This document was generated by me, Colin Hinson, from a document held at R.A.F. Henlow
Signals Museum and is believed to be out of copyright or Crown Copyright . It is presented
here (for free) under the Open Government Licence (0.G.L.) if under Crown Copyright and this
version of the document is my copyright (along with the Crown Copyright) in much the same
way as a photograph would be. If you believe the document to be under copyright, please
contact me.

The document should have been downloaded from my website https://blunham.com/Radar,
if you downloaded it from elsewhere, please let me know (particularly if you were charged for
it). You can contact me via my Genuki email page:

https://www.genuki.org.uk/big/eng/YKS/various?recipient=colin

You may not copy the file for onward transmission of the data nor attempt to make
monetary gain by the use of these files. If you want someone else to have a copy of the file,
point them at the website. It should be noted that most of the pages are identifiable as
having been processed my me.

| put a lot of time into producing these files which is why you are met with the above when
you open the file.

In order to generate this file, | need to:

1. Scan the pages (Epson 15000 A3 scanner)
2. Split the photographs out from the text only pages

w

Run my own software to split double pages and remove any edge marks such as punch
holes

Run my own software to clean up the pages

Run my own software to set the pages to a given size and align the text correctly.

Run Omnipage (Ultimate) on all the pages to OCR them.

Generate a searchable Acrobat pdf file.

N o u s

Hopefully after all that, | end up with a presentable file, though | can’t guarantee there aren’t
errors in the OCR. If you find missing pages, pages in the wrong order, anything else wrong
with the file or simply want to make a comment, please drop me a line (see above).

It is my hope that you find the file of use to you personally — | know that | would have liked to
have found some of these files years ago — they would have saved me a lot of time !

Colin Hinson
In the village of Blunham, Bedfordshire.



THE PosT OFFICE ELECTRICAL
ENGINEERS' JOURNAL

VoL. 42 JANUARY 1950 PART 4
v e %

CONTENTS

AN ELECTRONIC TRAFFIC ANALYSER—S. W, Proadhurst and
A. T. Harmston, B.Sc.(Eng.), AM.LEEE, .. 2 <2 .. 181

USES OF A NEW ADHESIVE IN PRODUCI'ION OF PIEZO-
ELECTRIC VIBRATORS e e o o A8Y

FAULT LOCATION IN TRANSMISSION EQUIPMENT BY VIBRA-
TION TESTING AND CONT[NUOUS MONITORING—
H. G. Myers, B.Sc. 41 . T s 189
A PARCEL LABEL MACHINE—M. H. James, D.F.H., AM.LEE. 198

’ A SURVEY OF MODERN RADIO VALVES—Part 3—Receiving Valves
for Use Below 30 Mc/s—K. D. Bomford, M.Sc., A.M.LE.E. oo - 200

A NEW DESIGN OF WHEATSTONE BRIDGE—W. L. Surman,

PAGE

THE THAMES RADIO SERVICE—J. Neale, B.Sc.(Eng.), AM.LEE.,

and D. W. Burr, AM.LEE. .. 3. X o ii
PHONOGRAM AUTOMATIC DISTRIBUTION—Part 2—Basic Circuit

Features—H. E. Wilcockson, A.M.LLE.E., and H. Walker .. SR
OPENING OF THE LONDON-BIRMINGHAM TELEV]SION RADIO-

RELAY SYSTEM ; X 227
THE POST OFFICE EXHIBIT AT RADIOLYMPIA, 1949—

J. Atkinson, A.M.LEE. .. : : i . e L1908
THE INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS 232
NOTES AND COMMENTS 3 i s o e .. 233
REGIONAL NOTES 5 5 i 4 5 3 oo 236
JUNIOR SECTION NOTES o i o b e
STAFF CHANGES .. o3 G iR i s i Ui 48
INDEX TO VOL. 42 .. A 0 1 g 5 .o 246
BOOK REVIEWS .. 33 B i 4 gt 197, 200, 212

Price 1/6 net




%

N

iy
o
.

m
Z

1
iy
w

0

,/,

i,
Wy

el
o.
i
L

Q’b
//,
/7
o

¢
,///

.

O
I

Y

THE CELEBRATION OF

FIFTY YEARS

SUCCESS IN TRAINING BY POST

It is with pardonable pride that we announce the FIFTIETH
ANNIVERSARY of the founding of The Bennett College, Sheffield.

This success can be attributed to just one main factor—EFFICIENCY.
We believe that The Bennett College teaches with a thoroughness that
is unequalled in any other source of tuition. That this home study is
highly successful is proved by the 50 years of continuous progress and
prosperity, and the ever-growing number of successful students who
have passed through the College to reach posts of high responsibility,
and big salaried appointments in every field of commerce and industry.

To our students, in every part of the World, we send our Cordial
Greetings on this memorable occasion in the history of The Bennett
College. To the many men and women whom we are yet to welcome as
students, we extend a hearty invitation to join NOW. There is still
room at the top for The Bennett College trained man.

OUR FRIENDLY ADVICE ON
ANY CAREER IS YOURS
(]

FOR THE ASKING

Aviation (Engineering and | Engineering. _ All Branches, | Quantity Surveying
Wireless) . Subjects and Exams. Radio Service Engineering

Blue Prints General Education Salesmanship

Boilers Heating and Ventilating Sanitation

Book-keepi A Institute of Housing Secretarial Examinations
and Modern Business | Inst. Mun. Eng. Shorthand (Pitmans)
Methods Journalism Short Story Writing

Buildi Archi and | L Structural Engineering
Clerk of Works Mathematics Surveying (R.I.C.S. Exams.)

Cambridge Senior School | Matriculation Teachers of Handicrafts
Certificate Mining Telecommunications

Carpentry and Joinery Motor Engineering | (City and Guilds)

Chemistry Plastics Television

-Civil Service Play Writing Transport Inst. Exams.

All C -cial Subj Plumbi Wireless Telegraphy and

‘Commercia: Art Police Special Course Telephony

If you do_ not see your own requirements above, write to us on any subject$ Full particulars free

WRITE NOW TO DEPT. 24c,

= Bennett Colle&e L0,

SHEFFIELD

THE MOST SUCCESSFUL & MOST PROGRESSIVE
{ CORRESPONDENCE COLLEGE IN THE WORLD

,TELEPHONE &

7

__TELEGRAPH WIRES \

| 8|
IN COPPER,CADMIUM-COPPER £ BRONZE
\ = 1 \
o

7 é//"ﬂ/; co ﬂec//affxﬂ

FREDERICK SMITH & COMPANY
(Incorporated in The London Ejectric Wire Company and Smiths, Limited)
ANACONDA WORKS, SALFORD 3, LANCS.

Phone : Blackfriars 8701 (9 lines) e Grams: *‘ Anaconda,”” Manchester

When an unusual
Specification
is required.

We can give you the benefit of 20 years’ experience
in transformer construction and design. We manu-
facture quantities but we do NOT mass produce.
Every Instrument is built to suit your most exacting
individual specification.

Send your ‘enquiries for the personal attention of
our Mr. W. Bryan Savage.

\Q"‘S‘ongr
(SAVAGE ‘;ﬁ;,DBYIZES

¢
‘M7

L]
SAVAGE TRANSFORMERS LTD. ® NURSTEED ROAD, DEVIZES, WILTS.
SR R




THE Post OFFICE
ELECTRICAL ENGINEERS’ JOURNAL

Vol. 42

An Electronic Traffic Analyser

U.D.C. 621.395.663.2 : 621.395.341.8: 621.38

Jan ua{ry, 1950

Part 4

S. W. BROADHURST and
A. T. HARMSTON, B.Sc.(Eng.), A.M.LE.E.

This article describes an analyser, using entirely electronic principles, which has been constructed to investigate the traffic
carrying capacity of various schemes of interconnection of outlets. The article gives details of some of the proposed
applications, the electronic principles, the layout of the equipment and the technique of its use. The results of a test are
also given. The use of the analyser represents considerable saving as compared with the manual methods hitberto employed.

Introduction.

HEN a certain volume of traffic is
\;\/ offered to a group of trunks, the
proportion of lost calls is given by the
Erlang formulal. This formula assumes that the
traffic offered is pure chance and that the trunks are
arranged in a full availability group. Where the calls
have limited availability to the trunks, the expressions
giving the proportion of lost calls are complicated
and difficult to evaluate when the number of trunks is
appreciably large, and use has been made of the
method of artificial traffic to supplement them. In
this method, the instant of origination of calls was
determined by chance numbers obtained from the
London Telephone Directory and the offering of calls
to outlets was simulated by means of a record carried
out manually. The work involved in carrying out
such a record was considerable, however, and in order
to save work and also enable more tests to be made, it
was decided to construct a machine to carry out
artificial traffic tests automatically.
Some typical problems for which it is proposed to
use the traffic analyser are :—

Formation of Gradings.—Generally, there are a
number of possible arrangements of individuals,
pairs, commons, etc., of a grading having a particular
number of outlets and the traffic capacity of the
arrangements differs. The optimum formations of
“straight ” gradings were determined by earlier
work and it is proposed to verify the results with the
traffic analyser.

Traffic Capacity of Gradings—The traffic capacities
of gradings having 40 availability have recently been
derived theoretically for the first time, and it is
proposed to verify them by the traffic analyser.

Subscribers’ Uniselector Gradings with two ** Home ™
Positions.—To ensure that consecutive calls made by
a subscriber during periods of light traffic have access
to different selectors, it is proposed to arrange for the
uniselector to have two home positions instead of the
one as at present. The groups of contacts between
the home positions will each be graded. The arrange-
ment is therefore one in which calls are offered to one

1 An Outline of the Trunking Aspect of Automatic
Telephones,” G. F. O’dell, Journal I.E.E., February, 1927.

grading, and if they are not carried they are offered
to a second. The estimation theoretically of the
traffic capacity would be difficult.

Traffic Unbalance on Gradings—To ascertain
whether equal volumes of traffic are being offered to
the groups of a grading in practice, a proposal has
been made that the unbalance should be detected by
measuring the traffic carried by the individuals and
pairs serving the groups of the grading. The traffic
analyser will afford a means of studying this problem.

Congestion Outlets on Motor Uniselectors.—In the
motor uniselector, calls are connected to congestion
outlets when all the trunks in a group are engaged.
These outlets give engaged conditions to the call and
are held for a relatively short period. The number of
such outlets required is being studied by the aid of
the traffic analyser.

The traffic analyser provides for carrying out tests
under the following conditions :—

(a) The calls and traffic offered are pure chance.

(b) Calls encountering all trunks engaged are lost.

{c) The holding times of calls are variable and
distributed in accordance with the exponen-
tial distribution.

(d) Originating calls may be offered to inter-
connection schemes in which a single search
only is made.

(¢) The number of originating calls, calls carried
by individual trunks, and lost calls may be
measured.

PRINCIPLE OF THE TRAFFIC ANALYSER

The traffic analyser consists essentially of a means
of marking, at random, one of 256 terminals and
using the marking condition to represent the beginning
or end of a call. It includes outlets which carry the
calls and means for offering calls to these outlets.

The marking of one of the 256 outlets is regarded
as an “event’’ and for the purpose of this article the
equipment used to produce these random events will
be called a * roulette.”

Thus, referring to Fig. 1, A represents a roulette
having 256 positions, and B1, B2 and B3 represent a
group of outlets. The roulette has a certain number
of positions, indicated by p, associated with call
originations., Each outlet is associated with an
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individual position on the roulette as indicated at g in
the figure. The conditions set up are as follows :—

(a) When the roulette stops on a position
indicated by $, a call is originated and offered
to the group of outlets B1, B2, B3 in that
order.

(6) When the roulette stops on a position
associated with an outlet, a call on the outlet
is released (if it is engaged).

{¢) When the roulette stops on any of the other
positions, there is no change.

Thus, in a succession of operations of the roulette,

-

Fic. 1.—DIAGRAM ILLUSTRATING THE PRINCIPLE OF THE
ANALYSER,

calls are offered to the group of outlets B1, B2 and B3
and calls being carried by the outlets are released.

With the arrangement as described, it will be of
interest to calculate the average holding time of calls
carried by outlets and the average value of traffic
offered to the groups.

Average Call Holding Time.

Consider a call that has just been set up on an
outlet. The chance that the roulette does not stop
on the position associated with this outlet on the

first occasion .
1
= (1 - é?s)

Similarly, the chance that the roulctte does not stop
on the position on either the first or second occasions

1 2
:(1—%)

Also, the chance that the roulette does not stop on the
position on either the first, second or third occasions

1 3
=(1”2"56)

The above correspond to the call having a holding
time greater than one, two or three times the interval
between successive roulette operations.

Denoting this interval by %, we have—
proportion of calls having

o 4 1
holding times greater than %2 = (1 — 5_5%)

1 2
2 2 I ”» 2h = (1_55—6)

1 3
2 » 2 ) 3h = (1_%)
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Hence, by subtraction,
proportion of calls hav1ng

1
holding times of h=1— (1 ~2__56)

1 1)*
s ”» % > 2h:<1—_2—5—6) — (1_.23(_5)
1 »” 2 I¥) 3k_ (1 —256) ( 256)

Thus, the average holding time

:h[l—(l—%@)]+2h[(1—22—5—6)_(1_21—%)2]
+3h[(1—~2—;)—62) —(1—2%;)3 ]+
=k+h(1—é%f—i)+h(l——§é—6) +h(l~§%}) + o

- [: ( 256):] -

Traffic Offered.

The traffic offered to a group, in traffic units, may be
defined as the average number of calls arriving in the
average holding time. The average holding time
has been found to be 2564. As % is the interval
between successive roulette operations this corre-
sponds to 256 roulette operations. The traffic offered
is therefore equal to the average number of calls
originating in 256 roulette operations.

Suppose p positions of the roulette are associated
with call originations.

Then, when the roulette stops,
L $
chance of a call origination = 256

chance of no call origination= ( —558

Hence, in 256 roulette operations,

p 25
chance of no call originations = (1__2_56)

= 256 (2?6) X

2 ER: 1 2] 35
255
(1__1
256
9 _ (256><255)><
» i T) tE Iz - 1x2
2\ (1_t
256 256
‘g (256><b55><254
i34 » tEd 2 1X2X3

(256) ( " 256

Thus, the average number of call originations

_ P 256 (_}5 )( i 255

256 % 255
+2( 1%2 )(256) ( 256



— 256 256) 256 (256)255 (256) +
255 x 254
256(256)( 1x2 ) (256
256 x 255 ( )
T1x2 /\256
256 X 255 b
A EA T

256 x255x 254\ [ p _
+ 3 (—1—;(—2;{3—3) (256) T i reeienaes =P

Thus the traffic offered in traffic units is equal to the
number of positions of the roulette associated with
call originations.

It will be seen from the foregoing that the traffic
offered is independent of the speed of the roulette and
the analyser is dimensionless. The arrangement
described was first suggested by Mr. T. H. Flowers, of
the Engineering Department of the Post Office.

It may be shown that when the traffic is offered to a
full availability group of trunks, the average propor-
tion of calls carried by individual trunks and the
average proportion of lost calls are the same as those
given by the Erlang formula.

Similarly it may be shown that with the arrange-
ment as described the average proportion of lost calls
with a scheme of interconnecting is the same as that
obtained theoretically on the assumption of pure
chance traffic and exponential distribution of holding
times.

.........

GENERAL DESCRIPTION OF ANALYSER

The problem of developing an artificial traffic
analyser has been occupying the attention of various
Administrations for some time. The best-known
machine is that developed by Dr. Kruithof, of the
Bell Telephone Co. of Antwerp?; this machine is
wholly electro-mechanical, even in respect of the
generation of its random events for which a mechanical
dice box is used. No fully developed electronic
traffic analyser other than the Post Office model is
known, although it is understood that Dr. Kostin, of
the Netherlands P.T.T., is working on the problem
using a rather different method from that now to be
described.

Electronic switching is sufficiently established for
the reliability of many of its techniques to be beyond
question, and although extremely high speed is not
an essential requirement of the machine, reliability is,
particularly when hundreds of thousands of ‘‘ calls
may have to be off.red to a grading during any one
test. It is not possible to tolerate mechanical wear
and the certainty of contact failures under such
conditions. Experience has shown that the decision
to use electronic equipment was fully justified and the
number of valve and component failures has been
negligible.

The essential elements of the analyser are :
1. The sources of random events.

2 “ Rotary Traffic Machine.” X. J. Kruithof.

2. The electronic elements corresponding to the
physical contacts wiped over by the hunting
action of a selector (these are known as
“contacts ™).

. The electronic elements corresponding to the
outlets connected to the contacts. These
contain the means for busying their associated
contacts and facilities for passing to later
outlets, calls which are offered when the
outlet is engaged. These elements are known
as “ registers.”

4. The call-counting meters which can be associ-
ated with any register or used to count the
number of overflows.

5. The control element which arranges to switch
the random events, one at a time at fixed
intervals, into the grading under test.

6. The cross-connection field.

The analyser is capable of dealing with any arrange-
ment of up to 130 outlets connected to a maximum
of 300 contacts. All possible methods of inter-
connection can be used ; each unit, i.e. contact, meter
or register, is terminated on pluggable connections.

w

Production of Random Events.

The random element is derived from the noise
voltage developed by eight sets of neon tubes (Fig. 2).
Associated with each tube is an amplifier the input
of which is biased so that the noise peaks above a
certain level are selected at the rate of about 3,000
per second. Each amplifier feeds into a pulse-shaping
trigger driving a two-position electronic counter.
These counters have two outputs, one of which is
positive and the other negative (with respect to
earth), the condition of the output wires being
determined by the position of the counter.

In order that the roulette may be as accurate as
possible, it is necessary that the chance of odd and
even number pulses received by the counter should
be equal. On the assumption that the peaks of
current from the neon tubes follow a Poisson distri-
bution, an average of 10 peaks between pulses
suffices.

The outputs from the neon amplifier counters are
grouped in four pairs, the four outputs from each pair
of counters operating on a 1 in 4 distribution table
in which a unique output is marked for every one of
the 22 combinations. The 1 in 4 tables are also grouped
in pairs and operate on two 1 in 16 distribution
tables each of which has a unique output for each of
the 2% combinations so obtained. The outputs from
the two 1 in 16 tables can be combined on the final
1 in 256 table to give a unique condition for every one
of the possible 28 combinations of the eight neon
amplifiers. The distribution tables are, in effect, the
electronic equivalent of contact * trees.”

The sources of random events (calls originating or
calls releasing) are derived from pulses generated at
the 256 output terminals of the ultimate distribution
table. Owing to the design features of the analyser,
it is necessary that at fixed intervals of time a pulse
shall be generated at one and only one of these
outputs at random. Hence, it is convenient to arrange
that although the neon noise is continuously generated
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Fic. 2.—BLOCK SCHEMATIC DIAGRAM OF THE TRAFFIC ANALYSER.

the counters associated with the neon amplifiers are
prevented from operating on the distribution tables
except when an “‘events” pulse is required to be
generated.

The master control circuit contains a multivibrator
running at a frequency of either 10 or 300 c¢/s as
determined by a key. At fixed time intervals
controlled by the multivibrator, a pulse is generated
which inhibits, for a short period, the operation of the
binary counters associated with the neon noise ampli-
fiers. During this period an examining pulse is applied
to the distribution tables to cause the tables, and hence
the roulette, to take up a position corresponding to
the combination marked on the stationary neon
counters. This action causes an events pulse to
appear at the particular roulette terminal which
happens to be marked at that instant. As the selection
of the terminal is random there is a 1 in 256 chance of
an event being generated at any particular terminal.
Any number of terminals may be connected together
to give any desired volume ¢f traffic.

Every examining pulse is counted on an electronic
counter and the analyser can be preset to stop after
12,800, 25,600, 51,200 or 819,200 examinations of
the roulette so that the probable number of events
operating on the grading under test can be pre-
determined.

The Electronic Grading.

The electronic grading, which is illustrated on the
right-hand side of Fig. 2, is composed of contacts and
registers. The contacts correspond to the contacts
of a grading while the registers correspond to the
outlets. A register may be associated with a number
of contacts. Thus, when a contact is associated with
one register only, that contact is an individual.
When two contacts are associated with a register,
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then the contacts form pairs, and so on. The figure
shows a typical arrangement of contacts and registers
and the corresponding schematic representation of
the grading.

As will be seen from the illustration, the events,
corresponding to call originations, are offered to the
first contact. If the register associated with this
contact is free, then the pulse causes it to become
engaged. If the register associated with the first
contact is engaged, then the first contact transmits
the pulse to the second contact. If the register asso-
ciated with the second contact is free, then the pulse
causes it to become engaged. If the register asso-
ciated with the second contact is engaged, then the
second contact transmits the pulse to the third
contact and so on. It will be seen that each register
has a connection to a terminal on the roulette. An
event occurring on one of these terminals causes the
release of a call on the register, if it is engaged. It
will be seen that meters may be associated with the
registers in order to count the number of calls carried
by them.

The two-valve circuits corresponding to the contacts
of a grading are shown in Fig. 3. If the contact element
(V1, V2) is used as the first contact of a group of
outlets its input p is connected to one or more of the
roulette terminals, and every time an event
occurs at one of these particular points a negative-
going pulse causes the potential on the grid of V1 to
be lowered so that the valve is cut off and its anode
potential rises towards the anode supply voltage.
In so doing, it raises the potential of the grid of V2,
which valve, if its suppressor grid were at its cathode
potential, would conduct and regenerate a negative-
going pulse at the contact output 4.

The suppressor grid of V2 is, however, connected
by a cord to terminal e of a register and is normally
maintained at a low negative potential.









special routine test facilities which enable the sequence
of events operating the machine to be accurately
predicted. For this purpose a small routine test
panel is arranged to step the roulette in a pre-
determined cycle and thus, when a grading has been
plugged up, the correct functioning of the circuit
elements can easily be observed. Facilities are also
provided for the testing of the cords for continuity
or reversals.

Results of a Typical Test.

The test consisted of offering a traffic of 4-0 T.U.s
to 10 trunks arranged in a full availability group.
The expected number of calls offered during the test
was 20,000. The number of calls carried by each
trunk and the number of lost calls are shown in Fig. 6.

The theoretical results derived from the Erlang
formula are also shown. It will be seen that the
agreement is good.
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Uses of a New Adhesive in Production of Piezo-electric Vibrators

U.D.C. 621.396.611.21 : 668.3

has found applications in the technique of

production of crystal vibrators for use in
telecommunications. This substance is capable of
making very strong joints between surfaces of glass,
ceramics and metals, provided that they can be
heated to the curing temperature, which is anywhere
between about 160° and 240°C. So strong is the joint
between glass and metal that in a destructive test
the glass will fracture before the joint.

Distinctive features of the material are that it can
be applied in powder form to the surfaces which are
to be joined, and afterwards melted by heating these
surfaces ; it can be kept in the molten state for some
hours, cooled and remelted several times provided
that its temperature does not reach the curing
temperature ; and the joints can be cured with heat
only, i.e. there is no need to use pressure.

In early experiments with Araldite a small hole in
a glass beaker was filled with the molten adhesive
and the repair was properly cured by heat. Various
solvents and reagents available in the Radio Branch
crystal laboratory were afterwards put into the
beaker to test the repair, e.g. boiling water, trichlor-
ethylene and chromic acid, and they had no
detrimental effect on the repair.

In the crystal laboratory the adhesive has been
used in two ways, (a) for the attachment of thin
wires to crystal elements to form supports and con-
nections to the electrodes, and (b) in the production
of abrasive wheels for cutting synthetic piezo-electric
crystals.

THE new thermo-setting adhesive, Araldite,*

Wired Crystal Elements.

The normal method of producing wire-supported
quartz vibrators is first to fire a silver coating, usually
a small spot, to the quartz surface, using special silver
paste and heating to 540°C, and then to solder to this

* Marketed by Aero Research, Ltd., Duxford, Cambridge.

spot a thin phosphor-bronze wire. The electrodes
are thin films of gold or silver deposited on the quartz
surface by cathode sputtering or by evaporation of
the metal in a vacuum, and the supporting wires which
are soldered to the silver spots act also as connections
to the electrodes.

Phosphor-bronze wires 0-01 in. in diameter, having
flat heads 0-045 in. diameter formed upon them, can
be joined to quartz plates with Araldite and the
joints can be properly cured, since the quartz can
safely be heated to 240°C. Such joints will withstand
a straight pull on the wire equal to 3,000 grams
before breaking, a strength equal or superior to
that of the soldered joint. With this method of
attachment, if the wire is to act as an electrode con-
nection as well as a support, the electrode metal,
which in this case may be gold, silver or aluminium,
must be deposited over the wire, the cemented joint
and the quartz surface.

Crystals of other piezo-electric substances which
can be grown from solutions have received much
attention respecting their uses as possible alternatives
to quartz. Notable among these is ethylene diamine
tartrate (EDT), and in the production of resonator
plates of this material Araldite has been used for the
attachment of the support wires. Here the problem
is more difficult since the crystal itself cannot safely
be heated to a high enough temperature to cure the
adhesive properly, and thus only partial curing has
been possible. The development of a variety of the
adhesive with a lower curing temperature may
contribute to the solution of this problem.

Abrasive Cutting Wheels.

For cutting quartz the use of diamond-charged
discs rotating with a peripheral speed of some 6,000 ft.
per minute has become universal. Discs of steel,
bronze or bakelite are common and the diamond grit
may be held in small radial slots in the periphery,
may be bound in a matrix which is attached to the
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Fault Location in Transmission
Equipment by Vibration Testing

and Continuous Monitoring

U.D.C. 621.317.333.4: 621.317.74: 621.395.5

H. G. MYERS, Bs..

This article describes equipment and methods developed to locate faults of all types, especially intermittent short duration
faults, which occur on transmission equipment before and after being put into service.

Introduction.

OWARDS the end of the war attention was

| being given to methods of improving the

circuit performance of the trunk network.

The loss of trained and experienced staff and the

consequent staffing difficulties, the installation of

12-circuit carrier and coaxial systems, some of which

were of experimental types, the rapid expansion of the

network and the manufacturing difficulties during the

war, all tended to degrade the electrical perform-
ance of the network.

The proposed introduction of the teleprinter
automatic switching scheme involved an investigation
to determine whether the existing design and main-
tenance of V.F. telegraph circuits to be associated
with the scheme would give the required standard
of service. It was anticipated that any investigation
into the pcrformance of these circuits would also
expose weaknesses in trunk circuits.

The investigation as first planned has largely been
completed and has shown, for a number of audio
and carrier circuits of different types and lengths, that
many equipment design, manufacturing and installa-
tion defects required attention. It has also shown
that the methods of setting-up and maintaining
circuits, as applied, did not reach the high standards
required.

Contact defects are, undoubtedly, one of the major
causes of instability and short interruptions on
circuits. These defective electrical connections are
liable to be introduced at all stages from the designand
manufacture of a component to the time the circuit is
put into service.
contact defect is straightforward its location may
present many difficulties : the type of defect
which causes intermittent short duration faults
is particularly difficult to locate. The serious-
ness of the difficulty, with the maintenance methods
available, can be appreciated when it is realised that
a London-Glasgow circuit routed over a 12-circuit
carrier group has approximately 7,000 soldered con-
nections and 6,000 pressure contacts (U-links, valve-
holder connections, etc.), distributed over 24 repeater
stations, many of which are unattended.

Experimental equipment for the location of contact
defects has been developed and extensively used in
the investigation referred to above. In due course,
more sensitive standard equipment will be available
for general application of the technique to all classes
of equipment.

The investigation has shown that preventive
maintenance methods for locating a defect before a
service failure occurs need revision, the most im-
portant of which is the introduction of continuous

Although the clearance of a.

monitoring over a period at several points on a circuit
in service. This enables a defect or recurring fault
to be located to a repeater station with certainty and
in the shortest possible time, without withdrawing
the circuit or system from service.

Contact Defects.

The family of contact defects so far encounteréd
includes many which are unwittingly cleared, tem-
porarily, by the application of normal maintenance
methods. The degradation of service due to them
has not been fully revealed in normal fault data.
The types of contact defects found include :—

Unsoldered joints; defectively soldered joints
(“ Dry joints ” or “ H.R.s 7).

Variable wire-wound potentiometers.

Defective spot welding of resistance wires and
valve electrodes.

Valveholder contacts and valve pins.

U-link springs and sockets.

Dry riveted and screwed connections.

Plug and jack sleeve or springs.

Spring contacts in jacks and keys.

Unwetted relay contacts.

Broken wires in loose mechanical contact.

Spurious contacts between wires, or between
wires and earth.

Loose connections on copper oxide rectifiers.

Bad contacts on pressure-mounted crystals in
crystal filters.

Poor connection of screened conductors.

Poor connections on heat coils and mountings.

Poor connection between line fuses and
mountings.

The performance of a transmission system is
generally assessed in terms of the failure of the service
to the user or operating service. This may give rise
to a fault report and the cause will not be found
unless the fault persists long enough to be located by
transmission measurements. Because of the time
factor many contact defects, which degrade the
service, may cause a series of fault reports over a
period of months before location is possible by the
maintenance engineer. During this period needless
out-of-service time and expenditure of engineering
effort is incurred.

A clean contact connection such as that between
U-link and socket or a clean wire wrapped tightly
round a clean tag, will cause no degradation of circuit
performance until atmospheric corrosion, dirt, damp
or mechanical fatigue produces contact resistance.
The contact defect then becomes unstable and the
slightest displacement of the contact may either
partially restore the electrical connection or cause a
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complete disconnection. A greater displacement will
sometimes temporarily clear the defect so that it will
lie hidden until sufficient time has elapsed to allow
the contact resistance to develop again.

A very troublesome contact defect in line plant is
the type which may be temporarily cleared when a
normal testing power of 1 mW is applied to the
circuit. A few defects have been found, particularly
in crystal filters and rectifiers, which could be
temporarily cleared by a testing power as low as
10 db. below the normal level. These faults
invariably recur.

ViBRATION TESTING TECHNIQUE
Principle of Test.

Without special testing equipment the location
of contact defects is often a matter of chance. Unless
inside a component, most unsoldered connections
can be located by very careful visual examination ;
this is the only way of locating a clean, tight, un-
soldered connection. On the other hand, a dry
soldered connection often looks perfect yet gives rise
to a series of short duration faults the clearance
reports for which are ‘“ Right when Tested” or
“Found O.K.”

To achieve the design performance of a circuit it is
essential that every contact defect be eliminated.
This can be done by first applying a vibration test to
every point in the circuit, followed by a very careful
visual inspection, and then by making continuous
observation of a signal on the circuit for at least
24 consecutive hours during weekdays by means of a
recording decibelmeter. If the overall loss of the
circuit is not stable further tests are made to locate
the cause of the variations.

The principle of vibration testing is to pass a signal
through the equipment to be examined and apply,
in stages, gradually increasing intensity of vibration
to each part of the equipment. The sidebands,
resulting from the disturbance of a contact defect,
are then detected by a suitable device connected to
the output of the equipment under test.

For audio frequency equipment the sidebands are
passed to a high gain loudspeaker amplifier and
there produce audible clicks. For carrier and coaxial
equipment it is necessary to detect the sidebands and
reduce one of them to the audio frequency band
before connection to the loudspeaker amplifier.

In the particular case of amplifiers, except for the
input and output circuits, a contact defect is associa-
ted with D.C. from the normal power supplies.
Vibration of a contact defect in a D.C. circuit
generates a square-top waveform and a wide band of
frequencies results. These may be detected as clicks
in a loudspeaker. To detect contact defects in the
input and output circuits of amplifiers and other
equipment where no D.C. flows it is essential that the
contact passes a “‘ wetting ”” A.C. signal.

Test Signals.

Some dry-soldered connections and contact defects
due to crystal mountings in filters, that have com-
pletely failed a transmission path, have been cleared
by the application of the normal testing power of
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1 mW, but no defect has yet been encountered which
could be cleared with a power lower than 10 db below
1 mW. If this type of contact defect is to be located
it is advisable in the first stage of the vibration test
to ensure that at no point in the transmission path
under test is the level of the * wetting’’ sgnal
higher than —10 db. (ref. 1 mW). In the final stage
the power may be raised to the maximum that the
equipment under test will transmit without over-
loading.

It is essential that the equipment under test should
effectively transmit the test frequency. The sideband
energy developed by disturbing a contact defect is a
function of the A.C. voltage across the defect and
the ability to detect it depends on the effective gain
between the defect and the loudspeaker. For shunt
resonant circuits, such as those in equalisers which
affect the transmission most at a particular part of
the transmitted frequency spectrum, some increase
in sensitivity can be obtained by choosing a test
frequency in this part of the band.

Fault Detection.

The resistance of a good soldered connection
measured with low level A.C. is of the order of
0-001 ohm, whilst that of a dry soldered connection
may be anything between 0-1 ohm and infinity,
depending upon its condition and the period that has
elapsed since it was last disturbed. In the early stages
of development the contact defect may have a rela-
tively low resistance and if it exists in a high im-
pedance path the sideband energy developed when
the defect is disturbed may be below the noise lovel
of the equipment. It is essential therefore that the
detecting device shall be as sensitive as possible.
A suitable apparatus developed for this purpose
is the Loudspeaker-Amplifier, 6B, described below.

Loudspeaker-Amplifier 6B. This portable, mains-
operated loudspeaker-amplifier (Fig. 1) employs a
conventional three-stage R-C coupled negative feed-
back circuit with wafer-type control switch allowing
the gain to be reduced 40 db. in steps of 8 db.; a
toggle switch allows a further reduction of 30 db. for
monitoring speech or music circuits. At maximum
gain, with an input voltage of 174 mV at 1,000 c/s,
the output voltage across 3 ohms is 1-74 volts with
a harmonic content less than 2 per cent. The
frequency response of the amplifier has a spread of
3-5 db. from 300 c/s to 10,000 c/s. With the input
closed with 600 ohms and at maximum gain the noise
level across 3 ohms is less than 6 mV unweighted,
and 1 mV when measured with a broadcast weighting
network.

Under normal room noise conditions an input
signal 96 db. below 1 mV at 1,000 c/s can be heard
2 yards from the loudspeaker.

In the design the size (13} in. X 9%in. X 5% in.) and
weight (7 Ib.) have been reduced to a minimum by
the use of a wafer type loudspeaker and electrolytic
decoupling capacitors.

Although the loudspeaker is very close to the
valves the choice of a non-microphonic valve for the
first stage eliminates the risk, with such high gain,
of an acoustic howl between the loudspeaker and






A special pair of pliers with long flexible insulated
jaws bas been designed. This tool produces a tweezer
action for gripping a wire from the normnal grip action
applied to the handle.

Acoustic Coupling between Loudspeaker and Equipment
under Test.

Some difficulty is experienced when vibration
testing is applied to equipment having microphonic
valves. Although clicks can be heard above the
microphopic noise the high gain in the loudspeaker-
amplifier necessary to detect small contact defects is
liable to set up an acoustic how!l between the loud-
speaker and the valves. This may be overcome by the
use of an extension valve adaptor, consisting of a
valve base wired with 9 in. flexible leads to a valve-
holder.

The valve and valveholder are first vibration tested
and the valve is then carefully removed from the
panel. The valve base of the adaptor is inserted in
the equipment valveholder and the microphoni valve
in the extension valveholder. This eliminates micro-
phonic noise which would otherwise occur when the
equipment is tapped. The valve is enwveloped in
cottonwool to reduce the acoustic coupling.

APPLICATION TO TRANSMISSION TESTING
Audio Frequency Equipment.

The use of a very low-level signal, just above the
equipment noise level, and a simple, high gain loud-
speaker-amp.ifier has the disadvantage of a continuous
audible tone from the loudspeaker and a very low-
level ““ wetting ”’ signal passing through the contact
defect.

By introducing a low-pass filter before the loud-
speaker-amplifier to cut off the testing frequency and
its harmonics, the level of the test signal through
the contact defect can be increased in proportion to
the suppression of the test signal by the filter, with a
corresponding increase in sideband level. However,
the maximum value at any point in the equipment
should not be greater than —10 db. (reference 1 mW)
or exceed the overload point of a component.

Fig. 2 shows the arrangement of the testing
equipment.

EQUIPMENT
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LOUDSPEAKER
No.48A AMPLIFIER 68

Fi1g. 2.—BLocKk ScHEMATIC DIAGRAM OF FAULT DETECTOR
FOR AUDIO FREQUENCY EQUIPMENT.

Pending development of standard equipment a
low-pass filter giving an attenuation of 65 db. at
2,800 c/s and 5,600 c/s (second harmonic) has been
constructed from standard equaliser components.
This filter is used with a 2,800 ¢/s testing signal from a
standard audio-frequency oscillator through a variable
attenuator. After an initial vibration test at a level
not exceeding —10 db. at any point in the equipment
under test, a test is made at the maximum level the
equipment can handle, with a corresponding increase
in sideband level.
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For testing 2-wire repeaters, a test signal of
1,900 ¢/s and a low-pass filter with a cut-off frequency
of 1,900 c/s are necessary.

Multi-Channel Voice Frequency Telegraph Equipment.

The low-level ““ marking * tone is used as the test
frequency appropriate to the looped telegraph channel.
Due to the unsmoothed H.T. supply to the detector-
amplifier and the narrow bandwidth of the filters the
detection of the sidebands generated when a minor
defect is disturbed is difficult. Experiments have
shown that defects of sufficient importance to affect
the performance of the telegraph system can be
detected by taking off the sidebands developed across
the anode decoupling condenser, through a 0-1 uF
capacitor and 100 c/s low-pass filter to the loudspeaker
amplifier.

Carrier and Coaxial Line Equipment.
The experimental equipment in Fig. 3 has proved
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F1G. 3.—Circuit DiAGRAM OF FAULT DETECTOR FOR
CARRIER FREQUENCY EQUIPMENT.

effective in detecting defects in carrier line equipment.
The 40 kc/s test signal is derived from the test equip-
ment normally provided at wunattended carrier
stations. This is fed through an attenuator to the
equipment under test and the output connected to
the detector.

The experimental detector is made up from
standard components. It incorporates a high-pass
filter for suppressing microphonic noise below 16 kc/s,
a bridge rectifier for detecting the sidebands generated
when a contact defect is disturbed, and a loudspeaker-
amplifier. The meter is included so that the test
signal level from the equipment under test can be
adjusted to ensure that the rectifiers are not over-
loaded, and that they operate on the most sensitive
part of their characteristic. Tests with half-wave
rectifiers of the Westector type showed that frequently
under field conditions they were permanently damaged
by high level signals.

With an output level of —10 db. (reference 1 mW)
from the equipment under test, the gain control is
adjusted to give 0-1 mA steady rectified current.
Under these conditions 0-1 db. change in level can
easily be detected with the Loudspeaker-Amplifier
No. 6B.

Coaxial line equipment and group and supergroup
equipment have been vibration tested using a coaxial
connection direct to the bridge rectifier. If a defect
was located to a panel whose components and wiring
were inaccessible with the panel on the rack, the final
location had to be made on a test bench.






If the circuit to be monitored is spare, a. stabilised
test tone at a level of 20 db. below 1 mW is applied to
the circuit and the decibelmeter, preceded by a
suitable amplifier, is connected to the circuit at the
distant end.

Provided a transmission path is free from contact
defects and unstable components and provided the
equipment is operated from stabilised power supplies,
then the variations in level on the path are due to
fundamental changes such as the variation in attenua-
tion with temperature of coaxial and carrier cable.
For audio frequency circuits the temperature effect is
very small and therefore it would be expected that
day-to-day changes in level of a test signal trans-
mitted over the transmission path would also be small.

The use of the recording decibelmeter has shown
that if a circuit is free from defects the changes in
level over long periods may vary between 0-2 db. and
1 db., depending on the length of the circuit and type
of amplifying equipment. A 400-mile circuit using
Amplifiers No. 32 should not vary by more than
+0-2 db. A circuit with contact defects, faulty
components or valves shows considerable variation in
level over short periods, and if the defects are disturbed,
transient changes occur which may disconnect a cir-
cuit for a few milliseconds. A contact defect in the
feed-back path of an amplifier may cause momentary
rises in recorded level.

In general, a defect likely to affect the overall loss
of a circuit behaves in a characteristic manner and
exhibits a characteristic trace. It is sometimes
possible, therefore, to diagnose the type of defect from a
record taken over a period of time on a decibelmeter.

Continuous Monitoring on Transmission Paths in
Service.

One contact defect of a recurring transient nature
can be;, ar}d often is, the cause of the bad fault record
of a circuit. From the point of view of the mainten-

ance and operating staffs, however, it is unsatisfactory
to withdraw a circuit from service for vibration
testing and continuous monitoring for long periods,
to find perhaps only one defect; this aspect is even
more serious when the H.F. path of a carrier or
coaxial system is concerned. :
Continuous monitoring on transmission paths in
service is, therefore, attractive from both the service
and the maintenance points of view. It allows lost
circuit time due to faults to be reduced and improve-
ment in circuit performance to be made between
reported faults. It permits the maintenance engineer
to carry out his work in clearing faults without being
pressed to restore a circuit or system to service before
he is satisfied it is fault free. It also allows him
periodically to check the performance of circuits in
service, and to detect and clear a defect before
service is seriously affected or a fault reported.

M.C.V.F. Telegraph Circuils.

Fig. 5 shows a method of monitoring both directions
of a V.F. telegraph circuit in service. It utilises a
band-pass filter 2,580 4-50 c/s (Filters, Frequency 384),
and a monitoring test signal of 2,580 c/s. This signal
is capable of being transmitted by Tariff E circuits
and will not interfere with the V.F. telegraph channels.
The bridging loss of the monitoring equipment to
V.F. telegraph channels is negligible.

A similar arrangement to that shown at the
receiving end may be connected at various points in
the circuit. All recording decibelmeters on the circuit
up to the defect will show a straight line record and
those beyond should show the same irregular trace.

Speech Circuits.

One monitoring arrangement, shown in Fig. 6, is
similar to that used on V.F. telegraph circuits except
that additional filters are required to prevent the
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monitoring signal reaching the subscriber and prevent
speech frequencies entering the monitoring circuit,
The additional filters are band-stop, 2,580 4+ 100 c/s,
and one is required at each end of each direction of
transmission.
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F1G6. 6.—BroCK SCHEMATIC DIAGRAM OF EQUIPMENT FOR MONITORING ON SPEECH CIRCUITS, INDICATING LEVELS OF TEST TONE.

ends, and connecting on the line side of these filters a
band-pass filter 3 kc/s 4= 50 c/s at one end and 3-2 ks
4+ 50 c¢/s at the other end (Fig. 7).

Speech Circuits Routed over Carrier Channels.

Equipment similar to that shown in
Fig. 6 or Fig. 7 is connected in the

|
~ . .
2800 <> 2800}—— STATIONEB channel ends. This arrangement will
~
1

check the stability of the channel, but
if there is a defect on the H.F. path it
can only be located by pilot monitoring
equipment at all amplifying points.
CONTROL Experimental equipment which moni-
@ A—>B tors a 60 kc/s pilot injected at the
JBMETER sending end of the H.F. path has proved
N 4 a reliable method of locating contact

Fi1G6. 7.—BLoCK SCHEMATIC DIAGRAM OF EQUIPMENT FOR SIMULTANEOUS defects
MONITORING IN BoTH DIRECTIONS ON 2-WIRE ENDS OF SPEECH CIRCUITS.

Alternatively, ‘ Filters, Composite, Speech +
Duplex ” may be used. These filters incorporate a
band-stop filter (1,470 c/s to 2,080 ¢/s) and a band-pass
filter (1,560 c/s to 2,000 c/s), the frequency of the
monitoring signal being 1,740 c/s.

For monitoring one direction of transmission at a
time the composite filters can be connected in the
2-wire path but if echo-suppressors are used in the
circuit thev have to be rendered inoperative and the
circuit degraded by 3 db. From a maintenance aspect
it is preferable to monitor each direction of trans-
mission separately from the 2-wire side and to place
the responsibility for checking circuit performance at
the receiving end where the recording decibelmeter
provides the performance data. This can be achieved
by introducing 2,800 c/s L.P. filters in both the 2-wire

Music Circuits.

As these circuits are unidirectional only one set
of composite filters is necessary.

Experiments have been made using a 10 kc/s low-
pass filter in the music path and a 12 kec/s high-pass
filter for taking off the monitoring signal of 12 kcfs
at the receiving end (Fig. 8).
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F1G. 8.—Brock ScHeMATIC DIAGRAM OF EQUIPMENT FOR
MonNITORING Music CIRCUITS.
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For music circuits which cut off at 8 kc/s or 15 kcfs
other filter combinations will be required.

Interpretation of Chart Records.

Typical specimens of the traces on circuits in
service are shown in Fig. 9.

Fig. 92 shows the trace of a 400-mile looped audio
V.F. telegraph circuit 2} years after overhaul using
vibration testing.

Fig. 95 shows the trace of a 450-mile carrier circuit
routed over 250 miles of 12-channel carrier and
200 miles of coaxial path. Using 60 kc/s pilot monitors
defects were observed on the 12-circuit carrier path
and finally located by vibration testing. The coaxial
path was overhauled at all stations, involving the
withdrawal of the system from service every week-end
for 6 months.

Fig. 9¢ shows the trace of successive failures of a
V.F. system on a carrier channel due to interelectrode
contact in the valve in the carrier channel panel.
The clear of the fault in both cases was recorded as
““ measured and found O.K.”

Fig. 91 shows successive failures from a contact
de’ect which was located at an unattended repeater
station. The duration of the failure and the time at
which it occurred made diagnosis and location of the

fault extremely unlikely by normal fault procedure
and transmission measurements.

Fig. 9¢ shows the effect of a typical carrier cable
fault.

Conclusions.

Work is proceeding on equipment designed to give
improved facilities and greater sensitivity in fault
detection, and a new mains-operated H.F. {fault
detector developed by the Research Branch will enable
a defect causing a level change of 0-01 db. to be
located. Standard oscillators of the neon-stabilised
milliwatt type are being designed for use on con-
tinaous monitoring ; these will replace the modified
Oscillator No. 13 employed at present.

Meanwhile, there seems no doubt that vibration
testing will help to reduce the faults due to line plant
and improve the performance of line plant in the
period between successive faults. Elimination of
contact defects in new equipment will enable a true
measure of the design performance to be assessed.

Continuous monitoring will provide an invaluable
aid to the maintenance engineer in solving recurring
fault problems. It will also check the stability of new
equipment or new circuits. As a means of providing
basic data for study of weaknesses in maintenance
methods and fault-reporting procedure, it should be
of great assistance to the Engineering Department.

Book Review

“ Microwave Antenna Theory and Design.”” Samuel
Silver. McGraw-Hill Publishing Co., Ltd., London,
1949. 623 pp. 3381ill. 48s.

This book, Vol. 12 in the Radiation Laboratory Series
sponsored by the Massachusetts Institute of Technology,
is probably the only book at present available dealing
solely with the aerial aspect of microwave (chiefly 3,000
to 30,000 Mc/s, Band 10) techniques. The contents are
well balanced since they include both the application of
field and transmission line theories to aerial problems and
the more practical aspects of aerial design; only a
moderate acquaintance with transmission line theory and
vector analysis is assumed.

Chapters 3 to 7 contain mainly general theory. The
field equations are derived and solutions obtained which
permit calculation of the radiation patterns of simple
linear elements. Geometrical optics, current distribu-
tion and aperture field distribution methods for calcula-
ting the radiation patterns of reflector type (e.g.
paraboloid) aerials and the Kirchhoff diffraction formula
for open apertures are given and the effects of different
illuminations on the radiation patterns of both rectangu-
lar and circular apertures are examined. A short section
is devoted to Babinet’s principle as applied to electro-
magnetic fields. (H, should be replaced by E, in equation
(127) in this section).

The general theory of propagation in waveguides and
a qualitative treatment of the effects of obstacles and
junctions in waveguides and coaxial lines is given in
Chapter 7.

Chapters 8 to 13 present more specialised theoretical
treatments of various aerial problems together with a
considerable amount of practical information; this
section of the book is probably the most valuable to
engineers.

In Chapter 9, calculation of the radiation patterns of
linear arrays is considered using the technique of the
associated polynomial developed by Schelkunoff, but the
converse problem of beam synthesis is not given as much
attention as could be desired. Considerable space is
devoted to the theory and practical characteristics of
slot radiators. Waveguide and horn primary feeds are
fully treated in Chapter 10, the theoretical and practical
results presented being particularly useful for design
purposes.

Chapters 11, 12 and 13 deal in detail with dielectric
and metal plate lenses and reflectors for producing pencil
beams and beams of other shapes. Dimensional toler-
ances and impedance matching are considered in all
cases. Unfortunately no mention is made of the metallic
delay lenses recently described by W. E. Kock and very
little attention is paid to ““ cheese *’ aerials.

Chapter 14 considers some aerial installation problems,
chiefly spurious reflections from surrounding objects and
radomes in airborne radar.

The last two chapters are concerned with aerial
measurement techniques and equipment. Impedance
measurements by observation of standing waves on the
aerial transmission line are considered, with special
attention to the precautions necessary when making
measurements on radiating elements. The factors invol-
ved in choosing a test site for radiation pattern measure-
ments are dealt with in detail. Several methods for the
determination of aerial gain are described and a section is
devoted to a theoretical treatment of interaction between
the transmitting and receiving aerials in such measure-
ments.

This book will, without doubt, be of considerable
value and interest to engineers responsible for the
development of aerials for radio relay and radar systems.

S.B. M.
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A Survey of Modern Radio Valves

K. D. BOMFORD, M.sc., AM.I.E.E.

Part 3.—Receiving Valves for Use Below 30 Mc/s

U.D.C. 621.385

The modes of operation of the more widely used types of receiving valve are discussed and contrasted and the various factors

limiting their performance are discussed. A considerable amount of data is included on the physical form and the character-

istics of modern valves, and some information is given about the time distribution of valve life and the conditions that
conduce to long life.

Introduction.

RIGINALLY thermionic valves were used
Oonly in radio receivers, and when, somewhat

later, larger valves came to be used in trans-
mitters they were called * transmitting valves "’ to
distinguish them from the smaller * receiving valves.”
This nomenclature has persisted to the present day,
and although small valves now have innumerable
uses, often far removed from radio receivers, the term
“ receiving valve ” by common usage includes all
types of small valves whatever their intended
application.

The present range of receiving valves is so wide
that a useful discussion of valve performance and
construction in a short article is only made
possible by severely restricting its
scope. It is therefore proposed to
refer only to vacuum receiving
valves intended mainly for telecom-

These several classes of valve will now be con-
sidered briefly in turn.

The Diode.

The diode finds wide application as a power
rectifier and as a high frequency signal detector.
The necessary properties of a power rectifier are
adequate emission,-high insulation to withstand the
inverse cathode-anode voltage, low forward impedance
to ensure high efficiency and good regulation, and
adequate size so that thermal radiation and convection
are sufficient to limit the working temperature to a
safe value. The inherent properties of the vacuum
diode are such that all these desirable qualities can
only be economically achieved for small power

TABLE 1

Basic Classes and Typical Applications of Valves for use below 30 Mc/s

munications wuse at frequencies

‘ Anode current (I,)/

: Predominant Typical
belqw 30 MC/ s and to omit such Basic Type Characteristics Applications anode voltage (Va)
devices as cathode-ray tubes, photo- characteristic
electric cells, gas-filled valves and
crystal detectors. Valves designed L. Diod Conducts i P it
: . 10de onducts 1in one ower rectiber ;
fo'r use at freque.naes abovc; 30 Mc/ S direction only signal detector; 1a
will be covered in later articles. mgodula.tor
V.
THE Basic VALVE CLASSES =
There are five basic classes of 2. Triode Low anode A.C. | Detector;
thermionic vacuum valve in common ;’l‘?sﬁtaﬂ%ei 3mlﬁlﬁter ; Ia
use below 30 Mc/s, plus a sixth c;%aggn';n‘)de oscriiator
category covering such valves as Va
triode-hexode frequency changers 3. Screen- High anode A.C. | Special = circuit
and other combinations of two grid valve | resistance ; q appllciltllons
valves in one envelope. These basic g‘;’f&gg&o © Ezlgna%civee .
classes and their more common . 1./V, character- | resistance 2
applications are summarised in istic affected by characteristic .
Table 1, which also gives some indica- secondary va
tion of the functional differences by emission
showing the form of the aY}OC!e 4. Beam High anode A.C. | Small power
current/anode voltage characteristic Tetrode resistance ; amplifiers
for each class. The many applica- glgh mutual con- 1a
tions of thermionic valves have uctance
naturally produced a large number -Va '
of type variations within each class; 5. Pentode High anode A.C. | All types of cir-
yp s : ; X
for example, H.F. pentodes are avail- lfeSIStance: 4 Cul?ui amplifier;
able with several different base szgagclilt(;-sféo € figéuﬁﬁf Ia
connections and assemblies, for mains
or battery supplies, with glass - - va
envelopes or all-metal construction, 6. MUIltlple Various Fﬁequerl?}’
with variable-mu characteristics, valves e and
with low noise characteristics, and of amplification
normal size or in miniature con- by one valve,
struction. ete.
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substantially repels the secondary emission electrons
back to the anode.

The anode voltage/anode current characteristic
of the beam tetrode differs from the pentode charac-
teristic in that it rises much more steeply at low
voltages and has a sharper knee, and the straight part
of the characteristic therefore extends over a wider
anode voltage range. At first sight this suggests that
a larger anode swing is possible with a beam tetrode
than with a pentode but in practice the secondary
emission is not entirely suppressed for low anode
currents in the beam tetrode and this may limit the
working anode voltage range to a value no greater
than that obtained with a comparable pentode. The
amount of distortion produced by both types of valve
is about the same; there is therefore generally
little to choose between them, except for the minor
point that the screen current of the beam tetrode is
lower than for a similar pentode valve taking the same
anode current.

Valve Requivements.

Most receiving valves are used in conventional
circuits under reasonably stable conditions and this
makes it possible to list the following general require-
ments. No significance should be attached to the
order in which they are quoted, however, and certain
requirements do not, of course, apply to diodes.
High mutual conductance.

Small interelectrode capacitance.

. Low noise.

. High input impedance.

. Lowharmonic and intermodulation distortion.
. Low power consumption.

. Long life.

Uniformity between valves of the same type.
. Small size.

10. Low cost.

The degree to which these properties are combined
in any one valve will, of course, vary because many of
them conflict. For instance, a high mutual conduct-
ance tends to make the input resistance low at high
frequencies while greater uniformity generally involves
a higher cost.

When new and unusual applications are involved
the stress that must be placed on one particular factor
may heavily outweigh that on many others; on the
other hand, there are certain requirements that can
rarely be ignored, one of which is the need for long
life. This is of special importance in the Post Office
because of the effect on reliability and maintenance.

€© 00 =1 O UL $0 DO

VALVE PERFORMANCE FACTORS

The magnitude of the mutual conductance and
interelectrode capacitances of typical modern receiv-
ing valves have already been mentioned and these
two factors can be combined to give a comparative
indication of the merit of a valve as a high frequency
amplifier.! The usual factor used is the ratio of mutual
conductance to the sum of the input and output valve
capacitances (g/c ratio) and this factor is of particular

1C. Lockhart: ‘ Figure of Merit of H.F. Valves.”
Electronics and Television, March, 1941.
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value in the case of valves designed for broadband
amplifiers where it is a measure of the stage gain that
can be realised.

In calculating this performance factor, working
values of capacitance are taken which allow for valve
holder and wiring capacitances and these are usually
assessed at 1-0 micro-microfarads on both input and
output. This gives the cold working factor, but in addi-
tion the hot working factor which allows for the increase
in input capacitance under running conditions is more
often used. The figures quoted in this article are for
the hot working condition.

The best figure of merit obtainable at the moment
is about 0-5 milliamps. per volt per micro-microfarad
for a small high-performance H.F. pentode, and as
will be seen later this is substantially better than the
figure obtainable 10 years ago. The medium slope
H.F. pentodes have a g/c factor of about 0-1 only.

Convenient as it is the g/c ratio yields only part of
the necessary information for assessing the true merit
of an amplifying valve. In the first place the valve
capacitance is increased by the valve holder and stray
wiring capacitances and the larger valve will suffer a
smaller percentage increase in effective capacitance
than a small valve with the same initial g/c ratio.
On the other hand, the absolute magnitude of the
capacitance should be kept to a minimum since it
limits the magnitude of the resistance load that can
be built up over a given frequency range, and thereby
limits the wideband amplification obtainable. With
tuned couplings it is also desirable, for stability rea-
sons, that the valve capacitance should form as small
a portion of the total tuning capacitance as possible.

For tuned amplifiers with their high input and
output circuit impedances the valve input impedance
may be a limiting performance factor at frequencies
exceeding about 10 Mc/s and its effect will now be
discussed.

Input Resistance at High Frequencies.

As the frequency is increased above about 10 Mc/s
the input conductance between grid and cathode rises
rapidly and must be taken into account. This con-
ductance has two components of similar magnitudes ;
the first arises because the electron transit time
ceases to be a negligible fraction of the time for one
cycle of the applied signal,? and the second is due to
the inductive reactance of the cathode lead.® This
input conductance is a major factor in valve per-
formance at frequencies above 30 Mc/s and will be
considered again in a later article. However, its effect
below 30 Mc/s cannot be ignored where tuned high
impedance couplings are used, and a brief indication
of the magnitudes to be expected will be given.

The conductance due to transit time is

G, = K'gw?t
and to cathode lead inductance
s = gw?LC

2'W. R. Ferris: “ Input Resistance of Vacuum Tubes as

Ultra High Frequency Amplifiers.” Proc.I.R.E., January,
1936.

#M. J. O. Strutt and A. Van der Ziel: * The Causes for
the increase of the admittance of Modern H.F. Amplifier
Tubes on Short Waves.” Proc.I.R.E., August, 1938.



where K’ is a constant depending upon the electrode
geometry and potentials,

is the mutual conductance,

the angular frequency,

the electron transit time,

the cathode lead inductance

and C the cathode to grid capacitance.

The combined conductance is therefore propor-
tional to gw? or, more conveniently, the input resist-
ance can be expressed as

R = Klgf?
where K is a new constant and f is the frequency.

As an indication of the magnitudes of the input

resistance to be expected, Table 3 shows typical

g o

TABLE 3

Approximate Input Resistance at 30 Mc[s of Various Types of
Receiving Valve

Input resistance
Type of valve at 30 Mc/s

(ohms)

Medium slope H.F. pentode 25,000

High slope H.F. pentode 8,000
High slope, miniature con-

struction, H.F. pentode 20,000
Acorn construction,medium

slope H.F. pentode 200,000

High slope power pentode 1,000

values at 30 Mc/s for several types of valve, and as
would be expected the smaller valves with their better
transit times, and those with low mutual conductance,
have the highest input resistance. The magnitude of
the valve damping is also illustrated by the curves
of Fig. 3, which show how a typical tuned circuit

CIRCUIT UNDAMPED

N DAMPED BY MEDIUM
\ N\ |S-OPE HE PENTODE.
150
(¢}
[ 4 —
S T
8 1o A,
g "\ DAMPED BY HiGH
2 \s:opc H.F. PENTODE
s N
o % e —
% 10 20 30

FREQUENCY Mc/s

F1G6. 3.—VARIATION OF Q WITH FREQUENCY FOR A TyPICAL
TuNED CIRCUIT DAMPED By THE INPUT RESISTANCE OF A
VALVE.

with an undamped Q) value of 200 has its effective Q
reduced when placed in turn in the grid circuits of a
high slope and a low slope H.F. pentode. It is worth
noting that the reduced damping largely offsets the
gain reduction resulting from a lower mutual conduct-
ance besides giving a sharper selectivity characteristic.

Valve Noise.

The random rate of arrival of the electrons at the
anode produces a small fluctuating current which
appears as a background noise to the required signal
and therefore places a lower limit on the input signal
level for a given signal-to-noise ratio. The noise
energy is uniformly distributed over the frequency
spectrum and the magnitude of the fluctuating
current, ¢, is given by
1 = F2%2[.eB

where [, is the emission current,
¢ the electron charge, 1-60 x 10-1? coulombs,
B the bandwidth in cycles per second

and F? a factor depending upon the construction
and conditions of operation of the valve.

The factor F2? has its largest value, of unity, in a
diode operated under temperature-limited conditions
and the noise current can be calculated with sufficient
accuracy to make such a diode useful as a reference
noise source for measurement purposes. As mentioned
in Part 2 of this series, the presence of the space
charge smooths out the variations to an appreciable
extent and in a triode operating under space charge
conditions F2 is as low as 0-05. Pentodes are appre-
ciably noisier than triodes and the factor F2? is
dependent upon the ratio of screen to anode current
and an F2 value of 0-3 is common.

For ease in comparing the noise generated by
different valves and for estimating the combined valve
noise and the thermal agitation noise generated
externally in the grid circuit, it is convenient to
assess the valve noise in terms of the resistance in the
grid circuit whose thermal agitation noise appearing
at the anode would equal the valve noise. Such a
resistance, at room temperature, has the value

2
R, — 20,00021 W F ohms
8

where g is the mutual conductance in milliamps. per
volt and I, the anode current in milliamps.
It will be noted that R, depends upon 1/g2 and if g is
changed by either valve ageing or alteration in the
operating conditions then R, must be changed
accordingly ; in other words, the noise actually
originates as a current variation in the anode circuit
and is only referred to the grid circuit for convenience.

Typical values of equivalent noise resistance for
various classes of valve are shown in Table 4. In the
special low noise pentode a lower F2 factor is obtained
by beaming the electron stream to miss the wires of
the screen grid, but in order to reduce the screen cur-
rent effectively in this manner a more open mesh
screen must be used. As a result a larger anode-to-grid
capacitance and a lower internal resistance must be
tolerated. The high noise resistance of the frequency
changer illustrates the need for H.F. amplification
before the frequency changer in a superheterodyne
receiver to achieve a better signal-to-noise ratio,
particularly at high frequencies where the step-up that
can be provided by a tuned grid circuit is necessarily
small.

There are other sources of noise: at frequencies
below 100 kc/s oxide-coated cathodes cause noise due
to the Flicker Effect, i.e. to variations in the emitting
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surface, which may be more troublesome than the
shot noise ; increased noise also results from a poor
vacuum, low insulation resistance and impurities on
the inside of the valve envelope.

Non-linear Distortion.

The non-linear relation between grid voltage and
anode current generates harmonics and inter-
modulation products of the various frequency com-
ponents in the signal. For such wuses as the
amplification of multichannel telephone signals where
the intermodulation requirements are unusually
severe this distortion is a limiting factor in design.
Since the unwanted products arise from the inherent
valve characteristics they must, in general, be
accepted and restricted to tolerable magnitude by
limiting the signal level and by using negative feed-
back.

TABLE 4

Equivalent Noise Resistance of Varvious Types
of Receiving Valve

Mutual Equivalent
Smoothing | conduct- quivalen
Type of valve factor ance réls(i);ig, nce
F* (Milliamps
per volt) (ohms)
Medium slope low cur-
rent triode amplifiers 0:05 2 1,000
Medium slope H.F. pen-
tode amplifier 0-3 2 14,000
Special low mnoise low
slope pentode (with
small screen current) 0-08 2 4,000
High slope H.F. pen-
tode amplifier 0-3 9 900
Triode-hexode frequency
changer — —_— 200,000

Power Consumption.

Although the signal power handled by receiving
type valves is generally very small the efficiency of
the valve is so poor, often less than 1 per cent., that
there is appreciable power dissipation which the
equipment designer must take into account. The
problem has been accentuated by the introduction of
miniature valves in which the decrease in power
consumption is far less than the decrease in size,
when compared with the normal receiving wvalves.
These miniature valves, with miniature components,
have made possible large reductions in equipment
size, and designers have naturally exploited this to
the full since space is usually expensive. This has
been particularly so in the case of airborne equipment
where the need for economy in space and weight
provides a major stimulus. Since the heat from a
valve is dissipated by convection and radiation in
roughly equal parts the designer must take care to
provide adequate ventilation and sufficient surface
area for radiation, and the mechanical design of tele-
communications equipment therefore is becoming
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more and more influenced by this problem of heat
dissipation.

To see the problem in its true perspective it is not
sufficient to consider a single unit with only a few
valves but it is necessary to visualise closely spaced
racks of equipment using, perhaps, up to 100 valves
per rack; or, alternatively, to consider electronic
computing machines with thousands of valves in a
relatively confined space. In such installations heat
dissipation is becoming a major consideration and
obviously any reduction in power consumption which
improved valve design may achieve will be more than
welcome.

Progress in Valve Development.

As an indication of the progress made in small
receiving valves a comparison has been made in
Table 5 of the characteristics of typical high mutual
conductance pentodes available over the last 15 years.
It will be seen that although the mutual conductance
has shown no increase, indeed it has fallen slightly, the
g/c ratio, and the input resistance, taking the value at
30 Mc/s as a criterion, have improved appreciably,
due mainly to the striking reduction in size. It is
doubtful whether the size can be further reduced
without an appreciable reduction in power dissipation
and close attention to detail will be needed in
achieving any further appreciable improvement in
performance. It is interesting to note, however, that
a new H.F. pentode* has recently been described
which has a wideband performance factor some
70 per cent. better than the previous best high slope
pentode. The valve uses a planar electrode structure
with a grid-cathode spacing of only 0-0025 in. and a
very close grid winding pitch that necessitates a grid
wire of only 0-0003 in. in diameter. This wire, which
is so fine that it is described as being one-tenth of the
diameter of a human hair, must be wound at a tension
of about half its breaking strength in order to obtain
a rigid and stable grid structure. Whether such a
grid-cathode structure can be economically mass-
produced and whether it will be sufficiently reliable
for normal use remains to be seen, but it is an indica-
tion of the manufacturing problems that must be
faced if the performance of the conventional valve
is to be appreciably improved.

There remain two very important properties, not
listed in Table 5, where considerable improvement can,
and it is hoped will, be made, namely, an increase in
useful life and greater uniformity between valves of
the same type.

VALVE LIFE

Valve failures may be conveniently considered
under two headings, suddenly occurring failures, and
a gradual falling off in emission until the valve must
be replaced.

The lives of a large batch of valves all made at the
same time and put into service and run continuously
under identical conditions, generally conform to the
following pattern. During an initial period of about
100 hours there are several failures, some of which

4 G.T. Ford. ‘ The 404A—A Broadband Amplifier Tube.”
Bell Laboratories Record, February, 1949.



TABLE 5

A Comparison Showing the Development of High Performance Pentodes

ovey the Last 15 Years

It is the lack of uniformity that
complicates the maintenance problem
and makes it desirable to check one of

1938 j 1940

DATE :— l 1935 {

the significant valve parameters periodi-

1945 cally for an indication of when a valve
50 should be changed.
SCALE The Exponential Distribution.
(mm) Analysis of the failure of batches of
[-100 identical valves both here® and in
America® indicates that after the very
— short initial shake-down period the
50 failures follow an exponential distribu-
tion. When this is so, the following
important deductions may be made :—
-0 : ot (@) The rate of failure, expressed as a
percentage of the valves remain-
Manufacturer’s N43 SP41 EF50 — ing, is constant.
Code . (8) Purely from life considerations
there is no point in indulging in
C.V. No. CV1675 CV1699 CV1091 CV138 preventive maintenance and
changing all wvalves at fixed
intervals, because the new valves
Heater voltage 4-0 4+0 6-3 63 have the same probability of
Heater current failure as those they replace.
gl;[(l)gse‘) current 20 0-95 03 0-3 (c) The results of tests over a
at 250V (mA) 40 11 10 10 restricted period can be extra-
Screen current polated into the future to forecast
at 250V (mA) 10 2-8 30 2-5 both the expected rate of valve
Egtallngoxgzr failures and the average life
(W’;Stts)" " 20-5 7.3 51 50 expectancy, the latter correspond-
ing to the time when 37 per cent.
of the valves remain in service.
Mutual conduct- It is by no means certaiq, .however,
ance, g (mA that all valves under all conditions have
per V) 10 85 65 7.5 an exponential distribution and these
Input capaci- deductions must, therefore, be applied
tance (uuF) 25 15 10 10 with caution.
Output capaci-
?;:iilglg;Fn)lerit 20 56 5-6 3 The Effect of Operating Conditions on
gle (hot work- Valve Life. .
ing) . 0-22 0-38 0-37 0-50 Valves are generally provided with
&Ilz.%%t ;fsll:tance sufficient emitting material to last for
many times the average life normally
ggx?ililent 1,000 approx. 600 11,000 22,000 obtained, and as would be expected
noise resistance- from the random nature of the failures,
(ohms) 4,000 approx. 850 1,200 800 the reasons for cathode poisoning are
varied, complex and still not entirely
understood.”

may occur during the testing and lining-up of the
equipment before it is passed into commercial opera-
tion. Following this initial shake-down period the
performance of the valves in terms of the mutual
conductance or anode current often shows a small
improvement before the long gradual deterioration
sets in. The shape of this performance/time charac-
teristic will be widely different for different valves,
and if the end of the useful life is determined by a
specified value of mutual conductance or anode current
the lives of the individual valves will have a random
distribution. In addition, there will be the usual small
sprinkling of catastrophic failures due to breakages,
burnt-out filaments or heaters, or short-circuits
between electrodes, some of which may be due to
faults developing in the associated circuit.

Much can be done, however, to prolong valve life by
careful control of the operating conditions and there
is fairly general, but not unanimous, agreement on the
following points :—

(@) It is worth while to pre-age valves by running
under normal conditions for about 100 hours to
weed out the early failures.

(6) An improved life is obtained by under-running
the heaters by about 10 per cent. on most
commercial mass-produced valves.

5N. W. Lewis: ‘“ Notes on the Exponential Distribution
in Statistics.” P.O.E.E.J., April, 1948.

¢ D. K. Gannett: * Determination of the Average Life of
Vacuum Tubes.” Bell Laboratories Record, August, 1940.

7G. H. Metson: * Poisoning Effects in Oxide-Cathode
Valves.” P.0.E.E.J., January, 1949.
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A New Design of Wheatstone Bridge

U.D.C. 621.317.733

W. L. SURMAN, AM.EE.

The disadvantages of the Post Office Box type of Wheatstone bridge have been eliminated in a new design known as
Wheatstone Bridge No. 2. The new item described in this article is self-contained, measures resistances from 1 to 9,990 ohms

and has an accuracy of 1- 0-5 per cent. to 4- 1-0 per cent.

A useful feature of the instrument is that the switch controlling

the electrical alteration of ranges is combined with a visual indication of the position of the decimal point.

Introduction.

OR as many years as the majority of the staff
Fof the Post Office Engineering Department

will remember the loose plug type of Wheatstone
bridge, generally known as the Post Office Box, has
been used where accurate measurement of resistance
is required. It has been felt for a long time, however,
that the design of the instrument does not lend itself
to modern usage and production methods, and two
new bridges have been introduced which, it is ex-
pected, will completely supersede the Post Office Box
in the course of time.

Of these two, which are known as Wheatstone
Bridges Nos. 2 and 3, the No. 3 is a commercial item
having accuracy comparable with the Post Office Box
but with decade dials. The Wheatstone Bridge No. 2,
however, has been developed by the Engineering
Department and it is the purpose of this article to
describe it in some detail.

General Requirements.

The Post Office Box is capable of measuring resist-
ance to within -4+0-02 per cent., but for the greater
proportion of tests where a resistance measurement
is required, this order of accuracy is unnecessary.
The set has the disadvantages of not being self-
contained, requiring a separate battery and galvano-
meter, the loose plugs being easily lost, and the result
not being directly read.

The other methods of resistance measurement in
general use are the Bridge Megger, the * Voltmeter
Deflection > method using either the test desk volt-
meter or the Detector No. 4 and, occasionally, a multi-
range instrument such as the Avometer. All these
methods have considerable disadvantages however.
Thus, the Bridge Megger is rather cumbersome and
the testing voltage is usually too high. The
“ Voltmeter Deflection ” method relies on the
accuracy of two separate readings of voltage, and the
estimation of the resistance, either by calculation, or
by the use of tables which include only a selected
number of resistances, the remainder being obtained
by interpolation. It is doubtful whether the accuracy
of this method is better than --10 per cent.

The multi-range meter gives a direct reading of
resistance value and is very convenient, but only a
comparatively small part of the scale can be read and
relied upon to better than 10 per cent. The scale on
any range extends from zero to infinity and, unless
the user realises the limitations of the instrument, he
is likely to place unwarranted reliance on the apparent
accuracy. While this is adequate for point-to-point
testing where an order of resistance only is to be
ascertained, it is of doubtful value for the majority of
resistance measurements.

It was decided, therefore, that for general use a

simplified Wheatstone bridge was needed and that
the following requirements should be met.
(i) Measurement of resistances from 1-10,000 ohms.
(i) Completely self-contained.
(iii) Reasonably cheap.
(iv) Capable of measuring resistance to limits of
+0-5 per cent. to 1-0 per cent.
(v) Direct reading and simple in operation.
(vi) To contain, as far as possible, standard Post
Office parts.

Design Considerations.

An accuracy of 405 per cent. can be obtained by
three significant figures for all values except those
commencing with 1, for which three significant figures
will give an accuracy of not worse than 4-1-0 per cent.;
it is, therefore, only necessary to provide three decade
switches controlling the variable arm of the bridge.
As the resistances to be measured range from 1-00-
10,000 ohms, this can be met by four ranges 1-00-
999 ohms, 10-0-99-9 ohms, 100-999 ohms and
1,000-9,990 ohms.

Since the alteration of range consists, essentially,
of shifting the decimal point, it was considered desir-
able that the switch controlling the electrical altera-
tion of range should be combined with a visual
alteration of the decimal point. It was also decided
that to simplify winding of the coils no individual
resistor should be less than 1 ohm, and that to obtain
the required sensitivity with a robust commercial
galvanometer the maximum ratio to be used would be
100 to 1.

Circuit Details.

Three fixed ratio arms of 100 ohms-100 ohms,
100 ohms-10 ohms, and 100 ohms-1 ohm are used,
the 100-100 being included in the ranges of 100-999
and 1,000-9,960 ohms and the others in the ranges
10-0-99-9 and 1-00-9-99 ohms, respectively.

The actual resistance value of the ratio arms is not
critical, but they are wound to have a correct ratio to
within 4-0-1 per cent. which is a reasonably easy
condition to obtain. The variable arm consists of nine
% 1,000 ohms, nine X 100 ohms, nine X 10 ohms and
nine X 1 ohm resistors each being correct to within
+4-0-5 per cent. The first three groups of these resistors
are used in the range 1,000-9,900 ochms and the last
three in the remaining ranges.

The selection of the ranges and the adjustment of
the resistors is made by means of rotary type switches.
The range-selection switch both alters the ratio arms
and selects the correct groups of resistors to be used.

Since there are only three dials, it is necessary for
the resistors nine X 100 and nine X 10 to be con-
nected to two alternative controls ; in the 1,000-9,990
range, the 100’s and 10’s being associated with the

209



2nd and 3rd dials, respectively, and in the other
ranges with the 1st and 2nd dials.
The variable resistance arm is deliberately limited
to 3 dials for two reasons :—
(i) It avoids giving a false impression of accuracy
to more than three figures, and
(ii) it obliges the operator to use the range which
gives the best accuracy obtainable.
Schematic diagrams of the four ranges are shown in
Fig. 1, and the selection of the groups of resistors in

For the least sensitive condition of the bridge, i.e.,
when measuring an unknown resistance of the order
of 10,000 ohms,

G — (200) (10,000 + 10,000)

20,200

It is difficult to obtain a robust commercially
produced instrument having a resistance as low as
this, and one having a resistance of approximately
350 ohms was adopted as being the lowest practicable
value.

= 198 ohms, approx.

In the least sensitive condition, i.e.,

9x%100n X0 Xl

9xioon.  9XI0a  9Xin

when measuring a resistance of the order
of 10,000 ohms, the deflection of the
galvanometer for a 0-5 per cent.
difference in resistance is easily detect-
able as indicated by the following
calculation.

RANGE:- 10-0n - 99-9n

From the conditions shown in Fig. 3,

9x100a 9Xi0a 9Xla

9x%10000. 9Xi00n 9Xi0a

—i—

3v
RANGE - 100n —~ 999n

Fig. 2. In these diagrams the essentials only have
been shown for the sake of clarity.

The galvanometer used is a moving-coil centre-zero
instrument having a full scale deflection of 12}
microamps. on either side of zero. It was found that
the damping exerted by the circuit was more than

—o

9x1000n 9xi00n 9xi0n  9xin

Fic. 2.—DIAGRAM SHOWING CONNECTIONS TO THE
RANGE SWITCH.

adequate and it was decided to dispense with the
normal metal former for the moving coil and make
it self-supporting.

The optimum resistance, G, for a galvanometer is
given by the formula,

e P+QR+S)
P+Q -+ R+5S
where P and @ are the resistances of the ratio arms

and R and S are the resistances of the variable arm
and the unknown resistance, respectively.
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3v
RANGE .- 0000~ 9990a.
F16. 1.—CIRCUIT ARRANGEMENTS FOR EACH OF THE FOUR RANGES.

F1G6. 3.—Circuit CONDITIONS AT MINI-
MUM SENSITIVITY.

3 =100 I, + 10,000 (I,—I)

0 =100 I, 4+ 350 I;,—100I,

0 = 10,000 (I;—15)—9,950 (I,+1;)—350 I,
from which,

3 x 10° A
11,125,250 ©

= 0-27 uA, approx.

Since the galvanometer has 30 divisions for a full
scale deflection of 12} uA,

30 x 027 .. .. 2 ...

————— divisions = 3 division,
12-5 3 approx.

This change in deflection can be quite easily detected.

I, =

.. Deflection =

Construction.

Fig. 4 shows the layout of the panel. It will be
seen that three plastic windows have been inserted
above the dials, through which the value of the
variable arm can be read. Of these three dials the left-
hand one has nine positions reading from 1-9, 0 not
being required as values lower than 1,000, 100 and 10
are provided by the lower ranges which give better
accuracy, and it is not required to measure less than
1:00 ohm. The remaining two dials are scaled 0-9






Varley Tests.

The use of the bridge for Varley tests is envisaged
and the non-removable link in the battery circuit
enables it to be used for this purpose without altera-
tion. These tests are slightly complicated by the fact
that the indicated resistance in the variable arm may
not be the actual resistance, but the calculation of the
fault position is fairly simple.

For the ranges 1,000-9,980 and 100-999 the
value “ 7 ” in the bridge is the same as the indicated
reading “ R since the ratio is 100: 100. Then
in Fig. 6,

X— "

F1G. 6.——CIRCUIT CONNECTIONS FOR VARLEY TESTS.

r =R
. . _QL—PR L—R
CFETPRg T2

In the range 10-0—99-9,
10R =, P=10, Q=100
C e 100L—(10X10R) 100 (L—R)
: 100+10 110

In the range 1-00—9-99,
100R =7, P=1, Q=100
. _ 100L—(1x100R) _ 100 (L—R)
A= 101 =0t
= L—R,
as accurately as the bridge can measure, i.e. 1 per cent.

Conclusions.

The simplified form of Wheatstone bridge described
in this article is considered to have substantial advan-
tages over the Post Office Box at present in use, and
will, it is hoped, be welcomed in the field as an aid
to increased maintenance efficiency. Although the
new bridge is not yet available for general use,
quantity production is in hand and deliveries are
expected in the near future.
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Book Review

“ Electron Tubes,” Volume 1 (1935-1941), 475 pp.
234 ill. 15s.; and Volume 2 (1941-1948) 454 pp.
231 ill. 15s. Edited by A. N. Goldsmith, A. F. Van
Dyck, R. S. Burnap, E. T. Dickey and G. M. K.
Baker. R.C.A. Review, Radio Corporation of
America, R.C.A. Laboratories Division.

These two volumes consist of selections from the articles
on valves and other specialised electron tubes, written
by workers in the Radio Corporation of America and
published in various journals between 1935 and 1948.
In the two volumes together some 40 articles are repro-
duced in full, and excellent summaries, of the order of
200 words in length, are given of 50 others. In appendices
at the ends of the books there are extensive biblio-
graphies which, together, cover 600 articles on valves
and allied subjects, and extend back as far as 1919.

Each volume is divided into four roughly equal parts
containing articles and summaries under headings of
“ General,”  ‘‘ Transmitting,”  ‘‘ Receiving”” and
“ Special.” The articles were, of course, written by
different authors at different times and are, for the
most part, fairly specialised accounts of contemporary
research and development in the R.C.A. There is, there-
fore, little continuity from article to article and the
volumes, valuable though they are, cannot be regarded
as a substitute for a text book.

In the earlier volume a number of articles are con-
cerned with the troublesome effects of electron transit-
time, and with valves in which transit time is reduced
as far as possible. But in other places one can see
coming events casting their shadows before them in
articles on valves in which transit-time is turned to
advantage : there are summaries of two articles on
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magnetrons and one on a modified Barkhausen-Kurz,
all three following abortive lines as it subsequently
appeared. There is also a summary of an article published
in 1936, “ The Electron-Image Tube, A Means for
Making Infra-red Images Visible,”” a device of which we
hear more later.

In the second volume transit-time comes into its
own, a quarter of the articles and summaries being
devoted to studies of how it can be put into good use,
or to valves in which it has already been harnessed, e.g.
reflex klystrons. There is one particularly abstruse, but
very important theoretical article on a ‘‘ two-beam
growing wave tube ' in which the helix of a travelling
wave tube is replaced by a second electron beam having
a different velocity from the first. It would appear on
theoretical grounds that such a tube, little more than
30 cm long, should yield a gain of 120 db. over a band
width of 860 Mc/s centred on 3,000 Mc/s.

Valve construction technique receives a great deal of
attention and one point of interest is that some sealed-off
valves are being made, using vacuum-tight joints with
copper gaskets, i.e. without a ** Housekeeper *’ type seal.

In the space available it is impossible to go into much
further detail, but for general interest the best article of
all is one discussing the military applications, in so far
as the United States were concerned, of the infra-red
image tube mentioned earlier in this review.

The reviewer cannot forgo this opportunity of com-
plimenting the editors on the excellent summaries, where
they precede the articles themselves and where they
stand alone. Much time would be saved if the practice
of writing adequate summaries were followed more

widely and with as much care as in these volumes.
H. S.



The Thames Radio Service

U.D.C. 621.396.5

J. NEALE, B.sc.(Eng.), AM.LEE.,
and D. W. BURR,‘A.M.I.E.E.

A public radio telephone service to small craft on the River Thames, using frequencies around 160 Mc/s, has been in operation
for some months. This article gives a general survey of the problems involved and describes briefly the equipment used to
provide the service.

Introduction.

HE history of the Thames radiotelephone
I service dates from August, 1946, when an

inquiry was received from the Port of London
Authority regarding the possibility of providing
communication to their launches. The P.L.A. controls
the River Thames between the Nore Buoy and
Teddington Lock, but it was stated that if service could
be provided between the Nore and somewhere near
Chelsea Bridge, most of their requirements would be
met. Inquiries were made of a number of tug owners
and other bodies to obtain some idea of the
probable response if such a service were provided by
the Post Office. The number of small craft plying on
the Thames is very large and it was evident that, if a
fair proportion of them were fitted with radio, a
number of channels would be required to carry the
traffic. As the response appeared to be encouraging,
authority was given in June, 1948 to proceed with the
establishment of an experimental service.

Provision was to be made initially for two channels,
with scope for expansion up to six channels if justified
by traffic requirements. Full duplex telephone service
was to be provided; that is, “ over-over ” working
would not be used. After discussions between the
Headquarters Departments concerned and the London
Telecommunications Region, it was decided to estab-
lish the switching centre for the Thames service in the
International telephone exchange, Wood Street, but
to bear in mind the possibility of shifting it to an auto-
manual switchboard at one of the London automatic
exchanges if experience indicated that this would prove
satisfactory.

It was decided that the owners of boats would have
to obtain and maintain the radio equipment at their
own expense and the equipment would have to con-
form to a Post Office specification.

It will be understood that these and other decisions
were made only after long and careful study and con-
sultation between the Departments concerned and
that some of them were only made after the service
was in experimental operation.

Frequency Assignments.

During the war, fixed-to-mobile and mobile-to-
mobile radio telephony communication on very high
frequencies was developed considerably, particularly
for air-to-ground working. It soon became evident
that frequencies between 30 and 300 Mc/s possessed
certain advantages over lower or higher frequency
ranges for this class of work, and when, after the war,
new tables of frequency allocations were being settled
at international conferences and internal discussions,
substantial blocks of frequency space in this region
were made available for * fixed and mobile *’ services.
Within these block allocations some small frequency

bands were reserved for general civilian use, and the
question arose how to make the best and most
economical use of them, bearing in mind the con-
flicting claims of many possible types of user.

In this article it would be irrelevant to describe the
difficulties and uncertainties encountered over the
past few years in the matter of frequency allocations,
but it was decided in 1946 that frequencies used for
radio telephone services operated by the Post Office
and connected to the public telephone network would
be taken from the band 156-184 Mc/s. This decision
has not since been modified and has proved to be a
good one from all points of view.

The transmitters and receivers used for these
services are designed for spot-frequency operation
with crystal control. The nominal carrier frequency
allotted to a service is located in the middle of a
frequency channel which has to be wide enough to
allow for the possible frequency drift both of the
transmitters and the receivers. It was decided that
frequency channels in the band 156-184 Mc/s should
be 100 kc/s wide and recent experience has tended to
confirm the wisdom of this choice.

Two-frequency working was envisaged from the
outset ; i.e., transmission in the two directions on
different frequencies, with a separation of several
Mc/s. Not only does this enable full duplex speech
facilities to be given but, more important in practice,
it enables a number of channels to be operated in the
same area (even from the same radio station) on
adjacent frequency assignments, with a minimum of
interference between them.

As aresult of the efforts of the planners, a number of
adjacent two-frequency channels are available for
public radio telephone service to ships, and it is from
these channels that the frequency assignments are
made for the Thames service. The actual carrier
frequencies of the first channel in operation are 157-5
Mc/s for the inward direction (mobile to fixed station)
and 161-5 Mc/s for the outward direction. The former
frequency is being changed to 157-0 Mc/s very shortly
to conform with a recent rearrangement of the fre-
quency channelling scheme. The frequencies for the
second channel will be 157-1 Mc/s and 161-6 Mc/s and
it will be noted that this constitutes an adjacent
channel by virtue of a frequency separation between
channels of 100 kc/s, whilst the frequency separation
between outward and inward frequencies remains at
4:5 Mc/s.

Finally, it was decided that the first channel of
the service would use amplitude modulation. A
decision has since been taken to standardise A.M. for
marine radio services in the United Kingdom.

Chotce of Sites.

Having undertaken to provide service to boats
anywhere on the Thames below Chelsea Bridge and
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out as far as the Nore Buoy, it was necessary to decide
on the number of fixed land stations that would be
required, and to find suitable sites for them. Informa-
tion regarding the propagation of radio signals at 160
Mc/s was at that time very scanty, and a series of field
trials was necessary to ascertain the range of such
signals over built-up areas. No 160 Mc/s equipment
was available, and the trials were therefore carried
out with transmitters and receivers which were ob-
tained from the Air Ministry. These operated on
approximately 124 Mc/s, and it was thought that the
results obtained at this frequency would give sufficient
information about the propagation characteristics of
frequencies in the 160 Mc/s band.

The lower reaches of the Thames flow through
country which is rather flat, and the number of sites
even moderately suitable for fixed stations is very
limited. A Port of London Authority launch was
temporarily equipped as a mobile station, and tests
were carried out from every likely position, including
the roofs of some of the higher buildings in London.
The sites tested included two water towers, one on
Shooters Hill near Woolwich and the other at Langdon
Hills in Essex. Their positions are shown in Fig. 1

in operation for nearly a year. Since the early field
trials the development of equipment for these fre-
quencies has brought about remarkable improve-
ments in performance, and in consequence it has been
found that the coverage required can be given
adequately from a single fixed station. Only the
Shooters Hill station therefore, has been installed and
good service is available for suitably equipped boats
anywhere below Richmond and well out to sea. The
Langdon Hills station will not now be required,
unless it is decided to widen considerably the scope
of the service.

A block schematic diagram of the existing arrange-
ments is given in Fig. 2.

The Fixed Station.

At the Shooters Hill radio station the equipment is
mainly housed at the foot of the water tower and
connected to the aerials by coaxial feeders. Thereis at
present a 12 ft. square wooden hut which is being
replaced in due course by a standard Type A brick
building. This allows space for working and reserve
equipment for as many as six channels, together with
auxiliary apparatus. The equipment for one channel
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F1G. 1.—Map SHOWING LOCATION OF RaADIO SiTES AND EXCHANGES FOR THAMES RADIO SERVICE.

and the tops of the towers are 530 ft. and 446 ft.
respectively above low water. From one or the other
of these two test sites communication with the launch
was possible over practically the whole of the river
below Tower Bridge. All other positions tested were
unsuitable or ineffective and it was decided to base the
initial plans on two stations with the transmitting
and receiving aerials on these water towers.

Before describing the equipment in more detail,
brief mention will be made of the scheme as it has
emerged from the planning and early development
stages to the present time. The first channel of the
Thames Radio Service, as it is now known, has been
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comprises two transmitters, two receivers, monitoring
equipment and automatic changeover and alarm gear
which maintains the service in the event of a fault
occurring.

Aerials and Associated Equipment.

At present, simple centre-fed vertical dipoles are
used and the service was opened with one transmitting
and one receiving aerial mounted at the level of the
eaves of the tower roof. Later, aerials were mounted
on a special structure (Fig. 3) giving a further 20 ft.
of height, but the improvement was small. Recently,
the receiving aerial has been connected through a









recetvers is checked by the signal analyser. If a fault
occurs, the control unit connects the spare receiver at
the station and its associated analyser to the “re-
ceive ”’ pair of the 4-wire circuit. At the same time,
the H.T. supply of the faulty receiver is removed and
that for the reserve is switched on. When more
channels are brought into operation there will be two
receiving aerials, each with a pre-amplifier and a
distributing amplifier. One chain will normally feed
all receivers and, if all these receivers appear to fail
simultaneously, the reserve aerial circuit will be
switched into use.

At the moment there is no standby power supply
although this may be necessary when the system
develops. There are common power units for relay
circuits and alarms, and reserve units are provided
with automatic switching in the event of failure.

When any part of the automatic changeover gear
has operated, a non-urgent alarm is passed to the
fault control, who then advise the maintenance officer.
In the unlikely event of a failure of reserve equip-
ment before normal working has been restored, an
urgent alarm would be given.

Landlines.

There is a 4-wire circuit from Shooters Hill radio
station to the apparatus room of International ex-
change. Shooters Hill is seven miles from Wood
Street Building as the crow flies but the line was routed
via Dartford so that the route mileage is approxi-
mately equal to that for the Langdon Hills site which
is 23 miles. This was a precaution against difficulties
which might have been encountered if it had been
necessary to operate both stations and the transmission
delay through one station was considerably greater
than through the other. It was proposed to complete
the delay equalisation by means of switched delay
networks. It is possible that in practice the pre-
caution might have proved unnecessary.

Terminal Equipment.

In the apparatus room of International exchange
the usual facilities for testing and monitoring the
lines are available, and a special relay unit was de-
signed by the Telephone Development and Main-
tenance Branch to provide nofmal sleeve control
signalling conditions at the switchboard. The 4-wire
speech circuit then passes to a special unit, where it is
converted from 4-wire working to 2-wire.

The problem of converting satisfactorily from 4-
wire circuits to 2-wire circuits is very old and when
the impedance and attenuation of the 2-wire circuits
may vary over wide limits there is no completely
satisfactory solution. The same difficulties occur with
all radio-telephone circuits and because these fre-
quently earn high revenues, very complex voice-
operated devices are used to overcome the inherent
difficulty. On the Thames Radio Service and similar
schemes such expensive apparatus would make call
charges prohibitive, and a more economical terminal
equipment is necessary.

A design has now been evolved which gives a very
good performance, although some of the refinements
used on the standard equipment have not been in-
cluded. It takes the form of a single unit and has been

coded V.0.D.C.A. (voice-operated device and con-
stant level amplifier). If the 2-wire line has con-
siderable loss, as is often the case, the level of speech
arriving at the terminal from the inland subscriber
may be far below that of the received speech. To
cater for such low levels, a constant level amplifier is
included in the transmit path so that the transmitter
is fully modulated by the outgoing speech. It will be
appreciated that, due to variations in the character
of the 2-wire circuit, the balance of the hybrid is not
usually very good, and speech received from the
mobile subscriber will tend to pass along the transmit
path, possibly at a fairly high level. The action of the
constant level amplifier would then cause the trans-
mitter to be fully modulated by this speech and the
side-tone in the mobile subscriber’s earpiece would be
as loud as the inland subscriber’s speech. It must also
be remembered that there may be noise superimposed
on this re-radiated speech.

To overcome this difficulty, the receive path is
normally blocked by a suppressor. Speech from the
mobile subscriber opens up the receive path and at the
same time reduces the gain of the constant level
amplifier to a sufficiently low value to avoid the exces-
sive radiation of side-tone. There are many problems
of timing, sensitivity and frequency response in these
circuits which require careful attention, but the over-
all performance is such that full duplex working is
possible and the effect is not markedly different from
ordinary telephone conversations.

The unit gives “ break-through ”’ facilities to the
mobile subscriber and also to an inland subscriber
whose speech arrives at the terminal at a reasonably
high level. The telephone operator who controls the
circuit is thus assured of being able to break in when
necessary.

Reserve terminal equipment is mounted on the
same rack, and there is a comprehensive “ U "’ link
field which enables any item to be brought into use
quickly. The links also provide full facilities for test-
ing and measuring both the internal equipment and
the land lines. The 2-wire circuit of each channel is
extended from the voice-operated device to the
switchroom where two positions are at present allo-
cated to the service. Dialling-out circuits provide for
access to the inland telephone network.

Mobile Subscribers.

As mentioned previously the mobile subscribers are
responsible for the installation and maintenance of
their own equipment. It is expected that owners of
boats, tugs, etc., will usually devolve this responsibility
on to the manufacturers, some of whom have well-
established organisations for maintaining ship-borne
radio gear in the various ports. So far only two firms
have supplied equipment and these have been proto-
types so that at present the number of subscribers is
limited by lack of equipment. Later it is hoped that a
number of firms will enter the market with suitable
apparatus at competitive prices. A typical set of
mobile equipment is shown in Fig. 5. The Depart-
ment’s responsibility is limited to ensuring that the
mobile apparatus does not cause interference to other
radio users and that it is capable of providing a good
service within the prescribed coverage. All mobile
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to the other as frequently as four times per second.
Provided that the two signals are in phase, no click
is produced on the changeover because the level from
one line builds up exactly in time with the fall of level
from the other and at one instant both lines provide
half the normal level. Even so, the complete transition
occurs in considerably less than a millisecond.

Frequency Modulation v. Amplitude Modulation.

Any article on V.H.F. radio equipment would be
incomplete if it did not mention the relative merits of
F.M. and A M. Whilst it was the intention from the
outset to open the first channel with amplitude modu-
lation, it had been suggested that the second channel
should use frequency modulation to facilitate a
comparison between the two systems. However,
during some early range trials F.M. radio equipment
was temporarily installed both at Shooters Hill and
on a tug. The results obtained with the two different
sets of equipment were carefully analysed but it
should perhaps, be emphasised here that the com-
parison was between two sets of typical apparatus,
each having a performance representing current prac-
tice rather than an attempt to confirm the theoretical
merits of the two systems of modulation. After
adjusting the results to allow for accountable differ-
ences in performance, it was found that the F.M.
apparatus would have a somewhat better perform-
ance within the service area, although it was doubtful
whether the extreme range would be much different.
This means, in effect, that the use of F.M. would give
a somewhat better signal/noise ratio only where it is
already sufficiently high with A.M. It was clear from
these tests that amplitude modulated equipment was
capable of giving adequate coverage of the service
area required, and in addition was somewhat cheaper
and easier to maintain. Although the Thames
service appears not to require a multi-station system
some ports and estuaries may, and A.M. lends itself
more easily to these schemes. In the light of these and
other considerations it was decided to standardise
A M. for Port and River Services throughout the
country.

Present Performance.

It will be appreciated that knowledge and experi-
ence of radio communication on these frequencies is
growing daily, and new valves and components for
this type of equipment are becoming available. Dur-
ing the past few months it has been possible to improve
the performance of the fixed station receivers, the
mobile test receiver and the mobile transmitters, with
a consequent increase in effective range. Recently the
mobile equipment normally used in the testing van was

fitted in the M.V. Daffodil, which makes daily trips
from Gravesend down the River and round the North
and South Forelands. During the journey, telephone
calls were made to many different subscribers in the
Greater London area, and no serious loss of quality
occured until the ship was some 15 miles beyond the
boundary of the normal service area. Even when the
ship was near North Foreland, some 55 miles from
Shooters Hill, successful calls could still be made.

During the first 10 months that the equipment has
been in operation the automatic changeover gear has
proved of great value. There have been quite a
number of faults, but only for two short periods has the
service been suspended. One of these faults was in
the terminal equipment and the other followed a
failure of the main receiver when the standby re-
ceiver took over but failed before the first one was
repaired.

Further Improvements.

Apart from the introduction of selective calling
mentioned earlier there remains considerable scope
for further improvements in the service. Although
the actual range is now adequate further improve-
ment, particularly in the upstream direction, would
be of value, and experiments are now in hand with
directive aerials. A horizontal polar diagram in the
form of an elongated figure of eight would be very
suitable for the Shooters Hill site. Vertical stacking
of aerials should also give improved performance by
utilising some of the energy at present radiated at
high angles.

Although the existing system of automatic change-
over to reserve apparatus has proved satisfactory,
there are a few points where faults in the system are
not covered. Consideration is being given to an altern-
ative arrangement which will make a routine test of
all the apparatus at short intervals without disturbing
any calls that may be in progress.

Conclusion.

The Thames Radio Service is likely to prove the
forerunner of many similar systems, not confined to
tugs and boats, but available to road vehicles and
aircraft. The use of V.H.F. radio communication with
vehicles is already regarded as indispensable by many
organisations, such as Police, Fire, Ambulance and
Taxi Services, but these are private schemes without
access to the telephone network, and are only
economic for large groups of vehicles. It is envisaged
that, within a few years, a network of V.H.F. radio-
telephony schemes covering a large part of the
country may be required, so that any vehicle or boat
can have facilities for making a telephone call.
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Phonogram Automatic Distribution

Part 2.—Basic Circuit Features
U.D.C. 621.395.341.8 : 621.394

H. E. WILCOCKSON, AM.IEE.
and H. WALKER

The previous part of this article described the field trial installation, and the facilities provided. This part describes the
basic circuit elements employed in connection with incoming calls, including these concerned with their queuneing, storage
and distribution and the adjustment of queue size in relation to the number of available staffed positions.

design of this equipment are undoubtedly

those concerned with the arrangements for
the queueing, storage and distribution of ¢ncoming
calls. A brief description of the basic circuit elements
employed in this connection is, therefore, given below.
Restriction of space has precluded the description
of other features, including the means of originating
outgoing calls, although the arrangements in this
respect will be reasonably apparent from Fig. 3 and
the associated text in Part 1 of this article.

The circuits, which employ P.O. standard uni-
selectors, 3000-type relays and high-speed relays as
the major components, have been designed to follow
the general lines of automatic telephone exchange
practice. Battery-testing arrangements using high-
speed relays are employed throughout for the various
uniselector testing and switching circuits.

THE predominant features of interest in the

QUEUEING, STORAGE AND DISTRIBUTION
ARRANGEMENTS

Fig. 6 shows the basic circuit elements employed for
incoming calls and, inset, in block schematic form, the
manner in which the various relay sets and uniselectors
are inter-connected.

Access to the auto-distribution equipment is over
two-wire circuits, phonogram calls from ordinary
subscribers being routed from level “90° relay sets at
Newcastle telephone exchange, and from C.C.B.
subscribers via direct jack-ended circuits from the
auto-manual switchboard. Telephone-telegram calls
arereceived either vialevel ““951” relay sets at the auto
exchange (i.e., exchange telephone-telegram service
for sub-post offices not having sufficient traffic to
justify a direct circuit to the phonogram appointed
office) or by direct telephone line from sub-post offices
with sufficient traffic to justify their provision, but
insufficient traffic to warrant a teleprinter circuit.

Each two-wire circuit is connected to an incoming
line relay set with associated line uniselector, which
exercises the joint function of queue and position
finder. The common equipment, comprising the queue
forming and storage relays, the queue distributor and
the position marker, provides the means for arranging
and, if necessary, storing the calls in chronological
order and for their subsequent distribution to free
staffed operators’ position circuits in cyclic order.
The system is such that all incoming calls enter the
queue first and are subsequently discharged to free
operators’ positions as they arise, The early contacts
of the line uniselector are used for access to queue
storage positions, and the later contacts are used to
provide access to the phonogram operators’ positions.

1P.0O.E.E.]., Vol. 42, p. 149.

The operation of the various circuit elements is as
follows.

Incoming Line Relay Set (Fig. 6 (a)).

From the circuit elements of the relay set it will be
seen that relay L operates to the calling condition
(which may be loop or battery) and, providing the line
uniselector wipers are on the home position, completes
an operating circuit for relay LL at L1.

Relay LL operating, completes a drive circuit for
the uniselector driving magnet at LL3 and at 114
connects the testing relay TRA to wiper P1. The
uniselector steps to find the bank contact with a mark-
ing condition (550 ohm battery via Figs. 6 (b) and (c))
denoting the next available queue storage position.
Relay TRA then operates with its windings in series,
and TRAT1 cuts the drive circuit, at the same time
removing the short-circuit from relay H, which now
operates in series with the driving magnet.

Contact H1, operated, returns ringing tone to the
calling subscriber, and the call is thus held in storage
until a free operator’s position has been allotted to it
by the functioning of the common equipment and
the resultant connection of 550-ohm battery (Fig. 6 (d))
to the appropriate P2 bank contact of the line uni-
selector. At the same time the marking battery
extended over the P1 bank of the line uniselector is
replaced by an earth to short-circuit relay TRA
which releases. Contact TRA1 via H5 now operates
relay HA. Relay H is released at HA2 and at H5
completes a circuit for the uniselector driving magnet
which again drives and at the P2 wiper searches for
the marking battery of the allotted operators’
position circuit. Relay TRA again operates when this
marking battery is encountered and at TRA1 cuts
the drive circuit and also removes a short-circuit
from relay K which operates in series with the driving
magnet. K2 maintains the holding circuit of relay
LL. K3 and 4 release relay L and extend the incoming
positive and negative leads to the allotted position
circuit. K6 operates relay KR which, among other
features, disconnects the ring tone from the circuit.

The provision of “Call Count” and ‘ Time to
Answer ' meters will be noted, also alarm facilities
which operate to indicate PG conditions, or the
failure of a call to be taken into the queue within
9 seconds.

Queue Storage Relays (Fig. 6 (b)).

These relays function to form the queue on the
P1 bank of the line uniselector, and to hold the calls
in storage pending their discharge by the queue
distributor (Fig. 6 (c}). As many queue relays are
needed as the maximum number of calls to be held
in queue storage, although only one relay (and
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storage position) is available to incoming traffic at
any instant, these being opened sequentially either
by the successive operation of the queue relay
contacts, or the stepping of the queue distributor. At
Newcastle, 15 queue storage relays are provided, these
being connected to contacts 1-15 of the P1 bank of the
line uniselector, and contacts 1-15 of the DI bank of
the queue distributor.

Assuming a period with no calls held in storage, all
queue relays would be unoperated, but the contact on
which the D1 wiper of the queue distributor is resting
would predetermine the queue relay next to be
operated. For example, AQ would be operated by the
first call, and at AQ2 would connect 150-ohms
battery to the next storage relay (BQ), to mark this
queue position against the receipt of a further incoming
call. Thus subsequent calls are switched to successive
queue positions as marked by contacts of preceding
queue relays.

The marking condition on the contacts of P1 bank
is effectively 550 ohms (NI), composed of 400 ohms
(NI) shunting the queue relay, and 150 ohms (NT)
connected by the preceding queue relay contact, or
wiper D1 of the queue distributor, and it is to this

INSET

battery that the high-speed drive-cutting relay TRA
in the individual line relay set operates. Earth fed
via the low-resistance winding of relay TRA consti-
tutes the effective operating path for the queue relay
associated with the marked outlet.

The call at the head of the queue, which is always
determined by the position of the queue distributor,
is discharged to the next operator’s position to become
free by the connection of an earth over the D1 bank
of the queue distributor, which causes relay TRA to
release, and the line uniselector to search for the free
position circuit. The queue relay (e.g., AQ) is also
released and at AQ2 disconnects the marking battery
from relay BQ. Should a further call already be in the
queue, however, relay BQ would hold over BQ1 to
relay TRA in the line relay set associated with the
further call, pending its discharge in the manner above
described to the next free position circuit. The queue
distributor steps to the next queue relay position on
the release of AQ5.

Queue Distributor and Position Marker (Fig. 6 (c)).

The queue distributor and position marker exercise
independent functions as indicated below, but as the
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controlling relays are closely interconnected, these are
mounted on a common relay set base.

The queue distributor controls the initial formation
of a queue, and subsequently ensures that all queued
calls are discharged in the order of arrival. The bank
contact on which the D1 wiper is standing at any
instant indicates the head of the queue and the call
next to be discharged.

The position marker preselects and marks the first
operator’s position to become free, and after doing so
causes the queue distributor to discharge the call from
the head of the queue. This call is then routed to the
free position. The queue distributor steps and the
next call becomes the head of the queue, awaiting
discharge to the next free operator’s position, to
which the position marker now steps.

Referring to Fig. 6 (c), relay TRB will be operated
from contact LA1 (Fig. 6 (d)) of the first free operator’s
position to which a stored call is to be routed, and at
TRBI1 cuts the position marker drive circuit and
operates relay K. The presence of a call in the queune
storage will be denoted by the operation of relay CQ,
the operating path for which is completed by a contact
(e.g., AQB) of the queue storage relay at the head of
the queue (e.g., relay AQ). CQIl operated, via Kl
operated, completes an operating circuit for relay CR,
which locks via CR1, whilst CO3 prepares a holding
circuit for relay CQ against the operation of CRb.

Contacts CR5 and CQ2 energise the queue distri-
butor driving magnet, whilst CR6 and CQ4 connect an
earth via the D1 bank of the queue distributor to
short-circuit and release relay AQ, and to cause the
line uniselector to hunt for the marked free operator’s
position. The release of AQJ releases relay CQ, and at
CQ2 causes the queue distributor to step to the next
contact. Relay CR remains held, however, until the
call has switched to the free operator’s position, when
the operation of relay LA and contact LAl (Fig. 6 (4))
ensures the successive release of relays TRB, K and
CR.

K4 completes a circuit for the position marker to
self-drive to the next free staffed position (although
arrangements are made for this to be restrained
during a period when all staffed positions are engaged),
when the re-operation of relay TRB causes the above
cycle to be repeated, subject to a call being in queue
storage, as denoted by the operation of relay CQ.

For the sake of clarity only one queue distributor
and position marker equipment has been shown, but
in practice a duplicate, stand-by equipment is pro-
vided, with automatic change-over facilities in the
event of the failure of the regular equipment. The
circuit arrangements are such that the position of the
stand-by queue distributor uniselector, upon taking
over, is made to agree with that of the regular queue
distributor uniselector, thus ensuring that the correct
sequence of discharge is maintained for any calls in
storage.

Incoming Position Circuit (Fig. 6 (d)).

The position marker, having preselected the next
free staffed operator’s position as described above, will
cause relay PM of the position circuit concerned to be
operated from K2 (Fig. 6 (c)). Contact PM5 connects

550-ohm battery to the P2 level of the line uni-
selector to mark the outlet to which the next call to
be discharged from a queue position should switch.
The consequent extension of the calling condition
from the calling line to the position circuit causes
relay LA to operate. LA2 locks relay PM, and at the
same time completes a circuit via PM3 to cause the
position lamp (green) to glow. LAl breaks the
operating circuit for relay TRB, allowing the position
marker to step to the next free staffed position. The
500-ohm battery condition extended via LAl normal
to the appropriate bank contact of level PM1 of the
position marker, to indicate a free staffed position, is
disconnected (by contacts not shown) when the
position is unstaffed, i.e., plug of the operator’s head-
set is not inserted in the instrument jack.

The line relay set and position circuit are both held
for the duration of the call by the calling subscriber.
On the release of the connection by the subscriber,
relays LA and PM in the position circuit are released
due to the disconnection of the calling condition.
PM35, released, removes the negative battery from the
P2 level and thereby releases relay TRA in the line
circuit. Relays K, LL, HA and KR subsequently
release and the line uniselector returns to the home
position in readiness for the next call. The position
circuit, however, is automatically busied to further
incoming calls to enable the operator to complete the
form on which the message has been received (i.e.,
time of receipt, etc.) before a further incoming call is
offered. The green position lamp continues to glow
until the operation of the position release key by the
operator, which also causes the position circuit to be
opened for further calls. If, however, the operator
fails to operate the position release key within a period
of 15 seconds after the clear-down of the calling
subscriber, a uniselector timing arrangement, which
is individual to the position, causes the green position
lamp to change from a steady glow to a flashing signal.
The attention of both the operator and the section
supervisor is, therefore, called to the excessive guard
period and the non-operation of the position release
key.

ARRANGEMENTS FOR CONTROLLING QUEUE SIZE

The effect of calls held at queue storage positions
can be regarded, perhaps, as having a ‘‘ reservoir ”’
effect in smoothing out short-term inequalities
between the supply of operators, and the demand
for them occasioned by incoming calls. This effect
could, however, in some circumstances be considered
undesirable, as for instance where a sustained traffic
overload occurs during a period with only a few
operators on duty, when the establishment of a
queue of maximum size would result in unduly long
time-to-answer periods. By limiting the size of the
queue in accordance with the number of staffed
positions available to incoming traffic, and arranging
for the return of busy tone on all calls arriving whilst
the queue (as restricted) is full, the time-to-answer
period may be itself restricted to an acceptable figure.
In determining the relationship between the per-
missible queue size, and the number of staffed
positions, regard has also to be given to the number of
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calls which may be lost as a result, a factor which
clearly operates in an opposite sense to that of the
time-to-answer duration.

Arrangements have been incorporated in the field
trial equipment to enable the queue size to be limited,
either manually, by means of a rotary switch, at the
discretion of the Chief Supervisor, or automatically,
in accordance with the number of staffed incoming
positions as determined by the Staffed Position Count
Circuit.

Staffed Position Count Circuit.
This circuit, shown in skeleton form in Fig. 7, in

gl
&

STAFFED POSITION
COUNT CIRCUIT

of the operation of the start relay ST, which at ST2
operates relay P. Relay S operates via contact P6
and uniselector arcs C3 and M3 (with wipers on
corresponding outlets) which operates relay PW at Sl
and relay S holds at PW3. PW4 operates relay B,
contacts of which connect the H uniselector driving
magnet to the H3 wiper, and relay PC to the H5
wiper, and release relay P at B6.

The H3 and H5 wipers are now connected, via
outlet 1, to the HC and C leads of the first operator’s
position, and if this position is unstaffed, or not
available for incoming traffic, then the contacts of
the associated OR relay will be normal, as shown.

Earth from ORS5 contact is, therefore, con-
I nected via H3 wiper to the driving magnet

of the H uniselector and the uniselector
i steps to the next outlet. Should the OR
! relay of the operator’s position connected
to this outlet also be normal, the H uni-
selector again steps, and so on, until an
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F16. 7.—THE Sta¥FED PosiTioN CouNT CIRCUIT ELEMENTS.

addition to fulfilling its obvious function of counting
the number of staffed incoming positions, provides for
an appropriate marking condition to be extended to
the queue limit circuit when the Auto Queue Control
key is operated, in order that the queue size shall be
limited to a predetermined value. It also provides for
a lamp display to be given at the Chief Supervisor’s
desk when the Staffed Count Display key is operated.
The operation of either or both of these keys causes
the initial functioning of the count circuit by reason
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v outlet is reached where the OR relay con-
nected to it is operated, which indicates a
staffed position available to receive incoming
traffic. ORS5, operated, disconnects earth
from the HC lead, and the H uniselector
drive circuit, and connects it to the C lead,
thereby operating relay PC via H5 wiper.
PC1 energises the C uniselector driving
magnet and PC2 energises the H uniselector
driving magnet. Relay PC releases when
the interrupter springs of the C uniselector
open, causing both uniselectors to step to
the next outlet.

The H uniselector continues to step as

described until outlet 50 is reached, when
relay HB operates, operating relay PM and
releasing relays B, PW and S, in that
sequence, thus disconnecting the uniselector
drive circuits and marking the end of the
count cycle. Circuit arrangements (not
shown) prevent the re-operation of relay P
at contact B6 and also cause the H uni-
selector to step to outlet 1 in readiness for
the next count cycle, with consequential
release of relay HB. The position of the
wipers of the C wuniselector, which has
stepped once per staffed position, provides
the appropriate count indication for exten-
sion to the queue limit and lamp display
circuits, at wipers C5 and C7 respectively.
After the initial count, subsequent opera-
tion of the circuit takes place only when
an alteration to the number of staffed
positions occurs, this being signalled automa-
tically by the insertion or withdrawal of the
plug of an operator’s headset from the position
instrument jack, which causes the sequential operation
(or release) of relays OP and OR in the position circuit
concerned. A pulse earth is thus connected via
contacts OP3 and OR4 to the common PU lead, which
results in the pulse operation of relay P which locks at
P1. The M (marking) uniselector is now caused to
drive at contact P3 so that its wipers take up a
position corresponding to that of the C (count) uni-
selector, the drive circuit being cut at contact Sl



due to the operation of the high-speed relay S via
contact P6 and wipers M3 and C3. Relay PW is also
operated at contact S1; PW2 and PW5 transfer the
marking conditions established via wipers C5 and
C7 to wipers M5 and M7 respectively. The conditions
set up by the initial count are thus maintained during
the recount cycle.

The operation of relay B at PW4 is restrained until
the C uniselector has been restored to its home
position (by circuit arrangements not shown), after
which the functioning of the circuit is exactly as
described above. The release of relay PW at the end of
the recount cycle (PM still being held operated at
ST1) restores the queue limit and display circuits to
wipers C5 and C7 respectively, which will now be
resting at the outlet corresponding numerically with
the changed number of staffed positions. The queue
size and lamp display will be altered accordingly, and
the count circuit will continue to function auto-
matically in this manner so long as one of the control
keys on the Chief Supervisor’s desk remains operated.

Queue Limit and Lamp Display Circuit.

The circuit as illustrated in skeleton form in Fig. 8
has two functions, firstly to establish conditions
whereby the number of calls accepted into queue
storage is limited to a predetermined value, and
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secondly to provide a visual indication of the
instantaneous value of the queue size, both at the
operator’s position and the Chief Supervisor’s desk.
The first function may be controlled -either
manually or automatically, as previously mentioned.
For the purpose of the initial description, manual
control will be assumed, the rotary type switch on the
Chief Supervisor’s desk being set at position 6, with
the object of limiting the size of the queue to six
stored calls. It will also be assumed that the wipers
of the queue distributor are positioned initially on
outlet 1, thereby pre-selecting at wiper D1 (Fig. 6 (c))
queue relay AQ as the next to be operated.
The equipment shown in Fig. 8 is brought into
operation only when all staffed positions available to
incoming traffic are engaged, when relay PC in the
position control circuit is operated, extending an
earth at PC2 to prepare for the operation of the start
relay ST. An incoming call arriving at this stage will
operate queue relay AQ, which at AQ4 operates the
common relay QQ. OQ1 completes the operating
circuit for relay ST, which locks at ST4, and extends a
marking earth to the D4 wiper of the queue distri-
butor. Contact ST1 causes the SA uniselector (which
is of non-homing type) to drive until its wipers reach
contact 1, where the high-speed relay SA on the SAl
wiper operates to earth via the D4 wiper of the queue
distributor. SAl cuts the drive circuit
and connects earth to the SB uni-
selector which drives in turn to line
up with the queue distributor and SA
uniselector. Relay SB on the SB1
wiper operates when the SB uniselector
reaches contact 1, to disconnect the
drive circuit and connect earth to
relay LA which operates and locks to
ST2. The operation of relay LA causes

« the first queue display lamps on the
operators’ positions, and also the Chief
Supervisor’s desk, to glow via contacts
LA2 and LA3 respectively, to indicate
that one call is held in storage.

If a further incoming call arrives,
the next queue relay in sequence
(relay BQ) operates, extending earth
via BQ3 to relay LB, via outlet 1 of
SA2arc. Relay LB operates and LB3
transfers earth from lamp No. 1 on
the Chief Supervisor’s display circuit
to lamp No. 2 which now glows, and
at LB2 causes the second lamp of the

' operator’s lamp display to glow. Due
: to the ““slipped ”’ bank wiring of the
, SA2—8 and SB2—8 arcs, succeeding
' incoming calls operate relays LC, LD,
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etc., to cause the lamp display at the
Chief Supervisor’'s desk, and the
sequence of lamps at the operators’
positions, to glow accordingly. It
should be noted that the -circuit
arrangements are such as to ensure
that, irrespective of the sequence in
which the queue relays are operated,
the queue count relays shall, neverthe-
less, operate in the numerical sequence
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LA, LB, etc., required for lamp display and queue
control purposes.

Relay LF operates when the sixth incoming call
arrives, and in addition to lighting the display lamps
at LF2 and LF3, also causes relay CA to operate from
earth at LF1 contact, via the sixth contact and
selecting finger of the manual queue control switch.
Contacts CA2 and CA3 operated cause the ““ Queue
Full 7 display lamps to glow, while CA4 causes the
* Queue Full Count ” meter and * Duration "’ meter
to operate. CA1 connects relay H to the common lead
associated with the BRS contact of each incoming
line circuit to prevent any further calls being stored
whilst the queue full condition exists. Thus, any
further call arriving would connect the associated BR
relay coil in series with the H relay coil, causing both
relays to operate. Relay BR locks in the operated
condition via BR5 contact and returns busy tone to
the calling subscriber. H1 contact operates the *“ Busy
Call Count ” meter in series with a holding coil of relay
H, the release of both meter and relay being delayed
until the meter is fully energised and its contacts
short-circuit the H relay winding.

When a position becomes free to accept another
incoming call, the longest waiting stored call, as
marked by the position of the queue distributor, will
be discharged from the queue in the manner described
earlier. Thus, relay AQ releases, but relay QQ is held
by the remaining operated queue relays. The queue
distributor steps to the next contact, thus releasing
relays SA and SB and causing uniselectors SA and
SB to drive, as previously described, to the corre-
sponding contact (i.e., outlet 2). Due to the effect of
the slipped multiple, the stepping of the wipers
SA2-SBS to outlet 2, with the five queue relays BQ-FQ
operated, will cause the queue count relay LF only to
release, LB to LE being retained operated, by contacts
CQ3-FQ3, and relay LA continuing to hold via ST2
and LAd4 contacts. The release of relay LF also
releases relay CA, and the ““ queue full” condition
and lamp display are adjusted accordingly.

The queue distributor uniselectors SA and SB
continue to step once for each call discharged from
the queue; the discharge of the last stored call
releases relay QQ and at QQ1 causes the start relay
ST to release. With the release of LA at ST2 the
circuit returns to normal to await the next operation
of relay PC.

Automatic Control of Quene Size.

It will be seen from Fig. 8 that the only effect of
operating the Automatic Queue Control key is to
transfer the operating path of relay CA from the
manually controlled finger of the switch to the
automatically controlled wiper C5 of the count uni-
selector in the staffed position count circuit, and thus
via a cross-connection field to the LA1-LP1 contacts
of the queue count relays. The circuit operation is
otherwise exactly as described above except that the
automatic adjustment of the C5 wiper to a new
position on the bank, as staff changes occur, deter-
mines, via the cross-connection field, the appropriate
limiting value for the queue size.
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Position Control Circuit.

One facility required of the system is that calls
arriving when all incoming positions are engaged shall
first seek a disengaged position among the bothway
positions before passing to queue storage. This
“overflow ” facility, as well as other requirements
mentioned below, is provided by the position control
circuit shown in skeleton form in Fig. 9.

POSITION CIRCUIT

POSITION MARKER

B M!\NUAL
= CONTROL PaI
= =
2 )
PA L
-|..' |-—D—1—o-ﬂ B/W =
MANUAL
— CONTROL
POSITION CONTROL CIRCUIT .

F16. 9.—PosITioN CONTROL CIRCUIT ELEMENTS.

Each operator’s position is identical from an
equipment viewpoint, but the particular straps
employed between the PB and PC terminals of each
position and the respective I/C, B/W or O/G terminals
of the control circuit predetermine its normal
function.

Relay OR in the position circuit is connected to its
PB terminal during the period a position is staffed.
Thus all staffed incoming positions will have their
OR relays operated directly by earth connected from
the control circuit, opening them for incoming traffic
by extending marking battery via contacts OR2 to
the PM1 arc of the position marker. The connection
of an incoming call to the position causes relay CL
(not shown) to operate and hold during the total
position-engaged period, thus removing the marking
condition at CL3.

Considéring relay PA in the control circuit, this is
short-circuited to earth via contacts OR1 operated
and CL2 normal until such time as all staffed in-
coming positions are engaged, when earth is removed
at the last CL2 contact to operate and relay PA
operates. Contact PAl operates relay PB, which at
PB2 causes the OR relays of all disengaged staffed
B/W positions to operate, and to open them at contact
OR2 for the receipt of incoming calls.

Contact PB1 prepares an operating path for relay
PC, which is short-circuited, however, via the ORI
contacts of B/W positions until all are engaged. The
operation of relay PC disconnects at PC2 the drive
circuit for the PM uniselector (for all available
positions are now engaged and further incoming calls
are stored) and extends earth to the queue limit
circuit (Fig. 8). The release of an incoming or both-
way position at this stage causes relays PA andjor






The Post Office Exhibit at
Radiolympia, 1949
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J. ATKINSON, AM.LEE.

Some of the many activities of the Post Office were demonstrated at Radiolympia in September, 1949, and this article
gives a brief account of particular displays having a special technical interest.

Introduction.

HE 16th National Radio Exhibition promoted
I by the Radio Industries Council opened at
Olympia on 28th September, 1949. This
was the second post-war presentation of Radiolympia,
and arrangements were made to display various Post
Office activities in the field of general and radio
communications. A commanding site of 5,000 sq. ft.
on the northern gallery of the National Hall was
allocated to the Post Office by the Exhibition
Authorities. Various branches of the Engineering
Department co-operated in the selection and con-
struction of a series of exhibits, whilst the general
design and construction of the stand was undertaken
by the Central Office of Information in collaboration
with the Public Relations Department of the Post
Office. During the ten days run of the exhibition,
almost 400,000 people visited Radiolympia It has
been estimated that some 200,000 of these paid a
visit to the Post Office stand.

Layout and Scope of the Exhibition.
The layout and general arrangements of the Post

GALLERY BALUSTRADE

Office Exhibit are indicated in Fig. 1. The design
provided a central island display with supporting
exhibits around the boundary walls of the stand, and
the exhibits were selected to provide interest to a wide
range of technical and non-technical tastes. Apart
from the items of general and non-technical interest,
the main displays were :—

(1) A working demonstration of the subscribers’
emergency (999) telephone service.

(2) A display of the submarine cable activities of
the Post Office.

(3) An exhibition of the equipment in a Post Office
Coast Radio Station with an interesting demon-
stration of the method of dealing with distress
calls from ships. :

(4) A working demonstration of the transmission
of video signals over a microwave radio link.

(5) An exhibition of the equipment to be used at the
terminal and intermediate stations of the

London-Birmingham coaxial cable television
link.
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Notes and Comments

Recent Award

The Board of Editors has learnt with great pleasure of the honour recently conferred upon the following

member of the Engineering Department :—
Portsmouth Telephone Area Jackson, A. C.

Special Commendations

The Board learns with great pleasure that the
following two officers of the Engineering Department
have recently received awards for courageous action:—

Mr. J. Futcher, Technician CLIIB, Bradford

Telephone Area—Silver Medal of the R.S.P.C.A., for
assistance in rescuing animals from a fire at Gargrave.
- Mr. M. J. Phillips, Technician CLIIB, London
Telecommunications Region—Honorary Certificate
of the Carnegie Hero Trust Fund ; for an attempted
rescue from drowning at Rottingdean.

Recent Appointment

Mr. L. G. Semple, who served in the Engineering
Department for many years, and became Superintend-
ing Engineer, South Midland District, in 1938, has
recently been appointed as Regional Director, North
Eastern Region. The Board offers its congratulations
and extends to him best wishes for success in this
important position.

Binding for Volume 42

The current issue of the Journal completes Volume
42 and subscribers wishing to have their copies bound
are recommended to make early application.

Particulars of the facilities available and method of
ordering are given on p. 245 of this issue.

P.M.G.’S Department, Australia

It is interesting to note from the 38th Annual
Report (1947/48) recently issued by the Postmaster-
General, Australia, that the 3-year post-war pro-
gramme expiring in June, 1950, had proceeded
satisfactorily. The programme covers capital works,
including sites and buildings, to a value of £42,000,000
in respect of the more urgent of the projects designed
to overcome arrears and restore a high standard of
efficiency. The general position was still critical,
however, and all possible means of accelerating pro-
gress were being explored.

Although in the year under review a record total of
58,137 telephones was added to the system an extra-
ordinary demand for service continued and arrears of
applications tended to increase. In spite of serious
problems due to shortage of materials, plant and
labour 13 new automatic exchanges were established
and 55 carrier-wave telephone systems were installed
on trunk line routes.

Portraits of Telecommunications Pioneers

We have been informed by the Secretary-General,
International Telecommunications Union that a
series of photographic reproductions of men renowned
in the sphere of telecommunications has been pub-

Assistant Engineer

Mentioned in
Despatches

Capt. (Tem.)
Royal Signals

lished during recent years covering such well-known
figures as Morse, Bell, Marconi, Baudot, Herz, etc.,
the latest being that of Faraday.

The reproductions, approximately 9 in. X 7 in., are
priced at three Swiss francs per copy and may be
obtained on application to the Secretary-General,
I.T.U., Palais Wilson, 52 rue des Paquis, Genéve
(Suisse).

Circuit Laboratory—Silver Jubilee

An event of unusual interest occured recently when
the Engineer-in-Chief’s Circuit Laboratory celebrated
the completion of 25 years’ service. The occasion
was marked in a most appropriate manner by opening
the Laboratory to visitors and enabling them to
inspect and have explained some 70 exhibits, many of
which had been specially staged for the occasion.

In addition to a few items of historicalinterest which
attracted attention, many circuit models of new
signalling devices and switching schemes were on
show, together with a representative selection of test
equipment. It is not possible in these notes to
mention specifically more than a few of the exhibits,
but amongst those which aroused special interest were
an effective set-up showing the origination, routing
and reception of a telephone call under Trunk
Mechanisation conditions; the new Phonogram
Automatic Distribution scheme giving queue forma-
tion and queue size adjustment facilities on incoming
phonogram calls ; the Automatic Traffic Equipment
which is already proving of considerable assistance
when maintenance investigations are undertaken as
a result of service observations; and the Electronic
Scaler for relay timing, which may be quoted as
typical of the advanced testing techniques now
employed in the Laboratory.

The organisers planned for a preliminary * field
trial ” day on which relatives of those closely con-
nected with the Laboratory were conducted round
the exhibits. No doubt the experience then gained
helped to ensure the effective arrangements whereby
more than 500 official visitors were accommodated
during the two ‘“open days’ set aside for this
purpose. Amongst the many distinguished visitors
were Mr. B. L. Barnett, Deputy Director General,
Sir Archibald J. Gill, Engineer-in-Chief, and General
W. A. Scott, G.O.C., Army Signals. Representatives
from numerous organisations outside the Post Office
were in evidence and, in common with others, found
the Laboratory demonstration staff more than equal
to their exacting tasks.

Mr. C. H. Wright, the Officer-in-Charge of the
Laboratory, and his assistants are to be congratulated
on an exhibition which proved well worthy of the
special occasion.
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F2A. Allotment 7-15. There is a small power main-
tenance group headquartered in Brighton which
undertakes all the work in the Brighton Control
and the'larger jobs in the other controls. The
latter controls therefore make a small contribu-
tion to the Brighton Power Group where justified.

F2B. Allotment 10:72. Linemen are allowed 9-0, the
remainder going to the Brighton mechanics’shop.

Exchange areas are grouped to make up a load mainly
on a geographical basis and can rarely be arranged such
that every man is allotted an equal load from the work
unit aspect. The following factors, however, are also
taken into account:—whether the lineman lives in his
area ; the size of the area and the amount of travelling
involved ; the time he is likely to spend on items not
covered by work units, i.e., jumpering, meter readings,
inspection of power lines; the condition of the plant.
Where two or more linemen have the same headquarters
the F2A, F2B and TG work can sometimes be grouped
and given to one or other to equalise their loads.

Each set of load schedules for the Controls is provided
with a facing sheet which summarises how the manhours
are allotted to the various maintenance subheads, and
gives the controlling officer a clear picture of his maximum
anticipated expenditure. D.C. B.

PRESTON (BRIGHTON) T.E.

Preston antomatic exchange (Siemens 16, installed in
1927) is a satellite on Brighton with 5,200 working lines.
Over the past year, the reported exchange faults have
averaged about 0-04 faults per telephone per annum.
During each of the weeks ending 2nd and 23rd September,
1949, the exchange excelled itself and the number of
reported exchange faults was nil. Is this a record ?

D.C.B.

Scotland
ABERDEEN AUTO CONVERSION

Aberdeen was converted to non-director automatic
working from C.B.1 (22 V) at 1.15 p.m. on Saturday, Sth
October, 1949, almost exactly 40 years after the opening
of the C.B. exchange. Four exchanges were concerned :
Aberdeen Central, 9,500 multiple ; Aberdeen North, 1,800
multiple ; Aberdeen West, 5,000 multiple; and Cults,
800 multiple. Cults, being a C.B.S.1 exchange, was
modified for C.B. working some time before the transfer.
The transfer was originally intended to be effected in
1940, but was deferred due to the outbreak of hostilities
and the bulk of the equipment stored. In order to go
some way towards the post-war demand for telephone
service and also to cope with the increased traffic, three
relief manual exchanges had been installed :—

(a) Central, C.B.10—19 positions, April, 1946.

(b) West, C.B.10—4 positions, November, 1945.

(¢) North, C.B.1—3 positions, December, 1948.

These also ceased on the transfer date. A five-figure
numbering scheme is employed and Cults exchange has
lost its identity.

In order to improve the trunk service, affected by
serious congestion on the C.B. trunk suites, the 52-position
sleeve control auto-manual board was brought into service
in April, 1948, some 18 months before the main transfer.
All the U.A.X.s parented on Aberdeen were also trans-
ferred to this board. Order-wire working was necessary
between the two boards and introduced certain operating
complications, but there is no doubt that the action
taken proved itself well worthwhile during the busy
summer season. The introduction of 2 V.F. working on
the London, Newcastle, Edinburgh, and Glasgow routes
at the same time also played its part in speeding up the
service. The advance transfer of the A/M board not only

simplified the ultimate transfer operation but served a
very useful purpose in training operators for the transition
from C.B. to sleeve control working.

The actual final transfer operation involved 756
junctions and 12,750 subscribers, some 480 of whom are
working on a shared-service basis.

At the satellites, 2,000-type discriminators with im-
pulse regenerators are in use. It is hoped to give a more
detailed description of the installation and transfer
arrangements at a later date. H J R

North-Western Region
REPAIR TO 3-IN. STEEL PIPE

During recent extensive repair operations on a bridge
crossing the River Mersey in the Manchester Area, one of
four Post Office steel pipes crossing the bridge was pierced
by a pneumatic road-breaker. The drill penetrated the
pipe and cut into a 300/10 4 96/40 composite junction
cable, the cable being wedged by the jagged edges of the
damaged portion of the steel pipe. All the pipes were
embedded in concrete, and no spare way was available.
Only a portion of the damaged pipe was exposed, and
any attempt to remove concrete from the other pipes
might have resulted in further damage. Apart from the
service aspect, repairs had to be carried out quickly in
order not to hold up work on an important main road.

The method of repair in this unusual case presented
rather a problem. The damaged cable could not be
withdrawn without the jagged edges of the steel pipe
damaging the good section of the cable sheath. The
following method of repair was adopted :—

An interruption cable was placed overground and the
cable changed over. Without further cutting of the pipe
the faulty cable was cut through by means of a chisel at
the point where it had been pierced, and withdrawn
from both ends. These two portions of the cable were
immediately spliced at the local Cable Splicing Depot.

It was first decided to cut away the damaged portion
of the pipe by means of oxy-acetylene flame and the
Department’s mechanic was asked to do this. On
examining the pipe the mechanic decided not to use the
flame method but to employ a diamond-pointed chisel,
and successfully removed the jagged portion of the pipe,
leaving a clear hole about 2} in. diameter. He then
made a steel patch curved to meet the shape of the pipe
and, after removing all rough edges and cleaning out the
whole length of the pipe, the patch was welded in place
by oxy-acetylene flame, and the pipe was then ready to
receive the spliced cable.

This simple operation made a very successful repair
and saved a considerable amount of labour.  S.B.I.

UNDERGROUND PLANT THREATENED BY
ROAD ON FIRE

“ By shifting tons of  earth and roadway from
the main Chorley-Wigan road at Birkacre, Lancashire,
workmen have removed a threat to an important bridge
over the River Yarrow, caused by a two-year-old fire
which began creeping towards the bridge in December,
1948.”

This extract from the ‘Manchester Evening News '’ of
29th January, 1949, describes an operation of which the
Telephone Manager, Preston, had been advised by the
Chorley Borough Engineer and Surveyor on 23rd
December, 1948. The advice stated that ‘. . . in order
to preserve the reinforced culvert at the Borough
boundary at Birkacre, it will be necessary to excavate a
section of the road approximately 120 ft. in length and
toa depth of 30 ft. This will leave your trunk telephone
line exposed and without support . ..” The trunk tele-
phone line referred to in this letter consisted of a 6-way
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Staff Changes

Promotions
Name Region Date Name Region Date
Reg. Dir. to Contr. of Research Prob. Engr.to Engr.—continued
Harris, L. H. Scot. to E.-in-C.O. 1.10.49 McDowell, D. E.—@n—C.O. 21.10.49
Asst. Staff Engr. to Staff Engr. E{g;lslilg’ SS ' '1(‘; ) ]S“:cg‘z1 O ésigig
Barron, D. A, E.-in-C.O. 1.11.49 P : o
Avea Engr. to Asst. Staff Engr. ﬁSSL f:"gé - Z Lngr. HC R L1049
-in- ay, E. G. A, .C. Reg. .10.
Spears, G. L.T. Reg. to E.-in-C.0.  1.11.49 Hudson, G. J. EAinCO. 97 11.49
Avea Engr. to Asst. T.M.
Jefis, H. H.C. Reg. to L.T. Reg. 4.9.49 Tech. Off. to Asst. Engr.
Wileman, G. W. N.W. Reg. to E.-in-C.O. 5.9.49
Err-lo drea Bngr EAnCO. toLT. Reg.  1odo | Evens KL W.B.C. Reg. to E.-in-C.0. 12.9.49
Collins, ,] B, N.E. Reg, 11.9.49 Roberts, E. N.W. Reg. to E.-in-C.O.  26.9.49
Greenwood, G. C. H.C. Reg. 23.9.49 Asst. Expt. Off. to Expt. Off.
‘Woodhouse, T. N.W. Reg. 1.11.49 Cowell, G. N. E.-in-C.O. 5.10.49
Adams, W. E. E.-in-C.O. to Scot. 13.11.49 Roberts, T. E. E.-in-C.O. 16.11.49
Arnold, A. F. E.-in-C.0. to W.B.C. Reg.20.11.49 Organ, R. M. E.-in-C.O. 16.11.49
Stead, L. G. E.-in-C.O. 23.11.49
Engr. to Reg. Tng. Off. M.T.O.IT to M.T.O. I )
Mitchell, M. E-in-C.O. to L.T. Reg.  12.9.49 Collman, E. E.-in-C.0. 1.9.49
Prob. Engr.to Engy. Meck. ifc I to Tech. Asst.
Welsby, V. G. E.-in-C.O. 26.8.49 Mundye, E. O. N.E. Reg. to E.-in-C.O. 10.9.49
Smith, D. C. E.-in-C.O. 8.9.49 .
Mansfield, P. M. E.-in-C.O. 15.9.49 Fouvth Off. to Third Off.
Gerard, P. S. E.-in-C.O. 17.10.49 Tuckwell, R. M. “Monarch’ to ““ Ariel” 24.10.49
Transfers
Name Region Date Name Region Date
Executive Engineey. Asst. Engr.—continued
Ha.les, A. C. Factories Depa.rtment 1.10.49 Trask, G. W. F, Seconded. to P. & T. 20.9.49
to £.-in-C.0. Triplow, L. E B Ao o HC Reg. 31.10.49
. B. E.-in-C.O. to L.T. Reg. 1.11.49 DIOW, S e TS R . gl
Logo W B ] B0 o Min = 19.0.49 Phillips, A. J. E-in-C.0. to Admiralty ~ 1.11.49
T N. I Skuse, C. E. C. Seconded to P. & T. 19.10.49
) Australia
Engineer Best, R. J. E.-in-C.O. to SSW. Reg.  7.11.49
ames, L. R. L.T. Reg. to S.W. Reg. 2.10.49 Deaville, J. C. LT Reg. to E.-in-C.O. 1.11.49
{loberts, W. J. S.W. Regg. to E.-in-C.O.  2.10.49 Evans, R. J. L. E.-in-C.O. to W.B.C. Reg.31.10.49
Donaldson, A. L. E.-in-C.O. to N.E. Reg. 13.11.49 Notley, C. E-in-C.O. to L.P. Reg.  14.11.49
Mansfield, P. M. E.-in-C.0. to Scot. 27.11.49 Oatey, L. W. L.P. Reg. to E.-in-C.O.  14.11.49
Henshall, B. E.-in-C.O. to Mid. Reg. 23.11.49
Asst. Engy. Inspector
Pritchard, G. F. H.C. Reg. to E.-in-C.O. 1.9.49 Sugars, E. G. E.-in-C.O. to Malaya 13.7.49
Retirements
Name Region Date Name Region Date
Staff Engr. Asst Engr.—continued
Brown, C. W. E.-in-C.O. 31.10.49 Smart, G. Scot. 7.9.49
Devon, J. M. N.W. Reg. 25.9.49
E’”.‘—'E\—'}",i GO sro4e | Wood W.H. HC. Reg, 30.3.49
Smith, V. -in-C.0. -6. Smith, W. H.C. Reg. 23.4.49
Engincer Kesteven, A. S. H.C. Reg. ( 31.5.49
S _. . Erskine, G. A. E.-in-C.O. (Resigned) 13.8.49
McClune, W. J. E.-in-C.O. (Resigned) 4.9.49 Woodhouse, W. T. Mid. Reg. 31.5.49
Tett, J.E. W, H.C. Reg. 30.9.49 Arthur, C. W N.W. Re 13.9.49
Standing, F. E.-in-C.0. 12.11.49 ar, - We AR 9.
Dayvies, L. J. D. N.E. Reg. (Resigned) 14.10.49
Pyob. Engr. Arundel, G. Mid. Reg. (Resi 30.9.49
Sanderson, H. W. E.-in-C.O. (Resigned 30.9.49 Sard, G. J. E.-in-C.O. (Resigned) ~ 12.11.49
(Resigned) Thistlethwaite, W. R. E.-in-C.O. (Resigned) 11.11.49
Asst, Engr, Fell, S. H. N.W. Reg. 30.11.49
Caines, G. E.-in-C.O. (Resigned) 10.9.49 Handy, T. A. Mid. Reg. 13.10.49

* Incorrectly shown as Principal Scientific Officer in October, 1949, issue.
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Retirements—continued

Name Region Date Name Region Date
Inspecior . Inspector—continued
Brook, B. A. L.T. Reg. 30.9.49 Hail, G. Mid. Reg. 31.8.49
Harrex, W. H. H.C. Reg. 28.2.49 Walker, W. F. L.T. Reg. 28.11.49
Bridger, A. S. H.C. Reg. 31.5.49 Quinn, F. Scot. 4.11.49
South, E. A. H.C. Reg. 6.6.49 Street, A. D. N.W. Reg. 11.9.49
Baker, H. P. S.W. Reg. 31.3.49
Colbourne, R. W. S.W. Reg. 28.4.49 Asst. Expt. Off.
Lambourne, H. L. S.W. Reg. 13.5.49 Sothcott, M. E. (Mrs.) E.-in-C.O. 30.9.49
(Medical Grounds) ,
Tapscott, H. F. S.W. Reg. 3.6.49 Thivd Officer
Harris, C. S.W. Reg. 4.6.49 McAuliff, E. R. HM.T.S. Iris 21.10.49
Gilbert, J. S.W. Reg. 30.6.49 (Resigned)
Deaths
Name Region Date Name Region Date
Effic. Engr. Asst. Engr.—continued
England, A. G. Scot. 3.10.49 Harbord, F. G. H.C. Reg. 25.5.49
Crosby, J. J. Mid. Reg. 8.11.49
Asst. Engr. ‘Whitehead, E. H.t H.C. Reg. 19.8.49
Southwell, C. E. N.W. Reg. 30.8.49 Inspector
Richards, H. L.T. Reg. 6.9.49 Atkins, W. S. L.T. Reg. 8.9.49
t Incorrectly shown as Inspector in October, 1949, issue.
<>
CLERICAL GRADES
Transfers
Name Region Date Name Region Date
Exec. Off. Exec. Off —continued
Botelle, S. A. Eng. Dept. to Min. of  15.2.49 Morris, J. Eng. Dept. to War 17.10.49
Agri. & Fish. . Damage Comm.
Carstairs, G. Eng. Dept. to Air Min.  26.10.49
Retirements
Name Region, Date Name Region Date
H. Exec. Off. Exec. Off.
Johnston, A. E. On loan to War Damage  31.7.49 Park, W. H. E.-in-C.O. 20.8.49
Comm. (Health grounds)
Death
Name Region Date
Exec. Off.
Holden, A. G. E.-in-C.O. 3.11.49
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INSTITUTION’S LIBRARY
(Continued from page 232)
1837 Magnetic Matevials. F. Brailsford (British 1948).

A comprehensive outline of the present state of
knowledge for those concerned with the techno-
logical applications of magnetic materials.
Reviewed in P.O.E.E.]J. Vol. 41, p. 233.

1838 Radio Receiver Design (Part II). K. R. Sturley
(British 1947).

Part II covers audio frequency amplifiers, the
power output stage, power supplies, automatic
gain control, push-button, remote and automatic
tuning control, overall performance measurements,
frequency modulated and television reception.

1839 F-M Simplified. M. S. Kiver (American 1947).

A presentation of frequency modulation tech-
niques, design of receivers, commercial applications
of various designs, and servicing procedure.

1840 Electromic Devices. H. A. Millar (British 1948).

A summary for the student and the electrical
engineer not primarily concerned with electronics,
of the electronic devices available at the present
time.

1841 Microwave Receivers (American 1948).

A comprehensive report by the Office of
Scientific Research and Development, National
Defence Research Committee (American) on Radar
and related techniques.

1842 Computing Mechanisms and Linkages. A. Svoboda.
(American 1948).

Describes the information and the new tech-
niques resulting from the research and development
work undertaken at many laboratories in the
U.S.A., England, Canada and other Dominions
during the development of radar and related
techniques during World War II.

1843 Plain Words. Sir E. Gowers (British 1948).

A guide to the use of English by officials.

1846 Electrical Network Calculations. D. E. Richardson
(American 1948).

A book designed to provide students and prac-
tical engineers with an efficient arithmetical and
tabular tool for use in securing numerical solutions
to their electrical network problems.

1847}Fundamenmls of Industrial Administyvation.

1848 E. T. Elbourne (British 1947).

Vols. 1 and 2. These books are designed to assist
the student to obtain a thorough preliminary
understanding of the subject.

1850 Paper No. 9 of the Selected Papers from the
Journal of the Institute of the Electvical Engineers of
Japan—A brief description of the damage done
by the earthquake to the wired and wireless
telegraph and telephone installations of Japan,
by S. Inada (1925).

1851 Plastics for Electvical and Radio Engineers.
W. J. Tucker and R. S. Roberts (British 1946).

A book designed to classify the various plastics
which can be used in electrical and radio apparatus
and to give a proper appreciation of their charac-
teristics from an electrical designers standpoint.

1852 Frequency Amnalysis, Modulation and Noise.
S. Goldman (American 1948). -

A comprehensive discussion of the important
subjects of Fourier integral analysis, modulation
and random noise. )

18583 Textbook of Illuminating Engineeving. J. W. T.

Walsh (British 1947).
The aim of this book is to assist students who are
preparing for the examination in Illuminating
Engineering (Intermediate Grade) of the City and
Guilds of London Institute.
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HEAD OFFICE, MAGNET HOUSE, KINGSWAY LONDON, wW.C2

THE GENERAL ELECTRIC COMPANY LTD. OF ENGLAND :

Telephones : Temple Bar 8000 (90 lines) Telegrams : *‘ Electricity, Westcent, London’" Cables : *‘ Polyphase, London ”’
TELEPHONE, RADIO AND TELEVISION WORKS * COVENTRY - ENGLAND
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Good batteries giving good service —those are the Alton salesmen in sixty-five

countries. They are bringing in orders for batteries ranging in capacity from 10

to 15,000 ampere-hours. Sharply increasing orders: but Alton, long experienced

in export, is organised to meet them—with good batteries and firm delivery dates.

Alton can also supply renewal plates for all

makes of battery, British and Continental.

BATTERIES OF MERIT

THE ALTON BATTERY CO. LTD
Alton, Hants. Telephone. Alton 2267 and 2268. Grams: Battery, Alton
















The scientific background of the
Company is allied to an efficient organisation

producing the following :—

TELEPHONE EXCHANGES FOR
NETWORKS OF ANY SIZE

Director Exchanges for metropolitan and large
provincial areas. Non-director main and
satellite exchanges

Automatic and automanual trunk exchanges

Manual exchanges

Private automatic exchanges (P.A.X.)

Private automatic and manual branch exchanges
(P.A.B.X. and P.M.B.X))

Calling line identification equipment

Press Button telephone systems from 5 to 15
lines with or without loudspeaker master
stations

TRANSMISSION EQUIPMENT

Single, three, twelve and twenty-four-channel
carrier telephone systems for overhead lines or
underground cables. Six, twelve, eighteen and
twenty-four-channel carrier telegraph systems

Loading coils

Quartz crystals

Carrier and audio repeaters
Transmission testing apparatus

v SLY

SIGNALLING EQUIPMENT

V.F. Systems of signalling and dialling using
C.C.LF. codes

500/20 c/s signalling equipment

Long-distance D.C. impulsing systems

50 ¢/s dialling equipment

T
FD TVl EY

|

1849 ¢

REMOTE CONTROL SYSTEMS

Systems of remote control with indication and
telemetering equipment for the following
services:

Electricity distribution networks

Electric railways; tram and trolleybus transport
undertakings

Gas distribution networks
Water distribution networks
Qil distribution networks

“Rythmatic” ripple control systems for street
lighting, selective load control and other
operations

LIGHT CURRENT SIGNALLING SYSTEMS

requires an individual approach, involves a new assessment of available knowledge and a fresh con- Mine telephones and signalling equipment

sideration of existing methods of solution; complex because of all branches of engineering it is by far “Eslﬁff;ﬁ;';‘ﬁgc’covrﬁgiﬁf'?ﬁfe‘ﬁéi‘fiéﬁ’s‘_ﬁcfri?é‘r?i'f]kf;’é v s £ L /
the most abstruse, involving in its approach to world communication problems the profoundest researches into physics systems ‘ ; : ‘}\ ag
and the development of special higher mathematical formule. This is the scientific background of the vast A.T.M. organi-
sation which has at its disposal the specialised knowledge of over 50 years’ experience in the telecommunication art and
which has been responsible for many of the major inventions and discoveries in the subject during this period. ‘

The scope of telecommunications is so vast that it requires the Company to employ the services of a e ! /

large number of specialists in many subjects including acoustics, thermionics, electronics, piezo-electric AL

and photo-electric phenomena, transmission theory, power engineering and measurement; it follows A u To M AT l c T E I_ E P H 0 N E & E I- EcT R I c | 0 I-T
L] [ ]

that such a body of collective knowledge is instantly available to deal with any problem for which )
y g y y P Registered Office and Works: STROWGER WORKS, LIVERPOOL 7, England

the application of one or more of these techniques can provide a solution. Export Department: STROWGER HOUSE, ARUNDEL STREET, LONDON , W.C.2
Cablegrams : “Autelco, London *’
Agents and RepresentntivesA in all parts of the world
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Take YOUR word for it-

(14 n en s a An enlightening series of candid opinions

of the efficacy of Denso Anti-corrosive
cgpd Sealing Products expressed by

will be used fe0 oa the Jons'

exclusively”

*

Report by a Cable Contractor
dealing with the use of Denso
for sealing cable ends :

*

‘.. . Instructions have
been received that in future
Denso will be used exclusively
for protecting cable ends
and leaks, This will obviate
carrying fires for melting
bitumen — and should save
valuable time.”

WHAT WE SAY

DENSO TAPE—a permanently
plastic wrapping of open-weave
textile impregnated and coated
with a formula based upon a pro-
tective medium known through
the centuries for its water- and
rust-proofing qualities.

USES—Protects Services, Mains,
Cables and Metalwork below and
above ground against Chemical
and Electrolytical corrosion and
corrosive atmosphere.

Temporary repairs. Water- and
Gas-proofing. An aid to Frost-
Pproo Water-proofing tem-
porarr cable openings.

: Regd. Products
INDUSTRY'S SEAL AGAINST CORROSION
Write for Specification and Price List

WINN & COALES LTD.
Terminal House, Grosvenor Gardens, London, S.W.1.
Telephone : Sloane 6146-7. Telegrams : DENSELTE, SOWEST, LONDON

SOUND INSTRUCTION
by Postal Method

The I.C.S., largest school in the world devoted to‘spare-time
training by the postal method, offers you highly specialised
Courses for the following examinations:

P.M.G. Certificates for Wireless Operators.
C. & G. [llumination Engineering (inter.)

C. & G. Electrical Engineering Practice, Instal-
lation and Telecommunications.
Graduateship of the B.L.R.E.
I1.C.S. Examination students are coached till successful.

Other Courses meet the requirements of all who desire to
qualify for responsible positions in Electric Power, Ilumination,
Heating and Traction Systems. Equally successful is our
instruction for Telegraph and Radio Engineers, Radio Service-
men, and in Elementary Radar and Electronics, Advanced
Short-Wave Radio and Television Technology.

Instruction is by correspondence from textbooks specially
prepared by many experts.

WRITE FOR OUR SPECIAL BOOKLET and state the
particular subject or Examination in which you are interested.

e YOU MAY USE THIS COUPON oo
International Correspondence Schools Ltd.
Dept. 108, International Buildings, Kingsway, London, W.C.2

Please’ send "me, free of charge, your special
booklet on

Name

Address

Age

(BLOCE LETTERS, PLEASE)

ELECTRICAL

INSTRUMENTS
AND THE CALCULATION OF
THE ERRORS INVOLVED -

" By D. Karo, Dip. Eng., A.M.LE.E.
Senior Assistant,Northampton Polytechnic

The value of any measurement depends not
only on the method used, but on the magnitude
of the errors involved. This book compares
methods of measurement, discusses the errors,
calculates their value, and determines the
conditions for maximum accuracy. Part I
deals only with D.C. measurements and
instruments, but the treatment covers the
syllabus of the B.Sc. Part II examination in
Electrical Measurements.

106 Diagrams (Part I) 18/- net

MACDONALD & CO.
(Publishers) LTD.
43, LUDGATE HILL, LONDON, E.C.4

Electrical Technology

By H. Cotton, M.B.E., B.Sc., M.LLE.E. A standard textbook and
reference work for electrical engineers and students. Now completely
revised, with important new material. Sixth Edition. Illustrated.
18/- net.

Telephony i’ol. IV

By J. Atkinson, A.M.I.LE.E., Area Engineer, Post Office Engineering
Dept. The first volume of a completely revised edition of Herbert
and Procter’s great work, universally recognised as the standard
guide to telephony. This volume deals with general principles and
manual exchange systems. 694 illustrations. 35/- net.

Radio Frequency Heating
Equipment

By L. L. Langton, A.M.LE.E. A new book by an expert, of first-rate

importance to all concerned with this type of equipment. With
numerous illustrations. 17/6 net.

Electrical Measurements and
Measuring Instruments

By E. W. Golding, M.Sc,Tech., A.M.LE.E. A useful textbook
covering the syllabuses of the B.Sc.(Eng.) and other examinations.
Third Edition. 25/- nete

Permanent Magnets

By F. G. Spreadbury, A.M.Inst.B.E. A comprehensive work by an
authority dealing fully with recently-developed as well as orthodox
materials, with problems of design, and with theory. Profusely
illustrated. 35/- net.

PYTMAN., Parker Street, Kingsway, London, W.C.2




TELEPHONE CABLES

G

OUR .BROCHURE No. 9E (1949),
GIVING INFORMATION AND SPECI-
FICATIONS FOR A WIDE RANGE
OF TELECOMMUNICATION CABLES
MANUFACTURED. BY US, IS
. AVAILABLE TUPON REQUEST.

= lmELu-fIENEn;[ S

CABLE WORKS, Ltd., SOUTHAMPTON.

wurure VITREQUS ENAMELLED RESISTOR)

IPENY  BRTING 3 watts for 250°C. rise
RESISTANCE RANGE-1-4700 ohms.

Full rated watts over the whole resistance range.

DIMENSIONS - 15/32" x 13/é4".

KINGSTHORPE, NORTHAMPTON.

Printed by SANDERS' PHILLIPS & CO., LTD., The Ba_vna.rd Press, Chryssell Road, London, S.W.9, and
Published by BIRCH & WHITTINGTON (Prop. Dorking & Co. [Epsom), Lid.), Epsom, Surrey.
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