than one machine
automatically controlled being in use simultaneously.

The two main batteries installed by the D.P. Battery
Company, Ltd., each have a plated capacity of
4,800 Ah with boxes for an ultimate capacity of
8,400 Ah.

KINGSTON DIRECTOR AUTOMATIC
EXCHANGLE

Five thousand six hundred and seventy-four sub-
scribers and 1,332 junctions were connected to the new
automatic cquipment installed by the Automatic Tele-
phone & Llectric Company, Ltd., at 1.30 p.m. on May
17th. The equipment of standard line finder type has
an initial capacity of 7,200, ultimatc capacity 10,000.
The batteries, plated capacity 1,200 Ah, box 1,650 Ah
supplicd by the Alton Battery Company, are charged
by a divided battery float system with two motor
generators of 300 and 100 A output.

STANDARD P.A.B.X. AT BROMLLEY

A unit PAB.X. No. 1, equipped for 15 auto., 2
manual and 4 exchange lines, was installed at Bromley
H.P.O. by Messrs. S. T. & C. Co. and brought into
service on March 6th, 1939.

An attendant’s cabinet is provided for answering
incoming exchange calls, all other types of call being
set up or transferred automatically under control of the
extension user. Special features include provision for
through clearing, direct access to exchange,  follow
on’’ calls, calling back, auto. transfer, ‘‘ camp-on "
busy and night service to any extension. Three link
circuits, using 2,000 type selector mechanism, arc
fitted, and the power arrangements comprise a mains
operated automatic charging set feeding a so V floating
battery.

THE ENGINELER-IN-CHIEF'S
RADIO LABORATORILS, DOLLIS HILL

During the quarter, the lighting and power installa-
tion of the LEngineer-in-Chief’s Radio Laboratories at
Dollis Hill was completed by the Power Section.

The work included the installation of 10 batteries
and 2 batches of counter E.M.F. cells, together with
their associated charging panels and rectifiers and the
distribution of the A.C. and D.C. power to machines
and benches located in the various laboratories.

The building comprises some 14 laboratories and 16
offices, including the drawing office, and there were
more than so bench panels each to be fed with an A.C.
and 2 D.C. supplies and 13 racks which are fed with an
A.C. and 3 D.C. supplies. The capacity of the main
A.C. board is 350 kVA.

Llaborate precautions werc necessary to guard against
any possibility of radio interference and A.C. cabling
throughout the laboratories was carried out in lead-
covered® and steel-armoured cable and fitted with
suppressor units. The D.C. cables were lead covered
throughout.

Connections between the batteries and charging panels
were made in lead-covered cable in galvanised iron
conduit. A large proportion of the cabling work was
carried out in floor chases and in all these chases a
copper earthing strip was provided. This strip was
connected to 18 earthing spikes buried under each of
the two masts which flank the building.

The drawing and general offices have been provided
with an under-floor duct system which is used for
telephone as well as power cables.
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WATER DAMAGE AT RELIANCE SUB-TANDEM
EXCHANGE

At 10.30 p.m. on March 11th, during a heavy downpour
of rain, water entered the apparatus room through the
ceiling (due to building operations in progress) and
dripped on to a large cable runway containing several
hundred cables, mostly incoming and outgoing junctions
situated over the first tandem selector houses. Prompt
steps were taken to divert the water from the apparatus,
and only six 33-wire cables carrying outlets from levels
2 and 3 to second tandem selectors were seriously
aftected. Within a very short time the shelf fuses on the
affected second tandem selector board failed to hold
and 36 circuits became unworkable and 24 others were
partially affected. It was necessary to remove all the
incoming junctions from the particular first tandem rack
to other racks, where spare selectors already wired up
pending the opening of Victoria, Rodney and Woolwich
automatic exchanges were available.

Seven electric fires, and seven vacuum cleaners used
as blowers, one high pressure blower, and three cable
heaters were employed to circulate warm air round the
affectedcables ; by the afternoon of the 13th a consider-
able improvement was noted, many circuits being put
back into service. Th= heating was continued until
March 28th and a steady improvement in the insulation
took place during this period, although it was noted
that the A wiresrecovered their insulating properties at a
much more rapid rate than the B wires which, of course,
had the coloured insulation, and to which negative
potential was normally connected. Meanwhile steps were
being taken to renew the cabling, and on recovery of the
old cables it appeared that in several cases slight arcing
and burning had taken place between the individual
conductors of some circuits, thus preventing any
considerable improvement in the insulation; it might
therefore have bzen advantageous to have removed the
battery supply from all circuits connected to the atfected
cabling before the insulation dropped to its lowest value.

NOTTINGHAM OVERHEAD TRUNK ROUTL

The recovery of the Nottingham trunk route along the
Hemel Hempstead Road from ‘° The Dog’ T.P. to
Hunton Bridge is at present being effected. The route
carried about 70 150 lb. copper wires, and was erected
in 1908. In recent years it has followed the general
tendency and has gradually become spare. It is, how-
ever, still in a good mechanical condition, and suffered
very little damage in the snowstorm of January last.
This is perhaps a tribute to the sound methods of con-
struction employed, and in an age which dictates the
disappearance of this phase of engineering practice it is
with a shadow of regret that we acknowledge the passing
of one of the last of the heavy routes in the Region.

DUCT SEAL AT MACAULAY

The uncompleted duct seal at Macaulay telephone
exchange recently underwent an unforeseen ‘' load-
test.”” On April 25th, in the early evening, a 36-inch
water main burst at the junction of Wandsworth Road
and Stewarts Road, at a point approximately 200 yds.
from Macaulay exchange. The tarmac road surface was
forced open by the water and the Department’s plant
in the immediate vicinity suffered slight damage. The
water then entered the duct route which here abouts
runs downhill into the exchange manhole at Macaulay.
Here the duct seal was only partly plumbed and did not
impede the flow greatly ; in the cable chamber, how-
ever, all the plumbing had been finished and this seal
was thus subjected to a head of about 10 ft. of water,









CONVERSION OI' WORKSOP MAGNETO
EXCHANGE TO AUTOMATIC WORKING

This exchange was converted to automatic working
on January 28th, 1939. It is of the non-director, line
finder type, without manual board. Initidl equipment of
700 lines is provided. The parent exchange is Sheffield.

An outstanding feature of the equipment is the
M.D.T", which is an entircly new type. The frame is
experimental and this exchange was chosen for the field
trial, the installation being carried out by Messrs
Siemens Brothers.

The main departures from the standard type are :—

(a) The provision of a complete plug-in type protector
unit for each circuit, fitted on the line side verticals,

(b) The provision of test jacks, fitted vertically in strips
of 20, on the numerical side, to which the exchange
cabling is connected.

(¢) The capacity per vertical is 300 on the line side
and 200 on the exchange side, giving more accom-
modation for the external cable pairs which are
always considerably in excess of the exchange
equipment provided.

(@) A modified cable trench is provided. The trench
1s completely undercut to just beyond the pro-
tector mounting vertical to allow the external
cables to have a ‘‘ straight up '’ run, thus enabling
a direct lead-off from the cable form to the pro-
tector termination via a s5-in. ‘“ skinner.” The
exchange cables are fed down the centre of the
frame with a separate 20 pair distribution along
the horizontal bars to each test jack strip. The
external and exchange cable runs are, therefore,
somewhat the reverse of what 1s effected on
previous frames. ‘

The protector i1s housed in a moulded bakelite fitting
and embodies two new-type line fuses enclosed separately
in one side of the unit. In the other side are fitted two
delay action fuses—having similar operating character-
1stics to heat coils BB which they replace—and one
double spark gap of the totally enclosed brass electrode
type of arrester. When the unit is not in situ the line i1s
completely disconnected. The arrester is connected to
earth via a special contact.

The test jacks on the exchange side are of small type
and a much improved type of test-slipper, with guide
pins, is provided. Separate plugs are provided for N.U.
connecting and P.B.X. busying. A special type of dis-
connecting plug, used solely for transfer purposes, is also
available. This plug has a vertical hole in each side for
the insertion of tapes in connection with the withdrawal
of the plugs at the actual cut-over.

North Wales District
U.A.X. CONVERSION PROGRAMME

Oakamoor. The Oakamoor arca was converted from
manual (C.B.S.2) to U.A.X.13 worRing at 1.30 p.m. on
Thursday, April 2oth, 1939.

TI'our B/W junctions carry the traffic to the parent
exchange at Stoke-on-Trent, 12 miles away, and three
B/W junctions to Cheadle connect with the adjacent
exchange areas.

The equipment comprises the following units:—
213A; 3 13B; and 1 13C. There are 53 ordinary subs.
and 2 C.C.Bs.

The new U.A.X. is situated in the picturesque village
of Tarley, within a mile of the well-known beauty spot
of Alton Towers. The opening of the U.A.X. was an
innovation in morc ways than one as the building was
the first to be erected in this village for over 200 years.

In order to blend with the surroundings, the building is
of dressed Hollington stone. The use of this material
resulted in a cost of £520.

The U.A.X. building stands in a field some 8 ft. above
the road level. The lead-in had, therefore, to be some-
what unusual. It was not possible to make a joint near
the M.D.T'. and so the E.S. and W. terminating cable
was taken Over cable racking to a jointing chamber

JOINT 80X

ANTI/ CREEPING
BLOCKS OF WOO0O.

outside the U.A.X. at a lower level of 4 ft. Here the
cable had to be stoppered with wood blocks, in a similar
manner to anti-creeping devices, as the drop in level
from this point to the road is 5 ft.

Aston.—On Thursday, May 4th, 1939, the Aston
Area (Crewe) was converted from C.B.S.2 to U.A.X.13
working.

There are 5 B/W junctions to the parent exchange at
Crewe and 2 B/W junctions to Whitchurch. These
junctions, together with g2 subscribers’ circuits, were
successfully transferred at 1.30 p.m.

The equipment includes 3 13A; 2 13B; and 1 13C
units.

South Western District
AERIAL CABLING AT WITHERIDGE, DEVON

Some interesting aerial cabling experiments have been
carried out recently at Witheridge in co-operation with
the Engineer-in-Chief’s officers.  Several methods of
erecting aerial cable were observed and the various
operations involved in each method were timed, com-
parable sections of route being used in order to obtain a
fair comparison of the different methods. A useful
comparison was obtained of the method of erecting the
cable direct from a vehicle using a bosun’s chair with the
method whffeby the cable is drawn in through the cable
rings, the la\"‘ter (enclosing the pulling-in rope) having
previously been placed in position by a workman
operating from a chair. Other methods tried were that
whereby the whole of the operations are carried out
from the ladder derrick erected on a 3o-cwt. vehicle
and that of ringing and roping the steel strand on the
ground prior to tensioning, the cable being drawn in
subsequently through therings. The relative advantages
of the different methods were thus compared and the
experience gained will no doubt assist the Engineer-in-
Chief’s officers in their consideration of standard methods
of construction. Other interesting experiments with a
chain type hauler and dynamometer were also carried
out.
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Staff Changes

Promotions,
Name District Date Name District Date
From Deputy F.-in-C. to F.-in-C. From Insp. to Chief Insp.
Angwin, Col. A S. E.-in-C.0. 1.6.3¢ Henk, A. J. C. ) E.»in»C.O. to N.E. Reg. 19.3.39
Cope, H. G. .. E.-in-C.O. to N.E. Reg. 1.4.39
From Asst. IX.-in-C. to Deputy E.-in-C. ?}mith, G. J .. .. h -in SO to N.W. Reg. 1.4.39
- E— . erry, P. R. C. .. E-in-CO . 30.10.38
Ridd, P. J. - E-in-C.0. 1.6.39 Seymour, R. A. .. E-in-C.O. .. 23.12.38
Cunningham, J. F. .. S.Lcs. to N.W. Re" 1.4.39
From S I-. to Asst. I:.-in-C. Wilcher, F. B. .. E-in-C.O. .. Lo 21238
O’dell, G. F . E.-in-C.O. 1.6.39 Day, J. V. .. -+ N.I. Reg. to N.\\. Reg- - 1.4.39
Sutton, C. J. .. .. S. Wales 19.5.37
N . Field, A. H. G. .. S. Wales .. .. 21.3.38
From C.R.F . to Deputy Reg. Dir. Betts, E. H. .. .. LT. Reg. to S.Wa. 26.3.39
de Wardt, R. G. . LT. Reg. 1.4.39 White, A. H... .. L.T. Reg. to N.E. Reg. 1.4.39
Fisher, S. W, . L.T. Reg. .. .. 26.2.39
From Reg. Ingr. to T. M. Marchant, P. A. .. E-in-C.O. .. .. .- 10.10.38
- - . = o Myers, B. L., .. .. E.-in-C.O. to N.'W. Reg. .. 16.4.39
Morgun, C. E. .- N E. Reg. 1.5.39 Wright, F. E. .. E.-in-C.O. to N.E. Reg. 20.3.39
Evans, W. A A. .. LLT. Reg. .. .. 6.3.39
From Fxec. Engr. to T .M. waslh H. cEc F’I‘to}f E. 1?;433
; . athng, .. eg. . .. 3.5.3¢
Cox, B E. - LT Keg- to 5.Wa. 13.3.39 Boon, ]. W. H. .. E-in-C.O. to N.W. Reg. ..  1.4.39
ardson, 1. v ' g ' I Blaney, H. J. .. N. Ireland .. .. 20.4.39
Hall, A. W. .. E.-in-C.O. to NA\\'. I(cg. .. 7.5.39
From Exec. Engr. to Reg. I'ngr. Thorn, F. W. J. .. E.-in-C.O. . 3.5.39
. 1 r S .in- 3 (
Crompton, W. W. B... N.E. Rey. 1115.39 Shaddick, W. G. .. E.-in-C.0. 16.4.39
From Exec. Engr. to A.S.E. From Draughtsman Cl. I to Chief Insp.
West, W. .. . E.-in-C.O. .. 7.3.39 Deacon, T. A. F. . E.-in-C.O. 30.4.39
Morrish, H. E. .. I.T. Reg. to E.-in- c.o. 10.5.39
LEvans, G. T. .. .. E-in-C.O. .. . 1.6.39 ; 9 7 M
Stratton, |. C FoinCo. 194 39 From Avea M.T.0. to Reg. M.T.O.
Withers, C. A. . N.W. Reg. .. 1.4.39
From Avea Engr. to dvea kngr. with Allowance . Tech. Asst. to MT.0. 111
Brent, W. H... . N.\\. Reg. to Scot. Reg. ..  30.5.39 rom fech. A 10 B
Dunn, C. . Exeter to E.-in-C.O. 1.4.39
From Asst. Engr. to Fix”. LEngr. . Mech in-Ch T4
Lucas, F.N. .. .. Sc. Reg. to E.-in-C.O. 1.4.39 vom Mech. in-Charge fo 1.7
Hadfield, B. M. . E-in-CO. . 7.3.39 Swire, W. L. .. - Reading to Ldn. 27.3.39
Gray, W. D. .. .. 1.T. Reg. to 1: -in- C 0. 7.4.39 Leech-Brown, D. C. .. B’ham. to Exeter .. 1.4.39
Evans, G. .. .. E.-in-C.O. . 10.3.39
é)Vood % E. . %T RReg TR 1{1)338 From Asst. Chen. to Chew.
ears . .. t. t 3.
Cg‘eenmg F.C.G. . LC’(I)‘ Reegg ,O & 10.5.39 Edwards, W. T. .. T.S. Bham. . To be fixed later
Ward, W. C. .. N. W. toN. Mid. .. 26.3.39 Bowecott, H. J. . T.S. Bham. to T.S. Ldn.
Porter, J.E. .. .. S.Mid. to N. Mid. . 26.3.39 To be fixed later
Hall, L. L. . .. E.-in-C.O. .. 10.3.39 ;
Beastall, . G. . E-in-C.O to N.W. Reg 14.39 From S.W.1 to Insp.
Vause, A. H. .. .. LT. Reg. .. 13.4.39 Dovey, J. F. .. .. T.S. Bham. 26.3.39
Summers, F. .. .. S.Wa. to E.-in-C.0. 25.4.39 Hawes, A. E... .. S. Wales 23.9.38
Speight, E. A. .. E.-in-C.O. 13.4.39 Foote, S. B. .. .. S. Wales 23.9.38
Hayes, H. C. S. . E-in-C.O. .. 21.4.39 Anderson, L. .. . S. Wales 23.9.38
Gill, F. W. . . S.Wa. to E.-in-C. O 23.5.39 Lewis, E.]. .. S. Wales 24.3.39
Denton, E. H. N.W. Reg. .. 26.3.39
. ; : Walton, F. . N.W. Reg. .. 4.9.38
Lrom Chiej Insp. to Asst: Engr. Goodwin, H. .. . NW. Reg. .. 19.2.39
Wain, S. W. .. . Rugby R/S to Portishead Gore, F. . N.W. Reg. .. 26.3.39
, R/S . 2.3.39 Jefferson, J. C.C. .. NW. Reg. .. 31.7.38
O Roark, A.F. .. N.Wa.toS. W .. 26.3.39 Barlow, O. N. . NW. Reg. .. 28.5.38
Smith, J. . N.E. Reg. to E.-in-C.O. 29.3.39 Parker, H. .. . N.W. Reg. .. 3.4.38
Read, H. .. S. Midland . 4.4.39 Kilgour, A. A. . NW. Reg. .. 19.10.38
Greenbury, L. .] .. N.E. Reg. to Sc. Reg 16.4.39 Cole, R. A. . S. Eastern .. 29.3.39
Smith, C N. .. Sc. Reg. to L.T. Reg. 7.5.39 Hewson, E. .. . N.W. Reg. .. 23.9.38
Barry, C. -+ N. Ire. to S.\Va. 25.4.39 Helliwell, W. H. .. N.W. Reg. .. 28.5.38
Wooding, W. T. . LT. Reg. 13.4.39 Lunt, J. J. .. . NW. Reg. .. 23.9.38
Sharples, W. .. . N.W. Reg. .. 11.3.39
; ; Kirkham, J. .. . N.W. Reg. .. 1.2.39
From C.1. to C.1. with Allowance Leyland, &, " N'W. Reg. .. 230,38
Beaumont, H. R. .. N.L. Reg. 19.2.39 Sketcher, J. H. . NW. Reg. .. TO be fixed later
Partington, H. J. . N.W. Reg. .. 1.4.39 Howard, J. H. . N.W. Reg. .. . To be fixed later
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Appointments.

Name District Date Name District Date
P;');mt;m;h;b (Z)d. Comp., Sept., 1938) Open Comp., Sept., 1938
Morton, J. Y. .. Trg. Sch. 1.3.39 Keast, M. H. .. Trg. Sch. 1.3.39
Preece, G. H. .. . Trg. Sch. 1.3.39 gampgm' J‘I'F‘E .- ¥rg. SC}}: 1333
P Ly I. E. . Tre. Sch. 1.3.39 totesbury, K. L. . Trg. Sch. 3.
Cngely, - g ¢ Marshall, F. K. . Trg. Sch. 1.3.39
Hudson, G. K. . Trg. Sch. 1.3.39
) Jones, E. W. .. . Trg. Sch. 1.3.39
Broadhurst, ¥. -+ Trg. Sch. 1.3.39 Curtis, G. D. .. .. Trg. Sch. 1.3.39
]g’?rrdsorg 113- J. . %g- ggﬁ ?ggg %tauntttonHHCP. . $rg. gcg 1333
, GOAL .- . S .- .- assett, H. G. . Trg. Sch.
Sard, G. ]. .. Trg. Sch. .. .. .. 1.3.39 Sumner, G. C. .. Trg. Sch. 1.3.39
Harris, K. E... .. Trg. Sch. 1.3.39 Attree, V. H... .. Trg. Sch. 1.3.39
Liddiard, F. E. . Trg. Sch. 1.3.39 Ash, W. S. .. Trg. Sch. 1.3.39
Groves, H. .. Trg. Sch. 1.3.39 Durant, R. F. . Trg. Sch. 1.3.39
Easton, K. J. .. Trg. Sch. 1.3.39 Hamer, R. = .. .. Trg. Sch. 1.3.39
Bennett, T. J. .. Trg. Sch. 1.3:39
Dodd, G. A. .. .. Trg. Sch. 1.3.39 itchard. G
Davis, R. E. .. .. Trg. Sch. 1.3.39 trtchard, G F. .. rg. Sch. |-339
North,G. W... .. Trg. Sch. 1.3.39 Stanier. . H. . Tra. Sch. 1.3.39
Richards, R. M. . Trg. Sch. 1.3.39 Pickard, R. ]. .. Trg. Sch. 1.3.39
Bennett, D. G. .. Trg. Sch. 1.3.39 Smith, D. C. .. .. Trg. Sch. 1.3.39
Tarry, K. W. D. .. Trg. Sch. 1.3.39 Elkins, N. A. . Trg. Sch. 1.3.39
Knight, E. D. . Trg. Sch. 2.3.39 Marsh, S. T. .. .. Trg. Sch. 1.3.39
Atkinson, F. .. .. Trg. Sch. 1.3.39 ;ughes,I,L-v% . ¥rg~ gcg 1333
orris, K. W. .. Trg. Sch. 3.8
Fell, H.].P... .. Trg. Sch. 1.3.39 Thomsson, K. H. . Tre. Son. 1339
Kynaston, W. . . Trg. Sch. 1.3.39 Shore. A Tre. Sch 1.3.39
Farnworth, A. - Trg. Sch. 1.3.39 Arnett ] AL Trg‘. Sch. 1‘3‘39
Iles;, A.R. .. -. Trg. Sch. 1.3.39 Messaée, R. O. .. Trg. Sch. 1.3.39
MacDonald, J. A. . Trg. Sch. 1.3.39 Taylor, R. E. .. . Trg. Sch. 1.3.39
Blair. G. M. .. . Trg. Sch. 1.3.39 Webb, P. B. .. . Trg. Sch. 1.3.39
Deaths.
Name District Date - WName ~ District Date
Chief Insp. with Allowance Chief Insp.
Meiklejohn, G. F. . Scot. Reg. .. 2.5.39 Burnell, C. J... . L.T. Reg. 18.2.39
Wood, W. J. .. . S. Eastern .. 8.3.39
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of mathematics and in excellent self-study style
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skill and all who want to learn this practical

field from the ground up.
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1934-1938, 239 B.L.E.T. candidates passed
the Examinations.

We teach successfully by
definitely guarantee—
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Prospectus ““ ENGINEERING OPPORTUNITIES.”
This Handbook contains 268 pages of most useful
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Competition).
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and Limited Competitions).

City and Guilds, I.E.E., B.Sc., A.M.I.C.E.,

A.M.l.Mech.E., London Matric., etc., etc.

The Handbook also outlines ‘ up-to-the-minute
courses of Home-Study in all branches of Engineering.
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