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® Inter-digit pause preceding the digit.
@ Inter-digit pause increased in length.
® Articulated trigger action.

@ Simplified finger stop.

© Efficient governor mechanism.
@ Still quieter action.

© Impulse ratio unaffected by wear.
@ Improved dust exclusion.

® Sealed rear cover, if required.

®

Interchangeable with B.P.O. and other standards.

FOR THE MOST UP-TO-DATE
TELECOMMUNICATION EQUIPMENT

Consult

THE GENERAL ELECTRIC COMPANY LTD. OF ENGLAND
HEAD OFFICE: MAGNET HOUSE, KINGSWAY, LONDON




THE Post OFFICE
EI.ECTRICAI. ENGINEERS JOURNAL

Vol. 42

Yeading Central Motor Transport

April, 1949

Part |

COL. A. G. McDONALD,

Repalr Depot OB.E., T.D.,, AC.G.l., BSc, AM.LCE, MLEE.

U.D.C. 629.113.004.67

The Post Office has recently opened an extensive repair centre at Yeadmg near Greenford, Middlesex, for the overhaul

of motor transport veluc]es, units and components, on a ‘ factory ” basis. This article dmcnbes the circumstances that

led up to its inception, how it fits into the existing nation-wide scheme of repair for motor transport, its functions, and also
details of its layout and equipment.

Introduction.

HE Post Office fleet to-day consists of some

25,750 vehicles and is still rapidly increasing

in number. Although a high proportion of
these vehicles is of Morris (Morris Motors and Morris
Commiercial) manufacture, owing to the sudden need
in 1946 to obtain vehicles for the Engineering fleet
expansion and also because of the inception of the
Engineering Department’s Road Haulage Scheme!,
the Post Office was forced to take over surplus Service
vehicles and in consequence the fleet now contains
practically every known make. Amongst the petrol-
engined vehicles are such makes as Albion, Austin,
Karrier, Leyland, Fordson, Bedford, Bedford-
Scammell and Crossley. The oil-engine makes include
Maudslay, A.E.C., Leyland, Foden, Albion and
Scammell (Gardner engines predominate). In
addition to this commercial vehicle fleet there are a
considerable number of passenger cars and also a few
omnibuses. The number of motor cycles is round
about 600. It may be of interest to note that the
number of vehicle types listed for costing purposes is
95,

In the Morris Motors range the principal chassis
types are the ““Z” (used on Engineering Minor and
Postal 50 cu. ft. vans—R.A.C. rating 8-05 h.p.) and
the “Y ” (used on 8-cwt. Engineering and 100 cu. ft.
Postal vans—R.A.C. rating 11-98 h.p.). In the Morris
Commercial range the chassis used are the “LC”
{for Postal 240 cu. ft. and Engineering 1-ton Utility
and I-ton Stores Carrying vehicles—R.A.C. rating
15-9 h.p.), and the “ CV " chassis (for 360 cu. ft.
Postal and Engineering 30-cwt. Utility and Stores
Carrying and Engineering Test vehicles—R.A.C.rating
24-8 h.p.). There are also two other makes which are
held in quite large numbers, the Albion (30-cwt.
B.118 engined chassis—R.A.C. rating 19-6) and
Austin (2-ton chassis with engine of 26-9 h.p.—R.A.C.
rating).

Necessity to Replan Motor Transport Repair Organis-
ation.

Although to a very great extent overhauls and
repaints as well as day-to-day maintenance have been

1P.0.E.E.]., Vol. 40, p. 135.

carried out in the great majority of the 350 Regional
workshops, a degree of central working had been
developed in each Region in the reboring of engines,
replating of batteries, overhaul of electrical com-
ponents and overhaul of Engineering lorries. This
work was allocated to certain of the Regional work-
shops becatise it was not practicable to supply costly
equipment such as boring bars to all of the workshops,
while batteries and electrical components were
segregated because of the requirements of specialist
staff and of special equipment and accommodation.
This measure of centralised repair would, but for the
war, have been developed to a far greater extent.
At the same time another factor made it very necessary
to give urgent consideration to the setting up of
Central Repair Depots. In 1939, the fleet totalled
approximately 17,500 vehicles. To-day, it is almost
50 per cent. greater in number and, consequently, in
maintenance requirements. During that period of
growth, as a result of the almost total ban on new
buildings from 1938 onwards, the additional workshop
accommodation provided to meet this growth has
been practically negligible. Consequently, all work-
shops to-day are carrying on under very grave
handicaps. Apart from the limitation of workshop
space, an increasing number of vehicles have to remain
overnight in the open, which results in extra main-
tenance attention being necessary.

It has therefore become imperative to replan the
complete Motor Transport repair structure to avoid a
breakdown. The existing workshop buildings are
sited mainly in built-up areas on relatively costly sites
where their location and size is dictated by the require-
ments of the operating centre of the user. For Postal
vehicles, in order to avoid very heavy off-centre
operating costs, they are usually sited as near as

. possible to the Sorting Office, which is in turn

generally sited near the Railway Station, while for
the Engineering Department’s Section Stocks and
Garages, although these are farther out and not
necessarily in the centre of towns or cities, they are
in the main in built-up areas where no extension is
possible. Consequently, as it is impracticable to
increase the size of the present workshops the logical
solution to give relief is to leave these existing
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workshops to carry out day-to-day maintenance work
and to set up new workshops, not necessarily in the
business centres of population, to carry out that work
which can most conveniently be divorced from running
repairs. The location of these secondary shops is not
critical and less expensive sites are suitable. This
policy enables the user’s day-to-day maintenance
requirements to be fully met by staff stationed with
the operating fleet and at the same time permits
overhaul staff to work without the distraction of
attention to faults.

‘When the overhaul requirements were analysed in
greater detail, paying special regard to the distances
that some vehicles would have to go and also to the
high cost of some of the machine tools and specialised
equipment needed, it was realised that it would be
desirable to divide the overhaul responsibilities still
further. Such work as chassis stripping and repaints,
coupled with unit exchanges, could quite well be
carried out economically in selected shops in each
Region and consideration of the problems of delivery
and collection of vehicles and components suggests
that the economic radius of operation of these work-
shops should be in the neighbourhood of 40 to 50 miles.
Usually each Region will require two or more of this
type of overhaul workshop, giving a total for the
country of approximately 20.

Machine tools and specialised equipment for the
overhaul and .testing of engine and other major
components are very costly and this work must be
done in bulk to cover the very considerable overhead
charges. These factors necessitate the concentration
of such repetition work as engine overhauls, including
crankshaft regrinding, and unit and component over-
hauls in a limited number of National Repair Depots
planned on factory lines. The organisation now being
planned for the country as a whole is i(—

Ist-Line Workshops (Regional). Day-to-day
maintenance, valeting, decarbonising, top and
bottom overhauls, minor accident repairs, pre-
ventive maintenance to body and chassis, tuning,
brake and clutch adjustments.

2nd-Line Workshops (Regional). In these
workshops complete vehicle strip-down and
rebuilds would be performed, utilising recon-
ditioned units and components sent forward from
the 3rd line workshop. The operations performed
would include engine, gearbox, front and rear
axle exchanges, component exchanges, body
dismantling, chassis stripping and rebuilding,
brake shoe relining, brake drum turning, clutch
relining, major accident repairs, body repaints and
semi-major body repairs. Each 2nd-line work-
shop will act as a parent to a group of lst-line
workshops.

3rd-line Workshops (National). Overhaul on a
““ factory ”’ basis of engines, gear boxes, front and
rear axles, electrical components and accessories
received from 1st- and 2nd-line workshops.
Engine running-in and dynamometer testing.
Reconditioning of batteries. In addition, the
2nd-line workshop functions will be effected in
respect of vehicles within a radius of 40 to 30
miles. Further, the staff, accommodation and

equipment available render the 3rd-line work-
shop eminently suitable for building prototype
bodies and carrying out test work required for
development, time studies, checking advertisers’
claims for new equipment and accessories and
performing work necessary to assist the Motor
Transport Branch purchasing section.

In considering how many 3rd-line workshops would
be necessary to cover the country it was decided that
initially two Central Repair Depots would be required,
one in the South of England and the other in the
North, which would permit of covering practically the
whole of England and Wales and parts of Scotland
until such time as the density of vehicles called for
additional 3rd-line workshops. Accommodation has
not yet been finally secured for the workshop in the
North of England, but after many disappointments
suitable premises are under consideration and
strenuous efforts are being made to secure them.

For the Central Repair Depot in the South, an
opportunity came of taking over suitable premises
in a very convenient and economic operating and
distributing centre at Yeading, near Greenford,
Middlesex.

THE YEADING CENTRAL REPAIR DEPOT

The premises taken over form a self-contained
section of what was, during the 1939-45 war, a Royal
Ordnance Filling Factory. The buildings and layout
are typical of many similar factories which sprang up
in various parts of the country during the war for the
manufacture of armaments, and comprise single
storey, modern, factory-type buildings of wvarious
sizes and heights, administrative office blocks, first
aid centre, fire station, etc., the whole being set out
with adequate approaches and service roads, and the
site of 120 acres bounded by wire fencing. The
workshop accommodation consists of one main
factory and one smaller adjacent workshop which is
eminently suitable for a paint shop—work which is
preferably segregated from other workshop processes.
In all, some 247,000 sq. ft. of workshop and office
floor space is available.

All buildings are steam heated, supplied from a
battery of high pressure steam boilers which are fired
by mechanical stokers having electrically driven
chain grates fed by hoppers. Distribution is by over-
head piping suspended on gantries. The heating
within the main workshops is by fan unit heaters.
It is well known that this type of element gives space
heating in winter and improves ventilation in both
winter and summer. Another factor that was of
considerable help in enabling a substantial amount of
machinery to be installed speedily was the presence
of electricity supply mains adequate for a very heavy
load.

The immediate objective in setting up this Central
Repair Depot was to deal primarily with the vehicles
of the London and Home Counties Regions but it is
the intention, as staff becomes available, to extend
unit and component replacement services to the
South West, Welsh and Border Counties and Midland
Regions, thus linking up with the service area of the
Northern Central Repair Depot. Production of



reconditioned engines is already sufficient to cover
the London and Home Counties fleets and in addition,
urgent relief has been given when emergencies have
arisen in other parts of the country. This necessitates
a minimum output of 60 reconditioned engines per
week of the usual Departmental types in addition to
a number of types less commonly used. Another
objective aimed at in equipping the Depot was that it

Hence the staff of the Depot comprise a great many
other grades of craftsmen and tradesmen apart from
Motor Mechanic. Included are turners, milling
machinists, precision grinders, crankshaft grinders,
tool room fitters, production inspection staff, sheet
metal workers, specialist welders, automobile elec-
tricians, body builders, wood working machinists and
coach painters.
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Fig. 1.—-Lavour oF YEADING Repair DEPOT.

should be, as far as possible, self-supporting, and not
have to rely on outside contractors for specialist
repairs such as crankshaft grinding, welding of
cylinder blocks, etc. During the recent war it was
found impracticable to secure satisfactory services
outside for this class of work as the time factor was in
most cases extremely unsatisfactory and the charges
high, even making allowances for all the circumstances.

In laying out and organising the work within the
Depot (see Fig. 1), a primary objective was to ensure
that the work circulated within the building on a flow
system in order to reduce time in transit between
successive operations. Even allowing for the fact that
the buildings were not planned for the purpose and
had to be occupied in two stages, this objective has
very largely been achieved although some replanning
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without the facilities afforded by the Yeading
workshop. Already nearly 200 heavy-load carriers,
including many 12-ton oil-engined vehicles, have
passed through this workshop and frequently the
bodies had to be practically rebuilt. Another
formidable task was to reduce the width of many
heavy vehicles from the Service 8 {t. to the maximum
legal width of 7 ft. 6 in. This meant cutting the cab
in halves and rebuilding ; the body bearers had to be
reduced and the sides repositioned.

Other interesting jobs which have passed through
the body shop have been the production at short
notice of a Mobile Post Office, the conversion of
R.AF. radar trailers to take mobile automatic
exchange equipment and the overhaul of a * Jeep ”
and “ Dukw ” for Criggion radio station.

A further activity of the body shop is the production
of prototype bodies prior to bulk manufacture. Pre-
viously it has been necessary for this work to be carried
out at manufacturers’ works—a slow and costly process.
A recent example of prototype body building has been
the production of the proposed 2-ton utility van de-
signed to supersede the present 30-cwt. vehicle used by
main line gangs.?

2See p. 22.

Future Trends.

A very considerable volume of work for the central
workshop can be foreseen and now that the workshop
is actually in being it will undoubtedly prove a sub-
stantial asset to the Post Office. The ability to give
relief to any part of the country experiencing difficulty
or breakdown is of great value. A further asset is
the fact that the headquarters design and main-
tenance staff come very much more closely into con-
tact with the performance of vehicles and causes of
failure on various vehicles.

By studying the work in progress it is quite clear
that the future trend of development will be to extend
the life between overhauls by adopting such pro-
cesses as hardening of journals by nitriding or some
similar method, greater use of bearing alloys such as
lead-bronze, chromium-plated cylinder liners, hard-
ened valve inserts and special alloy valves.

Because of the large number of vehicles in use by
the Post Office, fault analysis is of very great value
to the manufacturers and in view of the volume of
work passing through the central repair depot it is
anticipated that characteristic failures will be
brought to notice earlier, thus helping materially in
the development of the British motor vehicle.

Book Reviews

*“ Microwave Transmission Circuits.” Volume 9 of the
Radiation Laboratory Series, edited by George L.
Ragan. McGraw-Hill Publishing Co. 725 pp. 624 ill.
51s. in the U.K.

The contents of this latest volume in the Radiation
Laboratory Series conform closely to the title : they are
concerned almost entirely with the means for trans-
mitting microwaves from one part of a circuit to another,
and not at all with their generation, detection or radiation.

The book starts with a brief clear treatment of
conventional transmission line theory which quickly
evolves into a general consideration of coaxial lines.
This is followed by a theoretical study of waveguides
which, although not rigorous, is very instructive and
covers some of the lesser known types of waveguide,
including a coaxial pair excited in its higher modes.
The next section deals at some length with the graphical
representation of the way in which current, voltage, etc.,
vary along a transmission line, and with various im-
pedance charts and their application to transmissior
line and waveguide problems. Telecommunications
engineers generally will find this part of the book veéry
interesting. About a third of the book then covers
various aspects of coaxial transmission line and wave-
guide circuits. To summarise this part of the book
briefly is quite impossible ; the subjects treated range
from the effect of irregularities, the design of branching
circuits, and the behaviour of iris diaphragms in wave-
guides, to such mundane matters as the corrosion testing
of various finishes., But theory and practice are
pleasantly mixed, and in spite of the variety of subjects
covered, the result is satisfactory, and much of the
material is applicable to lower frequencies.

The book finishes with a full, authoritative, discussion
of wave filters, with special reference to filters using
coaxial line elements, resonant cavities, and irises in
waveguides. Such filters will assume great importance
in commercial microwave transmission systems and this
excellent treatment, the first of its kind to be published,
is likely to be studied widely.
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The reviewer has only two criticisms : it is a pity that
no attention has been paid to the shielding of circuits,
i.e. the elimination of crosstalk, a trouble that many
engineers run into when they graduate to the higher
frequencies ; and the title is far too modest—there is
much in this volume that is applicable, and indeed of
great value, to workers on frequencies below the
microwave part of the spectrum. H.S.

“ Radio at Ultra-High Frequencies,” Vol. IT (1940-1947)
Radio Corporation of America, New Jersey.
485pp. 258 ill. Price $2-70, post free.

This is the eighth volume in the R.C.A. Technical
Book Series and the second on the general subject of
radio at frequencies above 30 Mc/s. To those who are
not familiar with these publications, it is necessary to
point out that each consists of reprints of articles by
R.C.A. engineers which have been published over a
certain period of years, in this particular case, 1940-1947.
The title is somewhat misleading in the light of the
current definition of U.H.F. radio, namely, 300-3,000
Mc/s, since the articles deal with radio at frequencies
both above and below this band.

There are twenty-two articles in all, which have been
grouped into seven categories; antennas and trans-
mission lines ; propagation; reception; radio relays;
microwaves ; measurements and components; aids to
navigation. The articles have been supplemented by an
equal number of summaries of articles.

In as much as the work is restricted to that of R.C.A.
engineers the book cannot, nor is it intended to serve as
a text book. Nevertheless, it is a handy collection of
authoritative articles and the inclusion of a bibliography
of over 300 references to articles on U.H.F., which is not
restricted to R.C.A. engineers, enhances the usefulness
of the book.

In an Appendix are given the summaries of the
articles and the summaries which appeared in * Radio
at Ultra-high frequencies Volume I,”” which covered the
R.C.A. literature for the years 1930-1939. 1. T. M.



Mechanical Trunk Fee Accounting

U.D.C. 68l.1:657:654.15

K. M. HERON, A M.L.EE., and
D. L. BENSON, Grad..EE.

Part 2.—Trunk Charge Calculator, Sorting and Tabulating Equipment

A description is given of a Trunk Charge Calculator designed, developed and constructed in the Engineering Department.
The Calculator operates in conjunction with the “ sensing/punching > machine previously described, accepting basic charge

data in the form of electrical signals on marking leads.

When the calculation has been made, outgoing signals from the

Calculator are converted via electromagnets in the sensing/punching machine to operate punch rods and perforate the Powers-
Four card in appropriate columns. The article concludes with references to the mechanical sorting of the punched cards
and use of a Tabulator to prepare Trunk Charge statements as furnished to subscribers.

The Trunk Charge Calculator.

HE operating principles of the calculator
are shown in schematic form in Fig. 6. The

equipment uses Siemens motor uniselectors!
for charge calculation and 3,000-type relays for
storage and circuit sequences.

A group of sense storage relays, provided on the
basis of one per punching position for each of the
columns containing data essential to the charge
computation, accept signals from the sensing/punching
machine referred to in Part 1 of this article. On
receipt of this information it is first necessary to
derive the basic charge for the call, this value being
dependent upon the charge letter, the call duration
in minutes, and the period (full or cheap rate) in
which the call originated.

Contacts of the duration relays are connected to
mark positions in the banks of two motor uniselectors,
termed “‘ Charge Switches.” The banks and wipers
of each of these uniselectors are divided into three
sections, dealing with tens of shillings, unit shillings
and pence values respectively. Considering a par-
ticular contact in the pence section, this represents a
co-ordinate position where the ordinate is the call
duration in minutes and the abscissa the charge letter
for either full or cheap rate periods. Such a co-
ordinate position is assigned a pence value deter-
mined from the charge tables laid down by the
Administration. The equivalent contacts in the
shillings and tens of shillings sections of the bank are
connected to represent shillings and tens of shillings
values respectively as dictated by the charge tables.
Thus, emerging from the pence section are twelve
leads representing pence values of 0 to 11 pence, each
lead being connected to the appropriate bank
contacts in the pence section as dictated by the charge
tables in use. Similarly, there are 10 commons in the
shillings section, representing values of 0 to 9
shillings. In the third section there are four com-
mons equivalent to 0 to 3 tens of shillings.

The relays operated in respect of charge letter and
period cause the selection of one of the two charge
switches and this uniselector hunts and stops at the
position marked by the duration relays. In this
position three of the charge switch wipers selected by
the charge letter and period relays are marked with
an earth signal. Thus, a lead in each of the three
sections is marked with a signal, the combination
indicating the basic charge of the call. The charge
switches can deal with durations of up to 29 minutes,

JP.O.E.E.J., Vol. 26, p. 248.
P

which, for the maximum value charge letter (L-Z)
amounts to a basic charge of £1 16s. 3d. Such a charge
would be signalled by earth markings on the 8 tens of
shillings lead, 6 unit shilling lead and 3 pence lead.

Certain types of call which involve services such as
“Personal,” “ Fixed Time,” etc., are subject to a
charge additional to the basic charge. In the calcu-
lator, summation of the basic charge and additional
charge is performed by two motor uniselectors termed
“ Additional Pence” and ‘‘ Additional Shillings "
switches, respectively. The twelve pence commons
emerging from the charge switches are connected to
twelve wipers of the Additional Pence switch and the
shillings commons from the charge switches are con-
nected to ten wipers on the Additional Shillings switch.
Since the highest additional charge is less than ten
shillings an addition switch for tens of shillings is not
required.

The Additional Pence and Shillings switches run to
and stop at positions marked, this movement being
coincident with the hunting of the charge switch.
The stopping positions for the addition switches are
marked from contacts of the charge letter, period and
type of call relays via a tag block, which permits the
necessary changes to be made should the Administra-
tion modify the charge for a particular service.
Thus, assuming that the call involves Personal
service at the full rate for which an additional
charge of 1s. 6d. is made, then the Additional
Shillings switch runs to contact 2 (contact 1 is
allocated to zero value) and the Additional Pence
switch to contact 7. If the pence value derived from
the basic charge switch is tenpence, then the signal
fed forward will mark wiper 10 on the Additional
Pence switch, and the co-ordinate contact (contact
7, arc 10) must represent a pence value of fourpence.
The bank contacts are commoned in the manner
shown in Fig. 6, and it will be noted that 23 common
points emerge. This is because any pence value (other
than eleven pence) resulting from the addition of two
separate amounts, may, or may not, be associated with
a shilling to be carried, e.g. five pence plus five pence
results in a total of tenpence and eleven pence plus
eleven pence also results in tenpence, but with a
shilling to be carried. Thus, for all values except
eleven pence there are two commons, representing like
pence amounts, but one indicating that a shilling must
be carried in to the next unit. Like commons are
connected via separate windings of individual relays,
each relay representing pence values of 0 to 10
pence. Similar windings on each relay are commoned
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2 WIRES

COLUMN 34 POUNDS

together and the two commons are connected via
separate relays, XP and YP, which indicate * Carry ”
or “No Carry” conditions.
relay requires but one winding connected in series
with the “no carry ” relay, since no two pence values

CONVENTION FOR MOTOR UNISELECTOR CONTACTS

can produce a sum of 1s. 11d.

12

The ““eleven pence ”’
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F1G. 6.—ScHEMATIC CIRCU

The bank wiring of the Additional Shillings switch is
similar to that of the Additional Pence switch, except-
ing that the former uses a radix of 10. Facilities have
been provided for a maximum additional charge of
3s. 11d. (at present the highest additional charge is

2s. 5d.) and thus there are only 13 commons emerging
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from the Additional Shillings switch bank. The 13 The tens of shillings values are marked direct from
commons from the bank terminate on a group of the charge switch bank to a tens of shillings relay
storage relays representing shillings values and dis- storage group. Associated relays in this group, trans-

crimination in respect of Carry and No Carry (in this late multiples of tens of shillings to the equivalent
case into the tens of shillings) is provided by two value in pounds.
common series relays, XS and YS. ) During the time of derivation of the basic charge
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a slight alteration to the mounting brackets is
necessary to prevent the switch touching the cover.
It was felt, however, that the requirement of strict
interchangeability should not preclude a change to
the brush feeds as the present trolley wheel and wire
type has not proved entirely satisfactory. At first
glance this seems to interfere with interchangeability
but this is not so, as it has been decided that when
a mechanism is changed a new brush feed will be fitted.
The salient features of the switch, as described in the
following paragraphs, have been designed to represent
the best modern practice. Some points are entirely
new, but many of the basic ideas have been derived
from the Type 1 switch and its predecessors. The

efficiency of the new design cannot be properly judged -

until large numbers are in service, but laboratory and
field tests have given very good results ; samples in
the laboratory tests have performed over 10 million
half-revolutions without major repairs.

The Magnet and Armature.

The most noticeable feature of the switch is
undoubtedly the new design of magnet and armature.
It had been found that the magnet of the Type 1
switch, particularly in the 5-level frame, gave in-
sufficient margin of power with heavy wiper loads,
making the adjustments rather critical, so the new
switch was designed with a more powerful magnet
system.

The coil is wound on a single, large diameter core
fixed in a box-shaped yoke, the armature completing
the magnetic circuit (Fig. 3). The coil is large and

- -

ARMATURE

STAINLESS-STEEL
RESIDUAL PLATE

KNIFE-EDGE

REPRESENTATIVE LINES OF MAGNETIC FLUX
e e

Fic. 3.—MacgNETIC CIRCUIT.

with the efficient magnetic circuit gives ample
margins of power under all normal conditions of
adjustment and voltage. The same magnet is used
for both frame sizes in the interest of standardisation,
as on account of the wide load variations with different
types of wiper the design is necessarily a compromise.

The wire used in the coil is insulated with high
temperature enamel, giving better protection from
the development of short-circuited turns under fault
conditions and consequently less risk of excessive
overheating. '
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The knife edge armature suspension used success-
fully in the Type 1 switch has been retained, but there
are three essential differences in the armature
arrangements :

(@) The coil and the pawl are on the same side of
the knife edge. This permits the use of a
residual plate without any other armature front
stop without risk of the armature leaving the
knife edge at the end of its stroke. The first
models of the Type 2 switch had nickel silver
residual plates, but it was found that these
fractured under the incessant hammering of the
armature. The residual plates are now of
“ Staybrite 7 stainless steel, which incidentally
is non-magnetic, and these appear unchanged
after 250 million armature strokes.

(b) Instead of moving the coil assembly in relation
to the armature for adjustment purposes, the
armature is moved in relation to the coil by
adjustment of the knife edge. The coil assem-
bly being fixed makes possible a more efficient

- magnetic joint between the core and the yoke.
This arrangement necessitates a new adjust-
ment technique, as discussed later. For the
moment it is sufficient to say that the knife
edge is adjusted so that the armature, when
operated, lies squarely on the core: This
adjustment is not difficult to make as the face of
the core is slightly convex (Fig. 4) and by

RESIDUAL PLATE

ARMATURE
LOCATING LUG
PART OF
ARMATURE

*,
DOME ON | 488555 KNIFE EDGE
CORE FACEA & ADJUSTING
(EXAGGERATED) SCREW

ColL BOX

FiG. 4.—CRross-SECTION OF CoIL BOoX AND ARMATURE,

holding the switch to the light it can be seen
if the armature rests on the apex.

(¢) The armature weight is very much less than in
the Type 1 switch and this reduces wear
considerably.

The Raichet, Paw! and Detent.

The pawl is attached to the armature by a steel
spring as in the Type 1, 5-level switch. The spring is
much more substantial than in the Type 1 switch and,
to reduce the stress across the rivet holes, double
clamping plates are used at both ends. The clamping
plates are slightly chamfered at the one end as shown
in Fig. 5, so that as the pawl moves the spring
gradually flexes on the curved surface, taking the
load smoothly and without concentrated stresses at
any point.
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F1G6. 5.—~MAIN FEATURES OF DRIVING MECHANISM.

The design of the pawl and back stop has an im-
portant bearing on the life of the switch. When the
armature rests on its back stop the pawl must be
lightly wedged between the ratchet wheel and the
pawl back stop or there will be backlash in the wipers,
but at the same time the pawl must be free to move
forward on the next stroke of the armature. By
making the surface of the pawl, where it meets the
pawl back stop, at a suitable angle to the long face of
the ratchet tooth (indicated as * wedging angle ” in
Fig. 5) there is no risk of the pawl jamming.

The pawl back stop is slightly curved (Fig. 5) to en-
sure that even if it is slightly out of cqrrect alignment
it will always make contact near the correct point on
the pawl; otherwise excessive stresses may be
imposed on the pawl spring. The curvature of the
back stop also simplifies adjustment as the first pawl
stop fixing screw is very near the centre of the arc,
with the result that any slight movement of the stop
when tightening the fixing screws will not upset the
adjustments. The pawl is slightly cambered across
the width of its back (Fig. 5), so even if it is not central
relative to its back stop the thrust of the stop will
always be central on the pawl.

As the pawl of the Type 2 switch lies on the front
of the ratchet wheel in the position occupied by the
detent of the Type 1 switch a different detent had to
be used. In the.early models of the Type 2 switch a
straight flat detent was used. This had two main
disadvantages (a) it rested on the tips of the ratchet
teeth causing wear ; and (b) the movement of its tip
was not radial to the wheel. Thus, as the tips of the
ratchet teeth became worn the detent dropped further
in and as its movement was not radial it permitted
increased back lash. This point is illustrated in Fig. 5.
The detent now used is mounted so that it is tangen-

‘useful life.

tial to the ratchet wheel making the movement of its
tip parallel to the short face of the ratchet tooth and
its tip is so formed that it rests on the long face of the
ratchet tooth reducing wear to a minimum.

The Wiper Assembly and Feeder Brushes.

As mentioned earlier, the trolley wheel and wire
type of feeder brush arrangement used in the Type 1
switch has not proved entirely satisfactory as wear is
rather rapid in some circumstances, and with wear.
there is a tendency for the brushes to jam in the
collector rings. Flat outward-bearing brushes run-
ning in parallel sided collector rings are used in the
new switch, and as wear causes only a gradual shorten-
ing of the brushes and a very slight scoring of the
collector rings they remain reliable throughout their
In addition, to give the best possible
performance, it has been decided that the wiper
assembly and the feeder brushes shall always be
changed together. Both the collector rings and the
feeder brushes are of nickel silver.

To hold the brush blades together while the
mechanism is inserted in the baik a moulded comb
tool is provided which clips on to the brushes. (Comb
No. 1 for “ 5 level and under ”’ switches: No. 2 for
6-8 level : No. 3 for 10 level.)

In the Type 1 switch the wiper position on the bank
contact, apart from the necessity for centering the
mechanism in the bank, is dependent on the adjust-
ment of the pawl and detent, so that practically the
whole of the adjustments have to be made with the
mechanism in position. In the Type 2 switch the
position of the wiper on the contact is independent
of the pawl adjustment and the only adjustments to
be made with the mechanism in position are for
wiper, feeder brush and armature restoring" spring

19






be removed and replaced without re-adjusting the
gland.

Securing plates have been fitted to the adjusting
screws of the armature restoring springs (Fig. 2).
These prevent movement of the screws due to vibration
and yet do not interfere with adjustment.

A large circular hole has been provided in the side
of the frame (Fig. 1) to make the pawl and detent
clearly visible’when the mechanism is being adjusted
out of the bank.

The side members of the frame have been cut away
to facilitate the observation of the wipers of adjacent
switches when mounted in the rack.

The frame is cut away slightly round the test jack
to facilitate withdrawal of the mechanism (Fig. 2).

Adjustment.

To get the best performance from the switch and to
make the best use of the various adjustment facilities
provided, it is necessary to use a new adjustment
technique. The following is a brief outline of the
adjustment differences between the Type 1 and the
Type 2 switches. :

In the Type 1 switch as the wipers are integral
with the ratchet wheel the first stage of adjustment
is to position the wipers on the bank contacts by
centering the mechanism and adjusting the detent.
The arinature is then positioned to suit the ratchet
wheel and the coils to suit the armature.

In the Type 2 switch the position of the wipers is
independent of the ratchet wheel so the mechanism
can be adjusted out of the bank. The coil is fixed
and this used as-the reference point for the adjustment
of the mechanism. The armature is adjusted to lie
square on the core as described earlier, the pawl back
stop, armature back stop and detent being adjusted to
suit. The mechanism is then inserted in the bank for
final adjustment of the wipers, feeder brushes, arma-
ture restoring springs and interrupter.

Stepping Speed.

As the Type 2 uniselector is required to be inter-
changeable with the Type 1 it is essential that its
stepping speeds, both on self-interruption and on
impulse drive, shall be very nearly the same. Full
details will not be available until production models
from the various manufacturers have been tested,
but tests on the prototypes indicate that there is no
appreciable difference between the two types; not
only has the new switch substantially the same
maximum operate and release times in extremes of
adjustment, but the minimum operate and release
times are also the same. The minimum times are
important because if operation is too quick in light
adjustmient or if release is too quick in heavy adjust-
ment transient circuit conditions may cause switches
to make false additional steps.

THE TYPE 3 SWITCH

The Type 3 switch for subscribers’ calling equip-
ments is very similar in appearance to the Type 2

and it incorporates many features of the latter, but it
is simpler and lighter in construction and a number
of the refinements essential in the general purpose
switch have been omitted.

The Type 3 switch will be made in one frame size,
with 4 or 5 levels, and for 50-volt working only.

Reduction of Width.

By employing an alternative form of wiper assembly
adjustment, reducing the width of the ratchet wheel,
and by avoiding projecting screw heads, it has been
possible to reduce the overall width of the Type 3
switch to under 1§ in. This allows 25 switches to be
mounted on one shelf in standard 4 ft. 6 in. racks and
new racks are being designed which will carry up to
50 per cent. more calling equipments than the present
standard. At the same time the new switch can fit
in the place of the old, so that when the Type 1
switch is no longer available Type 3 switches can be
used as maintenance replacements on existing sub-
scribers’ calling equipment racks.

The Mechanism.

In general, the mechanism is similar to that of the
Type 2 switch the adjustment facilities and technique
being the same. As the mechanism will be required
to drive only five wipers the coil and armature are
smaller, and the coil resistance is 100 ohms as against
75 ohms for 50-volt working in the Type 1 and Type 2
switches.

The interrupter is similar to that fitted on the
Type 1 switch, but the bakelised fabric interrupter
striker plate is riveted to the striker arm as in the
Type 2 switch. The contacts are of platinum.

A simplified arrangement is used to transmit the
drive from the ratchet wheel to the wiper assembly.
A flat arm is riveted to the ratchet wheel hub at the
end remote from the ratchet wheel. A short screw
riveted to the outer end of the arm passes through a
slot in the number wheel and is secured by a nut.
Loosening of the nut permits a relative movement of
about 1{ contacts between the ratchet wheel and the
wipers. As the arm is riveted on after the ratchet
wheel hub has been inserted in the wiper assembly
the ratchet wheel hub cannot be separated from the
wiper assembly and the whole must be changed when
renewal is required.

The wipers, bank contacts and feeder brushes are
of nickel silver as in the Type 2 switch, but brass
collector rings are used. There is little difference in
cost between nickel silver and brass for stamped-out
parts, but where turning operations are required brass
is easier to machine and is consequently appreciably
cheaper.
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The Conversion of Carrier Routes

from 12- to 24-Circuit Working

U.D.C. 621.395.44:621.315.21

F. W. G. DYE, AM.EE

The circuit capacity of most of the 24-pair, 40 lb. P.C.Q. carrier cables in the United Kingdom is to be increased from 288
(12-circuit worku}g) to 576 (24-circuit working). This article describes the methods employed for the conversion of the
. line plant and the new filter equipment provided at the terminal repeater stations.

Introduction.

N 1939, experiments were made to determine the

suitability of existing 24 pr. 40 1b. P.C.Q. carrier

cables for 24- and 36-circuit working. The results
indicated that 24 circuits per pair should be possible,
employing a frequency spectrum 12-108 kc/s, but
that in a number of cases 36-circuit working was not
practicable. It was decided to convert most of the
existing routes to 24-circuit working but the outbreak
of war delayed the commencement of this programme.
The necessary planning and design was, however,
proceeded with and in 1946 a successful field trial
was made on the Liverpool-Manchester route.

Specifications were then issued for the conversion of

a number of existing routes, the first two, London-
Derby and Derby-Manchester, being completed in
September, 1948 ; 24-circuit working was in operation
between Loridon and Manchester by the end of the
year. It is planned to convert most of the remaining
routes within the next three years.

The work involved can be divided into two parts :—
(@) conversion of line equipment;

(b) provision of additional equipment at the
terminal repeater stations.

It is proposed to deal with the subject under these
two headings.

CONVERSION OF LINE EQUIPMENT

The line amplifier used for 24-circuit working is the
type adopted for the No. 7 carrier system. When this
system was designed, 24-circuit working was envisaged
and the amplifier was specified to have, among
other characteristics, a gain/frequency response
sensibly flat between 12 and 108 ke/s and a maximum
gain of 6541 db.! The latter requirement, based
mainly on the minimum permissible signal level that
can be tolerated to ensure a safe signal/noise ratio,
determines the maximum spacing allowable between
adjacent repeater stations.

This same requirement applied to 12-circuit working
(highest line frequency 60 kc/s) and was satisfied
provided the distance between repeater stations did
not exceed 22 miles. For 24-circuit working, however,
the frequency range extends to 108 kc/s and due to
the higher cable attenuation at this frequency a
shorter repeater section must be adopted. The dis-
tances decided upon are 14-0 miles between a
H.F.RD.F. (high frequency repeater distribution
frame) station and its adjacent intermediate, and
15-5 miles between all other intermediate stations;
the lower value allows a margin of amplifier gain in
hand for maintenance adjustments at the H.F.R.D.F.

1P.O.E.E.]., Vol. 34, p. 105.
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station. It will be seen, therefore, that the conversion
of an existing route involves the re-spacing, where
necessary, of the intermediate repeater stations.
The procedure adopted depends upon the existing
spacing and will fall into one of the following
categories :(— :

(@) provide new stations only, retaining all those
existing ;

(b) provide new stations and cut out some
existing ones ;

(¢) provide new stations and cut out all those
existing.

Some typical examples of the above are :
(i) London-Derby ; 4 new stations provided.

(i) London-Oxford ; 3 new stations to be pro-
vided, one existing station to be retained and
one cut out.

iii) Birmingham-Oxford; 3 new stations to be
g re. .
provided, beth existing stations to be cut out.

Although quite a number of existing stations will be
retained it will be necessary to change the equipment
where this is of the No. 5 or No. 6 type. The line
amplifiers in both these systems were designed to work
only up to 60 kc/s and therefore have to be replaced
by the more modern No. 7 type ; it will be necessary
also to change the line equalisers from 12- to 24-circuit
type. A converted route will, therefore, usually have
completely new equipment throughout.

The conversion of a route presents some interesting
problems in view of the fact that the cables and
equipment are already in service. The operations
(a), (b) or (c), together with the change from old to new
equipment at existing stations, are planned to ensure
minimum interference to the working 12-circuit
groups. Of all the operations required, that of inter-
cepting the main cables and extending them into a
new station takes the longest and for this reason is
performed at night during a week-end. The procedure
adopted is as follows :—

Interception of Main Cables at a New Station.

When the cable terminating bays (C.T.B.s) have
been installed in the new station, the 24-circuit test
tablets thereon are connected to lengths of standard
carrier cable, provided between the C.T.B.s and the
interception manhole outside the building. In addi-
tion, a shert length of E.S. and W.C. cable is provided
temporarily on each C.T.B. and pair-fo-pair connec-
tions are made between the Up and Down side test
tablets on the equipment side of the line U-links.
These “ strap ”’ connections are required to maintain
continuity until the new amplifying equipment has
been brought into use. Prior to the actual inter-



ception of the main cables, tap-through tests are made
() at the manhole, between the ends of the new
lengths of carrier cable via the ‘“ strap ”’ connections
on the C.T.B.s and (b) between the existing stations
on either side of the new one, to ascertain if any A and
B or pair-to-pair crosses exist. If such are found, they
are corrected before the interception is made. Upon
completion of this work the interceptiqn can proceed
on normal lines. The work is co-ordinated over a
speaker-circuit set up on a spare pair between the
manhole and the adjacent existing repeater station,
at which a battery is applied to each pair in turn. As
each pair is identified at the manhole it is cut and the
two ends connected to the two new cables into the
repeater station, continuity being maintained via
the “ strap ” on the C.T.B. The circuit connections
will now be as shown by the thick lines in Fig. 1.
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F1G. 1.—MAIN CABLE CONNECTIONS AT NEW STATION BEFORE
EquipmeENT Is Cutr IN.

Connections of New Equipment Prior to Conversion.

The equaliser and amplifier connections have been
included in Fig. 1 and it will be seen that the input is
disconnected at the second U-link sockets on the
C.T.B. and the output at the amplifier U-link sockets,
mounted on the amplifier panel. The introduction of
the amplifier into circuit is then merely a matter of
inserting the two U-links and removing the “ strap.”
The cut-out of an existing station can be performed
by a reversal of the operation just described, i.e., the
*“ strap " is connected and the U-links withdrawn, the
main cables then being put straight through in the
manhole at the earliest opportunity.

Change of Equipment at Existing Station.

‘When completely new equipment is required at an
existing station it is either installed in a new position
and cabled to new C.T.B.s or the old equipment racks
are recovered and the new, installed in their place,
cabled to the existing C.T.B.s. The former procedure
is adopted when the existing C.T.B.s are of an obsolete
pattern and the circuit arrangements are then as in
Fig. 2.

* Strap ”’ connections are provided between the old
and new C.T.B.s and the main cables are opened up
in the repeater room and connected to the new 24-
circuit test tablets. The main cable connections to the
old C.T.B.s are then removed and the cable plumbed
up. .
The introduction of the new equipment involves
only the removal of the two straps and two U-links
associated with the old equipment and the insertion of
the two links proper to the new.

When the new equipment is to be installed in the
positions occupied by the old, temporary bays of
amplifiers are erected in the repeater room and cabled
direct to the C.T.B.s, the equalisers and amplifiers
on the temporary equipment being set to the same

F1g. 2.—CONNECTIONS AT EXISTING STATION BEFORE NEW
EqQuipMENT 1s Cut IN.

values as those on the existing. The diversion of the
circuits to the temporary equipment is then effected
by the completion of the connections at the C.T.B.
and the withdrawal of the C.T.B.and amplifier output
U-links. The arrangement will then be as in Fig. 3.
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Fic. 3.—ExisTING EQUIPMENT REPLACED BY TEMPORARY
EQUIPMENT.
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The old equipment can now be recovered and the
new installed in its place. The restoration of the cir-
cuits to work via the new equipment is then only a
matter of restoring the U-links and removing the
C.T.B. connections to the temporary equipment.

Conversion Procedure.

‘Where a new station is to be cut in between two
existing ones that are to, be retained, the operation
can be performed as soon as the arrangements shown
in Fig. 1 for the new station and Fig. 2 or 3 for the
existing stations have been completed, the cut-in
and change to new equipment being made simul-
taneously, pair by pair.

Where existing stations are to be cut out the
operation must be made simultaneously with the cut-
in of the adjacent new station(s). Where all existing
stations are to be cut out and replaced by new ones,
the necessary operations at all stations must be per-
formed simultaneously together with the change to
new equipment at the receiving terminal (H.F.R.D.F.)
station. In some cases the route will consist of more
than one H.F.R.D.F. section and the simultaneous
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operations can then, if more convenient, be confined to
each of these sections, at different times.

Before any of the foregoing operations can be
performed it is necessary to adjust the new equalisers
and amplifiers to the required settings and for this
purpose a spare pair is made available in both cables.
The equipment proper to this pair is then connected
and preliminary line-up measurements made. When
the best settings have been decided, all the 24 equip-
ments on the one cable at any one station are adjusted
to the same value. When this preliminary work has
been completed at all stations the actual conversion
can take place and the procedure for a typical
conversion is illustrated in Fig. 4. Each cable is dealt
with in turn, Fig. 4 showing the Go cable from A to E.

A B C o] E
HFRDF NEW EXISTING NEW HFRDF
STN STN STN STN STN

(TO BE CUT OUT)

F16. 4—CoONVERSION OF ROUTE FROM 2 10 3 REPEATER
SECTIONS.

A loudspeaking telephone (referred to later) capable
of transmitting as yell as receiving is provided at all
five stations, connected to a phantom or double-
phantom circuit throughout the route. All stations are
therefore in communication with each other on this
speaker circuit, the operations being controlled
preferably from the centre one.

The first pair to be dealt with is the spare, previ-
ously referred to. Its equipment is connected at
stations B and D, cut out at C and changed at E, by
the means already detailed. Frequency measurements
are now made to check for equalisation and gain. A
variable-frequency oscillator is connected to the pair
at the outgoing C.T.B. of station A, “ through”
levels are measured at the outgoing C.T.B. at stations
B and D and a terminated level at the Receive
amplifier output at station E. As the readings are
taken, at each station in turn, they are called over the
speaker circuil and recorded at the controlling station.
The spare pair having been proved satisfactory it is
now used to make good the working carrier group
from each of the other cable pairs in turn, by means
of patch-cords, on the C.T.B. at station A and the
amplifier output U-links at station E. Assuming pair
1 is the spare, the first working pair, No. 2 say, can
now be dealt with. The controlling station requests
“ patch 2" and stations A and E then perform this
operation simultaneously. Station A now connects
40 kc/s tone to pair 2 at the C.T.B. and station E
measures a terminated level at the output sockets
of the old equipment, recording the result and also
reporting back to the controlling station. Control

now request all stations to *“ convert,” and each one.

then performs the necessary operations. Stations B
and D measure a ‘‘through *’ output level and
station E a terminated level on the new equipment
(the 40 kc/s tone from station A still being applied);
the presence of these readings indicating completion
of the conversion of pair 2. The values obtained are
reported back to ‘ control”” who records them.
Station E now adjusts the new Receive amplifier gain
potentiometer to provide the same output that was
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measured on the old equipment. This will ensure that
the group overall, when pair 2 is restored to traffic,
will'be the same as it was prior to conversion. Control
now requests ‘‘ restore 2, patch 3’ ; stations Aand E
then restore pair 2 to traffic and patch the working
group from pair 3 to the spare pair. Pair 3 can then
be converted and the foregoing operations repeated
for all 24 pairs. The Return cable is then dealt with,
the same procedure being adopted except that the
operations detailed for stations A and E are inter-
changed.

It may, perhaps, be thought that the foregoing is a

" somewhat lengthy operation and in some respects

elaborate. In actual fact the reverse is the case. A
route of the type described can be converted, both
Go and Return, in two hours, the only interruption to
working groups occurring during patching to and from
the spare pair. These interruptions are of such short
duration that no serious trouble is caused to speech
channels. They may, however, affect voice frequency
telegraph circuits and for this reason any such circuits
are switched to their ““ reserve *’ during the conversion
period. !
The need to complete as quickly as possible the
conversion of all 24 pairs in the one cable is important,
as a degradation of cross-talk ‘can occur during the
whole period. This is due to the difference in level
between pairs that have been converted and those
still remaining to be dealt with. At station B the
outgoing power on the converted pairs will be at the
standard channel test-level of +5 db., whereas the
level on unconverted pairs, at the same point in the
cable, could be in the worst case approximately —35 db.
(assuming 15 miles between station A and B and a
cable attenuation of 27 db./mile at 60 kc/s). Similar
conditions will exist at stations C and D and it was
thought, in the early planning stages, that such gondi-
tions could be so serious as to necessitate the complete
shut-down of a route during the conversion period.
In practice, however, it has been found to date that,
whilst an increase in cross-talk does occur, it is not
sufficient to cause circuits to be reported out of order.

Loudspeaking Telephone. ‘

The biggest factor contributing to speed of opera-
tion during the conversion is undoubtedly the use of
the loudspeaking telephone previously referred to.
This instrument consists of a two-stage mains-driven
valve amplifier and associated moving coil loud-
speaker. A two-way key is provided which, in its
normal position, connects the input of the unit to line
and the output of the last stage to the loudspeaker.
In the operated (non-locking) position, the key inter-
changes the connections of the line and loudspeaker
which now becomes a moving coil microphone
working via the two-stage amplifier to line. It has
been found possible to operate six of these instruments,
connected to a double-phantom circuit, over a dis-
tance of approximately 50 miles. On the London-
Derby route, a total of eleven were used, and although
direct communication between the two terminal sta-
tions was not possible, both could speak to the central
station who was thus able to relay messages in either
direction.



Cable Rebalancing.

A further factor contributing to cross-talk degrada-
tion arises during a route conversion in that the cut-in
of a new station (or cut-out of an existing one) will
destroythe distant-end cross-talk (D.E.X.T.) balancing
conditions that existed on the cable over the original
repeater sections. This unbalanced condition will, of
course, persist until the cables have been rebalanced
over each of the new repeater section lengths and the
condensers on the new D.E.X.T. frames adjusted.
This rebalancing is carmied out as soon as possible
after the completion of the route conversion and can
be effected with the working groups in traffic, using
test frequencies outside the carrier frequency range.

Phantom and Double-Phantom Circuils.

The patching of cable pairs one at a time at a
C.T.B. automatically destroys the in-quad arrange-
ment of the phantom and double-

As mentioned previously, it has been found possible
to use identical equaliser and amplifier settings at any
one station for all 24 equipments in the one cable,
an obviously desirable condition from a maintenance
point of view. Slight variations of level will occur
between pairs due to differences in equaliser and
amplifier characteristics. Some idea of these variations
(or “spreads ) can be gained from Fig. 5, which
shows the results of the H.F. line-up obtained over the
London-Leicester H.F.R.D.F. section of the London-
Derby route. The length of this section is 104 miles,
with a total of 11 repeater stations.

Line Residual Equalisers.

The total ““ spread ” is caused by the addition of
smaller ““ spreads ”’ of identical shape introduced by
each of the 10 repeater station sections. With the
relatively simple type of equaliser employed these

phantom circuits. Working phan- veo

tom or double-phantom circuits
would therefore be subjected to

-]

much longer interruptions than
the carrier groups and for this
reason any such circuits are
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of the conversion period. Follow- -4.0
ing completion of the conversion 10 &
they are reconnected, Amplifiers
No. 35 being brought into use at
the new stations.

High-Frequency Line-up.

Following completion of the conversion of both
cables, attenuation/frequency measurements are made
on all pairs, over the complete H.F.R.D.F. section.
The spare pair is again used to make good each work-
ing group in turn, by patching at the two HF.R.D.F.
stations as already described. At the sending end,
the station carrier test-trolley is used (the oscillator
being previously checked for accuracy) and all 24
frequencies are sent, i.e. 14-7 to 106-7 kc/s in 4 kc/s
steps, each frequency being adjusted to an output
power of 1 mW. As each frequency is applied,
“through ’ output levels are measured at every
intermediate station where they are recorded for
future reference and also reported over the speaker
circuit for recording at the control station. The
terminal receiving station adjusts the Receive
amplifier gain control to obtain * zero ”’ and records
the setting as well as reporting back to the control
station. It will be seen that each station will be in
possession of the results for its own equipment, whilst
the control station will have this information for all
stations on the route. By this means it is possible for
the control station to check, as the line-up proceeds,
that the results obtained at the intermediate stations
are within the allowable tolerances of the equalisers
and amplifiers. It will no doubt be appreciated that
the results obtained at any one station depend not
only upon the performance of the equipment at that
station but also upon that of the equipment at all the
preceding stations.

40 50 60 70 80 20 100 110
FREQUENCY (kc/s)

Fic. 5.—MaxmMuM AND MINIMUM VARIATIONS OF LEVEL WITH FREQUENCY ON
LONDON-LEICESTER SECTION OF LONDON-DEREBY No. 2 CABLE.

individual ““spreads” cannot be reduced and the
total ““ spread "’ obtained on any particular route is
therefore directly proportional to the number of
repeater sections concerned. It has been found on the
number of routes so far converted that slight varia-
tions in overall ““ spread,” both with regard to shape
and magnitude, occur, depending upon the different
manufacture of cable and equipment. In general,
however, the results shown in Fig. 5 are typical for
the length concerned. From a maintenance stand-
point such line characteristics are undesirable as they
complicate faulting and necessitate different gain
settings on the channel amplifiers associated with the
terminal equipments. In extreme cases, distortion
of the frequency-response of individual channels
could result. It is intended, therefore, to provide
additional equalisers installed at selected H.F.R.D.F.
stations, at approximately 100-mile intervals on a
route, to reduce the liné spread to, at most, 1 db.
Sufficient data have already been obtained and the
design of these residual equalisers is in hand.

Temperature Effects.

The increase in line frequencies from 60 kc/s to
108 kc/s will cause the attenuation/temperature
effects of the cable pairs to become more apparent.
The change of cable attenuation with temperature is,
of course, already experienced in 12-circuit working
and is compensated, when necessary, by adjustment
of the gain of the Receive amplifiers at group control
and sub-control stations. These gain adjustments will
affect all frequencies by the same amount, but
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.unfortunately the change in cable attenuation with
temperature varies with frequency and the gain
adjustments can afford only a compromise solution.
With 24-circuit working, however, more accurate
adjustments will be necessary on the long-distance
circuits, in that the non-uniform change will be more
pronounced over the wider frequency spectrum. This
may be seen from Fig. 6, which gives the average
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FI1G. 6.—CABLE P.C.Q. CARRIER 12-QUAD 40-LB. S1nDE CIRCUIT.
VARIATION OF ATTENUATION (4) WITH TEMPERATURE (T)
(pB./MILE[°C) V. FREQUENCY.

attenuation : temperature/frequency characteristic
obtained from tests on a number of samples of carrier
cable of different manufacture. In addition to these
sample measurements, field tests have been made of
a number of long-distance circuits set up for the
purpose, these circuits including the necessary
equalisers and amplifiers. These tests have now been
made during a complete temperature
cycle and the results agree closely with
the sample tests. Sufficient data are
now available for the design of a

required for this purpose represent the only new
type of equipment required at the terminal stations.
This new equipment is known as 24-Circuit, Filter
and Amplifying Equipment; a block schematic
diagram of the circuit arrangements at one of the
terminal stations together with the Post Office
designations, and channel test-levels, etc., is shown
in Fig. 7.

Similar equipment is provided at the other terminal
station and when both are connected to a Go and
Retum cable pair the complete arrangement comprises
a “24-circuit link” between the two stations concerned.

24-Cirewit  Filters.—A total of 10-(4 1 spare)
transmit and receive filter panels can be accommodated
on a standard 10 ft. 6 in. bay, i.e. sufficient for ten
24-circuit links. Each filter consists of a coil and
condenser section together with a crystal section, the
crystals being of the *“ wired " type. In addition, filter
equalisers and attenuators are provided.

24-Circust Transmit Amplifiers.—These are standard
No. 7 type line amplifiers having the performance
already detailed. For association with 24-circuit
filters, the amplifier gain is fixed at 594-0-5 db.
10 (+ 1 spare) amplifiers are accommodated on a
10 ft. 6 in. bay.

Group 1 Awuxiliary Receive Amplifiers.—Usually
these amplifiers will consist of reconditioned No. 5
type, recovered from converted routes. Their per-
formance is adequate as they have only to amplify
frequencies in the 12-60 kc/s range. As for the
transmit amplifiers, the gain is adjusted to 594-0-5 db.
and 10 (4 1 spare) can be accommodated on a
10 ft. 6 in. bay.

The bays are installed side-by-side in the repeater
station, a suite of three thus catering for ten 24-circuit
links. 'When necessary, each of the bays can be
supplied half-equipped.

Electrical Performance of 24-Circuit Filters and
Associated Amplifiers.

Group 1 Transmit Path.—Measured at the
H.F.R.D.F,, from “ GP1 IN " to ““ 24-circuit QUT,”

-24<:c1' TRANSMIT FILTER. :
I(FILTER FREQUENCY, NojIA)l

variable temperature equaliser and the  ysppromre
matter is in hand. They will probably +3=10db
be installed at the same stations selected P2 N
for the residual equalisers. GDF O

TERMINAL EQUIPMENT

The 24 circuits ‘per cable pair are
provided in two 12-circuit groups,
Group 1 in the frequency range
12-60 kc/s (nominal) and Group 2 in
the range 60-108 kc/s (nominal). The
two groups are derived from standard

HERDFO 0
+5% O-Sdb'

GPR2 OUT

Nos. 5, 6 or 7 carrier terminal equip- GDEo—Z
ment with the addition, in some cases,
of group-modulating equipment. It is

necessary to combine the two groups at

-820:5db

U epL | [P4-CCTTRANS AR
i + '(AMPL No 51A ORI
> ) -
TN 24-cCT 52A) 2a-act
Y12-60 kc/s) O HFRDF
P2 1#5X0-5db
' HIHXE ) ee-----
]
eo-toskes) __ _ _ __ 4
(127108 ke/s)
JGPLAUX RECY | 24-CCT RECEIVE FILTER. !
AMPL. {(FILTER, FREQUENCY, No 51B),
oer oo AMPL No.SOA)| GBI :
i 2¢<en 2qccr
12- 60 ke/s) ' OMFRDF
: GP2. IN 1 +510-5db
: NOTE

Note 1 : The limits of 4+ 0-5 db. will not apply on long distance circuits until Line

the transmitting end of the circuit and
separate them at the receiving end, and
the filters and associated amplifiers
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Residual Equalisers have been provided.

Note 2.—All levels refer to the appropriate group reference frequencies, with
84 kc/s for Group 2.

F16. 7.—24-Circuitr FILTER AND AMPLIFYING EQUIPMENT.

correct adjustments, viz., 36 kc/s for Group 1 ;



the insertion loss at 36 kc/s must be 0--0-5 db. with a
frequency-distortion spread not exceeding 0-5 db.
over the range 12-59-7 kc/s. The 36 kc/s insertion loss
must be exceeded by at least 20 db. at 60 kc/s and by
at least 40 db. at all frequencies from 60-3 to 108 kc/s.

Group 2 Transmit Path.—Measured from “GP2 IN”
on the G.D.F. to ““ 24-circuit OUT " on the H.F.R.D.F.,
the insertion gain at 84 kc/s must be 42-4-0-5 db. with
a frequency-distortion spread not exceeding 0-5 db.
over the range 60-3-108 kc/s. The 84 kc/s insertion
gain must be reduced by at least 20 db. at 60 kc/s and
by at least 40 db. at all frequencies from 12 to
59-7 kefs.

Group 1 Recetve Path.—The perform-
ance must be as for the GP1 transmit
path, the measurement being made
from “ 24-cct. IN " to “ GP1 OUT.”

Group 2 Receive Path. — Measured
from “ 24-cct. IN ” on the HF.R.D.F.

The simplest case in the latter category is shown in
Fig. 8.

No. 5 or 6 type terminal equipment is used for
Group 1 and No. 7 type for Group 2. In the latter
case the group modulating equipment, normally used
with No. 7 terminal equipment for 12-circuit working,
can be omitted. This is obviously the ideal arrange-
ment and will be adopted whenever the equipment
position permits at both terminal stations concerned.

If, however, only No. 5 or 6 equipment is available,
it will be necessary to use group modulating equip-
ment in the Group 2 path to effect the frequency
translation from 12-60 kc/s to 60-108 kc/s. Similarly,

'
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r24-CC‘[ TRANS.

t  AMPLIFIER 1
i ]
tHFRDF

to “GP2 OUT” on the G.D.F. the

insertion loss at 84 kcfs must be @
132+0-5 db. The frequency-distortion
spread and the discrimination must be

)
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1
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* 60 kefs PILOT
as quoted for the Group 2 -transmit R N e mmeeeo , Feeo
path. In addition to the above, each IGPIAUXREC | 1 o4.cCT RECEIVE FILTER
filter is provided with attenuators y AMPLIFIER © 4 : '
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adjustable in steps of 1 db. fo permit WA ! !
the insertion loss to be varied 4 2 db. o=y . HFRDF
Independent adjustment of any of the cor | i FROM REC
four transmission paths can thus be E’ 00— | TO 60 kefs cABLE
made to compensate, if necessary, for ! 1 PILOT R ! &

. s v . | 4 SELECTION EC LINE
any extensive H.F. line spreads. It is UNIT AMPUFIER)

unlikely this facility will be required,
except on very long routes prior to the
introduction of line residual equalisers. 6

Utilisation of 24-Circuit Links.—It
will be seen from Fig. 7 that standard
H.F.RD.F. and G.D.F. conditions are
provided. The interconnection of a 24-circuit link
with a 12-circuit or coaxial system is thus made
possible in addition to normal point-to-point working.

RI—0 No.5 or 6 TERMINAL

CARRIER SYSTEM

CARRIER SYSTEM
7 |0 No 7 CHANNEL
EQUIPMENT

EQUIPMENT

Fi1g. 8.—UTILISATION OF CARRIER SySTEM No. 5 OR 6 TERMINAL EQUIPMENT
FOR GrouP 1, AND No. 7 CHANNEL EQUIPMENT FOR GROUP 2.

group modulating equipment must be used for the
Group 1 path if only No. 7 equipment is available.
Other combinations are possible including a “* break-
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F16. 9.—GRoUP 1 MADE AVAILABLE AND GROUP 2 CONNECTED THROUGH.
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out ”’ facility whereby Group 1 can be HFRDF
made available and Group 2 connected FRONT REAR
through. This condition is shown in
Fig. 9. Similarly, Group 2 could be  rpoypec | TO LINE,OR TERMINAL EQUIPMENT
made available, intercepted at the AMPL | 4 (EXCEPT €S No 5 TERMINAL EQUIPMENT)
G.D.F., and Group 1 connected through ) AN—O
at the HF.R.D.F. \ M A~ —o%  rosmeLe

29 db. Pads.—In order to maintain \ %I NOTE 2 {_p m&—zasé\}mégr
standard G.D.F. test levels, it is some- 5 (NOTE )
times necessary to use 29 db. pads as oo —,
in Fig. 9 in the Group 2 path. The 1 . Y0 DOUBLE
pads are mounted on the G.D.F. and NOTE I ~ - *E-gzé%\zhm
are jumpered in as required.? NOTE 23—"9

60 kc/s Pilot Distribution.—Due to —%
the need for separation between the * __TODOUBLE
Group 1 and Group 2 frequencies NOTE 2 {3 o-G-STact PLoT
between the limits 59-7 and 60-3 kc/s,
a frequency of 60 kc/s will be sup- R

ressed by at least 20 db. in the ™o\ _W
12)4—circuit filters and the transmission o NOTEZ{_—; ve:—:mugfvzué)r
of a synchronising pilot via this equip- ; %l o
ment is, theretore, impracticable. The L
use of pilots on 24-circuit links is [
nevertheless required and it has become /
necessary to introduce a new system / =

NOTE

as follows :—
At the transmitting end of the link

,‘ﬁ_J

.

the pilot is injected at the 24-circuit
transmit amplifier. At the receiving
end the pilot is “‘ picked off ”’ the pair
concerned by a parallel connection at
the HF.RD.F. (see Figs. 8 and 9).
The tee connection is taken to the
input of a Pilot Selection Unit,
mounted on a Miscellaneous Apparatus
Bay adjacent to the HF.R.D.F. The
unit has a high input-impedance,
introducing a tapping loss no greater
than 0-5 db. The basic circuit arrange-
ment is shown in Fig. 10.

The carrier frequency generating
equipment can thus be synchronised
at the receiving station and a 60 kc/s
supply generated at this station can be extended,
if necessary, by injection into the transmit amplifier
of another link or a 12-circuit group.

FRONT

four switches.

Conclusion.

The doubling of circuit capacity on converted
routes will be obtained at relatively small cost and
(apart from the 24-circuit filters) without the use of
new types of terminal equipment. An improvement
in overall reliability should result consequent upon
the replacement of the old Nos. 5 and 6 line amplifiers
by the more modern No. 7 type. In this connection
it should be mentioned that the * vibration testing ”

2 PO.E.E.J., Vol. 40, p. 113.

'REA
HF.RDF

Note 1.—Depending upon the output connections, each transformer unit caters

for either one single-stage pilot receiver and three double-stage pilot receivers,

or four double-stage pilot receivers.

Note 2.—The outputs from five transformers are connected to the banks of

COMMON

jfﬁ% i‘ ? ct-«AcNixEtozso;A:]

i

F16. 10.—Bastc CIRCUIT ARRANGEMENTS OF PILOT SELECTION UNIT.

technique is applied to all new equipment prior to its
being brought into use and it is confidently expected
that the fault incidence on 24-circuit links will com-
pare very favourably with the performance experi-
enced in the past on 12-circuit lines.
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The London-Birmingham
Television Cable

H. STANESBY, M.LEE. (Post Office) and

W. K. WESTON, B.sc.(Eng.), M.LEE.
(Standard Telephones and Cables, Ltd.)

Part 2.—Cable Design, Construction and Test Results

U.D.C. 621.315.212 : 621.397.5

In this concluding part of the article details are given of the experimental work on the design and manufacture of the cable,

the production of factory lengths, and the jointing technique employed in completing repeater sections. Test results on

typical sections are given which show that the electrical requir.ements referred to in Part I have been met with satisfactory
margins.

EArLY EXPERIMENTAL WORK
3 S soon as the principal requirements of thelarge

television tubes were established consideration

was given to the mechanical features involved
in a practical cable design. To meet the impedance
uniformity limits a high degree of precision is required
in the dimensions of both the inner and outer copper
conductors and also in regulating the quantity of
solid dielectric per unit length of tube. In factory
lengths it is desirable to hold the external diameter
of the inner conductor to within less than 0-001 in. and
the effective internal diameter of the outer conductor
to within 0-0025 in. of the average values. At the top
frequency for which the cable has been designed, skin
effect limits the useful thickness of the inner and
outer conductors to a few mils.; it is therefore desirable
to economise material by making the conductors in
the form of.thin cylindrical tubes. The quantity of
solid dielectric must also be reduced to a minimum
on account of cost and to reduce dielectric loss.
Operating against the electrical requirements,
however, is the fact that the tubes must be able to
withstand factory handling involving reeling on to
drums of a size suitable for the subsequent operations
of cabling, lead covering and protection. The com-
pleted cable must also be capable of withstanding
the handling encountered during installation.

Inner Conducior.

Experience with the standard 0-375 in. coaxial
cable employing the interlocking tooth type of outer
conductor indicated that for the large tubes a centre
conductor constructed along similar lines could be
expected to provide a high degree of uniformity of
diameter and to be flexible enough to meet the manu-
facturing and installation conditions. To keep the
seam closed some external binding or clamping is
necessary, but it is undesirable to provide a continuous
binding of insulation over the inner tube since this
would introduce an undesirable amount of dielectric
in the most intense portion of the electric field. This
problem has been solved by using clamping discs
which form part of the insulating spacers in the tube.

To provide a smooth inner conductor, the inter-
locking teeth project inside the tube, which has, there-
fore, a smooth cylindrical external surface with a
single longitudinal seam at the abutting edges.

Dzelectric.

Of the many known dielectrics only two are
generally available having low permittivity and loss
at the frequencies involved. These are polystyrene

and polythene. Polystyrene, unless used in thin
films or threads, tends to be less flexible than poly-
thene and for this reason polythene is preferred.
Its permittivity is 2-3 and its power factor 0-0004.

In the early experiments consideration was given
to the extrusion of a continuous tube of polythene to
provide support for the outer conductor. However,
the difficulty of controlling concentricity and external
diameter to tolerable limits ruled out this method.
The final solution adopted is to use the injection
moulding technique to produce short thin-walled
cylinders of polythene having a disc with central
hole to support the centre conductor and a spigot
at one end, the spigot making joint with the next
cylindrical spool in the cable. These spools are slit
radially to enable them to be placed in position on
the inner conductor. They can be made with a high
dimensional accuracy and the method of insulation
has the advantage of allowing the conductor spacing
to be controlled to very close tolerances during
manufacture. The spools used have a centre-to-centre
spacing of the discs of 1-56 in., a wall thickness of
0-080 in. and an external diameter of 0-940 in.

Outer Conductor.

Electrically the outer conductor also should be a
smooth thin-walled cylinder. The internal diameter
necessary to meet the attenuation requirements is
0-975 in. and a thin-walled tube of this diameter will
buckle and crack when subjected to frequent bends
such as occur during subsequent manufacturing
operations. The conventional methods of making a
flexible hollow tube are to produce a tube from
spirally wound tapes or to form transverse corrugations
in the wall of the tube. The use of spiral tapes
introduces a spiral component into the current passing
along the cable and it is considered preferable to
corrugate a tape and form it into a tube with a single
longitudinal seam, although this involves some
additional attenuation introduced by the corruga-
tions. However, by controlling the degree of corruga-
tion the increase in attenuation is limited and can be
allowed for in the design.

In the first experimental cables the corrugated outer
conductor tape was supported on the spool insulators,
but impedance variations along the completed tubes
showed that changes in the effective diameter of the
outer conductor were excessive. It was therefore
decided to make the outer tube self-supporting. This
has been achieved by off-setting the corrugation at
both edges of the tape so that when formed into a tube
the two opposing edges of the tape are prevented from
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approximately 7 in. long and 1} in. diameter. In the
complete cable joint there are two of these joints for
the 0-975 in. tubes, four smaller joints for the 0-375 in.
tubes and the usual joints in the unscreened and
screened pairs, the overall dimensions being 30 in. long
by 4 in. diameter. To prevent passage of water along
the interstices between the various coaxial tubes and
the pairs in the main joint a pair of multi-outlet plastic
sleeves are fitted tightly over all the components
where they leave the lead sheath of the cable inside
the outer lead sleeve of the joint.

Experimental Cable.

When the preliminary’ development work had
resulted in the production of a number of drum
lengths, it was decided to manufacture and joint
together in the factory a substantial length of cable
to allow the repeater section characteristics of the
large tubes to be determined ; in particular to check
the effect of the joints on impedance uniformity. This
would also enable measurements of attenuation,
impedance uniformity and crosstalk to be made,
which could not be measured accur-

tured and installed on the London-Birmingham route
between Gladstone and Cunningham repeater stations.
This repeater section was then completely tested and
satisfied all requirements.

Details of Cable Route.

A line diagram of the main and tail cable routes is
shown in Fig. 6. The cable from Alexandra Palace to
Birmingham has the lay-up already illustrated in
Figs. 2 and 4, but between Birmingham and the
transmitter at Sutton Coldfield the four 0-375 in.
tubes and associated balanced pairs are omitted,
because one-way television, only, need be catered for
on this part of the route. The places at which the
three-mile repeaters will be located, and the power
feeding points, are shown in the line diagram.

Cable Terminations.

The method adopted for terminating the cable, as
arranged at an intermediate station, is shown in Fig. 7.
The cable uprising against the wall is separated into
short lengths of individual lead-sheathed coaxial

ately on individual lengths. Upon >
; : 9
the completion of this work the & T )
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drum lengths, showed that the g F o o o L L > o& &
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of impedance of the large tubes was F & STHN I T F §Fg&JTI K
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required. The construction of the
large tubes was then altered some-
what, as indicated previously, the
principal changes being the use of a
self-supporting outer conductor, the
shortening of the spacing spools, and
improvements in the outer binding.

A mile of cable of the modified
design was manufactured, jointed in
the factory and tested, and the
results obtained showed that the
requisite uniformity of characteristic
impedance had been achieved.
Manufacture of a full repeater
section of cable was therefore put in
hand. Meanwhile the rnile of cable
was installed on the London-Bir-
mingham route and retested. The
results after installation showed
virtually no change from the factory
results, thus indicating that the cable
had the necessary degree of stability
to withstand handling during instal-
lation.

The repeater section was manufac-
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attenuation that occurs when the cable is drawn into
the duct appears to be less than 0-3 per cent.

Crosstalk. Typical crosstalk attenuation results are
shown in Fig. 10 with the minimum requirements
indicated for comparison. It will be seen that on
far-end crosstalk between 0-375 in. tubes there is a
margin of at least 10 db. and that in all other cases the
requirements are satisfied with much greater margins.

Acknowledgments.

The authors have much pleasure in acknowledging
their indebtedness to their colleagues in the Post
Office and in Standard Telephones & Cables, Ltd.,
who have been associated with them in various aspects
of this work, in particular to Messrs. E. C. H. Seaman
and E. Baguley who have also assisted them in the
preparation of this article.

o

= 7 Jr 160 -7
2 \_/ ”* ]\I‘ < \/(\ 2
> Rl ~ZE=MEASURET]
z ,\/ LT WASURED 7 MEASURED A
% 140 i ,,' 140—>
Pl I B === i 20 S R e,
z ﬂ[,‘/ & i REQUIRED ! 1]
£ 120 a 12 ya— 7" ==== 120 £
4
< /7 / REQUIRED T /- REQUIRED
X "J 1 ,/ _//
2 100H—-== - 100}——— 100| et |
ra- / ——NEAREND - / ———NEAR END) ———NEAR END
o -———FAR END ————FAREND _ ———FAR END

g 80 80— 80,

60 60

O 200 400 600 800 1000 “-0 200 400 600 800 1000 'O 200 400 600 800 1000

FREQUENCY {kc}s)

Between 0-375 in. Tubes.

FREQUENCY (kch)
Between 0975 in. Tubes.

FREQUENCY (ke/s)

Between One 0-375 in. and
One 0-975 in. Tube.

F1G. 10..—CROSSTALK ATTENUATIONS FOR 6-MILE SECTIONS.




Unification of Screw Threads

U.D.C. 621.882.1.082:061.3

>

F. C. CARTER, Bsc.(Eng.), M.LE.E.

, International discussion on the basic design of screw threads has been taking place since 1873 with a view to *“ Standardisation ™
or ‘ Unification.” In this article, the author gives an historical survey of the question, leading up to the recent Anglo-
American-Canadian Declaration of Accord on a Unified Thread System for nuts, bolts, etc., between 1 in. and 6 in. diameter.
In conclusion, the existing thread differences for sizes below } in. are explained in relation to forthcoming discussions on

standardisation of this range.

Introduction.

ANY readers will, no doubt, have noticed
Mreferences recently, both in the popular
) and technical presses, to * Unification ”
or “ Standardisation ’ of Screw Threads, and may
have wondered as to the reasons for these references.
It is a fact that for some time past certain Anglo-
American-Canadian discussions have been taking
place on the question of the basic design of screw
threads, and, although it will be some years before
the results of these discussions become apparent,
it is probable that, eventually, they will affect the
users of all but the smallest nuts and bolts.
This article has been written, therefore, to give a
brief historical background to the problem and a
résumé of the results of the recent negotiations.

Historial Survey.

The shape of the screw thread which has been in
common use in Great Britain for very many years is
that known as the Whitworth thread. It is named
after Sir Joseph Whitworth, who was responsible for
its standardisation in 1841.

The fundamental point of standardisation is the
V angle of the thread at 55°, but other important
points are the number of threads per inch (T.P.L)
and the shape of the root and crest of the screw, these
being such that one-sixth of the sharp V is truncated
at the top and bottom, the roots and crests being
rounded equally by circular arcs.

To appreciate Whitworth’s work in its proper
perspective it must be realised that this originat
standardisation was achieved at a time when engineers
were concerned, primarily, with heavy engineering
problems, e.g., steam engines and railway bridges,
and when the principal material available was
wrought iron; also, the highly developed and
specialised light engineering industries of modern
times and, particularly, the radio, telephone, auto-
mobile and scientific instrument industries did not
exist.

The standard proposed by Whitworth was chosen
not by scientific comparison, but by averaging
the dimensions of threads then in common use.
Nevertheless, his proposals appear to have been
quite acceptable to Continental engineers and some
measure of the credit due to Whitworth is the fact
that his standards have remained unaltered for over
100 years—probably a unique achievement in
engineering history.

The Whitworth threads continued in fairly general
use until about the time of the American Civil War,
when relations between Britain and America became
strained and the “ Sellers ”’ thread was introduced
in America.

The principal difference between the Whitworth
and the Sellers thread is that the latter has a V
angle of 60°, and the root and crest of the thread are
made flat instead of being rounded. Although there
is no marked difference in the strength of this thread,
it is claimed to be easier to produce and measure and
so offers certain advantages in production. The
number of T.P.I. is, with one or two exceptions,
unchanged. The comparative shapes of these threads
are shown in Fig. 1.

f#—n———— PITCH (P)——>

H=0-9605P
h=0-6403P
r=01373 P

WHITWORTH THREAD

30° 5120

fe—————PITCH (P} —>

H = 0-8660P
h =0-650 P

SELLERS® THREAD

FiG. 1.—COMPARATIVE SHAPES OF WHITWORTH AND SELLERS
THREADS.

After the Franco-Prussian war in 1871, Germany
adopted the metric system of measurement and
metric threads soon followed, and in Europe became
a competitor to the Whitworth thread which was
based upon the inch system of measurement. There
were, however, certain diffetences preventing inter-
changeability between some of the French and
German metric threads, and other differences between
the French and Swiss threads.

Various International Screw Thread Congresses
were held between 1873 and 1898 in endeavours to
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reach standardisation, and eventually a thread known
as the International Metric Thread was agreed upon
at Zurich in 1898.

The basic metric thread is identical with the
Sellers basic form, but the pitches being on a metric
basis are different. The standard tolerances allow for
these sharp flats to be rounded within certain limits
to allow for the tool wear during manufacture.

The Zurich agreement applied only to screw threads
for basic diameters between 6 mm. (0-236in.) and
80 mm. (3-15in.). Above and below these diameters
some differences between the French, German and
Swiss national standards continued. It is of interest
to note that in 1943 the British Standards Institution
published a specification for International Metric
threads in order that the essential information might
be readily available to British engineers who had to
manufacture this thread, but there was no suggestion
of changing general British screw thread practice.

Although the use of these three different threads
may have caused a certain amount of irritation and
inconvenience, screw-cutting machinery was not
highly automatised and alternative threads cculd be
produced with no very great additional -effort,
although difficulties were bound to occur in repairs
and maintenance.

After America entered the first World War the dis-
advantages of the use of the different threads became
more apparent, and in 1917 Dr. H. S. Rowell pro-
posed to the Screw Thread Committee of the British
Engineering Standards Association that, for both
Britain and America, the V thread angle should be
6574°. At that time the errors in screw thread angles
were often as great as 23°, so that the proposal was
not unreasonable.

No very definite progress appears to have been
made with this suggestion until the U.S. Congress
appointed a Screw Thread Commission in July, 1918,
but the subsequent early termination of the war
appears to have weakened the common urge for
standardisation and the matter did not proceed
beyond the discussion stage.

In 1926, Sir Richard Glazebrook led a mission to
America to suggest the common use of a compromise
thread of 574°, but interest in such a compromise had
lapsed, trade was flourishing and the suggestion
appears to have had no great appeal. The proposals
were, therefore, dropped.

Later Developments.

The matter remained in this state until a com-
paratively advanced stage in the second World War,
when Great Britain and America again found them-
selves striving to produce armaments for their com-
bined forces at the maximum possible rate.

With the advent of the modern engineering
industries, and the closer limits generally employed
in manufacture and the great increase in the mech-
anisation of the Armed Forces, much of the flexibility
of interchange between different threads disappeared
and it became difficult to avoid each country having
to manufacture threads to the other’s standards. In
the field, interchange of spares was restricted and the
stocking of spares became a major problem.
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In 1943, a British mission visited New York to
discuss thread problems with America and Canada ;
in August 1944, a joint U.S.-Canadian Screw Thread
Mission visited Great Britain to discuss the whole
problem and a further three-country conference was
held in Ottawa in 1945.

The compromise proposal of 571° was again
examined, and various experimental programmes
instituted to compare the different forms of threads.
The 574° proposal now, however, appears to have
been much less popular with all parties since, with
the much closer tolerance limits in general use, its
adoption would have incurred a very large amount
of retooling by all parties concerned and general
opinion now appears to have favoured the joint use
of the 60° thread, presumably on account of the
preponderating North American production.

Anglo-American-Canadian Conference, 1948.

Although no final agreement had been reached
before the termination of hostilities, this time the
negotiations were not allowed to lapse, but were
actively continued into the post-war period.

These discussions culminated in a final conference,
held in Washington on November 18, 1948, at which
agreement was reached between America, Canada
and Great Britain on a common series of screw
threads. A photographic reproduction of the declara-
tion is shown in Fig. 2.

This agreement covers the thread form, a series of
diameters for nuts, bolts and fastening threads from
}in. to 6 in. diameter and manufacturing tolerances.
The form of thread is one having a 60° angle. The
bolt thread will have a rounded root with the alterna-
tives of a rounded crest in Great Britain and a flat
crest in North America. The main series includes two
series of threads, a ““fine” and a ‘ coarse,” and
special design threads are also included.

The parties’ to the Agreement also agreed to
acceptance of the following principles and procedures.

1. That the thread system will be known as the
“ Unified.”

2. That they will use identical designations for
identical threads.

3. That they will indicate specifically and in detail
in their own individual published standards
those dimensions, tolerances and other data
which are mutually agreed as coming within
the Unified System.

4. That Service Departments of the participating
countries agree to use the Unified System as
far as is practicable for all new equipments and
stores designed to their order specifically to
meet Service needs.

5. That subject to the above, the B.S.I. would
authorise the immediate issue of a Provisional
Standard Specification with the new Unified
(60°) thread, although this involves a major
change in British engineering practice.

6. That the importance of agreeing acceptable uni-
fied standards below }in. diameter was recognised
and it is agreed that further discussions shall
take place between the three countries at an
early date in the United Kingdom.






upon the metric system of measure-
ments, the pitch being arranged in

a geometrical series. 50
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The V angle of the thread is 473°
and the root and crest are rounded ‘
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in a similar manner to the Whit-
worth. Manufacturing tolerances
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were not included originally in these 80
standards, but in 1919 they were
agreed for the range 0 to 15 B.A.

The smallest threads 16 to 25 B.A.,
which are probably mostly used
by the clock and watchmaking 70

industries, still remain untoleranced.
The external dimensions of B.A. nuts

and bolt heads were standardised
by the B.S.I. in 1911.
The Standard Threads which are 60

at present current in U.S. and Canada
in the range below } in. are of the

same basic form as the Sellers. The
series includes a range of 12 diameters

g

between 0-216 in. and 0-073 in. and
each diameter has a “fine” and a
‘“ coarse ”’ thread.

It is understood, however, that in
order to minimise the total number
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of thread sizes to be produced in
any one factory, certain manufac-
turers have concentrated on the

production of a range of threads
selected from both series. It is
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not very clear at present, however,
exactly how far this practice is
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published standards.
The sizes of these threads and of 20
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the corresponding B.A.._range is
shown in Table 1 and illustrated
graphically in Fig. 3.

TABLE 1
B.A. SERIES AMERICAN NATIONAL SERIES
No Diameter T.P.IL No. | Diameter T.P.I.
mm. Inch |(approx.) (nch) Fine Coarse
0 6-0 236 25-4 12 216 28 24
1 53 209 28-2 10 190 32 24
2 47 185 313 8 164 36 32
3 41 161 348 6 138 40 32
4 3-6 142 385 5 125 44 40
5 3-2 126 43-9 4 112 48 40
6 28 110 47-9 3 099 56 48
7 2-5 098 52-9 2 086 64 56
8 22 087 59-1 1 073 72 64
9 19 075 651 0 060 80 —
10 1-7 067 726
11 15 059 819
12 13 051 90-7

It will doubtless be appreciated that one very real
difficulty in handling nuts and bolts below } in.
diameter having different screw threads is the fact

[+ -020 -040

-060 080 <00 <120 140 +60 80 200 -220 -240
DIAMETER IN INCHES ‘

Fig. 3.-—CoMPARISON BETWEEN BRITISH AND AMERICAN STANDARD SIZES
For THEADs IN THE RANGE BELOW % INCH.

that owing to their small size it is physically impossible
to mark them with any satisfactory distinguishing
marking.

Conclusion.

Complete details of the thread sizes and manu-
facturing tolerances for the Unified Thread Series!
have not been included in this article as they are of
rather limited interest to telecommunication en-
gineers; they will be published by the B.S.I. early
this year.

The author would like to acknowledge his indebted-
ness to the British Standards Institution and to the
editor of Engineering for making available much of the
material used in this article.

! A comprehensive summary of the basic dimensions of the senes 1s given in
Engineering, Vol. 167, No 4430, of January 21st 1949.




A Phase Meter for the Frequency

Band 100 kcis - 20 Mcls

U.D.C. 621.317.772.029.54/.58 : 621.395.645.37

W. T. DUERDOTH, Bsc., AM.LEE.

A phase meter covering the band 100 kc/s to 20 Mc/s is described which is primarily intended for the measurement of the

phase change round the feedback loops of amplifiers.

An accuracy generally better than 1+ 3° is possible provided that

the loop gain or loss is not greater than 40 db.

Introduction.

HE estimation of the stability margin of a
feedback amplifier requires a knowledge of

the attenuation and phase shift of the four-
terminal path created by breaking the feedback loop.
The frequency range over which this information is
necessary depends upon the amount of feedback

employed and the width of the working frequency -

band. With multichannel amplifiers working up to
1 Mc/s, measurements up to about 20 Mc/s become
necessary and measurements at sub-audio frequencies,
although not so essential, are desirable for audio
frequency amplifiers.

With amplifiers having a single feedback loop it is
not necessary to determine the magnitude of the loop
characteristic with great accuracy, + 1-0 db. being

The apparatus has a high input impedance so that
it can be connected to an amplifier without changing
its loop characteristic. It has also been designed to
operate with low input levels to avoid non-linear
distortion in the amplifier.

Principle and Method of Operation.

A block schematic diagram of the apparatus is
shown in Fig. 1, where it will be seen that the voltages
whose phase is to be compared can be picked up by
the two probe amplifiers. The outputs of these probe
amplifiers, after further amplification, are combined
in a three-winding transformer and the resulting
voltage is measured by a selective frequency changer
working with a constant output frequency of 40 kc/s.

The phase relation between two voltages of equal
magnitude can be easily deduced from the magnitude

ample, but the accuracy requirements for the phase of their sum (this is illustrated in Fig. 2). However,
L T B e
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F1e. 1.—BLock SCHEMATIC DIAGRAM OF PHASE METER.
measurements will depend upon the
phase margin of the amplifier. Where
the phase change exceeds 150° an } s
accuracy of 4 5° is desirable, but if less € ——
than 150° a reduced accuracy is w '8
sufficient. 'With multipath amplifiers, g - I~
where the addition of two or more g AW E
paths is concerned, greater accuracy is w 14 AN
necessary. It is not possible to give 212 ™
any figures rigidly, but 4 0-5 db. and o
- 3° are desirable ; these can be relaxed Fro
when the phase margin is great. 308
The sense of the angle is of importance, % o6
particularly for small phase margins. °
This is not given directly by this appar- £ 04
atus, but when used to plot a Nyquist < o
diagram! the succession of points
together with the amplitude character- ° 30 0 ) 80 100 126 %o 760 180

istic leaves no ambiguity.

1 Nyquist, H., Regeneration Theory, B.S.T.J.,
January, 1932.

ANGLE BETWEEN EQUAL INPUT VOLTAGES (9°)

Fi1c. 2.—RaTI0 OF MAGNITUDE OF SuM OF Two EQUAL VOLTAGES AT ANGLE

0°, To MAGNITUDE OF A SINGLE VOLTAGE.

43



it is necessary to compare the phase of voltages
whose magnitude ratio may be 40 db. This has been
achieved by employing variable gain amplifiers before
the comparison circuit. These amplifiers are the
“twin ” amplifiers shown in the block schematic
diagram and have been so called since their phase
changes must be similar to within 1° although their
gains be adjusted to differ by some 40 db. The design
of these amplifiers was the major problem which had
to be solved before this apparatus could be built.

The outputs of the twin amplifiers are combined
by the three-winding transformer which is of simple
design since its transmission characteristic is not of
primary importance, although a high degree of balance
between two of the windings is essential. The third
winding is connected via a buffer amplifier to the
balanced frequency changer. The 40 kc/s output
from the frequency changer is applied via a potentio-
meter to a tuned amplifier and detector.

The apparatus is used to determine the phase rela-
tion between two voltages in the following manner.
The circuit under test is supplied with a frequency
from the signal oscillator, and the probe amplifiers
are connected to the required points on the circuit.
The modulating frequency is then adjusted to give
the 40 kc/s output (its level must be within certain
limits indicated by a meter associated with the
frequency changer), and infinite loss is introduced
into one of the twin amplifiers by earthing a grid ;
the gain of the other is adjusted so that unity
deflection is obtained on the detector meter. After
adjusting the other amplifier similarly, the two volt-
ages, now equal in magnitude, are applied together
and the potentiometer, previously set to 120°, is
adjusted until the meter reading approaches, but is
not greater than, unity. The setting of the potentio-
meter indicates the angle to the nearest 10°, the units
being deducted from the meter deflection by means
of a calibration chart.

The selection of 120° for the potentiometer setting
during adjustment is necessary since 120° is the phase
relation between two equal voltages which produce
no change in magnitude when combined. (See Fig. 2.)

Design of Variable Gain ** Twin >’ Amplifiers.

These amplifiers (see Fig. 3) are required to equate
the magnitudes of the two voltages to be compared
without altering their phase relation. The phase
change through the amplifier is of little importance
provided that, at all working frequencies and gain
settings, it is identical for both amplifiers. The major
problem associated with these amplifiers is, therefore,
to change their gain by a maximum of about 40 db.
without a change of phase in excess of the permissible
error.

Both amplifiers are made as sin+ T as possible by
using identical layouts and wiring. A 12 db. change
in gain is obtained from V1 and three 6 db. steps from
V2, the changes being made by Yaxley switches.

Stage V4 is separated from the previous variable
stage by a buffer valve V3 and continuous variation
in gain is obtained by changing the D.C. bias on V4
by short-circuiting a portion of the decoupled cathode
resistor. With this circuit a continuous change of
10 db. produces no measurable change in phase. The
switch S3 is employed to earth the grid of V4 to intro-
duce infinite loss in one amplifier while the gain of
the other is adjusted.

At the higher frequencies of the working range,
an appreciable part of the anode loads is due to the
shunt capacitance when the load resistance is high,
and to the series inductance of the decoupling loop
when the resistance is low. Thus, simple changes of
resistance will cause changes of phase angle of the
load, but this can be avoided if the anode circuit is
similar to that of Fig. 4 and the values of L and C
are changed when R is changed so that L/CR? is a
constant. Fig. 4 also shows the frequency responses
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external capacitance potentiometers may
be used without phase change when input
capacitances below that of the probe
amplifier (10 uuF) are required.

The amplifiers are enclosed in ‘‘ coaxial
structures ” and the coaxial leads are
terminated in plugs to fit the twin ampli-
fiers. The phase change through the leads
is considerable and their lengths must be
equal to within 1 inch. Itis also important
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Fi1Gc. 4—ANODE LOAD INCLUDING REACTANCES.

obtained with various values of h = L/CR2. A value
of h = 0-5 which gives a frequency characteristic
of + 0-4 db. up to wCR = 1-2 (corresponding to
20 Mc/s) has been employed for the anode loads of V1
and V2. The circuit reactances have been minimised
by using valves CV 138 and decoupling loops of small
area, but parasitic reactances still limit the maximum
change of gain possible without additional phase
change to 18 db. per stage.

The outputs of stage V4 of both amplifiers are
connected to a three-winding transformer T1, the
output from which is amplified by V5. This last stage
is common to both amplifiers and is designed to
provide a flat gain characteristic to the input of the
frequency changer.

It will be observed from Fig. 2 that the phase
sensitivity of the apparatus is a maximum when the
phase angle between the input voltages is 180° and
falls as the angle approaches zero. Two transformers
are therefore provided, one with windings aiding and
the other with the windings opposing, so that the
more sensitive condition can always be used.

The twin amplifiers have gain/frequency charac-
teristics which are flat to 4+ 3-5 db. and the reactive
components of the anode loads have been adjusted
so that the frequency characteristics of their gain
differences on any setting are within 4- 0-2 db.

The layout of the amplifier is of considerable im-
portance, the apparatus being enclosed in a “ coaxial ”’
copper box while screens separate the two amplifiers,
the transformer and the output stage, thus reducing
crosstalk to a negligible level.

High Impedance Probe Amplifiers.

Small probe amplifiers with high input impedances
are necessary to enable short connections to be made
to the feedback loop of an amplifier and thus avoid
modifying its characteristics.

The outputs from the probe amplifiers are connected
to the twin amplifiers by 10-ft. lengths of flexible
coaxial cable. These leads are terminated by their
characteristic resistances( 75 Q) at the twin amplifiers
and constitute the output loads for the probe ampli-
fiers. The probe amplifiers have some 15 db. of feed-
back which increases the input impedance. The grid
leak of the input stage is 2 M © so that a range of

CR2 to ensure that the coaxial plugs and
sockets are fully engaged or errors up to
2° will occur at the higher frequencies.

The voltage gain/frequency characteris-
tics of the amplifiers are matched by
means of inductors in the cathodes of the
input valves to within + 0-2 db.

Frequency Changer.

The frequency changer (see Fig. 5) consists of a pair
of triode-hexodes (ECH35) balanced to suppress the
carrier frequency in the output. The triode portions
of the valves are not employed, the anodes being

SIGNAL,

Ml

CARRIER

F1G. 5.—FREQUENCY CHANGER CIRCUIT.
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earthed and the carrier applied to the oscillator grids.
The hexode anodes are connected to an output trans-
former T1 from which no carrier output will appear
provided that both the transformer and the valve
gains are adequately balanced. The mutual conduc-
tance of V2 is adjusted by means of P1 and the balance
of the transformer by C7; these adjustments enable
the carrier to be sufficiently suppressed to avoid inter-
ference in the tuned amplifier.

The signal input is applied to the signal grid of V1
only and appears together with modulation products
at the output of T1. With a signal of 100 kc/s a carrier
of 140 kc/s is employed and outputs of 240, 100 and
40 kc/s obtained. The selectivity of the tuned amplifier
is sufficient to prevent the 240 kc/s tone from
producing a deflection on the output meter, but
additional suppression is required for the 100 kc/s
and is provided by the circuit L4 and C9 tuned to
100 kc/s.

Since carrier inputs ranging from 2-10 volts are
required it is necessary to connect the grids of the
frequency changer to a high impedance point of the
carrier amplifier. The last stage (V4) of this amplifier
is therefore included on the same panel as the
frequency changer. After amplification the carrier
voltage is measured by a half-wave rectifier V3 on a
meter M1 and adjustments of the voltage may be
used to modify the gain of the frequency changer.

The phase meter is mounted on a 5 ft. 6 in. bay and
includes signal and carrier sources, 40 kc/s tuned
amplifier, detector circuit and power unit. These
components of the equipment are of orthodox design
and do not warrant special description.

Performance Tests.

The equipment has been designed and adjusted
so that the critical paths consisting of the probe and
twin amplifiers have amplitude/frequency responses
which are similar to within 4 0-3 db. This accuracy
has been achieved by careful adjustments and by
making measurements accurate to 0-1 db. over the
whole frequency range. These measurements are only
possible if testing apparatus is used which makes a
continuous coaxial structure with the equipment
under test. All the adjustments of the equipment had
the similarity of amplitude responses as their goal.
This is justified since similar amplitude responses
result in similar phase responses provided that certain
types of networks are avoided and the amplitude
responses are similar over a much wider frequency
band. Measurements above 20 Mc/s, however, were
not attempted and indeed do not appear necessary
since direct checks on phase measurements made by
the equipment indicate that the required accuracy
had been achieved.

The phase accuracy of the equipment was checked
by the following methods :

(1) The two probe amplifiers were connected to the
same source. This should result in zero output
when both amplifiers are effective. This check
was made at a number of frequencies within the
range and with all combinations of gain settings.

(2) The phase relation between unequal voltages
was measured. The voltages were obtained by
small resistance pads with compensation for
parasitic reactances so that the unequal voltages
were, as far as possible, in phase unison.

(3) The phase change through a coaxial cable with
little attenuation was measured and successive
checks made with progressively shorter lengths.

(4) The phase change through networks having a
calculated attenuation and phase change were
measured.

In each case all possible combinations of gain
settings of the twin amplifiers were used and an
accuracy generally better than + 3° obtained. The
maximum errors occurred at 20 Mc/s when using gain
settings which are not required in practice.

Use of the Equipment.

The equipment was built to measure the feedback
loops of amplifiers and has been successfully used for
this purpose. In particular, it has made possible the
development of amplifiers having more than one
feedback path. The stability of such amplifiers often
depends on the combined voltage obtained from the
paths and the estimation of this voltage necessitates
accurate measurements of the attenuation and phase
change of the individual paths so that the vector sum
can be obtained.

A further use of the equipment is to measure the
stability margin of amplifiers. Hitherto, this has
only been possible by elaborate laboratory apparatus
and has been restricted to the first few models of an
amplifier, but this equipment makes possible an accep-
tance test, to be made on all new amplifiers, which
will enable those with too small a stability margin to
be rejected.

The equipment can obviously be employed for other
phase measurements not associated with amplifiers.

Acknowledgment.

Acknowledgment is due to Mr. J. Garlick, who
organised much of the construction work associated
with the equipment and undertook the very tedious
precision measurements required to line up the
equipment.
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Nomenclature of Frequencies

U.D.C. 621.3.029 : 001.4

C. F. BOOTH, o.B.E., MLEE

elecommunications is based on the use of terms which originally
1 recent years, due to the extension of techniques in the higher
ljectives, and this has led to much confusion. An alternative
f the frequency band is examined and it is shown that the system
even to frequencies as far as those corresponding to penetrating
iation.

TABLE 1.
PRESENT NOMENCLATURE.

Frequency Sub-division Frequency Range* Metric Sub-division
VLF (Very Low Frequency) Below 30 kc/s Myriametric Waves
LF (Low Frequency) 80 to 300 kcfs Kilometric Waves
MF (Medium Frequency) 300 to 3,000 kefs Hectometric Waves
HF (High Frequency) 3,000 to 30,000 ke/s Decametric Waves
VHF (Very High Frequency) | 30,000 kc/s to 300 Mc/s | Metric Waves
UHF (Ultra High Frequency) 300 to 3,000 Mc/s Decimetric Waves
SHF (Super High Frequency) | 3,000 to 80,000 Mc/s | Centimetric Waves
EHF (Extremely High 30,000 to 300,000 Mc/s | Millimetric Waves

Frequency)

* Frequencies shall be expressed in kilocycles per second (kc/s) at and below
30,000 kilocycles per second, and in megacycles per second (Mc/s) above this
frequency.
identical with the Glossary of Terms® published by
the British Standards Institution; the differences
are that in the Glossary the term *“ Super-frequency ”
replaces ““ Super High Frequency ”’ in the table, and
the E.H.F. (Extremely High Frequency) range is
omitted from the glossary. It will be seen from the
table that the range up to 300,000 Mc/s is covered by
eight frequency bands in decade steps, the corre-
sponding wave bands being designated according to
the metric system.

Although this nomenclature has been recommended
—substantially in its present form—since 1937, it
has not been adopted consistently by technical writers
as may be judged from the following short selection
from recent publications :—

(a) Ultra High Frequency for frequencies above
50 Mc/s. :
(b) Ultra High Frequency for 25 to 120 Mc/s.
{¢) Ultra High Frequency for 30 to 1,000 Mc/s.
(@) Very High Frequency for frequencies above
100 Mc/s.
(¢) Very High Frequency for frequencies above
700 Mc/s.
(f} Extra High Frequency for frequencies above
30 Mc/s.
} Hyper Frequency for 1,000 to 10,000 Mc/s.
) Very Short Waves for wavelengths below

1 metre.

} Microwaves for wavelengths 0-1 to 10 cms.
(§) Ultra and Extreme Short Waves for wave-
lengths 0-01 to 50 metres.

The wave band classification is a sound one and
should not be subject to ambiguity, but this cannot
be said of the frequency classification. Perhaps the
primary fault of this frequency classification is the
choice of phrases already in common use to designate
precise frequency bands. The reader can never be
certain whether an author is using a phrase in its
vague general sense or in its precise restricted sense.

(g
(h
(s

3 Glossary of Terms used in Telecommunication, British
Standard 204 : 1943.”
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Thus, a writer may reasonably refer to loudspeaker
performance at high frequencies and mean by this
term 5 to 15 kc/s and not 3,000 to 30,000 kc/s, or he
might comment that cavity resonators are unduly
bulky at low frequencies and intend to reter to fre-
quencies of a few hundred megacycles per second
and not the band 30 to 300 kc/s for which his com-
ment would also be true, but, for most readers, super-
fluous.  Again, the allocation of adjectives is
apparently arbitrary and few would agree on the
order of the relative magnitude of the terms * very,”
“ultra,” *“ super,” ‘‘ extremely,” so that the reader
must rely on unaided memory to name the bands.
Although the table stops at 300,000 Mc/s it is
desirable to include frequencies up to at least
3,000,000 Mc/s, since the Radio Regulations of
Atlantic City define Hertzian? waves as ‘ Electro-
magnetic waves of frequencies between 10 kc/s and
3,000,000 Mc/s.” In order to include the additional
frequency range 300,000 to 3,000,000 Mc/s it would be
necessary to introduce a term such as ‘““ Extremely
Ultra.” This clearly demonstrates the limitations
and unsoundness of the classification, since further
extension increases the existing ambiguity. Finally,
the classification is inelegant and unnecessarily so.

The Alternative Proposal.

As far back as May, 1942, B. C. Fleming-Williams
proposed® to end the existing confusion in frequency
band nomenclature by dividing the frequency range
into decade bands, each designated in terms of the
common logarithm of its lower frequency expressed
in cycles per second. Frequencies given by x .10¥
where 1 <{x<{10 and N is an integer would be regarded
as in band N.

Such a system requires little mental effort and is
capable of extension as higher frequencies are
exploited. Its main disadvantage is that the
frequency bands so defined do not correspond with
those of Table 1 which are based on a metric wave-
length decade, and which are familiar to many.

The possible application of the principle originally
enumerated by Fleming-Williams has, however, been
considered recently by several people. As a result, a
frequency classification with the advantages of the
principle, but based on the frequency bands of Table
1, has been suggested. This is achieved by designating
the frequency bands corresponding to those of Table 1
by the logarithm of the approximate geometric mean
of the frequency limits (the geometric mean is the
square root of the product), always expressed in cycles
per second. Thus, the band 3,000 to 30,000 kc/s has
an approximate geometric mean of 10,000 kc/s or
107 ¢/s and would be designated Band 7. Similarly,
the geometric mean (in c/s) of the band 30 to 300 c/s
is approximately 10® ¢/s so it is Band 2. The simple
rules for conversion from Band Number to frequency
range and vice versa are given below—

Conversion from Band Number to Frequency Range.

The lower and upper frequencies of the band in c/s
are given by 0-3 x 10 and 3 x 10%, respectively,
where “ N 7’ is the Band Number.

1 Atlantic City, Radio Regulations, Chapter 1, Article 1 (5).
5 Letter to the Editor of the Waireless Engineer.
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Conversion from Frequency Range to Band Number.
For any frequency given by x.10% c/s, where
0:3 €x<3-0, the Band Number is N.



Conclusions.

The frequency classification proposed is precise,
simple to use and capable of unlimited extension.
All that is necessary for the Band Number to appear
explicitly in the statement of any frequency is to
express the frequency in cycles/second, by a number
between 0-3 and 3-0, times the appropriate integral
power of ten.

It is considered to have many advantages over the
existing systems, and, in the opinion of the writer,
the possibility of its introduction as a replacement of
the present nomenclature merits serious consideration.

Arrangements are already in hand to use this
nomenclature in P.O. Engineering Department
Reports.

The Institution of Post Office Electrical Engineers

Annual Awards, Junior Section Papers

SESSION, 1947/48

The Judging Committee has selected the following
from the papers submitted by the Local Centre Com-
mittees, and awards of £3 3s. and Institution certificates
have been made accordingly.

K. D. Jackson, Southampton Centre. ‘‘ Amateur
Radio Transmitting.”

D. S. C. Buchan and G. Booth, Aberdeen Centre.
‘“ London-Peterhead-Oslo.”

D. O’'R. Macnamara, London Centre. “ Frequency
Modulation.”

R. F. Howard, London Centre. ‘“ Impulsing.”

*G. H. Rouse, London Centre. ‘“ The New Standard
Uniselector—Some Mechanical Developments.”

*M. B. Moore, London Centre. ‘ The 2,000 Type
Selector.”

* Award shaved.

The Council is indebted to Messrs. W. E. Hudson,
E. W. Anderson and I. H. Wallis for kindly undertaking
the adjudication of the papers submitted for con-

sideration. J. READING
Secretary.

London Centre

The date of the final Meeting of the current
Session previously announced as Tuesday, May 3rd,
has been changed to Tuesday, May 10th. The
Meeting will be preceded by the Annual General
Meeting of the Institution commencing at 5 p.m.

Additions to Library
Recent additions to the Library include the following .—

1772 Prwnciples of Radar. Members of the staff of the
Radar School Massachusetts Institute of Technology
(American).

Originally prepared for use in the war training
courses in principles and applications of radar to
American Armed Forces at the Institute. The book
begins with a brief description of the components
and functions of radar systems and continues with
detailed discussion of typical system components.
Expositions of circuits and devices provide an
unusual combination of technically thorough and
accurate treatments with minimum dependence on
mathematics. Emphasis in the treatment of
circuits is upon quantitative analysis directly from
tube characteristics and physical principles. Com-
prehensively covers timing circuits; indicators;
receivers ; magnetrons ; modulators ; triode trans-
mitters ; radio frequency lines; radar antennas
and propagations; wave guides and cavity
resonators; transmit-receive devices; synchros
and servomechanisms.

1773 What 1s Atomic Physics ? K. Mendelssohn (British
1946).

Deals with discoveries rather than with inven-
tions ; it is concerned with the *“ whys ”’ of atomic
energy rather than with the “ hows”. Its aim is
to give, with a minimum of technicalities, a broad
survey of the field of atomic physics and to
familiarise the reader with the fundamental dis-
coveries which ultimately led to the release of
atomic energy. The book explains why the atomic
nucleus is a potential source of energy and why this
energy is so much greater than that which can be
drawn from the combustion of coal or the explosion
of T.N.T. The essential difference between the
physical laws which govern the world of everyday
experience and those which determine the structure
of the atom is discussed at length. Nuclear fission
and the controlled release of atomic energy are
dealt with and a separate chapter is devoted to
atomic energy production in the sun and stars.
Unnecessarily technical words have been avoided
throughout the text.

1774 Elecivical Illumination.
(American 1947).

Deals with principles underlying the specification
and design of electrical lighting for commercial and
industrial buildings. No attempt made to treat
every type of installation and equipment, but only
the important fundamentals that govern lighting
practice. A special effort has been made to eliminate
complicated mathematical developments. The
treatment covers objective and subjective specifica-
tion of illumination ; colour and shadow ; dis-
tribution curves and point-by-point method of
determining illumination ; electrical incandescent
and gaseous vapour light sources; light control ;
general illumination design ; luminous architectural
elements; floodlighting; novelty lighting; mainten-
ance and economics ; automatic control ; and wiring.

1777 Telephone Manufacturers of India Ltd. Report on
the proposed conversion of the Caloutta Telephone
Network to Automatic Working.

Vol. III. Exchange, Specifications.

1778 Practical Optics. B. K. Johnson (British 1947).

Optical technique and fundamental optical
‘principles concisely explained in practical form,
particular attention being given to the practical
applications of optical principles in the four main
types of instruments—telescopes, microscopes,
photographic lenses, and projection apparatus. A
section on optical glass helps towards a fuller
appreciation of the art and skill required in pro-
ducing high quality optical work. Sufficient theory
is given to enable the experimental illustrations to
be carried out intelligently. Although closely
related to the principle of optics, the design of
lens systems is not dealt with in this book.

(Continued on page 60)

J. O. Kraehenbuehl
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Staff Changes

Promotions
Name Region Date Name Region Date
A.S.E. to Staff Engr. Prob. Engr. to Engr.
Scantlebury, L. F. E.-in-C.O. 1.2.49 Harris, D. J. E.-in.C.O. 24.2.49
Cohen, J. H. L. E.-n.C.O. 3.3.49
Ayea Engy. to 4.S.E. ] Faulkner, A. H. E.-in-C.O. 3.3.49
Leckenby, A. J. L.T. Reg. to E.-in-C.O. 24.11.48 Marsh, S. B. E.-in-C.O. 24.2.49
‘Walker, N. E.-in-C.O. 19.2.49
Area Engr. to T.M. Horton, G. P. E.-in-C.O. 19.2.49
S.mxth, S. J. Scot. to Peterborough 3.10.48 Martin, F. N. E.-in-C.O. .. . 19.2.49
Sims, A. E. Taunton 1.1.49 Siems, C. V. E.-in-C.O. to L.T. Reg.  5.12.48
Gillard, C. H. S.W. Reg .. .. 1.1.49
Avrea Engr. to Asst. T.M. Rowe, J. F. S'W. Reg 19.12.48
Tumer, C. . L.T. Reg. .. . 11.1.48 Bell R ] B. Scot. .. 292.11.48
nght, N. V. Mid. Reg to L.T. Reg 13.10.48 LOCkWOOd C. R H.C. Reg. . . 1.12.48
Stanbury, H. C. O. Mid. Reg. to L.T. Reg. 3.10.48 Baxter, E. C. .. L.T. Reg. to E.-in-C.O.  24.11.48
Bucknall, F. R. B. Glasgow 1.12.48 Wooding W. J. L.T. Reg. . . 9292.11.48
Avea Engr. to Principal Buckoke, S. L.T. Reg. ‘72.1;.18
Harnden, A. B L.T. Reg. to Personnel 23.2.49 Janks, F. A E. -+ HC. Reg. 31.12.48
P A B L. Reg. Dent. Heyburn, L. G. .. HC. Reg. 16.1.49
ept. Pearce, H. S. .. L.T. Reg. 26.1.49
Area Engy. to Sen. Exec. Off. Harrison, H. W. H.C. Reg. 31.12.48
Weaver, C. W. S.W. Reg. to Personnel 8.11.48
Dept. Technician to Asst. Engr.
Engy to Exec. Eng;/. Eva, F. J H. .. . E.—}H—C.O. 29.9.47
RKnee, H. S.W. Reg. .. 17.11.48 Lanfear, J. S. .. .. E.-in-C.O. 16.1.49
Lovegrove L. W. H. C. Reg. to E.-in-C.0. 1.12.48
Loosemore, E. S. S ‘W. Reg. to Mid. Reg 12.12.48 , ,
Harris, R. ]. o E.-in.C.O. ) 1.1.49 D’siman.Cl. II to D’sman. Cl. T
Hamilton, D. F. Scot. to L.T. Regr 5.1.49 Williamson, F. .. E.-in-C.O. 1.1.49
Blight, A. .. L.T. Reg. .. 5.12.48 Turner, C. .. E.-in-C.O. 16.1.49
Peddle, H. W. .. Mid. Reg. .. .. 17.11.48 Goodfellow, J. B. E.-in-C.O. 17.9.48
Porter, W. F. L.T. Reg. to Scot. 9.1.49 Watson, S. W, E.-in-C.O. ' 1.2.49
. Dale, R. A. . E.-in-C.O. .. .. 23.1.49
Prob. Engr. 1o Asst. Princ. Culverwell, W. L. E.-n-C.O. to W.B.C. 6.1.49
Isaac, A. J. E.-in-C.0. to Min. of 21.2.49 Reg.
Works Cridland, J. F. S. .. E.in-C.O. to L.T. Reg. 31.1.49
Transfers
Name Region Date Name Region Date
Exec. Engr. Asst. Engr.—continued
Trott, L. J. E.-in-C.O. to S. W, Reg. 1.1.49 Baird, D. W. G E.-in-C.0O. to Scot. 27.12.48
Warren, F. E.-in-C.O. to N.W. Reg. 7.3.49 Knight, L. C. E.-in-C.O. to Min. of 10.1.49
Engy. ‘Whiteoak, H. J. G E Slupé)l(})r to Board of 1.2.49
Richardson, A. E. E.-in-C.O. to Admiralty 21.12.48 coar, B J- b Trade =
Asst. Engr. Light, R. W. E.-in-C.O. to Min. of 25.1.49
Hart, G. B. G. E.-in-C.0.to N.E. Reg.  1.12.48 Supply
Mitchell, A. E.-in-C.O. to Min. of 8.6.48 Horner, H. T. Mid. Reg. to N.E. Reg. 15.1.49
Civil Aviation
Whiddett, S. D. E.-in-C.O. to Min. of 23.11.48 M.T.0.11.
Civil Aviation Chapman, E. E.-in-C O. to N.W. Reg. 1.1.49
Retirements
Name Region Date Name Region Date
Staff Engr. Engr.
Peck, H. G. S. .. E.-in-C.O. 31.1.49 Read, A.. H.C. Reg. 11.12.48
Fothermghame S D. Scot. 31.12.48
Asst. Staff Engr. Taylor, S. A. .. L.T. Reg. 1.1.49
Timmis, A. C. E.-in-C.O. 26.1.49 Henderson, W. G. N.I. Reg. 31.12.48
Martin, J. A. S. E.-in-C.0. 23.2.49 Last, S. G. H.C. Reg. 15.1.49
. Tootell, T. E. N.E. Reg. 31.1.49
Avea Engy. Towle, E. H. N. N.E. Reg. 31.1.49
McLean, H. N.E. Reg. 31.12.48 Baxter, F. J. Mid. Reg. 9.2.49
Durkin, T. N.W. Reg. 31.12.48 Grierson, A. N.E. Reg. 8.2.49
Baldey, C. L.T. Reg. 28.2.49
Reg. M.T.O. Tiley, A. E. . W.B.C.Reg. 28.2.49
Withers, C. A. .. N.W. Reg. 31.12.48 Goodchild, R. F. E.-in-C.O. 2.2.49
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Retirements—coniinued

Name Region Date Name Region Date
Asst. Engr. Inspr.
Burdge, W. E. .. E.-in-C.O. {Resigned) 15.12.48 Hardy, R. H. L.T. Reg. 31.12.48
Brinkley, J. R. E.-in-C.O. (Resigned) 15.1.49 ;eﬂerﬁ‘% %v II:% lféeg- gi-g-ﬁ
G owell, G. W. .T. Reg. 12,
Rockall, A. G. .. E. %n C.O. ‘ .. 26.1.49 Tubbs, C. F. L.T. Reg. 31.12.48
Wymness, A. W. .. E.-in-C.O. (Resigned) 6.2.49 Sharples, W. N. W. Reg. 31.12.48
Pugh, S. M. E.-in-C.O. (Resigned) 28.2.49 Vian, F. .. L.T. Reg. .. 31.12.48
Tolhurst, S. E.-in-C.0. .. 28.249 g?ayleYAJ -SW- . gvvgg %eg- 3%-{212
: - ixon, A. S. .B.C. Reg. 12,
Hfammmg, M. H. M%d. Reg. 31.1?.48 Sellars, W. L.T. Reg. 10.2.49
Mills, J. W. Mid. Reg. 31.12.48 McCrossan, A. N.I. Reg. 9.3.49
Sutton, C. J. W.B.C. Reg. .. 14.12.48 Fruish, J. Scot. 31.12.48
Deaths
Name Region Date Name Region Date
Engr. Asst. Engr.—continued
Joues, E. T. L.T. Reg. 30.11.48 Frowde, E. H. .. N.W. Reg. 22.9.48
Moorehouse, J. H. N.W. Reg. 6.12.48
Proby. Engr. Inspr
Groves, D. K. E.-in-C.O. 25.10.48 Taw, W. N.E. Reg. .. . 97 11.48
Asst. Engr. D’sman. Cl. I
Rae, S. C. Scot. 10.8.48 Potter, W. N.W. Reg. 3.2.49
CLERICAL GRADES
Transfers
Name Region Date ’ Name Region Date
H. Exec. Off. : Exec. Off —continued
Knightsbridge, H. T. E.-in-C.O. to Min. of 21.12.48 Watt, G. R. M. E.-in-C.O. to Min. of 22.11.48
Supply Fuel and Power
Dummer, J. F. .. E.-in-C.O. to Min. of 21.12.48 John, B. E.-in-C.O. to Min. of 22.11.48
Supply ! ‘Works
Buxton, A. D. .. E.-in-C.O. to Min. of 21.12.48 | TFeterman, D. E.in~-C.O. to Min. of 22.11.48
Supply Fuel and Power
Aspden, S. C. E-in-C.O. to Min. of 21.1248 | Edney, A. J. E.-in-C.O. to War 11.10.48
Supply [ Damage Com.
Johnson, P. B. .. E.-in.C.O. to Min. of 16.8.48 Nelson, H. W. .. E.-in-C.O. to War 11.10.48
Works . Damage Com.
Exec. Off. i Wilson, P. A. V. E.-in-C.O. to Min. of 21.12.48
Zxee. - Lo Supply
Edmonds, R. W. E GO to Minof 16848 | piis, AL E. (Miss) E-in-C.O. to Min. of 21.12.48
Griffiths, C. E-in-C.O. to Min. of  16.848 | Supply
) ‘Works ) | .
Fyfie, H. G. (Miss) E.;g;)(()l.O. to Min. of 16.8.48 t Retirement
Hawers, W. A. .. E.-in-C.O. to Min. of  16.8.48 Exec. Off.
Food Chappell, W. R. E.-in-C.O. 27.2.49
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Additions to Library
(Continued from page 49)

1780 The Advanced Theory of Statistics, Vol. IT. Kendall
(British 1946).

An important contribution to the literature of
statistical theory. Deals with estimation ; theory
of statistical tests including the analysis of variance
and multivariate analysis ; regression analysis and
completes the account of statistical relationship
begun in Vol. I. Also includes an introductory
account of the reaction of theoretical considera-
tions on the design of statistical inquiries ; analysis
of time-series.

1781 A First Year Engineeving Drawing.
Parkinson (British 1946).

A course in elementary engineering drawing for
students taking the first year National Certificate
Course in mechanical and electrical engineering, as
well as for those working through the usual Junior
Technical School and matriculation syllabuses. The
book contains numerous diagrams and pictorial
examples, while numerous exercises, selected from
recent examination papers, follow each section
throughout the text.

1782 Clowes & Colemans Quantitatie Chemical Analysis.
Ed. Julins Grant (British 1944).

An intermediate text book payving special regard
to the requirements of senior students, giving a
reliable cross-section not only of the standard
methods of analytical chemistry, but also of the
modern trends of the subject. Covers general
processes, simple gravimetric determinations, volu-
metric analysis, miscellaneous methods of analysis,
applied quantitative analysis, general organic
analysis, gas analysis, with reference tables of
useful constants,

A, C.

1783 The JMucroscope. J. H. Wredden (British 1947).
Theory and applications. Designed to explain
simply the optical principles, the construction and
components of this highly complex instrument,
mcluding its correct operation. The development
of the present-day microscope is dealt with and
details are also given regarding the selection of
specific types of microscopes and their applications
including photomicrography.
1784 Principles of Technical Electricttv. M. Nelkon
(British 1946).

A lucid exposition of the fundamentals of
electricity catering particularly for first year radio
and electrical engineering students. The usual
topics are covered and A.C. circuit theory, valves
and the cathode-ray oscillograph are introduced.

1785 The Story of the Telephone. J, H, Robertson
(British 1947).
A history of the telecommunications industry of
Britain.

1786 The Tector Operatov 3. F.C. Gill (British 1946).
This book explains simply yet fully how the
method may readily be applied to the solution of
electrical problems. By working systematically
through the numerous examples given, any
student having no previous knowledge of the system
will be in a position to use it with skill and
confidence.

1787 Testing and Inuspection of Engineering Matervials.
Davis, Troxell and Wiskocil (American 1941).
The text is divided into two sections, one
devoted to building up the general concepts of
testing and the other to providing in such form as
to be applicable to most ordinary apparatus,
methods of conducting common tests.
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