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The London-Birmingham 
Television Cable

H. STANESBY, M.l.E.E. (Post Office) and 
W. K. WESTON, B.Sc.(Eng.), M.1.E.E.

(Standard Telephones and Cables Ltd.)

Part I .-General System and Electrical Requirements

U.D.C. 621.315.212: 621.397.5
A cable is being laid between London and Birmingham incorporating two 0-975 inch and four 0375 inch coaxial tubes. 
The cable is designed to transmit very-high-definition or colour television, 405-line television b.Dd broad-band telephony 
simultaneously. The large tubes may ultimately transmit_ frequencies up to 30 Mc/s or more with repeaters at 3-mile 
intervals. Details are given of the performance requirements, the cable design, and the results obtained on repeater sections. 
Part 1 discusses the general requirements of the system and details the electrical performance necessary. Part 2 wil give 

details of the cable design, construction and test results.

Introduction.

SOUND broadcasting depends largely on items 
that are relayed from one part of the country to 
another over landlines, and there is little donbt 

that television broadcasting will evolve in the same 
way. Moreover, the cost of providing a full and 
satisfying television programme is so high that as 

television extends to other parts of the country it will 
be necessary to transmit major items to as many 
centres as possible.

All development of the transmission of television 
signals over long distances stopped in Great Britain 
between 1939 and 1945 because of the war, and most 
of the equipment and cables that had previously been 
used for development work were absorbed in pro­
viding additional trunk telephone circuits. Mean­
while, however, ideas were maturing and work was 
proceeding in the United States, and in 1943, H.M. 
Government appointed a committee under the 
Chairmanship of Lord Hankey, "To prepare plans 
for the reinstatement and development of the tele­
vision service after the war..." In its report1, 
published in 1945, this Committee recommended that 
after the war, the 405-line system be reinstated in 
London and extended first to Birmingham and then 
to other provincial centres, and that the new stations 
relay the studio programme from London. It also 
recommended, among other things, that developments 
be planned on the assumption that a higher definition 
system, perhaps incorporating colour, would for some 
time be operated side by side with the present system. 
These recommendations form the framework within 
which the Post Office has planned the transmission by 
cable of television signals to Birmingham.*

1" Report of the Television Committee 1943." Published 
by H:.M. Stationery Office, 1945.

• The Postmaster-General has more recently proposed that 
the present number of lines, 405, should not be altered for a 
number of years ; and has indicated that the development 
of a substantially improved system, which might include 
colour, would take several years, and would be prejudiced 
if the very slight improvement that would result from in­
creasing the number of lines by 100 or 200 were introduced.

General Arrangement of Cable Connection.
The link between the existing B.B.C. television 

transmitter and studios at Alexandra Palace, London, 
and the new transmitter being installed near Sutton 
Coldfield, Birmingham, will consist of three parts : 

the main cable between London and Birmingham and 
a short tail cable at each end. Because it would be 
uneconomic to provide long-distance wide-band cables 
exclnsively for television, the main cable wil form 
part of the Post Office trunk network and terminate 
at Museum exchange, London, and Telephone House, 
Binningham. Referring to Fig. J, the end connections 

to the transmitters wil be provided by tail cables 
between Museum exchange and Alexandra Palace and 
between Telephone House and Sutton Coldfield.

At present all studio items originate at Alexandra 
Palace ; but the B.B.C.include in their programmes 
a considerable number ol outside broadcasts, i.e. 
" O.B.s," which are transmitted to B.B.C. premises 
by the Post Office over its television O.B. network or 
over specially equalised telephone pairs, or by the 
B.B.C. over their O.B.radio link. The B.B.C. there­

fore propose to set up a position at BroadcastiP/i'. 
House, London, a few hundred yards from Mus'l'Jm 
exchange, where they can control the routing of 
programme material, and a similar B.B.C. switching 
position is being provided at Broad Street, Birming­
ham, near Telephone House. The Post Office termi­
nals will therefore be connected to the B.B.C. 
switching positions by short cables which can be 
regarded as providing extensions of the main and tail 
cables ; in other words, there will be three cable links 
in tandem between the London and Birmingham 
transmitters : Alexandra Palace-Museum ; Museum 
-Telephone House ; Telephone House-Sutton Cold­
field ; and for engineering purposes the Post Office 
will control them from Museum and Telephone House 
while the B.B.C. will have acce5s to them at their 
near-by switching positions and, of course, at the 
television transmitters. Museum and Telephone 
House wil also be the terminals of a radio circuit that 
is being provided as an alternative, 405-line television, 
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link between London and Birrningham2 ; and the 
tail cables, including the short extensions to Broad­
casting House and Broad Street, will be used with the 
radio link or the main cable as required.

Initially, the cable system will transmit vision 
signals of 405-line definition only and the video band­
width will be approximately 3 Mc/s, nearly 50 per 
cent. greater than is necessary for equal horizontal 
and vertical definition on the picture, t but in 
accordance with the 1943 Television Committee's 
recommendation the whole system is being planned 
so that it can ultimately be equipped to hand!e 

culty would be increased if attempts were made to 
transmit low- and high-definition signals alongside 
each other over the same conductors. Separate pairs 
are, therefore, being provided for the two sets of 
signals. Coaxial tubes, i.e. coaxial pairs, are used for 
the same reason that led to their adoption for wide­
band carrier telephony: because the frequency at 
which the loss rises to a given value per unit length 
is roughly twice as high on a coaxial tube as it is on a 
balanced pair of the same cross-section, and because 
the design of the line equipment is much simpler if 
unbalanced circuits are used with terminal equipment

ALF.X.ANDRA
PALACE

@ CONTROL TERMINALS 
0 B.B.C. ENOS

i

SUTTON
COLO^--"'-<L

TELEPHONE 
HOUSE M.

BROAD*
S1REET

BIRMINGHAM LONDON
FIG. 1.-GENERAL ARRANGEMENT OF LONDON-BIRM:NGHJ\M TELEVISION CABLE AND TAIL CABLES.

very-high-definition monochrome or colour television 
at the same time as 405-Jine signals.

It seems likely that for some time most programn1e 
material will pass from Alexandra Palace or the 
London O.B. cable network to Birmingham ; but 
items will no doubt be transmitted in the other 
direction to an increasing extent as television 
becomes more firmly established in other parts of the 
country ; the cables from Telephone House to Museum 
and Alexandra Palace 'vill therefore provide for two­
way transmission.

GEKERAL SYSTEM REQUIREMENTS
Number of Television Tubes.

The cable system must ultimately be capable of 
transmitting 405-linc and high-definition signals 
simultaneously. There is fairly general agreement 
that a video band-width of the order of 3 "'Yic/s is 
adequate for 405-line 50 frames/second television ; 
but for very-high-definition television, or colour 
television, bandwidths of 10 Mc/s or more will be 
necessary. Up to the present, limitations in valves 
have made it very difficult to design repeaters for such 
wide bands, free from harmonic and intermodulation 
distortion, and sufficiently immune to the effects of 
supply variations, valve ageing, etc. ; and the diffi- 
~ 2 P.O.E.E.j., Vol. 41, pp. 111 and 112.

t On the assumption that the image on a television screen 
of a very narrow nearly horizontal line, has an average width 
of l A times the line spacing (see Proc.I.R.E., Vol. 26, p. 540 et 
seq.).

of a type that makes it unnecessary to transmit very 
low frequencies along the cable.

Except for the tail cable to the Birmingham trans­
mitter the system will provide for simultaneous trans­
mission in both directions. There are objections to 
using the same tube for both directions, either (a) 
simultaneously, by using half the frequency band for 
each direction, or (b) on a reversible basis by switching 
line and terminal equipment. Alternative (a) would 
involve the use of filters to separate the ''go'' and 
" return " channels, which would introduce pro­
hibitive delay distortion, and (b) would be complicated, 
and would lack operating flexibility. Two tnbcs are 
therefore being provided for 405-line television and 
two for high definition.

Size of Television 1'ubes.
The most economical method of transmitting tele­

vision signals over coaxial cable is by the asymmetric 
or vestigial sideband system, which needs a band­
width rather wider than the video frequency band. 
For a reasonable compromise between the various 
factors involved it is perhaps 15 per cent. larger. 
This means that the channels used for transmitting 
405-line television will be called upon to handle a band 
of approximately 3^5 Mc/s. This can just be accom­
modated comfortably on coaxial tubes in which the 
outer conductor has an inside diameter of 0^375 in., 
with repeaters at 6-mile intervals, transmitting 
frequencies up to 4 Mc/s ; indeed, the C.C.I.F. have 
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recently recommended that a European broad-band 
system be planned on snch a basis. The 405-line tele­
vision tubes will therefore be of this size.

It has not been so easy to determine the best 
diameter and the other requirements for the high­
definition tubes because, of course, the precise form of 
the signals that will ultimately be transmitted is not 
yet known. However, there is no doubt that wide 
bands will have to be handled and frequencies up to 
perhaps 30 or even 40 Mc/s may be employed, which 
makes it desirable to use as large a tube as possible to 
reduce attenuation. Bearing in mind the size limita­
tion imposed by Post Office ducts*  and the need to 
accommodate two high-definition tubes and two 405- 
line television tubes in the cable, it appeared that the 
former should have an overall diameter of about I in.

To confirm that such a tube diameter 
would be satisfactory, certain assump­
tions have been made about the signals 
that wall be transmitted and the results 
that could be obtained on very-wide­
band repeaters with present-day valves. 
It has been assumed that :

(a) A video band of 12 Mc/s is 
desirable, which, with a vestigial 
sideband system, leads to a cable 
bandwidth of about 14 Mc/s.

(b) It^ difficult to avoid appreciable 
second order modulation in 
repeaters covering very wide 
ba9:\s, which makes it desirable 
to avoid bands much exceeding 
a 2: 1 frequency ratio, i.e. say, 
12-26 Mc/s for a 14-Mc/s band­
width.

(c) With present-day technique it 
would be very inconvenient to 
employ repeater sections with a 
loss at 26 Mc/s much above 30 db; 
this is because the sending level 
would be limited by the overload 
point of the repeaters and the 
receiving level should not fall to 
the point at which noise becomes 
troublesome.

(d) The repeater spacing should be 
equal to, or a submultiple of, that 
used for the 0^375-in. tubes, i.e. 
6/N miles where N is an integer.

The attenuation, A, of a coaxial tube of the type 
used for long distance transmission is given approxi­
mately by:

A = 152 y/D decibels/mile.............................(1)
where f is the frequency in megacycles per second and 
D is the inner diameter oi the outer conductor in 
inches. If D is just less than 1 in., say, 0^975 in., 
which is in fact the value that has been adopted, the 
loss at 26 Mc/s will be 8 <lb/mile, i.e. 48 db for the 
6-mile repeater sections planned for the 0^375-in. 
tubes. Requirements (c) and (d), above, therefore 
indicate that a nominal 3-mile spacing would be 

* The internal diameter of Post Office multiple-way ducts 
used on main trunk routes is 3!- in., and it is desirable to limit 
the overall diameter of trunk cables to 2i in.

needed for the high-definition tubes, correspondin 
to a loss of approximately 24 db at 26 Mc/s. As it i 
desirable to leave margins for (i) some longer sectior 
where there is difficulty in finding repeater statio 
sites, (ii) the basic loss of equalisers, 24 db is a cor 
venient figure ; it is moreover one that is convenier 
from the point of view of repeater design. The larg 
tubes therefore have an outer conductor of innE 
diameter 0-975 in., and provision is being made fc 
repeaters at 3-mile intervals.

Cable Lay-up.
In consi<leriug the cable lay-up it became apparer 

that two more 0^375-in. tubes could be incorporate 
without affecting the diameter of the complete cab] 
or the large tubes appreciably. As the extra cost : 

40 LB. SUPERVISORY
PAIRS FOR LARGE TUBES

NORMAL fOUR-TUBE
CABLE LAY-UP

FIG. 2.-LAY-UP OF TELEVISI0:-1 CABLE.

comparatively small they have been included an 
will be used for a multi-channel telephone systen 
Referring to Fig. 2, in which the lay-up is shown, th 
eight 40-lb. quads between the two large tubes wi 
be associated with these tubes for control and supe1 
visory purposes ; the two sets of four 40-lb. screene 
pairs will provide ordinary sound broadcast channel 
as well as those for the television channels ; and til 
other pairs, which are laid up with the O375-in. tub< 
in the same way as they are for standard four-tut 
coaxial cables, will be used for controlling and supei 
vising the systems operating over the 0-375-in. tube:

The tail cable between Birmingham and the Sutto 
Coldfield transmitter need only provide for one-wa 
transmission of television and therefore contains onl 
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two coaxial tubes. To make a practicable lay-up, 
both are 0^975-in. tubes. The cable also contains 
eight 40-lb. screened pairs, and a number of un­
screened 40-lb. quads for miscellaneous purposes in­
cluding control and supervision.

ELECTRICAL REQUIREMENTS
In considering the other requirements that affect 

the design and manufacture of the cable, attention 
will be confined almost entirely to the 0^975-in. coaxial 
tubes. because the smaller tubes and the balanced 
pairs conform substantially with established practice.

Characteristic Impedance.
For coaxial tubes in which both conductors are of 

the same material and D, the inside diameter of the 
outer conductor, is fixed, the attenuation is a mini­
mum when d, the outside diameter of the inner con­
ductor, is D/359. When the permittivity of the space 
between the conductors is unity, i.e. the dielectric is 
wholly gaseous, this yields a characteristic impedance 
of 77 ohms. For a permittivity of l 2, which is on 
the high side for tubes of the type used in trunk cables, 
the impedance would be 70 ohms, and to raise it to 
75 ohms d would have to be reduced to D/394, which 
would increase the attenuation by less than 05 per 
cent. Such a minute increase is trivial compared with 
the advantage of maintaining a standard impedance 
value. The Post Office has always adhered to 
75 ohms as the nominal characteristic impedance for 
coaxial tubes and has retained that value for the 
present cable. The specification calls for the charac­
teristic impedance of the large tubes averaged over a 
small interval centred on 20 Mc/s to be between 74 and 
76 ohms.

It is inevitable that thf' characteristic impedance of 
a coaxial tube or any other form of transmission line 
will vary slightly from point to point. These varia­
tions can occur within drum lengths, from drum 
length to drum length, or may be introduced by the 
joints themselves ; but unless they are very gradual 
and only become appreciable over very long lengths 
of cable they give rise to significant internal reflec­
tions. Reflections also arise at the ends of repeater 
sections unless the terminations match the charac­
teristic impedance accurately. If reflections occur at 
two or more points in a repeater section part of 
the signal energy reflected backwards from a 
point nearer the receiving end will be reflected 
forward again at a point nearer the sending end 
and give rise to an echo that arrives after the main 
signal. In television this may result in a picture in 
which the main outlines are followed by faint and 
distorted ghosts. So many factors are involved in 
considering these echoes and their effects on a tele­
vision picture that it must suffice here to indicate the 
way in which the impedance irregularities are assessed 
and the limits that have been adopted.

Reflections at the ends of repeater sections, 
although very difficult to eliminate, are determined by 
the repeater equipment, but irregularities within the 
cable must as far as possible be avoided during the 
manufacture, laying and jointing of the cable. As 
viewed from the end of a section, with the other end 
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terminated in its characteristic impedance, each 
irregularity gives rise to a roughly sinusoidal variation 
of the input impedance with frequency. The ampli­
tude of this variation is proportional to the irregnlarity 
modified by the attenuation of the intervening length 
of cable, and the net effect of a considerable number of 
irregularities randomly distributed is to cause the 
input impedance to vary more or less at random about 
the mean characteristic impedance. Although 
perhaps not the best from a theoretical point of view, 
this variation of input impedance is a convenient 
index of the variation of characteristic impedance 
along the cahle, and the criterion adopted is that for 
the large tubes the sum of the six largest variations of 
the resistive component of the input impedance 
between 3 and 26 Mc/s at each end of a 3-mile 
repeater length shall not exceed 26-5 ohms.*  It has 
been shown from an analysis of the results on a num­
ber of lengths of cable that this limit corresponds to 
an R.M.S. variation of impedance about the mean 
value of one per cent.

Attenuation.
The attenuation in nepers, A., per unit length of 

any transmission line in which the conductor resist­
ance, R, and dielectric conductance, G, per unit length 
are small compared with wL, the series reactance, and 
wC, the shunt susceptance, is given by : •

A- I Ji +i J ..........■•••-<2)
At high frequencies, where skin effect is fully devel­

oped, R is closely proportional to yf, and G for 
any good quality non-dispersive insulating material 
is proportional to f ; and it can be shown that small 
variations in the distribution of the inductance and 
capacitance have negligible effect on the attenuation 
provided the values averaged over the whole of the 
length in question are constant. Equation (2) can 
therefore be rewritten as :

A = K1 v'f + K2f decibels/mile ................. (3)
where K1 and K2 are constants determined by the 
resistance and conductance loss components, respect­
ively. To ensure that neither component contributes 
unduly to the loss and that the Joss/frequency charac­
teristic approximates reasonably closely to a given 
law, on the large tubes, between 1 and 40 Mc/s, the 
attenuation per mile corresponding to 15°C., measured 
on complete 3-mile repeater sections, is required to 
be within ± 4 per cent. of the values given by the 
following expression

A = 1 -56 yf + O-Olf decibels/mile..............(4)
In general the measurements are made at tem­

peratures differing from l5°C., which can be deter­
mined from D.C. resistance measurements, and they 
are corrected to l5°C., using temperature coefficients of 
loss determined on drum lengths before laying. To 
ensure that the cable wil not be subject to secular 

* In determining this quantity the highest and 1owest 
turning points in the impedance characteristic are ,combined 
in pairs such that the six largest differences are obtained, using 
each turning point once only. This index is used rather than 
the R.M.S. deviation because it is more easily determined.



change, the attenuation atter one year is required to 
remain within 1 per cent. of the values determmed 
during acceptance tests, due allowance being made for 
differences in temperature.

Crosstalk.
The crosstalk attenuation between coaxial tubes 

may be expected to increase rapidly with frequency if, 
as is usual, there is complete longitudinal continuity 
of the outer conductors. Thus, although the tubes of 
the present cable, particularly the 0^975-in. tubes, 
may ultimately be Used over ve:i;y wide frequency 
ranges, crosstalk at frequencies above about !,OOO kc/s 
is unlikely to cause any difficulty and need not be 
considered here.

It is not possible at this stage to decide exactly 
how all the 0^375-in. and 0^975-in. tubes will finally 
be used below I ,OOO kc/s ; it is nevertheless important 
that crosstalk shall not be a limiting factor. It is 
therefore assumed that broad-band telephony, on 
frequencies of 60 kc/s and above, will be transmitberl 
over some, at least, of the 0^375-in. tubes, with a 
repeater spacing of 6 miles, and may even be trans­
mitted over the 0^975-in. tubes with a 12-mile 
repeater spacing. It is also assumed that 405-line 
television might be transmitted over either type of 
tube, with the above repeater spacings, using an 
asymmetric sideband system involving frequencies 
from 300 kc/s upwards, with the carrier frequency not 
lower thamoOO kc/s.

WDiere television and telephone channels pass over 
tubes in the same cable, crosstalk from the former to 
the latter is likely to be more serious than in the 
reverse direction, because of the high energy concen- 
centrations at, and relatively near, the television 
carrier. It is therefore sufficient to consider the 
requirements in terms of the signal/crosstalk ratio 
in the telephone channels. The C.C.I.F. have recom­
mended that this ratio should be at least 58 db3.

In testing the cable, it is convenient to make all 
crosstalk 1neasurements on 6-mile sections, the 
0^975-in. tubes being connected through at the 
3-mile points. It is thus necessary to find a relation 
between the values so measured and the overall signal/ 
crosstalk ratio for a complete route, for specified 
combinations of tubes and repeater spacings. It is 
assumed that the route might ultimately be 600 miles 
long, but that there would be frequency-translating 
equipment, e.g. to bring the telephone channels down 
to the range 60-108 kc/s, every 150 miles. Over the 
whole route the near-end crosstalk contributions from 
successive repeater sections will tend to add on a 
power basis, because the total length!S of cable that 
they traverse differ in a non-systematic way on account 
of the slight differences in length of the repeater sec­
tions. For far-end crosstalk: the components from 
successive repeater sections add oi:i a voltage basis*  

3 Programme General d'Interconnexion Teiepbonique en 
Europe (1947-1952), C.C.I.F, Montreux, 1946.

* This is strictly true only if both tubes have the same 
velocity of propagation; where the velocities differ, as they 
will for the 0^375-in, and 0^975-in. tubes, the components will 
not all add in phase, and the conditions 'vill be less stringent. 
This advantage is neglected here.

between the 150-mile terminal points. The contribu­
tions of the four 150-mile lengths will, however, add, 
or can be made to add, on a power basis because 
approximately random phase-changes can be intro­
duced in the frequency translating equipment.

Making these assumptions the expressions given in 
Table 1 have been derived for the minimum cross­
talk attenuation that must be realised on individual 
6-mile lengths, to obtain an overall signal/crosstalk 
ratio of 58 db for a 600-mile route.

TABLE
Minimum Crosstalk Attenuation reqcireo on 6-mii.e Lengtks of Caih.e

Conditions
Attenuation in Decibels

Near-end Far-end
Bel\veen 0^375-in. tubes

N, - 7B+p+0-72V\ F, = 92+p+072v'f,with 6-mile repeater
spacing

Between 0^975-in. tubes I .
with 12-mile repeater | N= = 76 + p+0^0vrkl F3 = 92 +p+0^3oV£k 
spacing | j

From 0^976-in. tubes with 
repeaters at 12-mile spac- I 
ing to 0^375-in. tubes with 1 
repeaters at 6-mile spacing I

N, - 77+p+0-72Vft F3 - 91+P40-72V'

^Svmdo/s uted
ik : Frequency in kc/s.

Wi, Nz, N, l Near-end crosstalk attenuation measured on a 6-mile section.
Fi, Fa : Far-end crosstalk attenuation measured on a 6-mile section.

p : Ratio in decibels of output in any 4 kc/s band from repeater 
on an interfering tube to output from repeater on disturbed 
tube.

NuU.-I1.1 some cases it bas been neces.sary to make certain approximations 
to obtain a simple formula covering the whole _frequency band. All the 
formulre are strictly correct at 60 kc/s but 5?1iie give crosstalk reqinrements 
erring slightly on the side of stringency at higher frequencies.

The above expressions contain a term " p " to take 
account of any difference in repeater output level 
between the two tubes in any4 kc/s band. At 60 kc/s, 
where telephony only is of interest, it is assumed that 
there will be no systematic differences in level and p is 
fixed at zero.

For the transmission of television, carrier levels as 
much as 35 db higher than the levels used in testing 
the telephone channels might conceivably be em­
ployed, which would involve an increase of 35 db in 
the crosstalk attenuation required at all possible tele­
vision carrier frequencies. In the neighbourhood of 
500 kc/s this would be a stringent requirement. It 
should, however, be practicable to make the television 
carrier frequency correspond to a gap between super­
groups in the telephone spectrum, so that the margm. 
need only cover the levels corresponding to concen­
trations of energy in the television sidebands. This 
margin will be taken as 20 db, and the requirements at 
500 kc/s and above are, therefore, given by the ex­
pressions in the table with p equal to 20. To allow 
for television signal components on the cable down to 
300 kc/s, the factor p is specified as increasing uni­
formly with frequency from zero at 300 kc/s to 20 db 
at 500 kc/s.

As it is very uulikely that all the adverse cond1t10ns 
assumed will be encountered together no allowance 
has been made for crosstalk contributions from several 
tubes simultaneously. ■

Test Voltage.
It is inconvenient and expensive to provide a 

separate connection to the mains at each repeater 
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station on a coaxial cable to supply power for the 
repeater equipment; moreover, such an arrangement 
would introduce a large number of points at which the 
supply might fail, with a greater likelihood of interrup­
tion when power is derived from a rural network, and 
would involve the extensive provision of emergency 
supplies. It is therefore normal practice to supply 
power to a coaxial cable at selected points only, and 
transmit it over the cable itself to intermediate 
stations.

When the present cable was first planned it seemed 
likely that po\ver for as many as five intermediate 

stations, at 3-mile intervals, might have to be 
fed over the large tubes in some sections of the cable.t 
Assuming that the equipment for each tube at each 
station might require 400 watts of power and that the 
conductor resistance \\l'ould be approximately 7 ohms 
per mile, it appeared that the large tubes at a power 
feeding point might have to operate at about 64() 
volts R.M.S. To be sure of a substantial factor of 
safety the large tubes are required to withstand a two 
minutes application of 2,000 volts R.M.S. at 50 c/s.

- — • —a —
4 Later it turned out that only four stations need be 

catered for.

A Speech Spectrum Analyser
U.D.C. 534.41 : 534.78: 621.396.615.17

ACONVENIENT method of analysing a speech 
spectrum is to divide the frequency range into 
narrow bands and to measure the total energy 

present in each band over a specified time period. 
This time period must be long enough to ensure that 
a representative speech sample is included, i.e. 
15 seconds at least. An analyser has recently been 
developed at the Post Office Research Station which 
enables times of up to one minute to be employed, and 
which possesses some novel features, particularly with 
regard to the technique used for performing the energy 
summation.

In this apparatus the signal is passed to 21 filters 
which divide the spectrum into bands ! octave wide 
from 7 5 c/s to 850 c/s and t octave wide from 850 c/s 
to 9,60 c/s. These bandw:idths represent a useful 
compromise between the ideal of an infinite number 
of very narrow bands and the practical consideration 
of simplicity of apparatus. Each filter is followed by 
a square-law rectifier circuit the output of which is 
connected to an integrator for an automatically 
timed period of 15, 30 or 60 seconds. The integrator 
stores the energy from the filter in the form of electric 
charge on a condenser, the voltage across the con­
denser at the end of the integration time being a 
measure of the total energy supplied. The time­
constant of such a circuit must obviously be very 
much greater than the time over which the integration 
is performed or the accumulated charge will leak 
a'Vay ; thus, if the integration time is 60 seconds a 
time-constant of about 2,000 seconds is required. 
The Miller integrator, well known in its applications 
as a linear time base, L 2 enables a long time-constant 
to be obtained with ordinary component values.

The Miller Integrator.
In the Miller integrator a condenser of capacitance 

C is connected bet,veen the grid and anode of a valve

i Ranging circuits, linear time base generators and associ­
ated circuits, F. C. Williams and N. F. Moody, J.I.E.E.. 
Part IIIA 93, No. 7, p. 1188.

3 "The Miller Integrator." B. H. Briggs, Electron Eng., 
August 1948, Vol. 20, No. 246, p. 243.

\Vhich has a stage gain of A; this is equivalent to a 
condenser of capacitance (A + 1) C connected between 
the grid and cathode of the same valve (The " Miller 
effect"). Thus, in the practical design,a2 pF condenser 
is connected across a valve which has a stage gain of 
300 times; it is charged via a resistance which has a 
value of 4 megohms (when the integration ti_me is 
60 seconds) and has therefore a resultant time­
constant of 2,400 seconds. For other integration 
times the charging resistance is changed in proportion. 
Also it may be shown that the anode current of the 
valve is proportional to the charge on the condenser; 
a meter measuring this current, therefore, provides 
the necessary indication. An additional advantage 
of this particular integrating circuit is that dis­
connection of the charging resistance at the end of 
the integration time increases the time-constant to a 
very high value, so that the condenser charge, and 
therefore the meter reading, is held constant aln1ost 
indefinitely. This enables an operator to note at 
leisure the readings of the 21 meters, each recording 
the energy of its particular frequency band. Operation 
of a key then resets all the meters instantaneously by 
discharging the condensers. .A. complete spectrum 
analysis of a sample of speech of up to one minute's 
duration may therefore be performed in a fe\\' minutes.

Some Applications.
In addition to the direct study of voice charac­

teristics the apparatus has a number of possible 
iinportant applications. For example, a pure tone 
frequency-response characteristic of any non-linear 
element (e.g. a carbon microphone) cannot be readily 
interpreted in terms of its performance under working 
conditions. It is hoped that a" real voice," technique 
for inicrophone calibration using the analyser may 
lead to a wholly objective method of rating the trans- 
1nission :Performance of telephone systems.

Another application of the energy integrator inay 
be expected to arise in the design of equipment for 
acceptance-testing of telephone instruments.

G. P.H.
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The Post Office Phototelegraph 
Service to Europe A. WILCOCK, AM.I.EE.

U.D.C. 621.397.3
The equipment provided to reopen the Post Office phototelegrapb service to Europe is described in this article which also 
covers, in broad outline, the circuit arrangements employed and the methods adopted for high-speed photographic processing.

Introduction.

JULY 15th, 1948, marked the reintroduction of a 
phototelegraph service to the continent of 
Europe by the British Post Office. The original 
equipment was of German (Siemens & Halske) 

manufacture and has been described in an earlier 
article1 ; it was partly destroyed in the fire raid of 
December, 1940, although service had terminated 
earlier with the overrunning of the continent. To 
reopen the service, modern equipment manufactured 
by the British firm of Muirhead & Co., has been 
installed in the Central Telegraph Office, London, and 
service is already available to official terminals in 
Paris, Brussels, Oslo, Copenhagen, Stockholm and 
Rome ; it will be extended to other centres as they 
acquire equipn1ent. The service will also operate to 
recognised private installations.

to obtain with the earlier equipment. Saine indica­
tion of the processes now employed may, therefore, 
be of interest.

Equipment Standards.
The equipment conforms with the C.C.I.T. 

(Cornite Consultatif International TC!egraphiquc) 
standards as follows:-

Drum diameter, 66 mm.
Drum speed, I r.p.s.
Scanning, 5i lines per mm.
Control frequency for drum speed, l,020 c/s.
Line frequency, 1,300 c/s (amplitude modulated). 
Maximum picture size, 130 x 180 mm.

The degree of perfection attainable in pictures 
transmitted telegraphically is ultimately a product 
of the standards adopted, and of these, the fineness of 
scanning (i.e. lines per inch or millimeter) and speed 
of scanning (i.e. inches or millimetcrs per second) are 
of fundamental importance. The standards adopted 
must always offer a compromise between the time 
needed for reception of a picture that is just acceptable 
as a reproduction and the time that would be required 
for the transmission of sufficient detail to obtain a
nearly perfect picture.

The standards quoted 
above have now been in 
use many years and were 
those employed in the 
design of the pre-war 
equipment; nevertheless, 
sufficient progress has 
been made in the utilisa­
tion of those standards to 
enable it to be said that 
pictures received on the 
present equipment are far 
more fait"!iful reproduc­
tions than it was possible
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The Transmitter.
A block schematic diagram of the transmitter is 

shown in Fig. 1, from which the following description 
will be more readily understood. The picture to be 
transmitted is wrapped arounddhe transmitting drum 
and secured to it by clips. The drum is driven by a 
phonic motor whose supply, for a drurn speed of 1 r.p.s., 
is controlled by a 1,020 c/s oscillator \'ia a frequency 
divider. To complete the scanning motion, the drum 
assembly with n1otor drive (the carriage) is traversed 
in steps of ilr mm. per revolution of the drum by a 
pawl and ratchet driving a lead-screw, the whole 
moving in front of a fixed optical system.

The drum is illuminated by two lamps whose 
filaments are focused through lenses to an image in 
the form of a cross at the surface of the picture on the 
drum. Light from the centre of this "light cross" is 
reflected through the object lens to a focus on a small 
screen in a position equivalent to that of the film or 
plate in a camera. In the centre of this screen is the 
true scanning aperture whose size is determined by the 
fineness of the scanning used ; for the Post Office 
equipment this is 0^35 ran. by 0^28 mm. Situated 
immediately behind the scanning aperture is the 
chopper disc, which interrupts the light beam before 
it falls on a photo-electric cell (P.E.C.) thus producing 
an output from the cell which is handled by electronic 
circuits of conventional design. In this case the output 
has a frequency of 7,200 c/s and varies in amplitude 
according to the light reflected from the picture. 
After initial amplification, the signal is filtered through 
a high-pass filter passing frequencies above 5,000 c/s 
to eliminate any spurious frequencies. The signal is 
then fed to the control grid of a n1ixing valve of the 
triode-hexode type, a frequency of 8,500 c/s from a 
local oscillator being fed to the triode grid. The
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Fig. 1.—Block Schematic Diagram of Phototelegraph Transmitter.
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anode circuit of this valve carries the sum and 
difference products of the modulated 7 ,200 c/s carrier 
and modulating frequency of 8,500 c/s. The insertion 
of a low-pass filter enables the lower sideband fre­
quencies of 1,300 ± picture modulation (calculated 
to be between 0 and 550 c/s) to be filtered out for 
further amplification and transmission to line. To 
produce the non-linear responses (compensation) a 
diode peak chopper provided at the transmitter 
could be used, but since there is some advantage in 
transmitting the original P.E.C. signal and carrying 
out this compensation at the receiver, this is the 
internationally agreed practice.

Other facilities provided at the transn1itter include : 
artificial white signal from a local 1,300 c/s oscillator ; 
artificial black, which is merely the artificial white 
signal attenuated by 31 db. (a figure found by ex­
perience to represent a picture-black of average 
intensity); 1,020 c/s fork tone for synchronisation of 
the drive oscillators; 1,300 c/s modulated with 1,020 
c/s for synchronisation over carrier telephone channels 
where the carriers frequencies are not locked ; and a 
phasing signal to ensure that the picture edge, or join, 
is in the same relative position on both transmitter 
and receiver drums. This phasing signal consists of a 
pulse of 1,30 c/s tone, from the local oscillator, of 
approximately 30 mS duration once per revolution of 
the transmitter drum drive and is controlled by a cam 
and contacts on the drum driving head. The phasing 
signal is only sent for lining-up the drums prior to the 
transmission of a Picture, after which the line-up of 

the picture is dependent on the stability of the valve- 
maintained tuning fork oscillators at both trans­
mitter and receiver. (

The Receiver.

A block schematic diagran1 of the receiver is shown 
in Fig. 2. Here the facilities required are means for

The signal from line is always first amplified to 
enable it to be controlled to a level suitable for sub­

sequent operations. For synchronisation of the 
1,020 c/s control or drive oscillator, the 1,020 c/s line 
signal is passed, after this pre-amplification, to a 
cathode-ray oscilloscope (C.R.0.). When a 1,300/ 
1,020 c/s modulated signal is sent-as required for 
working over carrier telephone lines-the signal is 
demodulated and the 1,020 c/s product filtered out 
before passing to the C.R.O. The C.R.0. is arranged 
for the local 1,020 c/s oscillator to give a circular trace 
by connection to R-C components on the deflector 
plates, while the incoming 1,020 c/s signal is fed to the 
modulating grid. Under these conditions half the 
circular trace is suppressed and that left is stationary 
when the two 1,020 c/s supplies have exactly the same 
frequency. Differences of one part in 106 can be 
readily seen and the form of trace is particularly 
suitable for the relatively non-technical operator. A 
tolerance of 10 parts in 106 is the international limit. 
The phasing signal after pre-amplification is fed, under 
the control of a relay operated by press button, to an 
anode-bend detector in whose anode circuit is a 
Siemens high-speed relay. This, in turn, closes a cir­
cuit for the release of the electromagnetic pawl clutch 
on the receiving drum.

The picture signal is subject to compensation by a 
diode peak chopper so that the variations in the signal 
after demodulation in a subsequent stage are more 
nearly proportional to the light values as sensed b{ 
the eye, and are more suitable for manipulation by 
the following " light valve''. After further amplifica­
tion, demodulation of the received picture signal is 
carried out by a bridge metal rectifier, followed by a 
low-pass filter for smoothing out the products of the 
rectification of the carrier frequency while main­

taining the characteristics of the picture modulation. 

The signal so obtained is passed directly through the

fl\OM
LI NE

Fig. 2.—Block Schematic Diagram of Phototelegraph Receiver.

(a) synchronising the local 1,020 c/s fork oscillator to 
that of the transmitting station; (b) phasing the 
receiving drum to the same relative position as that 
at the transmitter; and (c) demodulating the line 
picture signal and converting it into light of varyiRg 
intensity for projection on to the photographic 
material mounted on the receiving drum. 

loop of a Dudell oscillograph which also has applied 
to it a local bias cur.-ent to enable the most sensitive 
part of its range to be used, as well as to provide 
continuous control.

•The optical system of the receiver includes a single 
projector lamp, and an image of a single filament coil 
is brought to a focus on the mirror of the Dudetl 
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oscillograph. As the oscillograph 
responds to the incoming line signals 
the light reflected from its mirror is 
made to sweep over a shaped mask, the 
light passing through being finally 
brought to a focus on the receiving 
drum as a spot comparable in size to 
thescanning aperture in the transmitter. 
The intern ity of illumination of the spot 
varies according to the amplitude of 
the incoming signal as modified by the 
mask.

As the picture is received on photo­
graphic paper or film highly sensitive to 
light, the receiving drum is mounted in 
a light-tight container having a longi­
tudinal shutter which can only be 
opened when the drum is in place in 
the receiver and the cover closed and 
locked, the shutter and cover being 
mechanically linked by the lock.

The mechanism driving and travers­
ing the receiver drum is similar to that 
on the transmitter.

The two compensating or non-linear features are 
required to facilitate the projection of the correct 
light intensity (which requires to follow a logarithmic 
Jaw) on to the photographic material. The first con­
sists of a diode-chopper in the amplifying stages 
feeing the oscillograph and reduces the deflection of 
the light beam on the higher level signals. This 
enables the mask, placed in the light beam to complete 
the compensation, to have practical proportions and 
shape. Three interchangeable masks are in fact pro­
vided, one for positive reception on bromide paper, 
another for negative reception on film and a third 
for documentary work (i.e. without half-tones). In 
documentary reception where maximum contrast 
between black and white is required, it is usual al o 
to switch out the diode-chopper to increase the light 
beam deflection for any change in signal 
level. At the transmitter and in the
line the maximum signal always repre­
sents white, the selection of positive or 
negative reception being performed at 
the receiver by reversing the line signal 
through the oscillograph loop and by 
changing the light mask.

Layout of the Equipment.
Fig. 3 shows a general view of the 

phototelegraph equipment, the console 
in the left foreground is the transmitter; 
that on the right is the receiver. Two 
racks of equipment are associated with 
each console and can be seen in the 
centre.

Although the equipment shown forms 
the complete installation of transmitter 
and receiver, the two are quite indepen­
dent and, apart from interconnection of 
line circuits for convenience of operating 
(possibly under " duplex " conditions) 
over the go and return pairs of a four-

Fig. 3.—PHototelegraph Equipment.

wire circuit, are not in any way connected. The 
equipment is designed for mains operation.

The right-hand rack of each pair is similar and 
comprises the main drive panels namely: power 
input with voltage stabilisers, 6V projection lamp 
supplies (with generous smoothing, since any 50 or 
100 c/s ripple would show very prominently on the 
picture), valve-maintained tuning fork, frequency 
divider, and amplifier for the phonic motor drive. 
The left-hand rack of each pair mounts the trans­
mission circuit panels, and their power pack supplies, 
namely:—

Transmitter. Transmitter amplifier, monitoring
loudspeaker, 8,500 c/s oscillator and line panel.
. Receiver. Receiver amplifier, C.R.0. and loud­

speaker monitor and line panel.

Fig. 4.—Dark Room.
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The lines, v,rhich are four-wire, are connected direct 
to the " Continental Test" at Faraday Building 
\vhere the Continental line (terminating two-,vire on 
the ContinentaJ switchboard) over which the call is 
first n1ade, may be intercepted an<l extended four- 
wire to the equipment.

Photographic Processing.
While picture quality is naturally a first require­

ment of the service, speed of service is a very close 
second. The picture can be marred in the processing 
just as readily as it can in transmission, and for prints 
of high quality dark room organisation must be 
of a high order. Such are the considerations which 
have decided the equipn1ent of the dark room shown 
in Fig. 4. The photographic processing takes quite as 
long as the transmission over the circuit when using 
the standards previously quoted, and all possible 
steps are taken to keep it to a ininimum. Quick 
acting developer is used followed by what may be 
called extra-quick drying. Films can be dried in 
two minutes by a drier designed specially for this job, 
which compares very favourably with 20 to 30 
minutes by commercial drying cupboards; the tiine 

required for drying and glazing prints has been 
reduced to half that required by the co1nmercial 
glazer provided.

In addition to obtaining good quality negatives 
and prints, largely by following closely time and 
temperature methods, it is also necessary to be able 
to produce a number of virtually identical prints from 
one negative for despatch to different press agencies. 
This is considerably assisted by the use of a precision 
exposure control (a product of the Research Branch) 
associated with the printing box. Apart from these 
aids for speeding the processes the darkroom follows 
conventional design and layout for dish developn1ent, 
generous in working space but arranged so that all 
facilities required are close at hand.

A cknowledgmenls.
In conclusion, the author wishes to thank nurnerous 

colleagues for assistance and advice in respect of 
darkroom arrangements incorporated in the installa­
tion and also Mr. E. Jones, of Muirhead & Co. Ltd., 
for much information on the equipment and for advice 
on the "teething troubles" encountered in setting up 
the installation.

Book Reviews
" Ionospheric Radio Propagation." lJ .S. Department of 

Commerce, National Bureau of Standards, Circular 
462. Superintendent of Documents, U.S. Govern­
ment Printing Office, VVashington 25. D.C. 209 pp. 
205 ill. $1.00. .

This book is a successor to the '"'ell-known I.R.J.1.L. 
Radio Propagation Handbook, and it is chiefly concerned 
-.i..v th H.F. ionospheric propagation. It includes a con­
siderable amount of nev.' and revised material, particularly 
in connection -. vith propagation over short distances 
(less than 4,000 km.).

The book is intended primarily for the solution of 
practical ionospheric communication problems—such as 
the determination of 11.U.F.s and L.U.H.F.s--not as a 
text-book, although the various chapters do give an 
excellent outline of the phenomena concerned. Lack of 
space, unfortunately, frequently puts " further discussion 
beyond the scope of this book " ; additional references 
might, with advantage, have been added to the general 
references given at the end of each chapter. The noise 
data1 and the rnethods for calculating received field 
intensities, follu\v very closely Reports already issued by 
the U.S. Signal Corps Radio Propagation Unit.

The bases and assumptions used in the preparation of 
the various non1ograms and charts are adequately set 
out and this n1akes it possil>le to I1todify the111 \Yhere 
necessary for application to other conditions. The 
techniques tollo>v American practice, hut references arc 
made to son1e of those developed i-i:i. other countries.

The determination of M. U.F.s and ionospheric ab­
sorption and a knowledge of the atmospheric radio noise 
at the receiving site are the three most important factors 
in H.F. communications problems. It is a curious fact 
that in spite of the great advances in our knowledge of 
the ionosphere, the calculation (from observations at 
vertical incidence) of l\il.U.F.s and ionospheric absorp­
tion for long-distance comn1unication is still largely of an 
empirical nature, -..vhile the subjective measurements 
which are nO¥l being made at certain places throughout 

the -. vorld are also shO\ving ho-. v sketchy is our knov.rledge 
of atmospheric radio noise. .AJthough some of the 
empirical techniques, etc., described in the book may not 
fully satisfy the theoretical ionospherist, they are among 

' the best that have yet been put forward from the engi­
neering point of vie\v for the applicatlon of ionospheric 
data to the practical problems of radio communication. 
The book, therefore, can be "\'tell recommended to those 
concerned with planning H.F. radio services. 'fhere is, 
however, a need for comparisons to be made between 
observed circuit performance and calculation made by 
the 1ncthods given in the circular.

G. H.M.G.

" Fundamentals of Electrical Engineering." \'. P. 
Hessler, Ph.D., and John ]. Carey. McGraw-Hill 
Publishing Co. 241 pp. 190 ill. 2ls.

This V.'Ork is a companion volume to Terman's "Radio 
Engineering " and Spangenberg's " Vacuum Tubes" in 
the l\.1c(Tra\v-Hill Electrical and Electronic Engineering 
Series. It is, in effect, an introductory book to the other 
t\le'O.

'I'he scope and method of presentation of the subject 
are very si1nilar _to those of l\iiueller's " Introduction to 
Electrica1 Engineering," reviewed in the July 1948 issue 
of this Juurnal, though some sections, particularly those 
on Ohm's and Kirchchoff's la\vs, arc not quite so ex­
tensively treated. '!he en1phasis is on basic theory rather 
than on the more practical aspects of electrical 
engineering and the importance of understanding units, 
particularly the M.K.S. system, is stressed "throughout.

It follows that the book will appeal more to the 
university student than to the juPior engineer, but the 
latter must appreciate that, without a thorough know­
ledge or the furdamcntal concepts as presented by this 
and. other similar works, he will not be able to master 
the more complex problems of modern electronic 
engineering. ■

H.L.
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The British Telephone Technical r. w. palmer, mie.e

Development Committee and w. l. brimmer

U.D.C. 061.24: 384 '
The function of this committee, together With the continuous co-operative effort which it represents, is important in its 
effect on the technical and economic efficiency of the British Post Office telephone exchange system. It also leads to a 

new outlook on the daily relations between supplier and consumer, far beyond the actual committee work.

Introduction.

BEFORE 1923, the telephone exchange con­
tracts for the British Post Office were placed 
as the result of competitive tendering, each of 

the telephone manufacturers in Great Britain 
negotiating with the Post Office individually. This 
method gave rise to a fairly wide diversity in the 
products of the various manufacturers as there was 
no co-operation between the manufacturers in 
development, and latitude \Vas necessary in the inter­
pretation of the Post Office requirements to meet 
individual manufacturing practices. ::'vloreover, the 
unsuccessful tenderers expended very considerable 
time and effort in vain for every contract placed.

In 1923, when the wholesale conversion of the 
telephone system in London to automatic working was 
seriously considered by the Post Office, and the stcp- 
by-step system was to be standardised, it was obvious 
that there would be grave disadvantages in the com­
petitive system, so the Post Office called together the 
four manufacturers then in the automatic field and 
made an agreement with them to co-ordinate the sup­
ply of equipment at a satisfactory price level for the 
standard components. By 1928, a fifth manufacturer 
was available and a fresh agreement was drawn up for 
a period of five years based on the competitive quota­
tions submitted by each of the five parties. The ad- 
1ninistration of this agreement, and those which have 
succeeded it, necessitated the formation of the manu­
facturers' Bulk Contract Committee (B.C.C.) to decide 
production policy and distribution of contracts, and 
to negotiate prices. The five firms represented are :-

Automatic Telephone & Electric Co. Ltd., 
Liverpool.

Ericsson Telephones Ltd., Beeston.
General Electric Co. Ltd., Coventry.
Siemens Bros & Co. Ltd., Woolwich.
Standard Telephones & Cables Ltd., New 

Southgate.
. This rational sharing of contracts and of responsi­

bility made possible the establishment of a highly 
technical organisation which, under the auspices of 
the British Post Office, could influence telephone 
technical developrnent in this country to a degree 
hitherto not attempted, and promote standardisation 
on sound practical lines. A joint technical committee 
was therefore formed in 1933 under the chairmanship 
of an Assistant Engineer-in-Chief to the Post Office, 
and this was named the "British Telephone Technical 
Development Committee" (B.T.T.D.C.). The manu­
facturers' complement of this committee is known as 
the Manufacturers' Technical Development Com­
mittee" (M.T.D.C.) which meets under the chairman­
ship of the Manufacturers' Secretary to exercise con­
trol on technical policy, development and technical 

routine so far as the manufacturers are concerned. 
Devolution of work to specialist committees was also 
necessary to cover the detail of apparatus, circuits, 
equipment, etc., as the range and complexity of 
auton1atic telephony expanded.

Subscribers' telephone instruments and the many 
common components of telephone plant such as 
switchboard jacks, tag blocks and the like were also 
made the subject of a supply agreement in 1936, but 
in this case three additional manufacturers (making 
eight in all) were parties to the" Telephone Apparatus 
Agreement" (T.A.A.) :-

Phoenix Telephone & Electric \Vorks I..td., 
London, N.W.

Plessey Co. Ltd., Ilford.
Telephone Manufacturing Co. Ltd., London, S.E.

.-\. corresponding joint technical committee for this 
class of plant was formed and for convenience was 
linked with the B.T.T.D.C. so far as general direction 
is concerned.

It was recently decided to syste1natise the many 
subsidiary bodies that had been added in the course of 
vears, and it is now possible to define the activities 
and responsibilities of all the various constituent 
bodies shown in :Fig. 1.

Functions of the Afain Co1nmittee.
The fundamental procedure for all major develop­

ments is to table in the first instance a Committee 
Paper setting out clearly the intentions of each new 
development, and the case i,; then kno\vn by that 
"C.P." number until the item is completed. For 
efficient execution of that work \Vithout overlapping of 
effort, the next operation is to define which manu­
facturer or P.O. Branch is to carrv out the work, one 
liaison officer being named as the sole representative 
of the developing organisation and one as the repre­
sentative of the P.O. The^ stage is then set for the 
development to proceed as a planned programme, and 
the quarterly meetings of the B.T.T.D.C. enable 
progress to be directed by means of the reports from 
liaison officers.

To quote a small' but typical exa1nple of a new 
development, the P.O. presented in the for1n of a 
"development" committee paper (C.P.187) a request 
for improved facilities on trunk timing, involving a 
new item to supersede Key No. 292. Design was 
allocated to firm "A " on behalf of all parties, but 
firm " B " followed this almost immediately with a 
further committee paper (C.P.190) reporting some 
work they were already considering for improvements 
to the Clock No. 44 itself to facilitate its use and 
readability by operators. These two committee papers 
were discussed and agreed in principle and the whole 
development was co-ordinated and allocated to firm 
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" A." The other firm willingly handed over all its 
ideas and experience to the common cause, and by 
inference agreed to manufacture whatever was 
developed by firm "A " under this B.T.T.D.C. 
procedure. Al manufacturers were kept informed of 
the technical development as it proceeded, so that 
they could make contributions at any stage, thus 
ensuring that the necessary research and development 
work was not multiplied 5 times over by unnecessary 
parallel effort. When all partieS had recorded their 
agreement to the technical features of the new design,

Fig. I.-Strlcture of Telephone Development 
Committees.

and a model had been approved, the main develop­
ment stage was declared by the B.T.T.D.C. to be 
complete and arrangements were then made for the 
production of full manufacturing drawings with a view 
to manufacture by all firms as a new standard.

Apart from specific development such as this, the 
B.T.T.D.C. is a most valuable clearing house for 
technical information having a direct or indirect 
bearing on telephone exchange practice. For example, 
the Post Office may advise the manufacturers of some 
problem or idea which it has decided to study before 

em_barking on an actual design for inclusion in th 
telephone system. Similarly, any information fror 
one or more manufacturers on developments likely t 
be of interest to the Post Office is submitted, an 
experience on overseas contracts may also give rise t 
an " Informative C.P." when production for the horn 
and export markets is inter-related.

There is yet a third class of Committee Pape1 
known as " Exploratory C.P.s" for the general guic 
ance of future development. An example is the contr 
bution of data and opinions on the operating efficienc 
of V.F. signalling systems, and there are also othE 
important contributions such as on alternativ 
materials and the impact of international discussion 
on the trend of national developments.

The whole of this C.P. procedure, including th 
duties and responsibilities of the liaison office1 
appointed for each C.P. case, is agreed jointly an 
defined as a " Technical Procedure " to be followe 
continuously, quite independently of the meetings c 

any committee or sub-committee.
In addition to the regular business of " C.P. 

developments, the agenda of the main committe 
naturally includes discussions of a more generf 
nature, particularly in relation to the present proble:r 
of production. In this category is the attempt a 

unification of overseas practices where technicc 
variations in specifications affect the overall produc 
tion capacity of the industry. The B.T.T.D.C. has n 
executive authority in this field, but encouragemer 
is being given to the standardisation of types r 

enamelled wire and finishes of apparatus.

Manufacturers' Technical Development Committt 
(M.T.D.C.).

This is the manufacturers' counterpart of the joir 
B.T.T.D.C. and is an important clearing house fr 
questions of technical policy affecting the manufa< 
turing side only, or for discussion to produce an agret 
ment among firms prior to joint committee meeting 
There are also similar counterparts of most of the joir 
sub-committees as indicated in Fig. 1. On the mam 
facturing side, there is a permanent secretary of tl 
B.C.C. and M.T.D.C., and another for all the mam 
facturers' sub-committees. Although seconded fro1 
the technical staffs of individual firms they a1 
responsible to all, and have offices and duties qui" 
independent of any one manufacturer. They a: 
closely linked with the Post Office, and the sul 
committee secretary was for convenience providt 
with office accommodation on Post Office premis1 
during the recent war.

Sub-Committees on Technical Development.
Since no single committee could handle alone tl 

detail of so vast a subject as a complete teleph01 
system, the devolution of a great deal of work is bo 
deliberate and logical. Sub-committees usually me 

at intervals of not less than 2-3 months, and for tl 
purposes of . this article are classified under thr 
headings-Technical Development, Technical Det; 
and Procedure. The first classification is intended 
embrace the two which handle complete rn 

developments within specialised fields.
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The Subscribers' Apparatus Sub-Committee (S.S.C.) 
has the distinction of representing the eight manufac­
turers under the Telephone Apparatus Agreement, 
and therefore is not wholly subsidiary to the 
B.T.T.D.C. which is representative of only five. Never­
theless, there are many standard items such as dials, 
fuse mountings, connection strips and the like which 
are purchased by the Post Office in large quantities 
under both the Bulk Supplies Agreement and the 
Telephone Apparatus Agreement, and it has been 
accepted that all such dual cases should be handled 
by this sub-committee whose primary concern is the 
subscriber's telephone instrument. The standardisation 
of P.B.X. switchboards is also very important, as 
Private Branch Exchanges, both manual and auto­
matic types, are becoming more and more analogous 
to public exchange practice and this imposes a severe 
test on the flexibility and unity of the B.T.T.D.C. 
structure. The nature of the terms of reference make 
the work of this sub-committee very similar to that 
of the B.T.T.D.C. itself. Thus, there is a system of 
active and informative. committee pclpers (S.C.P.s) 
to define the business in hand, together with the 
appointment of development contractors and liaison 
officers for each case.

The Routiner .Sub-Committee (R.S.C.) is required 
to consider and reach agreement upon all questions 
affecting automatic routiners, and the main business 
is again conducted on the lines of the main committee. 
For this purpose it operates a system of Routiner 
Committee Papers (R.C.P.s) to define the detailed 
design of particular routiners within the requirements 
of the Development C.P.s of the main committee.

This overall responsibility for particular items of 
exchange equipment involves technical detail such as 
circuit design, apparatus development and exchange 
equipment practice, for which specialist sub-com­
mittees are also responsible, but the Routincr Sub­
Committee observes the limits of current standard 
practice on exchange equipment as agreed by other 
bodies, and where a departure from standard practice 
is considered necessary, the liaison officers auto­
matically refer the matter direct to the technical 
sub-committee concerned or, in the case of major 
policy, to the B.T.T.D.C. In fact, as many problems 
as possible are settled by standing procedures, and the 
Routiner Sub-Committee has referred to it only such 
questions as are not resolvable between its liaison 
officers either because of the broad^ nature of the 
question or because of a difference of opinion.
Sub-Committees on Technical Detail.

The development of new designs of plant by one 
party to the B.T.T.D.C. on behalf of all is accom­
panied by adequate opportunities for others to observe 
and comment on particular designs and models, but 
there is still a need for detailed discussion of general 
aspects such as circuit principles, standard apparatus 
components, cabling arrangements and the like. Four 
specialist sub-committees prbvide a clearing house 
for such discussions and they are normcilly more 
concerned with progressive changes to existing 
plant, or repercussions of new developments on 
existing equipment, than with complete new designs 
individually.

The Exchange Circuit Sub-Committee (C.S.C.) which 
meets three times a year, deals with circuit principles 
and the usage of particular apparatus items. It is there­
fore required to consider any problem in the design of 
circuits or groups of associated circuits which are of 
general interest or application (e.g. impulsing, cut 
drive, etc.), to arrive at the best solution of the 
problem from both the technical and the economic 
points of view.

Related to this basic requirement, the committee 
is required to consider also the electrical characteris­
tics, performance and limitations of all apparatus used 
in exchange circuits, and to agree on performance 
limits for accCptance and maintenance testing of the 
equipment so composed. This requires a very detailed 
study and culminates in the determination of im­
pulsing and signalling limits for all combinations of 
automatic equipment and particularly of new signal­
ling systems being developed under C.P. cases. This 
latter work is performed by a joint Impulsing Panel.

The characteristics and performance of individual 
relay designs are a major factor in this work and, in 
fact, this committee was originally set up solely for 
study of this aspect. It is therefore vitally concerned 
with the approval of the basic design data for electro­
magnetic relays standardised by the P.O., and it 
arranges for the approval of all individual relays 
according to an established Technical Procedure, 
examining the circuit design when necessary to check 
the suitability of the relay proposed.

The Exchange Apparatus Sub-Committee (A.S.C.) is 
concerned with the physical components comprising a 
piece of switching equipment, and it embraces piece­
parts, mechanisms, relay components, mountings and 
all the mechanical details involved. Electrical con­
siderations are largely overshadowed by the mech­
anical and physical features in the design of apparatus, 
and this committee is therefore attended by specialists 
who arc competent to discuss design for economical 
manufacture, choice of materials, methods of 
asse1nbly and adjustment, tolerances and inter­
changeability, and the prevention of wear, breakage or 
other failure in normal use. The comm-ittee meets 
quarterly to resolve differences of opinion or to decide 
principles, and in this category have been the dis­
cussions on bank aligning gauges for 2,000-type 
selectors and improvements to uniselector wipers. It 
will be appreciated that great care is necessary before 
basic items of apparatus are put into mass production, 
and when a particular piece of plant requires dis­
cussion in great detail, a " Details Panel" is appointed 
to handle the particular case.

The Exchange Equipment Sub-Committee (E.S.C.) 
appears to have a title that is all-embracing, but, in 
the language of the telephone industry, the title 
" equipment "is restricted to racks and switchboards, 
and the mounting, cabling and installation of the 
standard selectors, etc., to constitute a telephone 
exchange. Thus, the design and manufacture of 
selectors and relay sets is outside its scope, but the 
way in which these items are used to build up a com­
plete telephone exchange installation or extension is 
the primary concern.

The policy of extending obsolescent exchanges with
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modem 2,000-type equipment is largely a product of 
this committee, and any queries on the interworking 
of old and new equipment are answered from the pool 
of experience represented by this co-0peration of 
manufacturer and customer.

The detailed work on the form of exchange contract 
specifications, as standardised in the " draft sheets " 
issued to Regions by the Engineer-in-Chief's Office is 
also the responsibility of this sub-committee, with the 
assistance of an Exchange Contract Specification 
Panel who examine all major alterations to ensure that 
P.O. requirements are expressed in the simplest form 
consistent with clarity, avoiding unnecessary work 
for its translation into a production order in the con­
tractor's works. The Panel also resolves any major 
difficulties of interpretation that may be raised by 
Regions or manufacturers in particular cases. -

The approval of contractors' equivalents to P.O. 
standard drawings and diagrams is a matter speci­
fically required by the Bulk Supplies Agreement, and 
the E.S.C. is responsible for the routine procedure by 
which this requirement is met.

The Power Sub-Committee (P.S.C.) deals with power 
supplies for telephone exchanges, and, although the 
manufacture of heavy electrical machinery and 
batteries may, in practice, be sub-let to other firms 
by the telephone equipment contractors, the suppliers 
from the P.O. point of view are those represented on 
the B.T.T.D.C. The items most frequently requiring 
discussion and agreement relate to the development of 
charging systems, float schemes, tone and pulse 
machines, etc., rather than to detailed design of 
generators or secondary cells.

Problems arising in both circuit and apparatus 
design, and also mounting and cabling, all come under 
review if concerned mainly with power plant. In 
respect of distribution of power, tones or pulses, the 
line of demarcation between "power plant " and 
"exchange equipment" is normally the output ter­
minal on the power S"\vitchboard, but it is only to be 
expected that adequate co-operation is •necessary 
between this and other sub-committees if the power 
plant is to serve the many special requirements of 
telephone exchange switching and to follow similar 
standards of technical design.

Sub-Committees on Procedure.

In a separate class from the foregoing are the four 
sub-committees which have a controlling interest ill: 
particular phases of all other sub-committee work. 
They are not concerned directly with technical design 
but are required to co-ordinate technical development 
to a controlled programme or to determine organisa­
tion or general procedure from a " documentary " 
point of view.

The Development Progress Sub-Committee (D.S.C.) 
meets just before, and again just after, each meeting 
of the main committee, and exists mainly for routine 
sifting of reports on C.P. cases from which it extracts 
and submits the important matters requiring dis­
cussion and decision at a higher level. In its rather 
broad terms of reference it is required to consider 
technical detail only in so far as it may be affecting 
completion of developments by the date required and 
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to give directions to liaison officers for reference to 
the technical sub-committees as considered necessary. 
It is also authorised to represent the need for action 
direct to individual manufacturers or P.O. Branches 
in cases of urgency.

The D.S.C. is also required to keep under review the 
requirements of standard manufacturing information 
in relation to technical developments and it controls 
a Standards Progress Panel who prepare, maintain 
and publish lists and other documents to manufac­
turers and P.O. Branches to facilitate the final stages 
of all technical developments. This is a phase which 
is often overlooked, or perhaps even resented, as an 
unnecessary delay between the availability of a work­
ing model and its inclusion in a public telephone 
exchange, but experience has shown the futility of 
including in an exchange contract an item which may 
hold up execution of the whole installation because 
of unexpected difficulties in manufacturing details 
for mass production. This is not to imply that 
exceptions to the rule are prohibited entirely, but the 
expediency has to be agreed by manufacturers—or 
may even be initiated by manufacturers. The decision 
to include a new development in the Equipment 
Master List (denoting authority to include in exchange 
contracts) rests with this sub-committee, or its panel. 
It has been agreed that the P.O. will refrain from in­
troducing new or changed designs for telephone 
exchange equipment without the agreement of the 
contractors who will be required to make it. This 
is not as magnanimous as it might seem, because an 
early knowledge of proposed new designs enables the 
manufacturer to plan his shop production with the 
maximum efficiency in respect of both costs and deliv­
ery programme, and also permits the advance order­
ing of the necessary materials and standard com­
ponents.

The Changes Implementation Sub-Committee (I.S.C.) 
is very closely related to the D.S.C. described above, 
but meets every two months to deal with minor 
improvements and changes to existing circuits and 
apparatus. These changes may be quite independent 
of one another or inter-related to some small degree, 
and some may arise from the introduction of a major 
C.P. development and be linked with the D.S.<:. and 
its Standards Progress Panel.

The work of the I.S.C. is in two phases, the first of 
which is the routine submission of proposed changes, 
whether originated to implement a major develop­
ment, to overcome local maintenance defects or to 
facilitate manufacture. Each suggestion is distributed 
to all parties for technical examination outside com­
mittee and agreement that the change is necessary 
and practicable ; the committee has only to see that 
this continuous procedure is operated on agreed lines, 
and to discuss items which cannot be agreed by routine 
methods. The technical work in committee is limited 
to a general appreciation of the engineering require­
ments and to the routing of technical problems to 
the Sub-Committee or Branch of the Post Office who 
may be concerned.

The second phase is the implementation of the 
agreed change, involving a decision on whether it shall 
be made retrospectively or not, or made a" departure"



The Manufacturer. The Post Office.

Development Laboratory. Engineer-in-chief's Circuit i.'.ì-iir.uvsv.

Engineerdig and Drawing Office. Engineer-in-chief's Office.

Assembly and Wiring Shop. Completed Automatic Exchange in Service.

Typical Scenes in Post Office Engineering Department and Manufacturers' Works.
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on a temporary and optional basis without amend­
ment of standard documents during the present pro­
duction difficulties. Retrospective changes. require a 
decision to define on which current contracts the 
change shall be incorporated and on which contracts 
the manufacture shall proceed without disturbance, 
leaving the change to be made after installation on 
site. This work has an important bearing on the 
manufacturers' mass production programme, because 
every change involves a great deal of hidden docu­
mentary work. For example, every selector must be 
represented in the form of a Stock List of all the 
sub-assemblies and standard components which it 
comprises, and each exchange contract must be 
translated by means of the Stock Lists into many 
" shop " orders for components. These shop orders 
are sent out with copies to planning executives, 
costing experts, shop foremen and so on, to cover all 
m'anufacturing operations from the purchase of the 
correct raw material to the calculation of the pro­
duction costs, so the number of documents prepared 
for just one batch of selectors may run into hundreds. 
It follows that to carry even a single change of com­
ponent into a current contract after this ordering 
machinery has been set in motion is a very serious and 
complex matter, and the date of implementation of 
chahges is a matter for a balance between the 
operational needs of the administration and the^ 
production needs in respect of time and cost.

The Exchange Wiring Information Sub-Committee 
(W.S.C.) provides a discussion ground to deal with the 
principles of conversion of schematic circuit diagrams 
into standardised wiring diagrams and other wiring 
information for mounting and interconnection of 
selectors, relay sets and the like. Its function is classed 
as " procedure " rather than " technical detail " 
because it is more concerned with the preparation of 
documents than with physical design or with types of 
wire. •

The " derived " documents concerned are those 
usually referred to as the W, U and X diagrams (e.g. 
ATW., ATU., etc.), which are prepared by an allo­
cated mannfacturer on behalf of al, to define relay 
plate wiring, shelf jack wiring and cross-connection 
wiring, respectively. The W.S.C. is therefore respon­
sible for that comprehensive document known as 
"ATW 22000" which defines the wiring rules, 
nomenclature, symbols and conventions to be followed 
in such wiring diagrams, and this in turn must be 
related to the British Standard terminology and 
graphical symbols. The routine procedure for 
preprration, amendment, circulation and general 
approval of individual documents in this series is 
also defined by this committee.

The Organisation Sub-Committee (O.S.C.) is the 
final co-ordinati:i-:..t; !ink for the whole structure. With 
the growth of theB.T.T.D.C. responsibilities, including 
the many activities which it controls outside the actual 
committee \Vork, it has been necessary to devolve on 
to this sub-committee the definition of the procedure 

and organisation applicahle to all joint operations c 

the Post Office and manufacturers under tb 
B.T.T.D.C. This includes the determination of tic 
constitution and terms of reference of all committet 
and the publication of a loose-leaf volume c 

"B.T.T.D.C. Procedures" on the lines of P.C 
Engineering Instructions, but with limited circulatio 
and having the authority of both Post Office and mam 
facturers. The detail of production of these procedun 
is devolved largely on a small Procedure Panel, an 
. he main work is that of editing and co-ordinating tl 
drafts presented by the other specialist .committees fc 
their particnlar aspects of the work. The range 1 

subject matter is illnstrated by these four divisions :-
General Division, covering the history, struc­

ture and operations of the B.T.T.D.C. as a whole.
Constitution Division, which includes terms of 

reference and. personnel of every committee and 
panel.

Committee Procedure Division, defining the 
conduct of business in committee.

Technical Procedure Division, covering joint 
operations outside committee.
The nature of such documents implies that thE 

cannot be amended without the consent of all parti1 
and this includes the agreement of all sub-committe1 
affected. When once settled, however, the definitic 
of the obligations of all parties is of immense valt 
in the day-to-day work of technical developmen 
and the illustrations showing typical views of a fe 
parts of the manufacturers' and the Post Office 
work may serve as a reminder of the many parti( 
concerned.

Conclusions.
It is hoped that the conclusion will have bet 

reached from this description of the B.T.T.D.C. th 
organised technical development as a continuo1 
process outside the conference room has rightly bet 
considered more important than the committee woi 

. itself, and that the efficiency of the British telephm 
exchange system could not have been achieved by ar 
other organisation. '

By the removal of patronage and distrust the Po 
Office has been able to facilitate mass production, ar 

the manufacturers have been able to contribute us 
fully to the technical problems of the administratio 
The indirect advantages in the field of economics w 
be obvious, but, in addition, it has enabled man 
facturers to originate many technical developn1en 
which have led to direct reductions in plant cos1 
Moreover, from the point of view of the engineer 
headquarters, in the field, or in the factory, the pa1 
nership of the B.T.T.D.C. has given freedom for tho 
fierce technical battles which are the only true basis 
technical progress.

As a final remark, •it seems almost superfluous 
acknowledge that this article is just anoth 
example of the anonymous co-operation-Of all parti 
concerned.
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Vacuum Technique -
Some General Principles and j. e. thwaites, . a.m.i.e.e., and

Post Office Applications H. E. PEARSON, B.Sc.(Eng.)., A.M.l.Mech.E.

U.D.C. 621.52
Equipment as commonly used lo producing vacv.a down to 10- mm: mercury is described. Tbe applicadons mentioned. 
include the evacuation of demountable valves, certafo metal plating proces s, and the mounting of components in vacuo or 

in inert gases.

Introduction.

MANY dictionaries define a vacuum as a 
place devoid of matter and then describe 
that place as one from which nearly all 

the air has been removed. In the seventeenth 
centnry Torricelli discovered that atmospheric pres­
sure would support a column of mercury some 
760 mm. in height, and before the end of that century 
other workers succeeded in removing all but about 
the last thousandth part of air from a vessel thus 
reducing the pressure of the air remaining until it 
would support less than one mm. of mercury. Not 
until the nineteenth century was any substantial 
improvement in vacuum recorded, but more recently 
progress towards that interesting objective the perfect 
vacuum, or absolute zero of pressure, has reached the 
stage when al the air except the last part in several 
hundred million can be removed from a container 
not only in laboratories but also in factory productio,; 
processes. This achievement would seem to approach 
the ultimate were it not for the fact that those who 
have made it possible have stated that this last 
remaining part still contains several thousand million 
air molecules per cubic centimetre of space in the 
container. It would perhaps be unwise to quote a 
figure for the best vacuum attainable at the present 
time even if such a figure were readily available, and 
for present purposes a limit of interest of 10—^ mm. 
mercury will be taken.

There is no precise distinction between low or rough 
vacuum and high or fine vacuum, but it is usual to 
apply the former term when reduction of pressure is 
obtained by means of a mechanical pump exhausting 
to the atmosphere and the latter when other means 
are employed to reduce the pressure still further after 
the mechanical pump has reached its limit. On this 
basis the division occurs at about 1Q—3 ^mm. mercury 
with an economic limit for the mechanical pump of 
about 10—2 mm. in many cases. Pumps have been 
devised which exhaust from atmospheric pressure 
down to 10 — ^ mm., but these are usually slow or 
difficult to operate or expensive and hence find little 
application. Vacuum technique as here discussed "il 
cover the production of low pressures in two stages, the 
first of which is mechanical. .

Mechanical Pumps.
Mechanical air pumps are devices in which moving 

metal parts arc made to build up an increase in 
pressure between inlet and outlet. If the inlet is open 
to the atmosphere and the outlet is connected to a 
dosed container, a pressure greater than that of the 

atmosphere is built up in the container .and the pump 
is called a compressor. If the inlet is connected to a 
closed container and the outlet is open to the atmo­
sphere, a pressure less than atmospheric is produced 
in the container and the pump is called a vacuum 
pump. Where the required difference in pressure 
between inlet and outlet is not very great, the same 
device can be used either as a compressor or a vacuum 
pump: One such general purpose type commonly 
used lil laboraton.es will reduce the rressure in a 
vessel from atmospheric to about 10- mm. or will 
increase it to about 1,30 mm. mercury. A larger 
version such as that used in the pneumatic tube sys­
tem at the Central Telegraph Office produces opera­
ting pressures at inlet and outlet of 530 and 1,40 mm. 
of mercury respectively, or expressed as gauge 
pressures, a vacuum of 9 inches mercury and a pressure 
of 12 lb/sq. in.'. When pressures much beyond these 
orders are required the machines are designed for 
single-purpose operation.

The Geryk pump shown schematically in Fig. 1 is
an example of the reciprocating type of mechanical 

vacuum pump. Air from 
the vessel to be evacuated 
enters the cylinder 
through the inlet. When 
the piston rises it traps 
the air in the cylinder 
and compresses it against 
the valve which forms 
the end of the cylinder. 
When the pressure above 
the piston has been raised 
above atmospheric by an 
amount exceeding the 
weight of the parts and 
the load of the spring, the 
valve lifts and air is 
driven through the 
exhaust or outlet port. 
Finally, the piston over­
runs the cylinder and 
comes into close contact 
with the valve. Oil in the 
upper compartment wets 
the exposed portion of 
the piston to ensure 
lubrication and give a 

seal between the high 
and low pressure parts of the cylinder. The limit of 
the low pressure obtainable is fixed by the accuracy 
of manufacture of the parts and the sealing properties

• P.O.E.E.]., Vol. 40, p. 166. 
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of the oil film and is usually about 10-^ mm. for the 
single stage. -

The same order . of vacuum can be obtained with less 
costly mechanical pumps having oil film seals, by sub­
stituting rotary for reciprocating motion in an arrange­
ment such as that of the Gaede pump shown in Fig. 2.

Fig. 1—Gaede PuMP.

Air enters through the inlet into the crescent-shaped 
space between the casing and the off-centre rotor. A 
diametral slot in the rt>tor carries vanes whose outer 
edges are kept in contact with the inside of the casing 
during rotation, by spring S1. As the vane approaches 
the exhaust valve V the air becomes compressed into 
a coii.tinually diminishing space and if the pressure 
built up in this space exceeds that of the atmosphere 
and the load of spring S2 exhaust takes place. Oil 
films separate the high- and low-pressure sides at the 
vane tips as well as at P and the same factors deter­
mine the limit of operation as with the Geryk pump.

In another design of scraping vane pump, the 
Hyvac shown in Fig. 3, the ootor is mounted eccen-

INLET

Fig. 3.-Hyvac Pump.

trically on a spindle passing through the centre of 
the casing and air entering the inlet is compressed 
against a spring-loaded vane which is free to slide in 
a slot in the casing and so follow the movement of the 
rotor. As before, when the pressure built up in the 
space between the vane, the valve V, and the oil 
sealing point P exceeds that of the atmosphere and 

the load of the ball-valve, the pump exhausts to the 
atmosphere through the oil in which it is immersed. 
At the expense of the more accurate machining 
necessary to maintain the seal at point P, where the 
rotor makes near contact with the casing, a rather 
better vacuum of the order of 10-3 mm. is claimed.

No mechanical pump can reduce pressure beyond 
the limit imposed by the vapour pressure of the most 
volatile constituent of the oil in the pump, and with 
clean moisture-free oil this is usually between 10-8 
and 10-4 mm. at 20-C. The vapour pressure of water 
at this temperature is 173 mm., hence it is necessary 
in al cases to prevent admission of moisture, and a 

trap containing a drying agent, such as silica gel or 
phosphorous pentoxide, is inserted in the system 
between the inlet to the pump and the vessel to be 
evacuated. In laboratory pumps it is practicable to 
change oil which has become contaminated with water, 
but in some industrial plants where moisture absorp­
tion is continuous, the oil on the exhaust side of the 
pump is cleaned by heating to 130° C to boil off the 
water, and then re-enters the pump.

Diffusion Pumps.
Diffusion pumps are so called because they depend 

for their action upon the ability of gas molecul@S to 
diffuse into a stream of heavier vapour molecules 
under certain conditions. Within the stream the gas 
molecules are trapped and carried along to be released 
again by condensation of the vapour at the cold sur­
faces on to which the stream is directed. It is a condi­
tion of operation that the initial pressure in the 
diffusion pump should be of the order of 10-1 mm. or 
less and when this condition has been produced by a 
mechanical pump (in this connection referred to as a 
"backing" pump) the pressure in the vessel being 
evacuated may be reduced a hundredfold by a single 
stage of diffusion pumping.

In appearance, diffusion pumps vary considerably 
according to the many designs which have been 
produced. The two main types are those which use 
mercury to provide the heavy vapour, and those using 
special oil having a low vapour pressure ; both types 
are operated in the Radio Development Branch 
laboratories. The operation is more readily under­
stood by reference to the schematic diagram,

. INLET „

— C_______ ZD «
FIG. 4.-PRINCIPLE OF DIFFUSION PUMP.

Fig. 4. At the backing pressure of say 10-2 mm.. the 
liquid L is boiled by the heater H and vapour
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ascending the chimney C is deflected by the nmbrella 
U and streams down the annular space S. The 
outer walls of this space are water-cooled and 
vapour condensing on the walls runs back into the 
boiler. Gas molecules from the chamber being pnmped 
pas through the inlet and enter the vapour stream 
at points such as P whence they are carried down the 
annular space and out through the exhaust port E 
to the backing pump. They are prevented from 
re-entering the chamber by the vapour stream itself.

By using two or more stages of diffusion pumping 
the pressure at the inlet to the pumping system can 
be reduced to the order of J0-6 mm.

Measurement of Vacuum.

In the foregoing, different degrees of vacuum have 
been expressed to the nearest order. It is rarely 
necessary in applied vacuum work to know the value 
to any greater accuracy, which is perhaps fortunate in 
view of the difficulty of making absolute measure- 
me.nts of pressure over the range of interest. The 
fundamental 1nethod of 1neasuring vacuu1n, which is 
to measure the height of the mercury column which 
the gas pressure will support, was elaborated by 
McLeod in the 1870's, and the direct-reading McLeod 
gauge, which may be constructed to read down to 
10-6 mm. of mercury, remains the reference standard. 
Other types of gauge depend for their operation on 
some physical property of the residual gas, such as its 
ability to conduct different amounts of heat or elec­
tricity at different pressures (Pirani and Ionisation 
gauges). Auxiliary equipment is required to make 
these indirect measurements and with one exception 
the gauges must be calibrated against a McLeod 
gauge. The exception is the Knudsen gauge which is 
an absolute manometer in that its response to given 
pressures can be calculated. It is, however, a very 
delicate instrument as it contains a lightly suspended 
vane on which heated gas molecules impinge, and it 
is little used outside vacuum research laboratories.

One simple form of vacunm indicator, the discharge 
tube, deserves special mention. It consists of two 
electrodes in a glass tube which is sealed at one end 
and is open to the vacuum system at the other end. 
When the pressure in the system lies between about 
10 and 10-2 mm., the application of a high potential 
to the electrodes causes ionisation of the residual gas 
and there appears in the tube a glow whose charac­
teristics can be related approximately to particular 
pressures. When the pressure falls below about 10-2 
mm. the glow disappears, and the device finds its 
greatest use as an indicator that this point has been 
reached. Thus the discharge tube may he used to 
indicate when the pressure in a pumping system has 
reached a sufficiently low value for the diffusion pumps 
to be started.

PosT OFFICE APPLICATIONS
De^^ntable Valves and Tubes.

Probably the biggest application of high vacuum 
technique in the hngineering Department, in terms 
of quantity of equipment in regular use, is at the radio 
stations Rugby, Criggion and Leafield. The final 
amplifiers of some of the high-power radio trans­

mitters at these stations contain valves which are 
demountable for filament replacement, and separate 
pump installations in each transmitter provide and 
maintain the high vacuum necessary for operation 
of the valves. A typical pnmp installation consists of 
a manifold serving two valves, pumped by two oil 
diffusion pnmps in series to a reservoir backed by a 
two-stage mechanical pump of the Gaede type. No 
measuring gauges are fitted, but gauge elements of 
the Pirani type control the backing pnmp motor and 
thus a satisfactory backing pressure for the first 
diffusion pump is maintained in the reservoir. Dis­
charge tubes in the rough vacunm line on either side 
of the reservoir serve to indicate that the Pirani 
elements are adjusted to operate at the correct 
pressures, and also assist in the location of leaks. 
The^presence of the reservoir enables the apparatus 
to be maintained under vacuum conditions for short 
periods even with the backing pump disconnected, 
thus facilitating maintenance attention to the pump 
or replacement of phosphorus pentoxide in the vapour 
trap. The <lemow1table valve filaments cannot be 
heated until a flow switch in the cooling water line to 
the diffusion pumps and thermal switches attached to 
the pump oil boilers have been operated. Thus, the 
whole system can be brought into use by people having 
little knowledge of vacuum physics. In this' applica­
tion the high vacuum chamber, i.e., the valve itself, 
is only opened at intervals averaging perhaps 2,000 
hours. •

In certain X-ray work it is necessary to use radia­
tion having a wavelength suited to the investigation 
in hand. Some X-ray tubes are made demountable to 
facilitate the introduction of the target to produce 
radiation of the wavelength desired. In use the tube 
is continuously pumped by two oil diffusion pumps 
hacked by a mechanical pump but less automatic 
control gear is provided than in the transmitting valve 
example, and consequently more knowledge of the 
subject is required. A calibrated Pirani gauge is fitted 
to the instrument panel and the pump heaters are 
switched on when a satisfactory backing pressure is 
indicated.

Metal Plating Processes.

Similar pumping installations are used in the pro­
duction of quartz crystal oscillator and resonator 
units, but here the application is scmewhat different 
in that the vacunm chamber is frequently opened to 
the atmosphere to receive the items to be processed. 
The pi:ocesses involved are the deposition of metal 
electrodes on to the surfaces of the quartz plates and 
the sealing of the mounted quartz elements into 
evacuated envelopes. The two processes mainly 
employed for deposition of electrodes are the evapora­
tion of metal in vacuo and the cathode sputtering 
process.

In the evaporation process the metal to be used 
as plating, in the form of wire, is wound round a 
suitable metal filament connected at its ends to 
massive metal terminals, and is located, together 
with the specimens to be plated, inside a glass bell-jar 
or other chamber which can be evacuated. When a 
sufficiently high vacuum has been produced in the 
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chamber, the filament is heated by the passage of 
current and the wire melts and then boils. Vapour 
streams away from the boiling metal and ,condenses 
on any cool surface exposed to it. The filament 
material must be chosen to suit the mrtal to be 
evaporated, since it is essential that the molten metal 
should wet and adhere to the filament and not drop 
off. Tungsten filaments are swtable for use with 
aluminium, and nickel filaments have been found 
satisfactory with silver. The arrangement is shown 
schematically in Fig. S. To obtain uniformity of

FIG, 5.-PRINCIPLE OF EVAPORATION EQmPMENT.

coating the quartz elements to be plated are disposed 
round the inner surface of a cylindrical holder having 
the filament as axis. In a simple form of apparatus 
only one side of the specimen is plated at one operation 
and so the chamber must be opened, the specimen 
turned over, and a second evaporation carried out, to 
complete the plating. At the commencement of the 
process, and after reopening for the second operation, 
a film of air adheres to all the exposed surfaces of the 
chamber. The backing.pump finds difficulty in remov­
ing this layer to an extent sufficient for the diffusion 
pumps to be brought into use. Assistance is provided 
by a high tension electrode in the chamber which 
ionises the residual gas and dislodges the " adsorbed 
layer'.' as it is called. With this arrangement the 
whole chamber constitutes a discharge tube indicating 
its own vacuum condition. Generally speaking the 
better the vacuum the better are the results in the 
evaporation process.

In the cathode sputtering process, which has been 
extensively used for the depositiOn of gold electrodes 
-on quartz crystal elements, a much lower order of 
vacuum is required and diffusion pumps are un- 
neces. Indeed, the process reqltires the presence 
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of a certain amount of gas within the chamber for its 
operation. As shown in Fig. 6, the work to be plated 
stands on a platform between a gold cathode mounted 
in the vacuum chamber and the anode which forms

Fig. 6.—Principle of Sputtering Equipment.

the base. The chamber is pumped against a slow leak 
of argon admitted through a needle valve to an 
equilibdum pressure at which the glow discharge 
produced by I ,OO volts shows a cathode dark space 
extending to within about ! in. of the crystals. Under 
these conditions gold from the cathode is sputtered 
on to the crystal surfaces and in about half an hour 
an opaque conducting film is produced. The exact 
mechanism of sputtering is not completely understood 
but one explanation suggests that when the electrical 
discharge takes place the intervening space becomes 
conductive and positive ions are attracted to the 
cathode. The momentum of these relatively heavy 
ions is such as to cause the disintegration of thC 
cathode surface, and some of the particles removed 
there from fall on the crystals which thus receive a 
metal coating. It is a more easily controlled process 
than evaporation and can be carried out by semi­
skilled operators.

Both plating methods described are directly 
applicable to mirror-making by substituting polished 
glass for quartz surfaces, and front surface reflectors 
have been produced for use as viewing mirrors associ­
ated with cathode-ray tubes, galvanometer mirrors 
have been replated and other smal jobs have been 
done with the laboratory equipment. Special precau­
tions must be taken, however, when making good 
permanent mirrors, and the protective coatings which 
are desirable involve tochnique not normal to crystal 
production.



Quartz Crystal Holders.
The first type of evacuated crystal holder used by 

the Post Office was made of stainless steel and was 
exhausted by a band-operated piston pump to a 
pressure corresponding to about 5 centimetres of 
mercury ; air damping on the vibrating crystal 
was thus reduced sufficiently to improve the " Q " 
of the crystal by about 50-100 per cent. The 
bolder was expensive because of the high quality 
of workmanship required and because the vacuum 
seal was made between two surfaces machined to a 
high order of flatness, but its performance was very 
satisfactory. Crystals in these holders were used as 
m^ter oscillators in the original carrier generating 
equipment fitted to the London-Birmingham coaxial 
cable system2 and in an early frequency standards. 
Many others have been supplied to the B.B.C. for 
medium-wave transmitter control. A second type in 
the form of a copper can sealed with solder, was 
exhausted by a motor-driven rotary pump to about 
10—1 ^m. The result of reducing the pressure to this 
lower value was to improve the Q of the crystal five 
or six times. Some trouble was experienced in sealing 
but it wwas found that leaks usually showed up in the 
first few days after sealing and during the period of 
laboratory testing before despatch. Several hundred 
crystals in these holders have been made for precision 
applications such as primary standards of frequency 
and quartz clocks5 as supplied tothe Astronomer Royal 
and the cost of the holders for comparable quantities 
was about one-tenth that of the earlier stainless steel 
type.

A further substantial reduction in cost, a useful 
improvement in vacuum, and a guaranteed gas-tight 
seseal n:sulted from the introduction, in 1944, of evacu­
ated glass envelope crystal holders, and in current 
practice these are used whenever possible. The glass 
envelopes are made from standard components as 
used in thermionic valve manufacture and allied 
industries, sealed together in gas flam^ and exhausted 
by a diffusion pump and backing pump. It has been 
&hown that little improvement in crystal performance 
is to be expected by evacuation beyond 10-2 mm. and 
this pressure could be reached at the inlet to a rotary 
pump alone. A diffusion pump is used to ensure that 
a sufficiently good vacuum will be produced in the 
envelope without keeping a careful watch on the 
performance of the backing pump.

Miscellaneous Applications.
The evacuated glass envelope technique is, of course 

applicable to work other than crystal production. 
It is sometimes desirable for tests to be made to deter­
mine the characteristics in a vacuum of components

• P.O.E.E.}., Vol. 30, p. 274.
• J.l.E.E.. Vol. 88. Part III, p. 107.
• J.l.E.E., Vol. 93, Part IH, p. 223.
• P.O.E.E.].. Vol. 39, p, 33.

FtG. 7.—Relay 330A.

such as rectifier elements, and samples for test have 
been prepared on the normal crystal production equip­
ment. Another application was the mounting of high 
speed relays m glass envelopes. In their original form 
the relays (H96D) did not present a sufficiently high 
unpe??nce aeross the break contacts in operating 
conditions of high humidity. The relays were, 
therefore, stripped of all wrappings and mounted 
in glass envelopes with connections to the break con­
tacts brought out at opposite ends, one through a 
valve top cap and the other through one pin of an 
international octal base. During pumping to remove 
air liable to cause contamination of contacts, there 
was visible evidence that gases and/or vapours came 
off the lacquers and varnishes on the essential parts 
of the relay. It would have been unwise to leave the 
envelopes evacuated as further "outgassing" would 
have occurred during the life of the relay, which might 
have brought about the very contamination it was 
wished to avoid. To prevent this the envelopes were 
refilled with nitrogen up to atmospheric pressure 
before sealing off. The complete unit, which bas been 
coded " Relay 330A", is shown in Fig. 7.

In the development and production of thermionic 
valves, pumps and gauges such as those described are 
" tools of the trade". but additional methods must 
be employed to obtain the higher degree of vacu^n 
(I0-7 mm. or better) required in sealed-off valves. 
This subject is outside the scope of the present brief 
review.

;
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Poisoning Effects in
Oxide-Cathode Valves G. H. METSON, M.C., Ph.D., M.Sc.(Eng.), A.MH.E.

U.D.C. 621.385.032 216: 537.533

It is commonly supp^osed ftat residual gases left in an oxide-cathode valve during manufacture are liberated when the valve 
is operated, attack the cathode, and cause the emission to fall. This article refers to observations on this subject made by 
other workers and gives an abridged account of some recent research by the author using commercial pentode valvm.

Introduction.EMISSION failure in oxide-cathode valves is 
commonly supposed to be due to poisoning of 
the cathode by residual gases le.ft in the valve 

during the manufacturing process. These gases may 
be left in the occluded state within the electrodes, 
absorbed on the glass envelope, or in the combined 
state on the surfaces of grids and anode. During the 
operation of the valve these gases may be liberated 
and attack the cathode cansing the emission to fall.

Although cathode poisoning effects have been 
widely observed in the past, they are still only vaguely 
understood and literature on the subject is meagre and 
somewhat contradictory, although two papers appear 
in advance of others. In 1936 Headrick and Lederer! 
reported that an oxide-cathode became poisoned when 
the control-grid of the valve was bombarded with 
electrons having an energy in excess of 7 volts. In 
1947, Hamaker, Bruining and Aten2 observed a simi­
lar effect but occurring with a minimum bombarding 
energy of 11 volts.

In 1946 some work on such poisoning effects was 
carried out in the Research Branch. It is thought, 
therefore, that an outline of the work might be of 
interest, although it must be emphasised that the 
effects described may be only indirectly concerned 
with emission failure in service. Fuller details of the 
work will be published elsewhere.
Dissociation by Electron Bombardment.

When a metal combines with oxygen it gives rise 
to the oxide and evolves a definite amount of heat. 
Under favourable conditions the same amount of oxide 
supplied with the same amount of heat 
will decompose into the metal and oxygen.
The amount of heat necessary. to decom­
pose unit mass of the oxide (or other 
compound) is constant and characteristic 
for a particular compound.

If a high-velocity electron strikes a mass 
of oxide, its velocity is destroyed and its 
kinetic energy converted into heat. If the 
velocity is high enough the heat produced 
on impact will be just sufficient to 
dissociate one molecule of the oxide.
H. Jacobs3 in 1946 demonstrated the truth 
of this statement for a number of metallic 
oxides and showed that the relation be­
tween the critical energy of the impacting 
electron and the heat of formation of the 
material concerned was

V, = H/23 electron-volts (1)
1 Physical Review, Vol. 50, L.1094 (1936).
i Phillips Res. Reports, Vol. 2, No. 3, 1947.
8 Jour. App. Physics, Vol. 17, No. 7, 1946. 

where 23 kilogram calories per mole is equivalent to 
I electron-volt per molecule.

The work of Jacobs leads to an obvious method of 
estimating the chemical composition of thin films 
-too minute for chemical or spectroscopic analysis-- 
by observing the voltage at which they dissociate 
under electron bombardment.

The Voltage-Dependent Poisoning Effects.
Working with ordinary commercial pentode valves, 

three separate and distinct poisoning effects have been 
noted. The method of detection is simple. The pentode 
is arranged as a diode with control-grid as electron 
collector and a volt/amp. characteristic taken. The 
characteristic follows a 3/2 power law so long as the 
emission of the oxide-cathode is adequate to meet the 
space-charge requirement of the diode and the 
emitting area of the cathode remains constant. If the 
cathode is subject to poisoning during the recording 
of the characteristic then the 3/2 law characteristic 
ceaSes to apply. Furthermore, if the poisoning occurs 
at discrete voltages, the characteristic may show dis­
crete deviations at these voltages, as, for example, in 
Fig. 1.

The generalised observations of Headrick and 
Lederer cover al three effects without apparent 
realisation of their individuality. The work of 
Hamaker, Bruining and Aten is only concerned with 
the II-volt effect.

The Critical Voltages.
Of the three effects the 6-V one was found to be by 

far the most powerful. A typical example of the effect 

20!



is shown in Fig. 2, and frequent cases were observed 
in which . the cathode emission fell by over 95 per 
cent. when the collector voltage was raised above 
6V. In such cases it is, of course, impossible to observe

Fig. 2.—Typical Example of 6-$ Volt Effect.

the 11-V and 17-V effects. Fig. 1 shows a case in 
which the valve had been treated to reduce the 6-V 
effect to very small proportions in order to observe 
the higher voltage effects.

To determine the critical energy of impact for 
dissociation, a batch (24 samples) of pentodes from 
various sources was tested and a mean value of 
critical energy of 536 electron-volts observed with a 
standard deviation of 0 38 electron-volts.

Tne 9-V and 11-V effects noted were relatively 
slight and more difficult to measure. Mean critical 
energies for the three effects with values of H derived 
from equation (1) are tabulated below. It will be 
observed that the critical energies are somewhat 
below the value of the applied potential for breakdown 
-this is due to corrections applied to account for 
contact potential between electrodes and for thermal 
emission energies of the electrons from the hot 
cathode.

Efittt Mean Critical Energy Derived Value of H

6-volt 5^66 electron-volt 128 kilogram ^cals. per mole

11-volt 940 electron-volt 216 kilogram cals. per mole

17-volt lft-07 electron-volt 367 kilogram cals. per mole

No effects were found between l 7V and 25V and 
there appear to be no likely compounds with a heat of 
formation greater than the equivalent of 25V. It is 
probable, therefore, that the three effects noted are 
the only ones likely to be encountered in common 
commercial valves.

Reference to a chemical handbook shows the 
following barium compounds with their heats of 
formation : monoxide 133, chloride 205, sulphate 349.

The tentative conclusion reached from these results 

is that a film of mixed oxide, chloride and sulphate 
may exist on the surface of the control-grid of typical 
commercial pentodes. Experiments with valves made 
specially for the purpose showed that barium mon­
oxide is evaporated from the cathode on to the 
control-grid during the production of the valve when 
the cathode is activated at relatively high temperature. 
Examination of a typical sample of cathode paste 
showed traces of both chloride and sulphate and it 
appears probable that these radicles are evaporated 
on to the control-grid at the same time as the oxide. 
Hamaker and his colleagues offer an alternative 
explanation for the appearance of the chloride on the 
grid and show, in their own case, that it is derived 
from the glass envelope of the valve which is shown 
to evolve HCl when it is baked at ^W;C during the 
processing of the valve.

During the normal operation of the valve there is 
little likelihood of the control-grid film being disturbed 
as high energy electrons are excluded from the grid. 
The ^m, therefore, rests undisturbed except for 
possible positive ion bombardment (reverse grid 
current) which is extremely small. Valves of 50, 
hours' life have been examined and shown to have 
films of barium oxide on the control-grid comparable 
in magnitude to those noted on new valves of the 
same type. It must, however, be appreciated that the 
screen-grid of a pentode—whith is subject to high 
energy bombardment throughout life—is just as likely 
to receive films in the same way as the control-grid.

Reversible and Irreversible Poisoning.
If the voltage on the control-grid of a pentode is 

raised steadily the current increases in accordance 
with the 3/2 power law until electrons strike the grid 
film with an energy in excess of 535 electron-volts. 
At this stage oxygen is evolved and the liberated gas 
poisons the cathode with consequent fall of emission. 
If the bombardment is continued for a long period 
(say 100 hours or more) all of the oxide on the grid is 
dissociated and the supply of poisoning gas ceases. 
At this stage the cathode begins to recover by ejecting 
the poisoning oxygen atoms or ions and the emission 
ultimately re-establishes itself at the value it had 
before poisoning started. Careful quantitative 
measurements of total emission seem to indicate that 
recovery is complete. Such poisoning effects are 
described as " reversible " and oxygen, at the pressures 
examined, is shown to be completely reversible in 
action. ,

Normal emission failure of valves in service is due 
to a form of" irreversible " poisoning. There is almost 
no published information on this subject, but work 
in the Research Branch appears to indicate that it is 
olosely allied to the reversible form. Reversible 
poisoning—simultaneous poisoning and reactivation 
—is probably a continuous feature of the cathode 
throughout its life in a pentode valve. Superimposed 
on this is a progressive failure of minute areas of the 
cathode to reactivate. The total effective emitting 
area of the cathode, therefore, shrinks with time and 
the common phenomena of falling anode current and 
mutual conductance are observed. .

205



Pneumatic Tubes c. a. r. pearce, M.sc.(Eng.), a.c.g.i., a.m.i.e.e.

U.D.C. 621.867.8
A description Is given of some tests which bad for their object the proof ef a more precise sta-ent of the mechanics of a car 
fn a pneumatic tube than had hitherto ben published. The author claims that whilst the theories advanced In the article are 
not conclusively proved they at least offer a consistent explaaadon of the subjec:t and are supported by the results obtained.

Introduction.

ALTHOUGH pneumatic street tubes have been 
ttSed to convey telegrams for almost a century 
and the method must now be considered to be 

approaching obsolescence, little has been published 
about its basic theory. This is probably due in part 
to the inherent simplicity of the method which does 
not invite the attention of the research worker. 
Despite this simplicity, however, certain features of 
the subject may profitably be enlarged upon and some 
of the history of street tubes is not without interest.

The London pneumatic street tube system was out 
of use after the destruction of the Central Telegraph 
Office in 1940 and the damage, by enemy action, 
which it sustained during the years that followed 
accumulated, until in 1943 it was found that it would 
be a major task to make the tubes fit to carry traffic. 
Before reconditioning and repair work could be started 
a complete survey and considerable testing was 
essential and the opportunity was taken to include 
some tests of a fundamental character. The results of 
some of these tests are included in this article.

Hiswrical.
The first street tube to be laid in London was put 

into service in 1853 by the International Telegraph 
Company through their engineer, Mr. Latimer Clark. 
It ran from the Telegraph Centre to the Stock 
Exchange. In 1870, Dr. C. Siemens completed work 
for the Post Office on tubes to Charing Cross and 
Temple Bar and Mr. Varley, whose name was given 
to the standard test for hue faults, was responsible 
for the introduction, m 1858, of compressed air 
workmg.

By 1875 the Post Office was operating in London" 
25 tubes totalling nearly 18 miles in length and al 
except those installed by Siemens were of lead. 
Siemens used iron, but the rust problem seems to have 
been serious and eventually to have caused lead to be 
adopted as the standard material.

An unusual sidelight on the faulting practice of 
the 1870's is provided by two methods advocated for 
dealing with carriers which had j^animed. In Pd.fis the 
position of such carriers was determined by firing 
a pistol near the mouth of the tube and timing the 
period that elapsed before the echo was heard. Half 
this time multiplied by the velocity of sound gave the 
distance to the fault. The excitement of the method 
was doubtless one of its attractions for the volatile 
Parisians. In this country the metho? was even m?re 
drastic. Each tube was prov.1ded with a connect10n 
to the water main and when a blockage occurred it 
was cleared by flooding the tube and using the mo.ins 
pressure to force the carrier past the obstruction, No 
details are avail.able of the use made of the device, 
but it is not difficult to imagine some amusing 
repercussions.

It is also interesting to note in passing that in 1893 
the United States Post Office Department put into 
service the first of a number of 6-in. diameter tubes 
for the transmission of mails. Prior to this, pneumatic 
street tubes had only been used successfully for 
telegrams and the like. By 1908, 150 tons of mail (or 
17 per cent. of the total weight) was moved each day 
by U.S. tubes at a speed of about 30 miles per hour, 
and by 1918 8-in. diameter tubes were in use and were
favourably reported upon.

Almost from the beginning two sizes of street tube 
were standard in this country, viz. 2! in. and 3 in. 
diameter and there is little difference between the 
standard construction methods employed to-day and 
those of 50 years ago. In fact some of the tubes 
installed under the City streets about 1880 are still in 
use. The system working from the Central Telegraph 
Office now comprises some 70 tubes with lengths up 
to 2i miles.
Symbols Employed.

In the sections which follow, v,.p, p and l are used 
to represent mean velocity across a section, absolute 
pressure, density, and distance along the tube from 
the high pressure end, respectively.

Where symbols for velocity refer specifically to the 
carrier and the air and the context does not make 
clear which, the respective prefix<s "c" and "a" 
are added, e.g. ,v represents the velocity of the cari er. 
For the terminal conditions capital letters P and V 
are used. Tile suffix " I " indicates the high pressure 
end and"2"the low pressure end; thus.Vi represents 
the mean velocity of the air at the high pressure end. 
f L and D are the length and diameter of the tube. 
h0 is the pressure drop across the carrier. Except in 
equation (9) where it is specifically indicated otherwise, 
equations are in f.p.s. units, but for general convenience 
the pressures in the curves are all’ as stated, in inches 
of mercury •

E"rly Theories and Formula.
,"ii'he paucity of literature on the subject has been 

iwintioned aheady and it is necessary to go back to 
P75 to find the only real attempt to derive formulre 
to express the transit time for a carrier in terms of the 
air pressure on a tube and its physical dimensions. 
In a paper read to the Institute of Civil Engineers,1 
Messrs. Culley and Sabine derived the following 
formula for the average velocity of a carrier in ft./sec. 
in tubes having a length exceeding 5,000 diameters:-

56 '7 (I) l ( ¡P) 5 (^2+p2) t; (f.p.s. um.ts)......... {I)
in which f = worl: performed by I cu. ft. of air in 
expanding from P1 to P,. p is the mean density and 
n is the ratio of the specific heats of air.

'Proc. J.C.E., 1875. "Tne Pneumatic Trranssmissiou of
Telegrams."
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The formula is based on the assumption that the 
<IXP'U'Sion of the air in the tube takes place adiabati­
cally, and the authors claimed that it gave results 
which agreed well with those obtained in practice.

During the discussion, which incidentally seems to 
have extended over three separate evenings, Professor 
Unwin produced a second formula based on isothermal 
expansion of the air, viz. :-

fp.2_ p.2^1,41 6\/tl ' p^p? Lp'5 units.......... 

where « is the coefficient of friction between the air 
and the wwal of the tube. The mean value quoted is 
0-028 for smooth lead.

Formulre II) and (2) are derived from total energy 
considerations and assumptions that the carrier has 
negligible effect on the motion of the air and that the 
air slides over the tube surface. Later work and some 
of the tests described in this article have shown both 
assumptions to be invalid and in Fig. 1 the predictions
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FIG, 1.—Omparison of Actual Airflow with Prediction& 
by Culley-Sabine and Unwin.

of the formulre are compared with the results of air 
fiow tests on a tube.

In 1874, the year previous to the meeting at the 
Institute of Civil Engineers, Osborne Reynolds had 
published a paper on tluid fiow2, but presumably this 
was unknown or unappreciated by those at the 

. meeting as it was not mentioned. His classic researches 
were published in 1883.3

Theory of Air Flow in Pipes.
It would be out of place in an article of this type to 

recapitulate the complete theory of the flow of air 
in pipes, but a brief outline is perhaps permissible*

'Proc. Manchester Lit. and Phil. Soc.
i Phil. Trans. Roy. Soc.
•For detailed treatment see Proc. Roy. Soc., Vol. 85, Phil. 

Trans. Roy. Soc., Vol. 215 (Stanton and Pannell) and 
"Measurement of Air Flow " (Ower).

At air speeds below the critical value for the pipe 
the distribution of the air velocities across a section 
is parabolic (see Fig. 2). In such a case the fiow is 
known as .. laminar" or "streamlined", although 
even with this class of fiow irregularities are present 
In a 3-in. diameter tube laminar flow is present only 
for velocities of less than about I! ft./sec. and for a 
2}-in diameter tube the critical velocity, according to 
Ower, is about I! ft. /sec. The streamline condition

FT/SEC VELOCITY  — 
STRE^WNE F^W

FIG. 2.—Distk:botion ot Air Velocity across TqeE,

is therefore of only passing interest in connection with 
pneumatic tubes where the air velocities are of the 
order of 30 ft./sec.

At velocities greater than the critical, the flow is 
" turbulent " and eddies are continuously present, 
i.e. the motion of the air ceases to be parallel with the 
axis of the tube across the whole section and the 
velocity distribution takes on the form indicated in 
Fig. 2. Laminar fiow still persists in the boundary 
layers near the tube walls and as in the streamline 
condition the air velocity at the wall approaches zero.

For an incompressible fluid the equivalent of the 
friction force per unit area of tube wall is, according 
to Ower, approximately proportional to vm where

m = 2 —
29T

/vD\” 
85 + —

\ 7

(3

' and y is the kinematic viscosity of the fiuid.
The term " friction force " used above is convenient 

but inaccurate. The pressure difference Sp (Fig. 3) is

Fu;. 3.—Conditions for Elemental Disc of Air jn Tuaa.
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balanced by the viscous forces, due to the velocity 
gradients across the section (Fig. 2), i.e. it causes the 
layers of air to slide one over another. A fair average 
value for "m" for tubes of the diameter of pneumatic 
tubes and at velocities and temperatm;es normally 
encountered is 1 -75.

Individual values of m at 20"C are :—
1 -77 for a 3-in. tube at 30 ft./sec.
1 46 for a 2t-in. tube at 30 ft./sec.
I 43 for a 3-in. tube at 15 ft./sec.
1 42 for a 2t-in. tube at 15 ft./sec.

The effect of a lower temperature is small but 
20°C was chosen because it is near the mean tempera­
ture of the air in the first group of tests to be described.

Thus for the elemental disc of air shown in Fig. 3
Sp 
St xv 1"76 • ••••••• ••••• •• • 14)

The relevance of the prescribed quality of " in­
compressibility " is that if the fluid is compressible 
it will expand whilst flowing in the direction of 
decreasing pressure and this expansion will of itself 
increase the velocity. This effect becomes appreciable 
in a long pneumatic tube where the pressure to work 
the tube may be 10 lb./sq. in. or more, so that the 
absolute pressure of the air falls by about one-third 
during its passage through the tube and there is a 
corresponding increase in velocity.

Although all this is in accordance with the present 
accepted theories it is not in agreement with the 
assumptions of Unwin or Culley and Sabine, and the 
first tests to be described were aimed at checking 
expression (4) and ascertaining whether it was justified 
to consider the carrier as carried along at the mean 
velocity of the air with negligible effect on the air flow.
Measurement of Air Velocity.

To those familiar with the subject there is nothing 
noteworthy in the method employed to measure the 
air velocities in the tests described in the sections 
which follow. It was based on the nozzle described 
in B.S.S. No. 726. This nozzle is illustrated in Figs. 4

Fig. 4.—Nozzle.

and 5 and depends for its operation on the " Venturi 
effect. Thus a constriction in a pipe through which 
fluid is passing will cause a temporary increase in tl 
velocity (and consequently the velocity head) and 
corresponding decrease in the static head or pressm

Fie. 5.—Sectional View of Nozzu;.

The pressure drop across the nozzle may be measun 
by a " U " tube and from a simple formula tl 
quantity of air passing can be determined.

The beauty of the nozzle method is that 1 
calibration is required if the plates are constructed 
the limits quoted .in the specifications and the 
limits are realisable without difficulty.

The nozzles used had a I tin. throat diameter ai 
were mounted in a length of 3 in. pipe, the whc 
being connected to the tube under test irrespective 
whether it was a 2!-in. or 3-in. diameter tube. : 
accord precisely with the specified conditions for i 
use the nozzle should have been used in a tube of n 
smaller diameter than 3! in., but allowance was mai 
for this fact by recalculating the nozzle constant.

Air Flow and the Effect of Carriers in a Short Tube.
A 2! in. diameter tube 660 ft. long was available 

the basement of the Central Telegraph Office and 
series of tests were made on this, to determine t 
mean air velocity resulting from various applied ; 
pressures. Tne curve of the results, which has be 
mentioned already, is given in Fig. 1, together wi 
corresponding curves obtained using the formulre 
Unwin and Culley and Sabine.

The agreement between the predictions of t 
formulre and the results obtained is poor and altbou, 
the minimum tube length of 5,000 diameters whi 
was stipulated by Culley and Sabine was not availab 
Unwin specified no such limitation to the applicati 
of his very similar expression and the differen 
between the predicted and the actual results is t 
great to be explained by the short tube.

Tne curves of Fig. 6 were obtained using a series 
weighted carriers in the same 660 ft. long, 2t- 
diameter tube and show that even the lightest carrii 
are slower than the undisturbed air stream.

208



Fig. 6, taken together with Fig. 1, provides a fairly 
clear proof that the assumptions of the earlier workers 
were not well founded.

^^^URE ON '^M M INCHES Of' MERCURY

FIG. 6.—Effect of Carrier Weight on Average Speed.

The Jaw of the air flow curve gives a general 
approximate expression (see Fig. 3) :—

Sp ,.,, 0^802 X 10-^ .. ... ...31 = v ’* x -------d------ p (f.p.s. umts)..........(5)

The value of the index agrees exactly with the pre­
diction of equation (3). When the pressure is measured 
in inches of mercury the constant becomes l • 13 X 10-®

The Mechanics of the Canier.
Having cleared the ground by showing the in­

adequacy of the earlier views on the subject, it is 
appropriate to turn to the problem of providing an 
alternative solution to the prohlem. A first step is to 
consider in detail the forces acting on the carrier.

Pneumatic tube carriers are of somewhat rough 
construction and do not ft exactly the tubes in which 
they work (see Fig. 7). A clearance of about i in. on

ZONE OF- 
DISTURBED 
AIR

ZONE OF 
DISTURBED 
AIR

Fig. 7.--CONJECTURED Air-Disturbance Around Carrier.

the diameter is typical. Experience has shown that 
there is nothing to be gained by making the carrier 
fit the tube closely and in old tubes with numerous 
distortions such a step is likely to occasion frequent 
blockages. As will be seen later, the theoretical 
considerations confirm the practical experience.

At a steady speed it would seem that three main 
forces act upon a carrier, viz.:-

(i) The friction reaction between the carrier and the 
tube. This in a level straight tube is equal to K^W, 
where ^ is the coefficient of friction, W the 
weight of the carrier and K depends on the fit of the 

carrier in the tube. If the carrier is an average fit in 
the tube the friction reaction may be sensibly greater 
than /AV. Some static tests with working carriers 
gave K^ = 0^6.

(ii) The air pressure on the leading face of the carrier. 
Tnis force is made up of a part represented by the 
head necessary to move the air in front of the carrier 
and a part which appears hitherto to have received no 
consideration, viz., a back pressure due to the motion 
of the carrier.

It seems clear that the presence of a carrier in a 
stream of air flowing through a tube must create a 
disturbance in the normal distribution of flow. The 
presence of slow-moving boundary layers has already 
been mentioned, and when these are disturbed by the 
carrier it is clear that a back pressure will be built 
up, and it is conjectured that immediately in front of 
and immediately behind the carrier zones of air will 
exist which are moving in a manner radically different 
from air elsewhere in the tube. Fig. 7 conveys a 
general picture of what is envisaged.

The conditions are presumably similar to those 
existing in front of a tube train and it happens that 
the clearance between a train and the wall of a tunnel 
is proportionately equal to that between a carrier and

VELOCITY IN F1 /SEc.
FIG. 8.--TRAIN RESISTANCE IN TuNNEL AND IN OPEN.

air rcsistf\llce to a tube train varies with speed and 
the clearance with the tunnel walls. Tne resistance is 
converted to air pressure on the front of the train. 
Support for the author's theory comes mainly from 
the striking reduction in wind resistance which results 
from only a 4 in. increase in the tunnel diameter.

The part of the force on the face of the carrier which 
is due to the resistance of the column of air in front of 
it will depend on its position relative to the ends of 
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the tube, but as a first approximation, the resistance 
of the whole tube without a carrier can be considered 
equal to the sum of the resistances of the lengths of 
tube up to and beyond the carrier.

The value of the back pressure occasioned by the 
carrier disturbing the velocity distributions (Fig. 2) 
can at this stage be written/ (,v), i.e. a function of the 
carrier velocity.

(iii) A pressure difference, h, between the rear and the 
front of the carrier, which maintains its motion.

Clearly,
h,xareaof theendof the carrier=K2W+/(cv) .. (6)

Since the carrier is not an exact fit in the tube the 
pressure h, will cause air to leak past, and this 
leak expressed as an air velocity over the whole section 
of the tube will presumably be equal to some function 
of h,, viz., F(h,) and thus:-'

.v = ,v + F(h,) .................................................. (7)

Determination of h,, /(,v) and F(h,).

To determine the values of h,. f(,v) and F(h,), the 
tests already described were extended to include 
measurements of the mean air velocity in the tube 
whilst carriers were passing through it. Some of these 
results are given as curves with those of carrier 
velocity and air velocity without a carrier in Fig. 9. 

by considering the conditions obtaining with a pres 
head OD (Fig. 10). The carrier velocity is then DC

0 D

PRES RE OH TVBE IN INCHES OF MERCUR'f
F'IG. J0.-Jb£LATION BETWlUtN AIR AND CARRIER VltLOCITl&S. 

whereas the air velocity is DA, hence the equivalent 
velocity of the leakage air F(h,) is AC. If the carrier

3 AND &02. CARRIERS '8 AND 2402. CARRIERS

PRESSURE ON TUBE IN INCHES Of" Hg. PRESSURE ON TUBE IN INCHES OF H9.
PIG. 9.-CARRIER VELOCITIES, AND MEAN AIR VELOCITIES WITH AND WITHOUT CARRIER.

By applying the equations derived in the previous 
section to these groups of curves as indicated in 
Fig. JO, the values of h, and F(h,) can be measured 
and /(,v) then obtained from equation (6) and the 
values of ^, K and W. The method can be understood 
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were not present in the tube the pressure EB wonld 
• result in an air velocity DA, hence the p^resnre 
across the carrier h, is AB. In. this way the curves of 
Fig. 11 were obtained and those of the pressure drop 
across the carrier are of the same general shape as the 



corresponding curves for the tube trains in Fig. 8.
Before examining the derived curves it is as well to 

decide how accurate_they are likely to be. The testing 
methods used to obtain the basic curves are susceptible 
of an accuracy of ±2 per cent. or better, but to 
realise it improved facilities and more time would be 
necesrsa y than were available with this work, which 
was an adjunct to some purely utilitarian tests. The 
types of inaccuracy present in the results are such that 
whilst the general shapes of basic curves are likely 
to be fairly accurate, their placing relative to the 
ordinates is not so certain. Tnis condition will of 
oourse result in a much greater inaccuracy in the 
derived curves.

If the theory outlined is representative of the facts, 
a common curve. of F(h,) -h, should result and since 
it represents the air leaking past the carrier relative 
to the pressure across the leak, and the leak is effec­
tively a small orifice, it should conform to a square 
law. Fig. ll(a) approximately confirms these
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FIG. 11.-CURVES DERIVED FROM F'JG. 9.

expectations and is consistent with the leakage 
measured with a stationary carrier.

Further, since the air disturbance resulting from the 
motion of the carrier through the tube is independent 
of the weight of the carrier, the curves of h, 

against ,v for the various carrier weights (Fig. 11 
(b)), should have a common shape and reduce to a 
single curve when K,, x area of carrier end is sub­
tracted from each. The common shape is present but 
the second criterion is met ouly very approximately.

Air Flow in a Long Tube.
The increase in velocity that occurs in a long tube 

as the air pressure fal along its length has already 
been mentioned, and the factor forms a complication 
in estimating the transit time of such a tube. A first 
step towards deriving an expression for the mean 
velocity was to obtain formulre for the air velocities 
at the ends of a long tube using equation (5). 
Integrating from the conditions of the elemental disc 
of Fig. 3, the expression

V = *7|Pi™ - P D
. 1 A/' P1" /b75xO^8O2xlO — 8piL
(f.^r.s. units) ......... .. ..... . . .. .. . .. ..... (8) 

is obtained.
The term in brackets is approximately equals to :—

1 -28 (Pi - P2)'""......................................... (9)
within the relevant range when the pressures are 
converted to inches of mercury and P, = 30, i.e. the 
condition for a pressure tube open ta atmosphere at 
the exhaust end. As before, 0 ^802 x 10^ is then re­

p equal to ,V1 }.
placed by l 43 x 10-3 (see equation (5)) . •Vjis of course 

It was impossible to check these 
formulre because at the time no long tube was available 
which was reasonably free from leaks. An approximate 
check is however afforded by the curves of Fig. 12
which will be discussed later.

Tests of Long Street Tubes.
Shortly after the inspection and testing of the street 

tubes had commenced, it became obvious that it would 
be hopeless to attempt making many of the tubes 
even reasonably air tight. Tne great expense of

FIG. 12.-ArRFLOW CoNDITIONS IN LONG TUBE WITH 
MODERATE LEAKAGE.

211



excavating in the City, and the absence of any method 
of locating the individual leaks of a series in a long 
tube, made it necessary to limit the reconditioning 
work to the removal of dents, blockages and the 
worst of the leaks.

It was decided, therefore, that some leakage must 
be accepted, the only problem remaining being how 
much air was likely to be necessary to work the 
leaking tubes. Tne standard tube test gives no real 
indication of this, especially when applied to a long 
tube. The test to determine the air required took the 
form of a measurement of the air supplied and a 
simultaneous measurement of the air leaving the 
distant end (vice versa for a vacuum tube) using the 
nozzles already described. Fig. 12 shows the results 
obtained with a tube which was among the best of 
those examined in the preliminary survey.

The curves include one showing the result of 
applying to a tube (C.T.O./T.T.) from C.T.O. to the 
London Wall office the expression for aV1 given in 
equation (8). Agreement with the tests results is not 
good, but if it is assumed that leakage from the tube 
is confined to the portion in the neignbourhood of the 
C.T.O., the differences between the curves are not 
greater than might be anticipated.

Conclusion. .
It cannot be pretended that the theories propounded 

in this article have been completely substantiated by 

the results obtained in the tests, bnt it is claimed that 
there is sufficiently close agreement between the two 
to indicate that the sugg.estions are on the right lines. 
No complete expressions for carrier transit times, etc., 
have been derived because it was thought that it was 
useless to do so until the ground work had been made 
secure by more careful and systematic tests, which 
were not possible for the reasons previously mentioned.

It may well be wondered what justification there 
can be at this late stage for expending thought in 
analysing the mechanism of a method as old as the 
pneumatic tube. One excuse m'ght be made that all 
knowledge carries its own reward, but there is another. 
Although the street tube is obsolescent it is by no 
means certain that the house tube is equally so. It is 
being used on a steadily increasing scale for the 
conveyance of bills, tickets, money, samples, etc.; and 
with the rising cost of manpower, labour-saving 
methods of all sorts are likely to find new spheres of 
use. Tlle house tube offers considerable scope as a 
means of reducing to a rrtinimum the amount of low 
grade labour used in transport of official papers, etc.

Finally the author would like to record his thanks 
to the members of the L.T.R. P0wer Section who 
assisted in the tests and the preparation of the 
drawings, and to the London PJ.Ssenger Transport 
Board for permission to publish the results of the 
train tests.

Book Reviews
"'Telephony," Vol. I. J. Atkinson, A.M.I.E.E. IH3 pp.

694 il . Sir Isaac Pitman & Sons. Ltd. 35s.
Although this book is stated to be a new edition of 

Herbert and Procter's "Telephony," the general layout 
and method of treatment differs so v.'idely from that of 
previous editions that it is in fact an entirely new 
publication. As with Volume I of the previous edition, 
the book deals only '\vith general principles and manual 
exchange systems, leaving Volume II (now in course of 
preparation) to cover automatic exchange systems.

Since there are many excellent textbooks available on 
Electrotechnology, the author makes no attempt to cover 
electrical prin<-iples ; for somewhat different reasons he 
has also excluded reference to External j>lant and 
Transmission Theory. Many will agree, however, that 
the additional information on telephone signalling and 
s\vitching included in the space thus made available is 
ample justification for the omissions.

The outstanding feature of the present volume is the 
novel treatment accorded to the subject in that the 
various signalling, transmission and switching principles 
have been dissociated from the exchange systems to 
\vhich they normally apply and, as the author claims, 
it is thus possible more effectively to compare the merits, 
limitations and field of application of each method. 
Having disposed of general principles in some 13 chapters 
the remaining nine chapters are devoted to a description 
of the complete circuits involved in the various manual 
systems used in this country and include chapters on the 
Sleeve Control System, Auto-manual and Trunk Ex­
changes, Po'\ver Plant and :rtfaintenance and Fault 
Testing.

The exhaustive description of fundamental circuit 
elements will enable the student to benefit to the full from 
his reading of later sections of the book ..Of further 

value to him will be the exercises (with answers) included 
at the end of each chapter and the useful appendix giving 
extracts from the City and Guilds Regulations and 
Syllabuses for their examinations in Telecommunications 
Engineering. Completed in 1947, the whole work is well 
up to date and can be recommended with confidence ; it 
will undoubtedly rank as a new standard work on the 
subject. \Vhether considered as a reference work for the 
telecommunications engineer or as a textbook for the 
student, it does far more than merely maintain the high 
standard set by earlier editions. J. R.

"Wireless World " Great Circle Projection Map.
Iliffe & Sons, Ltd. 2s. 6d. (3s., post free).

Readers of the article on zenithal-equidistant maps 
in the July 1948 issue of the Journal may be interested 
in this published map drawn with London as the centre. 
It was prepared by the late J. St. Vincent Pletts whose 
article in the "Wireless World" as long ago as 1919, 
drew attention to the use of these maps in connection 
with radio communication. The world is represented on 
a circuJar graticule just over two feet in diameter and 

• although no place names are marked in on the map, a 
table at the bottom gives the latitude and longitude 
and local time relative to G.M.T. of about 160 of the more 
important towns. The scale of the map along lines 
radiating from London is one thousand miles per inch. 
A footnote suggests that if distance is required in kilo­
metres a metric rule should be used, but there does not 
appear to be any advantage in using one. since the sea.le. 

is 633 kilometres per centimetre or 1,609 kilometres per 
inch, neither scale being particularly convenient. 
Although based on London, the map will give bearings 
which are sufficiently accurate for many radio purposes 
from anywhere in the British Isles to points between 
two thousand and ten thousand miles away. T. K.
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Tungsten Carbide Tipped Tools
U.D.C. 621.9

F. S. LEWIS

This article outlines the manufacturing processes involved in the production of tungsten. carbide tipped tools, indicates the 
special grinding technique employed and draws attention to the improved performance obtained as compared w'th that for 

normal high-speed steel tok.

Introduction.

TUNGSTEN carbide tipped tools have been in 
use in the Post Office factories for a number 
of years for machining operations on a wide 
range of both metallic and non-metallic materials. 

Tools in common use include turning and parting 
tools, formed cutters.and reamers.

The cutting tips, suitably brazed on steel shanks 
(sec Fig. 1) remain sharp for long periods, enable

Fig. 1.—Some Types of Tips and Tools.

larger and faster cuts to be used and can be employed 
to operate satisfactorily at temperatures of up to 
about !90°C, without coolants.

During the last war tools of this type were used 
extensively and in a large variety of shapes for cutting 
tough materials such as nickel-chrome and molyb­
denum steel. Their use undoubtedly contributed to 
the success of mass production methods for the 
mechanised vehicles, etc., used in modern warfare.

Tips have also been developed for the wearing 
edges of gauges, micrometers, glass drills, coal cutters 
and dies, and for application in many other instances 
in which high resistance to wear is required.

The major constituent of the tip is mono-tungsten 
carbide, one of the hardest substances known. This 
compound is very brittle and it is made into a usable 
alloy by a special process of powder metallurgy in a 
way such that small particles of tungsten carbide are 
cemented together by a metal of lower melting point, 
generally cobalt, thus producing a "cemented" 
carbide.

All raw materials used in the manufacture of the 
tools must be of the highest possible purity, since 
most impurities, if present in more than a minute 
trace, lead to low hardness, porosity and brittleness.

During the processing of the powders every care is 
taken to prevent contamination by dust, etc., and all 
trays, vessels, containers and plant with which the 
powders come into contact are made of non-rusting 
material, usually stainless steel.

Initial Processes.
Wolfram, an ore composed mainly of tungstate of 

iron, manganese and silica, is subjected to chemical 
processes for the extraction of ammonium para­
tungstate or pure tungstic oxide which is then 
reduced to tungsten metal powder in electric furnaces 
at a temperature of 800-1,000°C, in an atmosphere of 
hydrogen.

Rigid control of temperature and rate of hydrogen 
flow is necessary to ensure a uniform product and the 
metal so produced has a purity of 993 per cent. The 
particle size of the tungsten powder can be controlled 
within any desired limits, to suit the grades required, 
by varying these conditions. To obtain fine grain 
and high hardness in the finished products, the 
particle size of the tungsten metal is about I micron 
(0-001 mm). The reduced metal is sieved and sorted 
in grain size and oxygen content.

The next stage is the process of converting tungsten 
metal powder into tungsten carbide, and it . is 
interesting to note that in this operation all the 
operators carry out their duties in " slow motion " 
procedure ; no hurried actions are permitted, and all 
draughts are excluded from the building. These 
precautions are necessary to prevent the super-fine 
powder from being scattered about. The powder is 
mixed for several hours with a predetermined and 
accurately controlled amount of lamp black (pure 
carbon). The homogeneous mixture is then packed 
into graphite boats and heated in a special furnace to 
l,500°C in a hydrogen atmosphere. The effect of the 
high temperature is to cause a chemical combination 
to take place between the tungsten and carbon so that 
tungsten carbide is formed.

The resulting carbide is crushed and sieved and 
samples are taken for determination of the carbon 
content, etc. Theoretically, tungsten carbide contains 
642 per cent. of carbon, and every effort is made to 
produce material to this figure; the limits allowed 
are very small and not much more than a very minute 
trace of " free" (uncombined) carbon is permitted.

Cobalt metal powder is produced from pure, 
finely sieved black cobalt oxide in a manner similar 
to that used for tungsten carbide. Here, again, grain 
size is of paramount importance since any departure 
from specification will influence the subsequent 
ball-milling and sintering operations. The cobalt 
content used in the alloy varies between 43 per cent. 
and 20 per cent., depending on the required application, 
and, in addition, some grades of tip include small
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quantities of titanium carbide and tantalum carbide, 
each of which is prepared in powder form at the 
initial stage. •

The powder constituents are thoroughly m.ixed by 
prolonged ball-milling in stainless steel mills with 
carbide balls and the operation is carried out wet, 
since more efficient mixing and finer grain sizes are 
thus obtained. At the end of the milling period, which 
may be from a few hours to several days, the contents 
of the mills are emptied and dried in vacuum ovens. 
The powder is then sieved and subjected to final tests. 
If satisfactory, lubricants such as a solution of cam­
phor in petrol or paraffin wax in carbon tetrachloride 
are added to assist in the subsequent pressing 
operation.

At this stage, when the powder processing is com­
plete, samples are taken from each canister and are 
analysed both chemically and spectrographically to 
check the composition. This is followed by the 
preparation of sintered test-pieces which are examined 
for porosity, hardness, density, micro-structure and 
toughness. When the material has passed these 
extensive tests the powder, contained in stainless steel 
canisters, suitably labelled with the grain size and 
composition, is ready for the manufacture of tips to 
proceed.

Manufacture of Tips.
The powder undergoes an initial pressing operation 

whereby it is formed into ingots or blanks. This is 
carried out by placing the powder in steel moulds and 
subjecting to hydraulic pressures up to 15 tons per 
sq. in. The ingots so produced are very fragile and 
they are therefore subjected to a so-called pre­
sintering process in electric furnaces for about half an 
hour at temperatures of 700-900°C, in an atmosphere 
of hydrogen. The effect of this pre-sintering treatment 
is to give the material a chalk-like consistency with 
sufficient mechanical strength to enable it to be cut 
and ground to the required size in preparation for 
final sintering. If paraffin wax has been used to 
reduce friction during pressing, two preliminary heat 
treatments at about 40°C are necessary to effect the 
removal of the wax. .

The pre-sintered ingots are cut into pieces of 
required size and the shaping is carried out with 
metal-bonded diamond impregnated wheels or special 
silicon carbide wheels; in some cases the pieces may 
also be turned or cutter-ground. In shaping the tips, 
allowance must be made for shrinkage which varies 
between 20 per cent. and 30 per cent., depending upon 
the pressure used during forming. Each dimension is 
therefore increased to allow for this.

A recent development is the nse of automatic . 
moulding presses. They are fed fr<ll11 a hopper into 
the die, and the tips are pressed and finally ejected. ' 
By this means, tips of a required shape and. size can 
be produced at a high rate.

The formed pieces are now ready for final sintering. ' 
They are packed into graphite boats and sent to the 
final sintering furnaces and it is during this very 
important stage that certain changes take place which 
result in changing the material from a soft, brittle 
substance into a dense hard alloy. When the material 
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reaches a temperature of approximately 1,200° C, the 
cobalt begins to dissolve tungsten carbide and as the 
temperature increases more and more carbide is 
taken into solution. This alloy of cobalt and 
tungsten carbide has a much lower melting point 
than that of pure cobalt and the liquid so formed 
" wets " the minute carbide crystals which, by 
surface tension and stress, are drawn together into a 
compact dense mass. By this means it is possible to 
produce perfectly sintered material at temperatures 
well below that of the melting point of pure cobalt.

To obtain the best properties in the sintered material 
the temperature and time of treatment must be closely 
controlled ; these conditions vary with the grain size 
and analysis, the time of treatment being between 
one-half and two hours. During the whole sintering 
period an atmosphere of hydrogen is maintained in 
the furnace, the primary object being to prevent 
oxidisation of the carbide, although the reducing 
atmosphere also removes slight traces of oxygen which 
may be present in the material.

The finished tips are now subjected to a rigid 
dimensional and quality inspection consisting mainly 
of density, hardness and fracture tests, and, where 
necessary, microscopical examination is carried out.

Although the presence of cobalt gives the tip a 

useful degree of toughness it is still fairly brittle on 
account of its hardness ; toughness increases with 
increasing cobalt coptent, but hardness suffers to 
some extent. The hardness obtained is between 1,30 
and 1,700 Vickers Diamond Hardness depending on 
the grade. An important property of the material is 
its ability to retain its great hardness at the higb 
temperatures generated during machining, whereas 
other types of ferrous machine tools lose their 
hardness at temperatures over 500-600°C.

As previously mentioned, the material is a cemented 
carbide, the particles of carbide being held in a matru 
of cobalt, and acquires its hardness by virtue of th< 
inherent hardness of the tungsten carbide. It i.! 
therefore obvious that no heat treatment subsequen1 
to final sintering can alter the hardness. Methods used 
for hardening steel are without effect on the materia: 
and may result in the cracking of the tips.

The design of the carbide tipped tools diffen 
basically from that of high-speed steel tools becauS< 
of the difference in physical properties. Steel too 
practice generally is unsuited to the sintered carbides 
and, particularly, the acute cutting angles permissibl! 
with steel tools should not be used. Suitable ti1 
diil)ensions in relation to shank sizes havi,ng beer 
considered the next process is the brazing of the ti1 
to the steel shank. The shanks for cutting tools an 

usually 0^35 per cent. carbon steel of correctly selectec 
section, milled and ground. Four methods of brazin1 
are used :—

(1) Oxyacetylene torch used for occasional brazini 
of small quantities.

(2) Gas or electric furnace for all types and sizes
(3) E!ectric resistance tool tipper, and
(4) high frequency induction heating, a mos 

excellent and speedy process used where larg1 
quantities of tools are to b.e brazed (see Fig. 2).



Fig. 2.—High Frequency Induction HeAfi.NG for Brazing.
In each process the setting-up procedure is similar ; 

the tip, shank and brazing gauze are all cleaned and 
freed from grease by carbon tetrachloride ; the flux 
is applied to the entire end of shank, the sheet and 
tip, the sheet is placed between the tip and shank with 
a liberal overhang and heat is then applied. When 
the brazing metal is seen to melt, the tip is pressed 
well back into the recess with a rod so as to squeeze 
out any excess of brazing metal and held until set. 
The tool is then immediately plunged into a bin of 
graphite powder, lime or mica, and left to cool. "This 
prevents oxidation and ensures a gradual dissipation 
of heat ; when cold, excess flux can be removed by 
hot water.

Some idea as to speed of brazing with the high 
frequency induction process is conveyed by the fact 
that the heating time is in the region of 15/20 seconds. 
It can be appreciated, therefore, that when dealing with 
large quantities of similar tools, automatic time control 
to switch off the current can be used to advantage.
Griniing.

Correct grinding is necessary to obtain the best 
results from the tipped tools. Ordinary grinding
methods are not satisfactory as the exceptional hard­
ness of the tungsten carbide necessitates the use of 
special methods. Silicon carbide wheels of 14 in.
diameter are used for the rough grinding, running at 
peripheral speeds of 5,000 ft. per minute, and lubri­
cated with soluble oil in water. For finishing and 
grinding of special precision tools diamond impreg­
nated wheels are used, either metallic or resinoid 
bonded (usually phenol formaldehyde). They cut 
quickly and remain cool and the free cutting action 
results in an absence of excessive local heating. The ■ 
metal-bonded wheel provides a practically indestruc­
tible grinding face which remains smooth and free 
froill ridges and in which it is virtually impossible to 
form grooves. This type of wheel is well lubricated 

with water and the cut is light: The 
resinoid bonded wheel is not used with 
water but can be lubricated with a thin 
oil. The grinding machines on which 
these wheels are used are of a special 
type, as only one side of the wheel is 
used, a reversible motor being fitted to 
enable right- and left-hand tools to be 
ground. The tool is firmly held in a jig 
and is traversed backwards and forwards 
to the impregnated grinding edge, grind­
ing. away from the cutting edge of the 
tool (see Fig. 3). The finished and 
lapped tool tip then takes on the 
appearance of a black diamond and is 
ready for use.
i >It is of interest to note that a special 
tipped tool is produced, known in the 
trade as a "Chip Breaker," as the 
problem of chip disposal at high speeds 
is known to cause some concern. This 
tool breaks the turnings into small 
chips so that the work can be cleared 

while running; an unbroken chip coming off at 
high speed is difficult to remove and can be 
dangerous to the operator.

FtG. 3.—Grinding \ Tip.
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Mechanical Trunk Fee Accounting
U.D.C. 681.1: 657: 654.15

K. M. HERON, A.M.l.E.E., and 

D. L. BENSON, Grad.l.E.E.

Part I .-Principles of Punched Card Accounting

The article describes the equipment and processes used in a field trial, in which trunk statements containing details of calls 
made by subscribers are prepared by means of punched card machines. Particulars of a Trunk Charge Calculator and of 

mechanical sorting and tabulation equipment will be given in Part 2.

Introduction.

THE existing practice of the British Post 
Office in respect of trunk call accounting 
is to present each subscriber with a statement 
showing date and charge for each trunk and toll call 

completed. This information is obtained from the 
tickets prepared by the controlling operators.

The method by which charges for trunk calls are 
calculated and carried into a particular subscriber's 
statement involves a series of manual processes. 
Apart from the monotony of the work, which is 
largely concerned with sorting tickets into calling 
number order, the manual processes have been 
developed to a high degree of efficiency and are 
economical in the labour required for their operation.

It has long been recognised, however, that some of 
the repetition processes, e.g. sorting tickets into 
numerical order, could be accomplished by the use of 
machines. Such equipment, which operates under 
the control of cards punched in accordance with a 
pre-arranged code, has been used for a number of 
years by the Post Office, in the Savings Bank Depart­
ment and the Engineering Department.1

At the conclusion of the war, a study group was set 
up to investigate and report upon the possibility of 
mechanising trunk accounting procedure. This group, 
in their report, outlined a scheme using punched card 
equipment and recommended that a. trial should be 
held in an Area using equipment manufactured by 
Powers Samas Accounting Machines, Ltd., with a 
view to introducing the scheme on a wider scale.

The Present IIa nual Accounting Processes.

For an understanding of the mechanical system, a 
brief description of the present manual accounting 
practice is of assistance.

An operator controlling a trunk or toll call records 
upon a ticket the calling and called subscriber's 
number, the time at which the conversation com­
menced, the duration of the call in minutes and any 
details of additional services rendered, such as on 
personal and fixed time calls. These data, referred 
to a table of charges, fix the fee for the call, the 
amount being determined and written on the ticket 
by the exchange clerical staff. Tickets relating to 
calls connected in the different charge periods (full 
or cheap rate) are stored in separate batches, and, in 
casf'!s where a manual board handles traffic from a 
number of exchanges, the tickets are segregated into 
batches representing calls from each individual 
exchange. These batches of tickets are despatched 
daily to the Telephone Manager's Office.

In the Telephone Manager's Office, the bundles of
IP.O.E.E.]., Vol. 32, p. 94. 

tickets are filed on receipt in exchange and date order. 
When tickets for ten days have been received the 
accumulated tickets for each exchange are sorted into 
numerical order in respect of the calling subscribers' 
numbers, the date order being retained, and then 
returned to the file. Tickets received over the second 
and third ten-day periods are treated similarly and 
at the end of the month the three batches of tickets 
for each exchange are inter-sorted into calling sub­
scribers' number order. Thus, at the end of the 
month: tickets for any particular exchange are in 
numerical order, and tickets relating to calls made b\ 
a particular subscriber are in date sequence.

At the end of the month, the tickets are listed on the 
subscribers' trunk statements, the date and charge for 
each call being printed on the form by means of a 
simple accounting machine. This machine is manu­
ally .operated by means of a keyboard and includes a 
device \\rhich auto1natically adds individual charges 
and presents a total sum. These operations are 
repeated in each month of the accounting period, the 
totals for calls made in previous months being 
brought forward monthly so that when the tickets for 
the last month of the accounting period have been 
listed the statement shows the total amount due for 
calls made during the accounting period, and is then 
ready for despatch to the subscriber with his main 
account.

Proposals for Mechanised Accounting.

The problem involved is, in simplest terms, that of 
transferring information recorded by a telephonist on 
a ticket on to a particular subscriber's trunk state­
ment. This entails calculating the fee due in respect 
of the call and printing the calculated amount on the 
statement in the correct date order. In mechanising 
the procedure it was also desired to improve the 
present form of trunk statement by showing not only 
the date and charge for each call, but also the name 
of the exchange to which it was made and the type of 
call where this affected the charge, e.g. personal or 
fixed time call.

These requirements were examined and it was 
found that with one exception the existing processes 
and equipment used by the firms specialising in 
punched card accountancy were capable of fulfilling, 
or at least could be modified to meet, P.O. require­
ments. The exception was the means by which the 
fee for a call was calculated, and while both British 
1nanufacturers of punched card machinery submitted 
proposals, these were not wholly satisfactory to the 
Post Office. At this stage the Engineering Depart­
ment was consulted and undertook to design and 
produce an equipment to work in conjunction with 
the punched card machinery to calculate call fees.
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The proposals were based upon the use of a card 
which originates as a telephone ticket and is subse­
quently punched to encode the information inserted 
by the controlling telephonist. Such " dual purpose " 
cards are a well-known feature of punched card sys­
tems. The physical dimensions of the card are 
dictated by the punched card equipment and fortu­
nately the "Powers Four" card is of almost the same 
shape and dimensions as the standard trunk ticket ; 
thus the space available for the insertion of written 
information by the controlling telephonist is not 
seriously reduced.

desired order ; and (c) printing the information 
required. Other operations are included to meet 
varying requirements, the most usual being an 
operation to check the accuracy of the punched 
holes.

Installations operate on the principle that cards of 
fixed dimensions and common to a particular system 
are perforated with holes according to the code em­
ployed by that system. The various machines 
recognise this code and function within their limita­
tions according to the information " punched in " 
to the card.

Basic Principles of Punched Card Accounting.
In general, punched card accountancy involves 

three basic operations : (a) coding the information 
in terms of punched holes ; (b) sorting cards to the

The "Powers Four" Card.
A card of the Powers Four series printed to indicate 

punching positions is shown in Fig. 1. Viewed along 
the length of the card there are 36 columns, in each of
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which there are 11 possible 
punching positions (the 
eleventh position is located 
above the 0 position). Thus 
any integer in a decimal 
system can be encoded in 
each column by perforating 
one position in the column. 
Alphabetical information 
can also be encoded on a 
basis of one letter or symbol 
to each column by perforat­
ing one or two positions in 
each column. This provides 
sufficient combinations to 
encode the 26 letters of the 
alphabet together with such 
symbols as are required.
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Fig. 2. Stages in the Preparation of a Ticket.

(a) Manuscript entry. (b) Initial Punching. {c) Check Punching. (d) Verified and Call Charge Punched.
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Processes and Equipment used in Field Trial

A new dual-purpose ticket, type T.T.5, is being used 
for timed calls at parent manual boards in the Area 
selected for the field trial. Fig. 2(a) is a facsimile 
of a ticket showing manuscript entries in respect of a 
trunk call. The ticket layout has been designed so 
that the subsequent punching operations do not 

Fig. 3. Automatic Kev-Punch.

obliterate essential data, since the ticket represents 
an accounting voucher and may be required for 
reference in cases of dispute.

The charge letter, shown in the box on the right 
side of the ticket, is inserted by the exchange clerical 
staff by reference to a table which defines the 
radial separation between called and 
calling exchanges in terms of a charge 
letter. In the illustration, charge 
letter G indicates that the distance 
between called and calling exchanges 
js between 35 and 50 miles, for which 
the three-minute call charge for full 
and cheap rate periods is Is. lOd. and 
Is. 2d. respectively. The tickets in 
bundles each relating to the calls made 
from particular exchanges and sub­
divided into those for full and cheap 
rate periods, are despatched at daily 
intervals to the Telephone Manager's 
Office.

Initial.Punching Operation.
The perforation of the cards to 

encode the written information is done 
by a manually controlled, power-driven 

_punching machine (Fig. 3), known as 
an " automatic key-punch " (abbrevi- 

.ated to A.K.P.). Fig. 4 gives a general 
view of the machines in use on the trial 
installation.

The A.K.P. incorporates mechanism for extracting 
cards from a magazine and feeding them through two 
intermediate positions, in which positions the cards 
remain stationary, to the delivery magazine. A 
manual keyboard is provided which, via Bowden 
type cables, causes the operation of punch " knives " 
or rods. These rods when operated are retained in 

that position by means of latches, 
against the restoring force of helical 
springs. The manually operated keys 
control the position of a perforation 
in any column, and a selecting 
mechanism distributes key signals to 
each column in sequence, commencing 
at column l. Thus, supposing it is 
required' to punch information in 
columns 3, 18 and 34. On depression 
of a key the column - selecting 
mechanism will communicate any 
keyed signal to a punch rod in column 
3, the actuated rod being latched. 
Restoration of the key causes the 
column-selecting mechanism to move 
to column 4. Depression of a "skip" 
key indicates that column 4, and 
possibly subsequent columns, are not 
required for punching and the column­
selecting mechanism moves until it 
meets a mechanical stop, which in 
this case would be set at a position 
appropriate to column 18. After 
keying information into column 18, 
depression of the " skip " key would 

cause the mechanism to slide until it reached a stop 
indicating column 34. The mechanical stops are set 
before a batch of cards is inserted into the machine. 
When all necessary information has been keyed the 
operator depresses a " punch " key, which causes the 
card to be forced into contact with the latched 

FrG. 4. The Canterbury Installation.
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rods and thus perforated iu the selected positions.
In the initial punching stage the operator depresses 

keys in respect of the following data :-
(a) The type of call, e.g. ordinary call, personal 

call, fixed time call, for which data column 24 
is allocated.

(b) The calling subscriber's number, which is 
recorded in columns 25 to 29 (five columns to 
deal with five-digit numbers).

(c) The call duration in tens and units of minutes, 
which is punched in columns 30 and 31 
respectively.

(d) The charge letter, which is recorded in column 
32.

A batch of cards representing calls originated from 
a particular exchange is inserted in the feed magazine. 
Depression of the punch key causes the bottom card 
in the magazine to slide forward to a " viewing " 
position, intermediate between the magazine and the 
punching mechanism. In this position the A.K.P. 
operator reads off the essential data from the card, in 
the sequence (a) to (d) above, and depresses the 
requisite keys in accordance with this data. At the 
conclusion of this operation, depression of the punch 
key causes the card to move forward to the "punching" 
position, where it again comes to rest. Concurrently, 
the next card in the batch moves from the magazine 
to the viewing position. In the punching position the 
card is accurately located on the punch plate, which is 
drilled in all possible punching positions, the drillings 
being of slightly larger diameter than a punch rod. 
The punch plate and card are lifted under control of a 
camshaft, and the card material is forced into contact 
with the latched punch rods and thus perforated. On 
restoration of the punch plate the latches are operated 
and the punch rods reset to normal positions. The 
punched card remains on the punch plate until, the 
next depression of the punch key, when it is fed forward 
and deposited in the delivery magazine. Concurrently 
a card which has been viewed and for which the data 
has been keyed is deposited on the punch plate. 
Fig. 2(b) shows the appearance of the card at the 
conclusion of initial punching. The data punched 
refer to that inscribed on the ticket. In this initial 
operation, experienced operators can attain punching 
speeds of up to 1,000 cards an hour.

Check Punching.
It is recognised that this initial punching operation, 

which records data on which the call charge will be 
assessed and the subscriber's number to which the 
charge wil be posted, is liable to error on the part of 
the A.K.P. operator. To reduce the possibility of 
mistakes passing undetected each batch of cards is 
again punched in respect of the basic data. This 
second operation is performed by another operator 
on an A.K.P. Additional information is also punched 
in the cards at this stage. The operations involved 
are as follows :—'

(a) Check punching in columns 24 to 32 inclusive, 
data being read from the card.

(b) Punching of information common to a batch of 
cards, e.g. date of call (day and month), code 
for full rate or cheap rate period, code number 
of originating exchange and parent group centre.

(c) Punching of called exchange name in columns 
14 to 23 inclusive, suitably abbreviating names 
of more than ten letters.

Operation (a) fa performed in a manner identicalto 
that in the initial punching operation. The A.K.P. 
in this second punching operation, however, is set so 

that the punch rods perforate the cards in positions 
slightly off centre compared with the initial operation. 
This off-centre punching causes a round hole inserted 
at the first operation to be transformed into an oval 
shape at the second operatibn, assuming that both 
operators punch identical information.

Operation (b) relates to information common to a 
batch of cards and is inserted into each card by means 
of a process known as" 'gang punching". The operator 
presets and locks the punch rods equivalent to the 
data to be inserted and thus each card is perforated 
in accordance with this common infonnation without 
further effort by the operator.

The called exchange name is recorded in columns 
14 to 23, and commencing at 14 each column 
records a letter of that name. Thus, with the card in 
the viewing position, the operator reads and keys in 
the punching code in respect of the called exchange 
name. This completed, the operator reads and keys 
the information in respect of type of call, calling 
subscriber's number, duration and charge letter, all of 
which was punched in at the previous operation. 
With the depression of the punch key the ganged and 
manually keyed information is punched into the card. 
The appearance of the card at the conclusion of this 
operation is a; shown in Fig. 2 (c). The elongated or 
" ovalised " holes in columns 24 to 32 will be noted.

Automatic Verification of Punching Accuracy.
The cards, after the second punching operation, 

are passed to an automatic verifying machine. This 
machine can be set to examine any number of columns 
simultaneously, to confinn the absence of round holes 
in these columns. For trunk call cards the machine 
is set to examine columns 24 to 32 and with a batch 
of cards in the feed magazine, each card in tum is fed 
forward into a mechanical " sensing " unit. In this 
unit the card is forced into contact with blunt ended 
steel rods, aligned one above each possible punching 
position. The difference in the area of perforation as 
between a round hole and an ovalised hole is detected 
by the blunt steel rods, which control the card 
delivery mechanism. Thus, providing that no round 
hole exists in any column on which the verifier has 
been set to check, the particular card in the sense plate 
is permitted to feed through into the delivery maga­
zine. Prior to delivering a checked card, the verifier 
causes a small hole to be punched on the card edge, 
outside the normal punching positions, to serve as a 
record that the card has been passed through the 
verifier.

If, in the preceding punching operations, there has 
been any mistake, then a card may contain one or two 
round holes in the columns to be verified (24 to 32). 
In such cases the machine permits the card to feed 
into the delivery magazine and releases a marker card 
from a special pack contained in a second feed 
magazine. This marker card has a coloured edge, 
and the card corner is not cut away. The marker card 
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follows the faulty card into the delivery magazine 
and,when the batch of cards is removed, indicates the 
adjacent card which contains divergent information. 
In such cases the faulty card is returned to the 
punching operators, and a "correction card" is 
punched to contain all the necessary information 
shown on the incorrectly punched card. The two cards 
are marked with cross reference serial numbers, the 
original card being filed, while the correction card is 
checked and inserted in the batch.

The automatic verifier is power driven and verifies 
cards at the rate of 200 per minute.

Calculation of Call Charge.
The call charge due is computed by an automatic 

calculator, which operates in conjunction with a 
punched card machine termed a " sensing/punching 
machine." This machine extracts from a punched 
card the basic data relating to a trunk call and trans­
mits this information in the form of electrical signals 
on marking leads to the calculator. From the data 
received, the calculator computes the charge and 
transmits signals back to the machine via a separate 
group of marking leads. In the machine these signals 
are converted via electromagnets to produce opera­
tion of the requisite punch rods, and at the appropriate 
period a card is perforated as required in columns 
34, 35 and 36 to indicate the call charge.

Fig. 2(d) shows the card after perforation in respect 
of call charge values in columns 35 and 36. The 
charge shown represents 3s. 4d. and as it does not 
include pounds column 34 is left unpunched.

The calculator and associated sensing/punching 
machine can deal with cards at an average rate of 100 
per minute. The equipment, with the calculator to 
the left, is shown in the photograph (Fig. 5).

Sensing/Punching Machine.
The machine was developed by Powers Samas from 

a standard automatic key punch and modified to 
operate as follows.

Power for machine operation is provided by a 
230 volt ! h.p. motor, the shaft of which is coupled 
to the machine via an electrically controlled clutch. 
A transient operation of the clutch solenoid causes the 
machine to perform a sequence of operations, which, 
when concluded,effect forcible restoration of the clutch. 
Such a sequence of operations is termed a " machine 
cycle".

A feed magazine is mounted at the front centre of 
the machine, into which is inserted a batch of cards, 
punched, verified and ready for charge calculation. 
Following operation of the clutch, the bottom card in 
the batch is fed forward and comes to rest on the sense 
plate. The card is located accurately on this sense 
plate which is of slightly larger dimensions than the 
card, and has holes drilled in all possible punching 
positions. Mounted above the sense plate and 
separated from it by a small gap, are a number of 
steel rods, each aligned above the possible punching 
positions on the columns to be sensed, in this case 3, 
24, 30, 31 and 32. These " sense " rods are tapered at 
the ends, the end diameter being less than that of a 
punched hole. Each rod at its upper extremity

Fig. 5, Calculator and SllNSiNG/PuNCH!NG Machine.

controls an individual break contact, which dis­
connects a circuit whenever the rod is lifted against 
the pressure of an individual helical spring.

With the card in position, the sense plate is raised 
and the card material is forced into contact with the 
tapered ends of the sense rods, except in positions 
where the card is perforated. Thus, where a sense 
rod impinges on the card material the movement of 
the sense plate is communicated to the rod, causing 
the associated break contact to open a circuit, while 
contacts associated with rods positioned above a card 
perforation remain closed. At the extremity of the 
sense plate travel, a master contact closes and con­
nects earth (positive side of the battery is at earth 
potential} to the common side of all break contacts. 
Those break contacts at normal, i.e. those associated 
with the sense rods situated above card perforations, 
transmit the earth signal forward to the calculator, 
causing sense storage relays to operate and lock. 
Relay storage is necessary since the master contact 
earth is applied for some 50 milliseconds, after which 
the signal is disconnected and the sense plate restored 
to normal.

With the sense plate lowered to the normal position 
the card retaining stops are released and the card, 
gripped along its short sides by power-driven rollers, 
is moved forward to the punch plate where it again 
comes to rest, restrained bya further set of card stops. 
Concurrently with this operation, a new card from the 
bottom of the batch is delivered from the magazine 
to the sense plate.

The punch plate is similar to the sense plate. 
Mounted above the punch plate are the punch r^ods, 
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which can be moved towards the plate and retained in 
this advanced position by latches. The movement 
of the punch rods is controlled by the armatures of 
solenoids, via steel connecting rods. Each punch rod 
is controlled by an individual solenoid, of which 30 
are provided. The punch rods are in this instance 
fitted above columns 34, 35 and 36, allocated for call 
charges in terms of pounds, shillings and pence, 
respectively.

The charge computed by the calculator is trans­
mitted to the solenoids, causing certain punch rods 
to move and latch in the operated position. Shortly 
after the arrival of a card on the punch plate, the 
machine cycle terminates, and if the charge value has 
not been transmitted to the solenoids before the end 
of the cycle, the clutch is released and the mechanism 
stops, awaiting the call charge signals and a re-opera­
tion of the clutch.

With the commencement of the next machine cycle,

Book Reviews
"Klystron Tubes." A. E. Harrison. ):lcGra\v-Hill Book 

Co. 271 pp. 153 il . l 7s. 6d.
'fhis was the first book to be published dealing 

exclusively with velocity - modulated valves \vhich 
acquired such importance in the development of radar.

Although the book contains valuable chapters on 
practical aspects, the approach is mainly theoretical. 
By neglecting the effects of space charge and considering 
only the motion of individual electrons in the field 
existing in the absence of space charge, the author has 
kept the mathematics in an easily understood form 
throughout. The book is very well illustrated '\vith 
theoretical characteristics derived from the mathe­
matical development.

After two introductory chapters on general construc­
tion and cavity resonators, the third chapter develops 
the theory Of electron bunching in a field-free drift space. 
The theory follows the lines originally stated by D. L. 
Webster, and in this connection it seems unfortunate 
that no references are made in the text to the fairly 
complete bibliography given at the end . of the book. 
Although the theoretical development neglects space 
charge for simplicity, it is thought that at least some 
mention should have been made of the work of W. C. 
Hahn and J. Ramo published in 1939 on the electron 
wave theory of velocity-modulated valves, which takes 
account of space charge.

The theory is applied in the next t\\'O chapters to 
calculate the theoretical characteristics of the two- 
resonator amplifier, and of frequency multipliers.

The theory of reflection bunching is developed in 
Chapter 6 and this is applied in Chapter 7 to determine 
the theoretical characteristics of reflex oscillators such as 
those used as local oscillators in receivers. It is note­
worthy that in this case the author states that the effects 
of space charge are quite important.

The theory of the two-resonator amplifier is extended 
in Chapter 8 to the two-resonator oscillator. Some 
valuable new material on multi-resonator tubes is 
included in Chapter 9. Three types are considered, of 
which the most important to the communication engineer 
is probably the three-resonator amplifier in which a 
useful power gain and output can be obtained. Interest­
ing c;urves show the large effect of detuning the second 
resonator when it is not loaded. Details of power gain 
obtainable at various output powers with various 
bandwidths would have been of great practical interest 
but unfortunately are not included. 

the sense plate lifts to sense the new card and the 
punch plate rises in unison. The card on the punch 
plate is perforated in one or more of the colurnns 34, 
35 and 36 according to the call value. The card on the 
sense plate is sensed as described previously, the • 
storage relays in the calculator having been released 
on completion of the calculation in respect of the 
previous card. Both plates lower to the normal posi­
tion, and the punched card feeds forward into a 
delivery magazine, while the sensed card occupies the 
vacated position on the punch plate. These operations 
are repeated on a cyclic basis until the delivery 
magazine is emptied, or the machine is stopped by 
the operator.

The machine is controlled by the calculator and 
the various control keys and indicating lamps are 
mounted in a sn1all sub-assembly on the side of the 
machine. The signal la'Ilps indicate to the operator 
the reasons for calculator stoppage.

Chapter 10 contains valuable new material on the 
subject of modulation of klystrons. Frequency, phase, 
amplitude and the various types of pulse modulation are 
considered. The author stresses the preference for 
frequency modulation of klystron oscillators, and 
theoretical derivations, made in earlier chapters, of the 
frequency dependence of reflex klystron or double­
resonator klystron oscillators on beam or reflector voltage 
are applied.

Further chapters deal with mechanical and thermal 
tuning, klystron operation and use, stable power supplies 
and microwave measurements. The summary of micro­
wave measurement techniques is a useful introduction 
to a subject on which, at the time this book was first 
published, no other book '\vas available. R. F. J. J.

"Technical Literature." G. E. Williams, B.Sc.(Eng.), 
A.M.I.E.E. George Allen & Unwin, Ltd. 117 pp., 
7s. 6d. .

The author of this book is Head of the Editorial 
Department of the Institution of Electrical Engineers and 
his vie,vs on the preparation and presentation of articles 
and scientific papers are 'vorthy of careful study by all 
concerned in technical authorship.

Early chapters deal with the broad outlines and general 
arrangement of a Paper, the choice of "'ords, notes on 
composition and the construction of paragraphs and 
sections. These lead to a constructive analysis of the 
accepted rules governing the preparation of a manu­
script in the form expected by Professional Institutions 
and similar bodies. A further chapter includes a descrip­
tion of the editorial work necessary before a Paper appears 
in print an(l a knowledge of this procedure will do much 
to ensure harmonious relations between authors and 
editors !

The book concludes 'vith a 12-page appendix outlining 
the psychological principles relating to the communica­
tion of knowledge and a useful note on " Editing 
Standards".

:From the beginning en1phasis is placed on the sugges­
tion that intelligibility by itself is insufficient ; an articie 
should also possess literary qualities if it is to be wholly 
convincing to the reader. A few technical authors are of 
course endowed with exceptional gifts of lucid exposition, 
but those less fortunate will find the guidance offered in 
this book is of great value. G. E. S.
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An Electronic Regenerative 
Repeater for 7t-Unit Start­

Stop Telegraph Signals
u.o.c. 621.394.645

R. 0. CARTER, M.Sc., A.C.G.I., 0.1.C.. A.M.l.E.E.

L. K. WHEEL ER, B.Sc.(Eng), A.M.l.E.E. 
and A. C. FROST.

The basic principles involved in the regeneration of start-stop telegraph signals are described, and the performaace 
requirements of a repeater are deduced. A detailed description Ur given of a repeater utilising 14 miniatare valves, which 
fulfils these requirements. Field trials of an earlier model, inserted between two tandem-con,nected radio-telegraph links, 
showed that under bad radio conditions, a reduction in error rate of up to 4 to 1 was obtained by the use of the repeater.

Introduction.

D
URING and since the war there has been 
widespread interest in the possibility of using 
electronic means for some of the processes in­
volved in start-stop telegraphy which are at present 

performed mechanically.
Greater ease of production and reduced maintenance 

costs are two of the advantages which might result. 
As regards the teleprinter itself, so long as the process 
of transmission of a message commences with the 
manual operation of a keyboard and finishes with the 
typing of a message in ink on paper, an appreciable 
part of the machine must necessarily remain mecha­
nical, and there is therefore room for considerable 
difference of opinion on the advantages to be gained 
by replacing some or all of the remaining functions by 
non-mechanical devices. The function of a regenerative 
telegraph repeater, however, is to receive telegraph 
signals which may have become distorted in trans­
mission, to regeneratej i.e., re-form them as undistorted 
signals, and then to retransmit them, either directly 
into a receiving teleprinter, or over a further telegraph 
link. It is evident that this involves no process which 
is essentially mechanical, though it may be found 
convenient, in the interests of standardisation of 
circuit arrangements, to retain a polarised telegraph 
relay at the output for retransmission. Moreover, 
the greatest advantage is gained from a regenerative 
repeater when it is inserted in the middle of a telegraph 
circuit consisting of two or more links in tandem. 
The signals may be so badly mutilated after trans­
mission over the complete circuit that no devir.e will 
be able to interpret the characters correctly, but if the 
signals are regenerated after transmission over part 
only of the circuit, before the distortion has become 
too great to be handled by a regenerative repeater, 
the distortion at the receiving end may be sufficiently 
small to enable the circuit to be worked satisfactorily. 
The repeater may therefore be located at an office 
where there is little, if any, mechanical equipment ; 
the staff may be employed mainly in the maintenance 
of voice-frequency telegraph systems and telephone 
repeaters, and will more reac.lily take to the main­
tenance of an electronic than of a mechanical telegraph 
repeater.

line circuit on which the radio link is extended to the 
terminal teleprinter; and (b) in conjunction with a 
switched telegraph system, when the number of links 
in tandem becomes large enough to introduce intoler­
able distortion. Although the repeater about to be 
described was developed primarily for use on radio 
links, and all the trials so far carried out have been 
with this application, it is also suitable for line circuits.

Fundamental Principles of the Regeneration of Start­
stop Telegraph Signals.

In start-stop telegraphy1 in contr:idistinction to 
synchronous telegraphy, the timing of the train of 
operations associated with the transmission of a 
character is independent of the timing of any^ other 
character, and a fresh character may commence at 
any arbitrary time after the conclusion of the pre­
ceding character, depending on the instant of 
depression of the appropriate key on the keyboard of 
the transmitting machine. To achieve this, the code 
signals representing each character are preceded by a 
start signal which is the same polarity ("space") for 
all characters, and are followed by a stop signal, which 
is also the same polarity (" mark") for all characters. 
This is illustrated in Fig. 1, which shows the start 
signal, the five code elements and the stop signal 
representing the letter D.
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Applications of Regenerative Repeaters.
There are two main applications for regenerative 

repeaters, so far as this country is concerned (a) in 
conjunction with radio-telegraph circuits, the repeater 
being connected either between two radio links which 
are operated in tandem, or between a radio link and a

222

In the 7 t-unit code working at a transmission speed 
of 50 bauds, the start signal and each of the code 
elements has a nominal length of 20 milliseconds, and 
the stop signal a nominal length of 30 milliseconds. 
Now, when a telegraph link is subject to noise, 
fading or other causes of distortion, the initial effect 
will be to distort the waveform of the received 
current; as, however, the receiving apparatus associ­
ated with the link usually terminates in a telegraph 
relay, the effect of the distortion as observed in the 
output of the relay will not be one of waveform but of



an alteration in the time interval between any two 
changeovers or instants of modulation in the train of 
signals representing a character. It is possible for any 
instant of modulation to occur either later or earlier 
thaN it would have occurred if the cause of distortion 
had been absent. Since, as already explained, the train 
of operations in the receiving teleprinter is initiated at 
the commencement of the received start signal, it is the 
time interval between this instant and any other 
instant of modulation which is of importance in 
determining whether or not the character will be 
correctly received.

The teleprinter incorporates a mechanical " gating " 
system, which " samples " the incoming signal at the 
centre of the correct time position of each element 
relative to the beginning of the received start signal, 
i.e., at 30, 50, 70, 90 and 110 milliseconds. If this 
gating were perfect and were carried out in negligible 
time, it is evident that any instant of modulation 
could o.ccur up to 10 milliseconds early or late without 
causing the character to be incorrectly read. As 
10 milliseconds is 50 per cent. of a unit signal at 50 

bauds, such a machine would be said to have a margin 
of 50 per cent. In practice, with mechanical selection, 
a margin greater than 40 per cent. is difficult to 
achieve, and rmder practical conditions margins of 
about 30-35 per cent. are normally maintained.

It is evident that a regenerative repeater, whether 
it be mechanical or non-mechanical, can operate on 
the same gating principle. Since each element is 
" sampled " at the centre of its nominal position in 
time, the retransmitted signal must lag by at least 
half an element behind the signal received by the 
repeater, but this is of no practical consequence. 
If a repeater of this type is used at the receiving end , 
of a circuit, immediately before the receiving tele­
printer, an improvement will result only in so far as 
the repeater may have a greater margin than the 
teleprinter ; that is to say, signals in which some of 
the instants of modulation have suffered a time dis­
placement relative to the start signal which is greater 
than the maximum tolerable by the teleprinter, but 
below the maximum tolerable by the repeater, will be 
correctly received. Since the repeater cannot have a 
margin greater than 50 per cent., the improvement 
may not be large. 'Where, however, the repeater is 
used in the middle of a multi-link telegraph circuit, 
the improvement may, for the reasons already given, 
be much greater.

A mechanical regenerator operating on the above 
principle was described in an earlier issue.1 Pre­
liminary experiments with an electronic equivalent 
showed that two additional refinements were desir­
able, at any rate when the repeater was to be used 
in conjunction with radio links. A third additional 
feature is required if the repeater is to be used in a 
switched telegraph network. These will now be 
described.

(!} Automatic Stop Insertion. On a radio link a 
signal element may sometimes suffer more than 50 per 
cent. distortion or may be lost completely, i.e., a mark 
may become a space or vice versa. When the element

'P.0.E.E.]., Vol. 26, p. 171. 

is one of the code elements, it is inevitable that a 
wrong character is received, but the cause of the error 
will not affect any characters other than the one in 
which it occurs. When the faulty element is the stop 
signal, however, the teleprinter, or the regenerative 
repeater, whichever is receiving the signals, may not 
be restored to the rest condition at the conclusion of 
the character, but may start on another cycle of 
operations corresponding to the reception of another 
character. If, at some time during this cycle, the 
start signal of the next character arrives, it will be 
treated by the teleprinter or repeater as one of the 
code elements, depending on the part of the cycle 
which has been reached at the time. If further 
characters are then received in rapid succession, with 
no idle period between them, it is possible for the 
receiving device to remain out of step with the signals 
for a considerable period, i.e., the characters printed 
will be those represented by the last elements of one 
character followed by the first elements of the next. 
Thus, one cause of error can produce many false 
characters.

When a simple type of repeater is used, in which 
the polarity of the retransmitted stop signal is deter­
mined by sampling the polarity of the incoming line 
at 130 milliseconds after the beginning of the start 
signal, it is found in practice that two effects occur 
under conditions of stop-signal mutilation ; (a) the 
repeater can get out of step with the incoming signal, 
and (b) the receiving teleprinter, operated from the 
retransmitted signals either directly orovcr a further 
link, may get out of step with the regenerative repeater. 
Considering the simple case where the output of the 
repeater is connected directly to a teleprinter, it is 
evident that whereas with the repeater in circuit 
there are two places where the apparatus can get out 
of step with the signals, if reception had been carried 
out directly on a teleprinter without the repeater, 
there would only have been one place where this was 
possible. In the course of field trials it was frequently 
found that, due to this cause, fewer errors were 
obtained when receiving directly on a teleprinter than 
with a regenerative repeater, in spite of the fact that 
the margin of the repeater was appreciably better 
than that of the teleprinter. The remedy adopted is 
known as "automatic stop-signal insertion". It 
consists in arranging that after the conclusion of the 
retransmission of the fifth code element of a character, 
the repeater inserts a stop signal of the correct polarity, 
regardless of the polarity of the incoming line. In 
the repeater being described the enforced stop-signal 
lasts for 20 milliseconds (one signal element) and the 
control is then restored to the incoming line ready for 
the reception of the next character. This is long 
enough to bring the receiving teleprinter to rest, and 
short enough to ensure that the next start signal is 
not missed even under adverse conditions, i.e., with 
the transmitting teleprinter running at the upper 
limit of permissible speed, and with considerable 
distortion preceding the repeater. It is worth noting 
that the precise length of the enforced stop signal is 
not very critical when 7!-unit transmission is used. 
The question is not quite so simple with 7-unit trans­
mission, i.e., when the nominal length of the original 
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stop-signal transmitted by the teleprinter is 1 unit 
(20milliseconds) instead of It units (30 milliseconds).

(2) Short Start Rejection. On both radio and line 
links, short spurious periods of spacing or start signal 
polarity may occur, lasting a few milliseconds. These 
arise from noise or fading on radio links and from 
brief line circuit interruptions. If one of these occurs 
during the transmission of the code elements of a 
character, an error may be produced, but only if it 
coincides with one of the instants of selection. If, 
however, it occurs during an interval between suc­
cessive characte rs, the receiving device may commence 
a cycle of operations, and if the next genuine character 
starts to arrive during the cycle, the device may get 
out of step with the signals in the same way as 
described under (1). Even during an idle period, if a 
succession of short spaces arrives, spurious characters 
may be printed.

No special measures are taken in the teleprinter 
to guard against these effects, but the inertia of the 
receiving electromagnet renders it unresponsive to 
very short signals. This safeguard is not present in an 
electronic receiver, as used in the regenerative re­
peater, unless some device is specially inserted for the 
purpose. It is evident that periods of space longer 
than 10 milliseconds must not be rejected, since they 
might be genuine start signals with up to 50 per cent. 
distortion. However the repeater does not attempt 
to retransmit correctly characters in which the code 
elements have suffered more than 50 per cent. dis­
tortion and there is no reason to provide any greater 
margin of the start signal length. Hence, if a short 
start rejection device is incorporated, it is reasonable 
to reject any start signal shorter than 10 milliseconds. 
In the present repeater, the facility is provided as 
follows. On receipt of spacing polarity, the cycle of 
operations in the repeater commences. If the spacing 
condition does not persist for at least 10 milliseconds, 
the repeater restores to the rest condition 
and no signal is retransmitted.

(3) Suppression of Automatic Stop 
Insertion. In some telegraph systems 
(e.g., switched networks) it is necessary 
to transmit a long space (i.e., longer 
than one character) signal as a clearing 
indication. To provide this facility, the 
repeater is arranged so that the reception 
of five spacing code elements in a 
character causes the suppression of the 
facility of automatic stop insertion. 
Thus, an " all space " character will be 
correctly regenerated if the commence­
ment of the received stop signal falls 
within the margin of the repeater, but if 
the condition of the receiving line does 
not revert to mark until later than this, a 
continuous space is transmitted until the 
mark is received.

Summarising the functions performed 
by the repeater,

(a) Its cycle of operations commences 
on receipt of spacing or start 
polarity.

(b) The start signal is" checked". If the duration 
is less than 10 milliseconds, it is rejected as 
spurious; the repeater reverts to the rest 
condition and awaits a new start signal. If it 
exceeds 10 milliseconds, it is accepted as 
genuine, and the repeater commences to 
retransmit a start signal.

(c) The polarity of the incoming signal is sampled 
at 30, 50, 70, 90 and 110 milliseconds after the 
beginning of the received start signal, and the 
polarity of the retransmitted code elements 
correspondingly determined.

(d) At 130 milliseconds after the beginning of the 
received start signal, an enforced stop signal 
(mark polarity) is inserted, unless all the five 
code elements have been read as space. When 
this occurs a stop signal is retransmitted only 
if one is received, otherwise a continuous space 
is transmitted until the received signal returns 
to mark.

(e) At any time later than 140 milliseconds after 
the commencement of the received start signal 
the repeater is ready to receive, and in due 
course check, a new start signal. The earliest 
time at which the new start signal can have been 
checked is therefore 150 milliseconds, and this 
is also the earliest at which the repeater can 
commence to retransmit a new start signal. 
Since the stop signal commenced at 130 milli­
seconds, it follows that the minimum length of 
stop signal is 20 milliseconds.

The Experimental Repeater.
An electronic regenerative repeater designed on the 

aforementioned principles is shown in Fig. 2 ; the 
output relay is mounted separately. It includes 
14 miniature valves which. together with their 
associated circuit components, are mounted in two 

Fig. 2.—Experimental Repeater (Two Valves are Spares}.
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units to simplify assembly and the grouping of 
intimately allied circuit elements. Except for the 
valves and the output relay, the components comprise 
resistors and capacitors only. The repeater has been 
designed to receive signals from any circuit terminating 
in a relay (e.g., V.F.T. channel or physical circuit). 
For reception direct from a long physical circuit an 
additional amplifying stage could be added.

A block-sectionalised circuit diagram is given in 
Fig. 3. The letters within the blocks indicate the 

are received from the timing circuit at 10, 30, 50, etc. 
mS. At these instants, if the line signal is a mark 
(negative polarity) the anode current remains cut off 
because the suppressor grid is biased to cut-off, but the 
screen grid passes current and a short negative puise 
is produced at the screen-grid. If the signal is a space, 
negative pulses are produced at both anode and screen 
grid. These mark and space selecting pulses operate 
the Output Trigger Circuit which controls the setting 
of the Output Relay. The coupling circuit from the

D T
x

ALL WAVEFORMS INDlGAIT CIRCUIT 
VOLTAGES EXCEPT M AND 5 WHICH 
SHOW WE CURRENT WAVErORMS

TH- 
13 140

Fig. ].—SECTIONALISED Diagram of Repeater.

points of connection to the correspondingly lettered 
leads terminating at the block, and the voltage wave­
forms in various parts of the circuit are shown with 
figures to indicate time in milliseconds after the 
commencement of the receiving cycle.

Signal Circuit.
The Signal Examining Circuit consists of a differential 

gate circuit which is opened for a very short period 
at the theoretical mid-instants of each element in a 
character, and the outputs from the circuit are con­
trolled by the polarity of the incoming line signal. 
The valve is normally biased to cut-off at the control 
grid and can only conduct when the examining pulses 

anode of the signal examining circuit has a longer 
time-constant than that from the screen, so that the 
effect of the anode pulses is predominant. The output 
trigger circuit is the well-known Eccles-Jordan trigger 
which has two stable conditions. Mark selecting 
pulses cause the first valve to conduct and space 
selecting pulses cause the second valve to conduct. 
The polarised output relay is connected differentially 
in the anode circuits of these valves and is operated 
to mark or space accordingly. This trigger circuit is 
also connected to the Stop Signal Circuit and is forced 
to the marking condition when the latter is operated, 
even though a space selecting pulse is received at the 
same time.
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Start Circuit.

The first valve of the Start Gate and Stop Signal 
Suppre.ssor inverts the incoming line signal and its 
output, which goes negative when a start signal is 
received, triggers the Start Delay (or orientation2) 
Circuit. The start delay circuit is a pulse trigger, also 
known as a " flip-flop " or " one-shot multivibrator", 
which is a variant of the basic Eccles-Jordan circuit. 
It has one stable and one unstable condition ; the 
duration of the latter is predetermined in this instance 
to be 10 mS. If the incoming start signal is normal 
(i.e. longer than 10 mS). the trigger restores at 10 mS 
but if the line condition returns to mark before this 
period has elapsed, the relaxation period of the circuit 
is terminated prematurely by the suppressor grid of 
the second valve becoming negative, a slight delay in 
this action being produced by a resistance-capacitance 
filter. In either case, a short negative pulse is gener­
ated at the screen of the first valve which is ooupled 
to the suppressor grid of the first valve of the start 
gate and stop signal suppressor circuit. The coupling 
between the first and second valves of this circuit has 
a long time-constant so that normally, the second 
valve is cut off either at the control grid or at the 
suppressor grid, which is connected to the input line. 
If a normal start signal is being received, the second 
valve is cut off at the control grid, but the suppressor 
grid is at approximately zero potential. When the 
first valve receives the delayed start pulse at the 
suppressor grid, it produces a short positive pulse at 
the control grid of the second valve. This in turn 
produces a short negative pulse to initiate the opera­
tion of the main timing circuits. Should the start 
signal be less than 10 mS long, the second valve is 
cut off at the suppressor by the negative line potential 
before a positive pulse can affect its grid, so that no 
negative pulse is generated to start the main timing 
circuit. .

For the remainder of the character period, the start 
delay circuit is guarded by the Multivibrator Control 
circuit and the stop signal circuit against reoperation 
by subsequent space signals.

Main Timing Circuit.
The multivibrator control circuit is a pulse trigger 

with a natural period of approximately 130 mS, the 
operation of which is initiated at 10 mS bythe negative 
pulse which is received from the start gate and stop 
signal suppressor. In its operated condition this 
control circuit removes the negative bias on the sup­
pressor grid of one valve of the Multivibrator and 
permits it to oscillate at its natural period which is 
accurately adjusted to 20 mS. The difierentiated 
output of the multivibrator gives short positive 
pulses at intervals of 20 mS, commencing at 10 mS. 
These are the examining pulses applied to the signal 
examining circuit. Negative pulses generated at these 
instants by the multivibrator are received by the 
multivibrator control circuit and synchronise its

2 This may be termed an orientation circuit since its function 
is analogous to the orientation control fitted to some mech­
anical telegraph receivers to permit adjustment of the times 
of element selection relative to the start signal, to compensate 
for wear or slight inaccuracies in mechanical components. 
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period to exactly 120 mS so that tbe multivibrator 
is stopped at 130 mS after producing 7 examining 
pulses.

Stop Signal Circuit.
The restoration of the multivibrator control circuit 

produces a positive pulse which initiates the action of 
the stop signal circuit, a pulse trigger of 10 mS period. 
This biases the output trigger circuit to mark for this 
period. As a new start signal cannot be examined W1til 
I 0 mS after the end of this period, the minimum length 
of the retransmitted stop signal is 20 ms.

Suppression of Automatic Stop Signal.

The intervalve coupling in the start gate and stop 
signal suppressor circuit has a time-constant such that 
the negative potential developed at the grid of the 
second valve, when a change of signal from mark to 
space occurs, will not decay sufficiently to permit 
the valve to conduct before 110 mS if no marking 
element is received. If a marking element is received 
during a character, the grid becomes positive, but the 
suppressor grid is biased to cut-off by the line con­
dition. The time-constant of the coupling is, however, 
sufficiently short to permit the valve to conduct 
before 130 mS (the instant when the multivibrator 
control circuit would normally restore to initiate the 
stop signal) . If this occurs, the suppressor grid of 
the first valve in the multivibrator is held negative, 
preventing full recovery to the unoperated condition, 
until the input reverts to mark.

Power Supply.

From a mains driven power unit, the repeater is 
supplied with + 150V stabilised, -150V and 6^3V 
A.C. for valve heaters, the total power consumption 
beings about 35 watts.

Performance.

The repeater has a receiving margin of greater than 
48per cent. (c.f. teleprinter about 35 per cent.) when the 
timing circuits are correctly adjusted. \tariations in 
speed, i.e. in the frequency of the multivibrator, do 
not exceed 04 per cent. for 10 per cent. change in 

• 

mains voltage.
A field trial of a repeater of earlier design^ inserted 

between two tandem-connected radio telegraph links 
produced the following results. During periods of 
moderately bad reception, when an unrepeatered 
circuit was giving I error in 1,000 characters, the inser­
tion of the repeater improved the error rate .to 1 in 
1,500. When conditions were considerably worse, 
giving an error rate of about 1 in 50 without the 
repeater, the rate was improved to l in 200 when the 
repeater was inserted. At first sight these improve­
ments may appear disappointing. It must be remem­
bered, however, that when the transmission c6nditions 
are such that the distortion in one radio link exceeds 
50 per cent., even a perfect regenerative repeater 
cannot read the characters correctly. From a practical 
point of view, the reduction in the work and in lost

8 This design followed similar principles ; the circuitry was 

basically simpler, but 26 valves \Vere required.



circuit time involved in correcting errors, represented 
by the above improvements in error rate, renders the 
repeater well worth while.

Conclusion.
An attempt has been made to inclnde all the 

facilities which appeared to be necessary or desirable 
for the regeneration of teleprinter signals transmitted 
either over radio links or land-lines. Some of the 
facilities might be omitted and the design corres­
pondingly sitpplified, if a repeater of less general 
application were required. For example, if " short 
start rejection " and " q.utomatic stop suppression " 
were not required, a repeater designed on the same 
basic principles would contain 8 valves instead of 14.

The importance of the number of valves depends on 
the extent of the use to be^ made of regenerative 
repeaters. If they are confined to special positions, 

e.g. at the ends of radio links, on international cir­
cuits, or on inland point-to-point or switched circuits 
consisting of an exceptional number of links in tan­
dem, then the numbers involved will be so small in 
comparison with the total equipment in the network 
that the number of valves and the bulk and power 
consumption of the repeaters are of only minor im­
portance in comparison with efficiency, reliability 
and ease of maintenance. On the other hand, if it were 
proposed to fit a regenerative repeater to a large pro­
portion of the links in a telegraph network, so as to, 
make them "zero trunks" (i.e. of no distortion), 
then a reduction in the number of valves by even one 
or two would be important, and it might be wprth 
omitting-some features which gave only a small im­
provement in performance in order to reduce the size 
and power consumption of the repeater.

At the present time, the restricted type of applica^ 
tion appears to be the more probable.

Book Reviews
" Elementary Telecomrnunications Practice." \V. T.

Perkins, A.M.Brit.I.R.E., A.:M.Inst.B.E. George 
Newnes, Ltd. 272 pp. 173 ill. 12s. 6d.

Rearrangement of the City and Guilds of London 
Institute's Telecommunications Examinations syllabus 
in 1946 introduced Elementary Telecommunications 
Practice as a new subject and the author states that his 
aim was to produce a small volume covering the syllabus 
of the new examination. The need for such a book is 
admitted, but on many points the author can hardly 
be said to have achieved his intentions.

The author has omitted to deal with a number of 
sections of the ne'v syllabus such as disSipation of heat 
in electrical apparatus, power rating of coils and 
resistors, the multiple principle, switchboard jacks, 
contact materials and pressures, and battery charging.

The practical description of telecommunic!ltion 
apparatus follows normal lines but explanation of 
fundamental elementary principles is often vague and 
confusing. This failure to treat fundamental principles 
to the extent required by elementary students is the 
main weakness of this book.

The radio aspect is disappointing. The chapter on 
aerial systems is v.reak and sometimes inaccurate. Special 
features of inductors, capacitors and resistors for high 
frequencies are not discussed in sufficient detail.

The section on telegraphy is reasonably adequate, but 
it is unfortunate that the description of a Morse key and 
d'etails of the numerical part of the Morse code have been 
omitted.

Vague treatment of elementary principles, a number 
of inaccuracies and omissions make the value of the 
telephone aspect, which constitutes the main part of the 
book, somewhat doubtful. For example, neglect to 
derive the law for resistors in parallel from first principles 
on pages 11 and 37 leads to a wholly unconvincing 
treatment on the necessity for a central battery of 
negligible resistance. Again, an inaccurate statement 
appears on page 18 and in Chapter IV, that "when 
charging secondary cells it is usual to keep the charging 
current constant throughout the charge."

Chapter II does not exp1ain the importance of avoiding 
closed magnetic circuits and this leads to a confusing 
statement on the significance of the residual gap in 
relays, while, on page 144 is made^the remarkably brief 
statement 1hat the induction coil is necessary in telephone 
instruments to obtain a voltage step-up to line.

Page 161 is confusing on the fundamental reasons why 
transmission bridges are required, as the separation of the 
two lines for signalling is not explained, and chapter XI 
omits to explain the fundamental reasons for, and the 
general arrangements of, the multiple.

In a book published in 1948 it is regrettable to see an 
old type re1ay diagram in Fig. 2, an old type coaxial 
cable in Fig. 147, and the repeated references to 
condensers instead of capacitors.

The foregoing comments, which could be extended, 
will serve to indicate that the book will require extensive 
revision to meet the requirements for which it was 
intended. s. w.
" Tables of Bessel Functions of Fractional Order." 

Vol. I. 413 pp. 1948. Prepared by the Computation 
Laboratory of the National Applied Mathematics 
Laboratories, National Bureau of Standards, New 
York. Columbia University Press.

An important class of functions which arise in the 
applications of mathematics to engineering problems 
are Bessel functions. Sometimes an engineer is incon­
venienced by a lack of tables of such functions. Conse­
quently he will welcome any extension of the existing 
tables and particularly the present volume of Jt1 (x) 
Bessel functions of fractional orders n = ± 1/3, ± 2/3, 
± 1/4, ± 3/4. These functions are of great value in the 
solution of some of the more difficult differential equa­
tions encountered in the theory of telecommunications. 
For example, they arise in the theory of non-uniform 
transmission lines in which the series impedance varies 
as xm and the shunt admittance as x-m: again, they 
are met with in the Carson-Pollaczek analysis of wave 
propagation in stratified media. In the problem of wave 
propagation round the earth, Bessel functions of orders 
1/3 and 2/3 are encountered, and the present tables will 
be useful when numerical results are required.

The book gives recurrence formulre from which the 
reader can obtain from these tables the values of Bessel 
functions of fractional orders greater than unity ; this 
feature may be of value in connection with the numerical 
analysis of problems involving vibrating sectorial 
membranes.

The present volume is likely to prove of very great 
value to the physicist and engineer ; and it is encouraging 
to find that such a concerted effort is now being made 
to extend the existing tables of Bessel functions. H. J, J.
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A Miniature Audio-Frequency W. T. DUERDOTH, B.Sc., A.M.l.E.E.. and 

Amplifier j. garlick, b*.  a.m.i.e.e.
U.D.C. 621.395.645.029.3

This article illustrates the application of circuit design techniques to miniaturisation by reference to a design of an 
audio-frequency line amplifier which occupies a space of only 2!"x.2!,,.x4f' . The design also serves as an 

example of the employment of more than one feedback path.

I.ntroduction.
MINIATURISATION" as applied to 

equipment for the Services has been an 
important study for some years past, 

but the demands of extreme portability have not 
made themselves felt in Post Office line transmission 
equipment. However, when there is shortage of accom­
modation, economy of mounting space becomes of 
greater importance. A preliminary study has, 
therefore, been made of the possibilities of miniaturisa­
tion of audio-frequency line equipment.

It is recognised that the problem must be viewed 
broadly and that reduction in size of certain selected 
items might not be worth while if other items cannot 
also be made smaller. As a beginning, the miniaturisa­
tion of the audio-frequency line amplifier has been 
studied, and this article describes an efficient unit 
having a performance better than that of existing 
amplifiers. Although designs of the associated line 
transformers and equalisers have yet to be studied, 
a note of the extent to which reduction in size should 
be practicable is included.

Experience with existing line transmission equip­
ment shows that a large proportion of faults is due 
to non-soldered or dry-soldered connections. This 
amplifier uses a miniature valve with a B7G base 
and, to eliminate holder troubles, soldered connections 
are used. The abandoning of the usual panel mounting 
in favour of a more open construction has increased 
access to components and should assist in the observa­
tion and elimination of dry-soldered joints. The 
amplifier is arranged to jack in and so to be readily 
removable from the panel to facilitate maintenance ; 
the power connections are the only unsoldercd con­
nections in the unit, soldered straps being provided 
for the input and output circuits.

The normal repeater station supply of 130 volts 
does not permit the type of valve suitable for line 
amplifiers to be used to the best advantage, and under 
suitable operating conditions it is possible to obtain 
improved performances by using 250 volts H.T. With 
this voltage it is possible to obtain the same output 
power from the valve without increased anode 
dissipation by using a reducetj. anode current. In 
addition, the raising of the screen voltage to _250 volts 
tends to cause an increase of anode current which can 
be prevented by an increase in the cathode resistor. 
This results in an increased amount of D.C. feedback, 
so that the anode current is maintained constant for a 
longer period ; this may increase the useful life of the 
valve.

Component developments which have taken place 
during the last 10 years are not such as to produce 
much saving in space. Available valves are rather 
smaller, but there has been no improvement in 
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available magnetic materials. Considerable reduction 
in size can only be achieved therefore by more compact 
assembly of components and by the use of an improved 
circuit which will enable the performance required 
from individual components to be relaxed. The CV 
138 is a suitable high-slope pentode (gm =7 -5 mA/V) 
smaller in size than earlier valves such as the P.O. 
VT 149 (gm = 2^2 mA/V), but the value of the 
increased slope is somewhat offset by the higher anode 
current (10 mA compared with 5 mA) necessary to 
realise the slope, so that the design of the output 
transformer is made more difficult due to the increased 
polarisation.

In capacitors, the metallised paper construction 
has made available a range of capacitors suitable for 
decoupling circuits and which occupy only about a 
third of the space of foil capacitors.

Existing transformers occupy considerable space, 
and as there has been no outstanding development in 
core materials, an amplifier considerably smaller than 
existing types can be made only through major 
changes in circuit technique. In.particular, the trans­
formers could be reduced in size if they were within 
the feedback loop, but with a single feedback path, 
stability considerations make this impracticable ; 
however, if a subsidiary feedback path is introduced,1 
a stable amplifier can be constructed with feedback 
over the output transformer, so that the require1nents 
for this transformer are greatly relaxed. Even with 
multipath feedback circuits, the inclusion of both 
transformers within the feedback loop is likelv to 
present a stability problem which itself will impose 
limitations on the transformer designs. Although 
external to the feedback path, the input transformer 
can be reduced in size by designing it as a high-pass 
filter, details of which are given later.

DESIGN OF AMPLIFIER CIRCUIT
The specification^ requires an overload point of 

+ 17 db.,. but with 250V H.T. supply, the CV 138 is 
capable of delivering about +24 db. into its optimum 
load. For this amplifier, therefore, the anode load can 
conveniently be raised above this optimum to give 
additional stage gain, in which case the design of the 
output transformer becomes the limiting factor. An 
anode load of 35,000 ohms is the maximum realisable 
with a fin. x i in. core so that \Vith a valve slope of 
7 -5 mA/V the voltage gain from the grid of the valve 
to the 600-ohm line winding of the output transformer 
T2 (Fig. 1) will be 27 -5 db.

No advantage is obtained by connecting the input 
transformer TI inside the feedback loop, since phase-

i Brit sh Provisional Patent 34976/46.
• See Appendix I.



Fig. !.—Circuit Diagram.

shift requirements outside the working band would 
put a more severe limitation on the transformer design 
than do the given return loss requirements. The 
maximum voltage step-up has been obtained from 
the input transformer by designing it as a high-pass 
filter.

With a ¿ff in. x l in. mumetal core, a step-up of 
21 -5 db. is obtained, while meeting the input return­
loss requirements and allowing for variations in the 
core material.

The input transformer and valve stage together 
provide a forward gain of 49 db. With total trans­
former losses of 23 db. about 17 db. of feedback can 
be expected when operating with a gain of 30 db. 
This is ample to ensure that the gain/frequency 
response and harmonic generation are within the 
specification.
Feedback Paihs Necessary for Stabliiy.

Since the output from the amplifier is to be 
balanced with respect to earth, the feedback voltage, 
taken from the line winding of the output transformer, 
must be fed back to the grid circuit through a trans­
former T3 ; thus the ultimate slope of the loop 
feedback characteristic at high frequencies will be 
24 db./octave. The connection of about 17 db. of 
loop feedback alone would under these conditions 
cause instability, particularly as additional phase-shift 
is caused by the grid circuit impedances. At low 
frequencies the ultimate slope is 12 db./octave, so 
that some 17 db. of feedback is unlikely to cause 
oscillation, although the stability margin may not be 
very large. ‘

To make the amplifier stable at high frequencies 
and to improve the stability margin at low frequencies 
the feedback characteristic has been modified by 
subsidiary voltages1, obtained across two networks 
C3, R7, LI and C4, RS, R9 in the cathode circuit 
which, while having little effect within the working 
frequency band, considerably modify the characteristic

Fig. 2.—Amplitude of Loot ano Subsidiary Feedback 
Voltages.

on either side. The amplitude responses of the 
loop (that is with the subsidiary feedback dis­
connected) subsidiary and combined (loop plus 
subsidiary). feedback voltages are shown in Fig. 2, 
and the corresponding Nyquist diagrams in Fig. 3.

FIG, 3.-NYQUIST DIAGRAM OF LOoP AND SUBSiDiARY FEEDBAcK ON 30 DB. GAiN SETTING.
A minimum margin of stability occurs at 72 kcfs 
when the 24 db. gain setting is used.
Input Transformer.

Because of the higher slope of the CV 138 compared 
with that of earlier valves such as the P.O. VT 149, 
less voltage step-up from the input transformer is 

229



necessary, so that a smaller transformer is possible. 
By utilising the shunt inductance of the transformer 
as an element of a high-pass filter,2 a further reduction 
in size is possible. To reduce the effects on the return 
and transmission losses of differences in the per­
meability of samples of the core material, the filter 
has been designed to, and terminated on both sides 
with, twice the nominal input resistance (Rl and R2). 
A voltage step-up of 2b5 db. is thus obtained on a 
fa- in. x l in. mumetal core, while meeting the 
return-loss requirements.

An analysis of the network is given in Appendix II. ’
The Vatve Stage.

With the maximum possible anode load (35,000 
ohms) ample power output is available, so that it is 
convenient to feed the transformer from the high 
impedance valve and to obtain the required output 
impedance by the connection of a suitable resistor 
across the line winding of the transformer. The out­
put impedance is substantially equal to this shunt 
resistance since the current feedback renders the 
impedance of the output transformer sufficiently high.

The design of the output transformer is dependent 
on the D.C. flux produced by the anode circuit. An 
increased anode current increases the slope available 
from the valve but decreases the maximum anode 
load that can be obtained from a transformer of a 
given core size. However, examination of this problem 
shows that the maximum stage gain is obtained when 
the maximum permissible anode current is employed. 
For this amplifier an anode current of 9 mA is satis­
factory and a 2-mil gap is used in a radiom_etal core 
which is subjected to some 60 ampere-turns polarisa­
tion. The gap in the core reduces the sample-to-sample 
variation •of the shunt inductance which has con- 
si<l.erable influence on the stability margin at low 
frequencies.

The current feedback is obtained from the centre 
point of the output transformer and is fed to the grid 
via a step-up transformer T3 designed to give a flat 
response over the working band. The gain control is 
obtained by adjusting the loss in the feedback circuit. 
A 3 db. step is obtained by a tapping on the trans­
former and three I db. steps are obtained by tappings 
on the closing resistors (R3, R4, R5 and R6).

Tests Results on- the Experimental Models.
A few models of an' experimental design have been 

constructed to the circuit of Fig. 1, and tested ; some 
typical results are given in Tables I and 2.

In an amplifier employing more than one feedback 
path, the determination of the effect of the feedback 
on gain stability and harmonic generation by valves 
and transformers is complex. The valve character­
istics are modified by a factor equal to the combined 
feedback, or in the notation of Appendix III by 
(1-Pi{1i-P,p.2(33), while the transformer character­
istics are modified by the amount of feedback which 
exists at the output transformer with the subsidiary 
feedback connected, that is by

1 - WJl 
  1-P,/3,____________________ .

2 British Provisional Patent 37805/46.
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TABLE 1

MAXIMUM AND MINIMUM GAINS

Freq. (c/s) Gain 
max.

(db.) 
min.

Nominal 30-00 24-00

300 29^90 23^95
500 29^80 23^90

■ 800 29^80 23^90
1,500 29^90 24-00
2,500 30-00 24 40
3,400 30-05 2445

. 200 30-00 24-05
6,000 30-05 2425

Table 2.

Input and Output Impedances

Freq. (c/s)
Return loss against 600 ohms (db.)

Input Output

300 25 'J:/
500 30 31
800 26 34

1,500 24 37
2,500 23 38
3,400 21 38

In the present amplifier, some subsidiary feedback 
in the working band has been unavoidable, although 
it has been minimised so as to obtain the maximum 
reduction in the harmonic generation of the output 
transformer. For a typical amplifier, these amounts 
of feedback are given in Table 3.

TABLE 3.

Freq. (c/s)
Factor reducing 
harmonic in out­
put transformer 

(db.)

Combined feedback, 
i.e. factor 

modifying valve 
characteristic (db.)

300 11 134
500 134 14^9
800 144 154

1,500 . 132 164
2,500 12-2 162
3,400 10^3 162

The harmonic generation in the amplifier will be 
worst under conditions where there is least loop feed­
back, and measurements have therefore been made 
with the 30 db. gain setting. The results in the table 
show that the harmonic content in the output does 
not exceed 5 per cent. for output powers up to 
+22 db. and that with an output power of +17'db. 



the sii5nal/harmonic ratio is better than 42 db. The 
transformer harmonics are greater at low frequencies 
and measurements have therefore been made at 300 
CiS as shown in Table 4.

Table 4.

Level 
(db.)

Level of 2nd 
harmonic 

below signal 
(db.)

Level of 3rd 
harmonic 

below signal 
(db.)

Total per­
centage 

harmonic

I - 5 53-5 61 -0 0^22
4-10 50-5 60-5 0^31
+ 15 45-5 57 4) 0-59

+ 17 434) 5H-O 0-74
+ 20 40-5 46-5 l -07
+ 21 30-5 43-5 1-20

+ 22 37 41 34-5 23
+ 23 27^5 26-5 , 6-4

Mechanical Considerations.
Although the amplifier described has not yet been 

developed for Post Office use, some features of the 
mechanical construction which have been incorporated 
may be of interest.

The amplifier is mounted in a screening can about 
2! in. x 2t in. x 4! in., one end carrying the plug 
for connection to the power supply jack, and the other 
end the soldering tags for the input, output and gain 
control connections/ Fig. 4 shows the layout used for 

Fig. 4.—An Experimental Model.

some experimental models. Several improvements, 
such as a more reliable power supply plug and a frame­
work consisting of bakelite moulding, will un­
doubtedly be necessary if the amplifier is produced 
in quantity.

Many amplifiers have frequently to be connected 
in tandem in a single circuit and must, therefore, have 
a fault liability considerably lower than is necessary 
for many other types of communication equipment. 
With this in mind it was considered that the mecha­

nical strength and the contact fault liability of the 
B7G valve base were not consistent with this high 
standard of reliability, and it was decided to weld 
nickel soldering wires to the valve pins, making the 
valveholder unnecessary. This construction, together 
with the compact nature of the amplifier, makes main­
tenance of the amplifier in situ impracticable, so to 
facilitate removal and replacement the amplifier has 
been constructed to plug into a power supply jack, 
the input and output leads being soldered direct to 
the amplifier wiring.

• Considerations of heat dissipation make it im­
possible to mount on a bay as many amplifiers as 
their size allows unless forced ventilation is employed, 
and it may therefore be desirable to interpose 
associated equipment, such as line transformers or 
equalisers, between the amplifier units on the 
amplifier bay. Alternatively, a somewhat larger unit 
comprising an amplifier complete with attenuation 
equaliser, possibly in the feedback path, and input 
and output transformers with tappings arranged to 
match the lines directly, might be used ; this would 
achieve a further saving of space.

Possible Size Reduction of Total Equipment
It is important to consider the effect of the redesign 

of the amplifier on the saving of total equipment. 
With existing P.O. equipment, four amplifiers are 
mounted on a 19 in. x 7 in. panel and the four sets 
of associated line transformers and equalisers occupy 
a similar panel; the panel area per channel is therefore 
66^5 sq. in.

Disregarding heat dissipation, it should be possible 
to mount twelve of the new amplifiers on a 7 in. panel, 

i.e. 11 sq. in. per amplifier. By re­
designing the line transformers'on i in. 
x i. in. cores their mounting space 
could be halved; at present it is 
assumed that no reduction in size of 
the equaliser unit is possible. On this 
basis, the auxiliary equipment for 12 
amplifiers could perhaps be mounted 
on a 10-in. panel, thus reducing the 
total panel area per channel to about 
28 sq. in. Thus complete redesign 
might lead to a space reduction of 
about 58 per cent. while redesign of 
the amplifier alone might yield about 
33 per cent.

APPENDIX I
Amplifier Specification

The following requirements have been 
used as a basis for the present design : —

(a) The maximum gain of each amplifier shall be 
30 ± 0-5 db. at 800 c/s.

(b) The gain at 200 c/s shall not be more than l so db. 
lower than the gain at 800 c/s.

(c) In the frequency range 300-3,400 c/s, the gain 
shall not differ from that at 800 c/s by more 
than 0+ db., and in the frequency range 3,400- 
G,OOO c/s the gain shall not differ from that at 
800 c/s by more than l •O db.
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(d) The gain of the amplifier shall be adjustable in 
six steps of 1 •O ± 04 db. from the maximum 
setting.

(e) The input and output impedances of each 
amplifier expressed as a return loss against 
600 ohms shall be greater than 20 db.at 800 c/s, 
and greater than 15 db. at all frequencies within 
the range 300-3,400 c/s.

(f) The harmonic distortion with an output of 
+ 17 db. at 800 c/s shall not exceed 5 per cent. 
of the fundamental.

A

■ A<
TRANSFORMEK DESIGNf".ll _\5 
FILTER.

^- «

ma

APPENDIX II
THE DESIGN OF THE INPL"T TRANSFORMER AS A 

HIGH-PASS FILTER'
Since the input transformer is not included inside 

the feedback path, the transformer characteristics 
will add directly to the amplifier characteristics.

To obtain the step-up required together with a 
shunt inductance sufficient to meet the return loss 
specification would have required a fin. x f in. 
Murnetal core, but the use of a smaller core is possible 
by designing the transformer as a high-pass filter 
employing the shunt inductance as one of the elements, 
though the reduction in size is somewhat offset by 
the introduction of the capacitor elements. Difficul­
ties also arise due to possible variations of up to 
± 40 per cent. in the shunt inductance of individual 
samples, and a single constant-k section, closed 
with its design resistance, will then show excessive 
variations in return loss. This variation, and the size 
of the capacitors required, are both reduced if the 
design resistance of the filter section is equal to twice 
the nominal input resistance required and if the filter 
is then terminated on both sides with its design 
resistance. This network is shown in Fig. 5, where 
the shunt loss of the coil is represented by mx?“Q 

The impedance presented by the network at the 
terminals A—A is given by :—- ■

j»
FIG. 5.-NETWORK FOR INPUT

HIGH-PASS

where x = w/w0; w0 = 2 1T x cnt-oft frequency of the
filter, and the variation of m from unity indicates the 
extent to which the shunt inductance departs from 
the nominal filter value.

The return loss will be smallest at the lowest fre­
quency used, and if this is at say x = 2, then with 
15-mil Mumetal stampings, which give a Q of 1 •6 at 
300 c/s, equation (I) can be evaluated for various 
values of m. The corresponding return losses are 
shown graphically in Fig_ 6. It will be seen that a

db

6 7 da ,■a » in 6

Fig. 6.—Return Loss.

Ro 
where

Zaa _ A + iB
C

(!) return loss of better than 15 db. at 300 c/s is obtained

m2Q2( 1 + 
_ -—_

A l+Q'

2 Y

1 ■' Q' I 
+ -1. ( + x‘> I

_ m2Q2x mQ2(X + 2x Q)
B 2(1 + Q') + i + Q'

The loss of the network may be defined as 
Generator E.M.F.20 log _ 6-0 db.rn Received P.D.

where the generator having an internal impedance 
Ro/2 is connected to A—A, and the received P.D. is 
the open circuit voltage at the temiinals B-—R. For 
the network of Fig. 5, the loss is given by :—

(2) 20 logio

J” + 4x + 
--

a
m

+ b
m2 (3)

-- (1--X2)
where a =

12 1S

_Q2(i+x2) 
x2(l+Q2)

Q2 ■ x2

——   —-
Qx x2

b = ( i -Q2)(
2x
4x___
- - 10

10
x2 T !!4 )f (4)

Taking the lowest frequency in the amplifier band as 
at x = 2, and using values of Q obtained on 15-rnil
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Mnmetal stampings (i.e. about ! -6 at 300 c/s, falling 
to 0-5 at 3,400 c/s), Joss curves between x = 2-0 and x 

= 28 (300 c/s — 3,400 c/s) for various m values are 
shown in Fig. 7. It will be seen that to meet the 

245 ± 40 per cent. This range of variation in m 
should be sufficient to allow for differences in 
individual samples of core material.

Fig. 7.- Theoretics. Loss with Various Values of" jn." 

specification for both transmission and return loss, m 
must he restricted to between 1 3 and 3, i.e. m -=

APPENDIX III

Notation used for an Amplifier Including a 
Subsidiary Feedback Pathi

Forward gain p.^ can be divided into two sections 
^1 and p^.

Subsidiary path is obtained at the division and has 
a loop gain Jr

Main path includes all the forward gain and has 
loop gain of P2f'2^s

Quantity involved in stability criterion
= ^A + ^1M,{33

Factor reducing harmonics of p1
= 1 — MimA

Factor reducing harmonics of ^2 = I —

Book Reviews
"Royal Signals Handbook of Line Communication,"

Vol. I. II.M. Stationery Office. 875 pp. 763 ill. 20s.
This is the first of two volumes produced by the School 

of Signals for Army use and sets out to cover th_e basic 
theory of line co1nmunication, including the necessary 
mathematics. It contains a wealth of information, 
presented in a form which can be readily assimilated ; 
although well sprinkled_ with mathematics, it is very 
readable. Vlhile it is no substitute for the leading text­
books on the subject, its lucidity will undoubtedly appeal 
to most students.

The mathematics, up to linear differential equations 
and harmonic analysis, and the basic theory of electricity 
and magnetism seem adequate but it is a pity that B.S.I. 
terminology has not been adhere<l to ; "'e should have 
expected to read of capacitors having capacitance rather 
than of condensers having capacity.

Line communication is a very wide subject and some 
gaps are inevitable, but is it hardly to be expected that a 
book which devotes over 13 pages and 21 illustrations to 
balanced rectifier modulators and a whole chapter of 
42 pages to negative feedback, should include only three 
lines on two-\virc circuits. No reference can be found to 
balance-networks, return-loss or singing-point, there is 
only the most casual mention of equalisers and the only 
indexed reference to crosstalk is to a statement that on 
a long line it might be sufficient to drown the signal I. 
J:>erhaps some of these deficiencies are made good in the 
second volume, dealing with practical applications.

In the chapter on feedback, which, on the whole, is 
exCellent, the tenns " parallel " and " series " feedback 
are used to describe the method of connection to the 
input circuit and not the method of derivation from the 
output circuit. This conflicts with common usage and 
may cause some confusion.

Silicon carbide is a material now in common use and 
it seems inappropriate to refer to it by a trade name 
" atmite " (with a small " a ") to the exclusion of other 
proprietary brands. The reference to nickel-iron alloys, 
particularly Permalloy, are so incomplete as to be 
misleading.

It is to be deplored that H.M. Stationery Office have 
not provided a binding more appropriate to the hard 
usage which the book undoubtedly merits. R. ] . H.

"Magnetic Materials." F. Brailsfor<l. Methuen's 
Monographs on Physical Subjects. 156 pp. 86 ill. 
Methuen & Co., I..t d. 6s.

It may be said at the outset that in this book Dr. 
Brailsford has produced a worthy member of an already 
distinguished series. For a small book (150 pages only), 
it contains an amazing amount of information, each 
chapter being complete with a full set of references. 
The first half of the book is theoretical, the treatment 
being refre..,hingly free from higher mathematics, the 
remainder is devoted to a description of the no'v exten­
sive iange of magnetic n1aterials,

The telecommunications engineer may be disappointed 
that so little has been included about materials which 
are his special interest, but as a whole the treatment is 
fair and balanced. Carbonyl iron is now made in both 
Britain and America and is available in a number of 
grades with various properties; the analysis in the table 
on p. 86 refers to one of the soft, dccarburiscd grades 
and not to the usual powder used for high-frequency dust 
cores ; this contains about 0 ^8 per cent. carbon and 
O 3 per cent. nitrogen. There is no reference to the use 
of Permendur (50/50 iron-cobalt) for receiver diaphragms 
because of its high saturation value or to the use of 
12-! per .cent. molybdenum Permalloy with a Curie point 
of 40°( to adjust the temperature coefficient of Per- 
malJoy .dust cores, or of Sendust. These arc all smal1 
points ; the omission of any reference to the \vork of 
Snock and his collaborators, particularly on the ferrites is 
more important and \Vill no doubt be rectified in the next 
edition.

The work as a whole 'vill be very valuable to research 
workers and others concerned \vith the use and develop­
ment of magnetic materials. C. E. R.

" Radio Data Charts." R T. Beatty, M.A., B.E., D.Sc. 
(Revised by J. McG. Sowerby, B.A.. Grad.I.E.E.). 
Iliffe & Sons, Ltd. 93 pp. 7s. 6d.

The popularity of this work is sho\vn by the fact that 
this ls the second impression of the fourth edition. It 
contains a series of forty-four ahacs and claims to 
provide most of the essential data required in receiver 
design. It will undoubtedly continue to appeal to those 
who cannot live without their abacs. A. H. M.
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Notes and Comments
Recent Award

The Board of Editors has learnt with great pleasure of the honour recently conferred upon the following 
mernber of the Engineering Deparilnent :-

Shrewsbury Telephone Area . . Manners, W. ,. Engineer Major, Royal Member of the Order of

Binding for Volume 41
This issue of the Journal completes Volume 41 

and subscribers wishing to have their copies bound 
are recommended to make early application. Binding 
cases are also available as for previous volumes.

Particulars of the method of ordering and cost of 
bindings are given on p. 242.

Publication Delay
In spite of considerable efforts to reduce delay, the 

increased size of the Journal and Supplement and 
the continuing difficulties in printing work generally 
have reacted adversely on publication dates.

Although no early improvement in this situation

Signals the British Empire

can be foreseen, readers may be assured that the 
matter is engaging constant attention.

list Anniversary of Holborn Exchange
It is a matter of considerable interest to record 

that Holbom, the first director automatic exchange 
to be opened in this country, came of age in November 
last, an event which was not allo\ved to pass without 
suitable recognition.

A large company of those associated with the 
exchange in various capacities during the twenty-one 
years of its existence met in the Holborn building to 
celebrate the occasion and an account of the pro­
ceedings is given on p. 239 of this issue.

The Institution of Post Office Electrical Engineers
London Centre

PROGRAMME OF MEETINGS-SESSION 1948-49 
ORDINARY :.\fEETINGS

To be held at 'fhe Institution of Electrical Engineers, 
Savoy Place. Victoria Embankment. W.C.2, commencing 
at 5.0 p.m.

Monday, 7th February.-" Improvements in Tele­
phone Signalling." S. Welch, M.Sc., A.M.I.E.E., and 
H. J. Fleetwood, A.M.I.E.E,

Monday, 14th March.—" The Introduction of 
Automatic Switching to the Inland Teleprinter 
Neb.vork." H. E. Wilcockson, A.M.I.E.E., and C. W. 
A. Mitchell, A.M.I.E.E.

1\-londay, llth April.-" \\Tire Broadcasting." F. 
Ho1linghurst, B.Sc., A.M.J.E.E., and Vil. Prickett, 
A.M.I.E.E.

Tuesday, 3rd May.-" The Scientific Work of the 
Post Office." L. E. Ryal!, Ph.D., B.Sc., M.I.E'.E.

JNFORMAL MEETINGS
To be held at the L.T.R. Headquarters Rcfreshn1ent 

Club, Sth Floor, \iVaterloo Bridge House, S.E., com­
mencing at 5 p.m.

Wednesday, 2nd March.-" l'he Validity of the 
Faults per Tel. per Annum Statistic as a Crite1ion of 
Telephone Service." S. Rudeforth, A.M.l.E.E.

Wednesday, 30th March.—" Transmission Per­
formance-Introduction and Application to Sub­
scribers Nehvork." G. A. E. Fudge, A.M.I.E.E.

Wednesday, 27th April.—" Reproduction Services,"
A. W. Ford and W. R. Wickens.
A limited number of advance copies of papers to be 

read at Ordinary meetings '\rill be available a few days 
before each meeting and application should be made to 
the Local Secretary, W. H. Fox, Tp. Branch, Alder 
House. (Telephone: MON 1802.)
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Junior Section

London Centre
At the annual general meeting in May, the following 

were elected as officers and committee for the 1948/4:9 
Session:-

Chairman: 1\-Ir. E. L. Tickner; Vice-Chairman: 
.Mr. A. G. Welling; Secretary: l\Ir. J. Gregory; Assistant 
Secretary : Mr. L. E. P. Matthews; Financial Secretary: 
Mr. E. Davis; Visits Secretary: Mr. D. O'R. Macnamara; 
Librarian: Mr. W. P. Skinner. •

Area Representatives' : Mr. W. Peck (City) Mr. L. E. J. 
Penney (Centre). Mr. S. W. F. Stockwell (Circuit 
Laboratory), Mr. A. Lee (Long Distance), Mr. L. A. 
Sheen (Korth Area), Mr. ]. Pattington (North-West 
Area), Mr, T. Ashpool (South-East Area), Mr. R N. 
Fletcher (South-West Area), :Mr. E. W. Bridle (Test 
Section), Mr. L. W. Evans (West Area).

The meeting "\vas followed by a meeting of the London 
Centre, at which the President, H. R. Harbottle, O.B.E., 
B.Sc.(Eng.), D,F,H., M,I.E,E., gave a talk on " The 
Telephone Receiver.'' This lecture was complementary 
to last year's address on "The Carbon Microphone."

The following programme concludes the 1948-49 
Session.

26th January.-" The Relay Director." D. G. 
Elliott.

24th February.—" The Synchrodyne Receiver." 
Dr. D. G. Tucker.

22nd l\.Iarch.—'fo be decided.
20th April.—" Television." T. Kilvington.
26th May.—Annual General ::\ileeting.

Men1bers are asked to make every endeavour to attend 
meetings and to utilise the facilities, as indicated on the 
membership card. Senior Section 1nembers are cordially 
invited to attend any meeting they desire. ]. G.

(Continued on p. 242)



Regional Notes
Home Counties Region

A VELING-BARFORD TRENCH EXCAVATORS'
Experience to date with the above machines suggests 

that certain minor modifications and additions are 
desirable. They are being tried experimentally on one 
machine in the Home Counties Region and may be of 
interest to other users.

Loading. \Vhen hauling the machine up the skids on 
to a 4-ton lorry, the winch hav.rser tends to pull the tow­
bar over to the side of the lorry, according to the position 
of the hawser on the drum ; hence it is not possible to 
steer the machine on a central course. A guide fitted 
to the middle of a bar \vhich can be attached at \vi11 to the 
upright members of the lorry body, ensures that the 
ha\vser is kept central.

Tow-bar. The normal tow-bar is too long to allow 
the machine to be hauled by the winch right into the 
lorry. For the last few feet it has to be manhandled. 
This can be avoided by the use of a tow-bar only 18 in. 
long or the 8hort towing hawser referred to below.

Trench Clearing Plate. The machine is supplied with 
a clearing plate for the 18-in. digging chain only. The 
attachment of such a plate to the main rear member of 
the machine for use \vith the 11-in. chain appears well 
worth while. It ensures a reasonably level bottom to the 
trench and enables the operator to see the true depth of 
the trench \Vhi]e adjusting the digging boom over 
uneven ground .

Driving Chains. The sprockets for these are driven 
by separate spindles. \Vith the 11-in. digging chain in 
use, the nearside driving chain can be removed and held 
as a spare.

Soil Clearing Chain . \Vhen fitting this cha.in, or 
tightening it after slacking off to reduce the width of the 
machine for loading, it is very difficult (unless full use is 
made of the chain adjusting scre\v) to draw the chain 
tight enough to allow the sprocket fixing bolt holes to 
coincide \vith those in the frame. Some form of adjuster, 
such as a car jack or stay tightener placed betvteen the 
sprocket mounting and the body of the machine, makes 
it easy to push the sprocket back into position v:ith the 
chain assembled.

Tools. The following additions are very useful.
(a) 3i-in. parallel bench vice. mounted behind the 

tool box on !-in. steel plate, for minor repairs in situ.
(Q) A to,ving ha\.vser vtith U bolts at both ends for 

attachn1ent to the machine, and linked in a V to the 
lorry tow-bar, saves extensive manhandling on the 
work.

(c) Two spare anchor plate pins, to enable the normal 
pins to be repaired \vithout holding up the job.

(d) A \vaterproof cover for the tool box.

MARGATE C.B. EXCHANGE
Prior to the war, Margate exchange was scheduled for 

transfer to auton1atic working, but on the outbreak of 
war work on the nev.' building was stopped. The end of 
the war found Margate exchange depleted of positions 
and \Vith a very long v.'aiting list of ne\v subscribers.

Due to the demand for buildings of a more essential 
character it was not possible to provide the ne\v exchange 
at a reasonably early date. It was decided, therefore, 
to replace the sections on the niain suite which had 
been recovered during the v.rar, and to fill the multiple 
(4-panel repetition) up to the capacity of the sections, 
2,800 lines, and to provide an island suite with a 6-panel 
multiple of 3,400 lines.
1 P.O.E.E.J. Vol. 41, p. 73.

The changes in the cable formation between the end 
of the 4-panel multiple and the beginning of the 6-panel 
repetition proved to be somewhat involved and it was 
decided to make the changes in the C.T.S. of the island 
suite. Transfer circuits have been provided for calls on 
the main suite to subscribers v.rhose numbers appear only 
in the multiple of the island suite.

The whole of the work, which included the shifting of 
the main batteries, changing the power plant from 
charge-discharge to a float scheme, and the provision of 
eleven additional sections \\'as carried out by the local 
staff. C. W. C.

FLIES IN A U.A.X.
For a few years it had been noticed that towards the 

end of the summer a certain U.A.X.in the Colchester 
area was troubled with flies. This year it again arose, 
but this time to a greater degree, and in spite of treatment 
\vith the usual fly sprays it becaine so bad that the 
linen1an cotnplaincd that he could stand it no longer.

The services of a Pest Control expert were obtained, 
and he advised spraying with Psylortox. This was done, 
and all flies in the building were killed, swept into heaps 
and about 3 gallons removed ; on inspection a month 
later, only one dead fly was found on the floor. The 
liquid had left a fine \vhite deposit on walls and apparatus 
but had had no ill effects, the faint and not unpleasant 
odour having prevented any more flies entering.

A survey in the neighbourhood of the U.A.X. at the 
time of the infestation revealed a profusion of ivy 
(Hedera helix) grov.ring in the hedges, the bushes being 
in bloom and covered '\vith myriads of flies, bees, wasps, 
etc., feasting on the nectar, plentifully supplied by this 
particular plant. The falling temperature in the 
evenings caused the flies to enter the U.A.X., the nearest 
building, via the ventilating slots in the gable ends and 
any other crevices, for \Varmth and apparently they 
remained there.

Investigations are being made to find some means of 
preventing the flies obtaining access in the future.

H. C.
London Postal Region

POST OFFICE (LONDON) RAILWAY TRAINING 
SCHOOL

Many of the engineering staff on the P.O. (London) 
Raihvay were recruited in 1926, when the Railway was 
opened for the transport of n1ails and, therefore, have 
the advantage of the initial training on the train control 
equipment and rolling stock ; they have also gained 
valuable experience as the result of modifications carried 
out from time to time, \vhich have brought the Railway 
up to its present state of efficiency.

With the introduction of the younger staff of techni­
cians and skilled \vorkmen, it became apparent that a 
comprehensive course of training \\"as required to meet 
the needs of the Railway, and as n1uch of the training is 
of a specialised nature and not available at either the 
Central or Regional School, the Engineer-in-Chief's 
authority was obtained for the setting up of a training 
school on the Raihva y.

For the practical \vork the \Vestbound lJnder- 
Platform area at the \Vestern Central District Post 
Office (W.C.D.O.) station was equipped with a lay-out 
of standard track to represent the sections between the 
Western District Post Office (\V.D.0.) station and 
W.C.D.()., and all relative equipment such as lever 
frames, train describers, illuminated diagrams, etc., were 
instal1ed and connected. On this equipment the sequence 
of events can be studied and n1en1orised, faults can be 
artificially produced and tuition given on methods of 
clearance. Tests, adjustments and maintenance are 
demonStrated and then carried out individually by the 

235



students. For any equipment which requires special 
explanation and which cannot be demonstrated at 
W.C.D.O. a visit is arranged to the station or district 
office for the further explanation and a demonstration 
on the spot.

In order that the staff should be made familiar with 
the essential differences and points of similarity ot 
equipment on the Post Office Railway compared with a 
main line electrified railway, visits are arranged to 
British Railways Southern Region, Clapham Signalling 
School and to Waterloo, etc., and in this connection the 
railway authorities have been very helpful.

The lectures covering both parts of the syllabus are 
given in a suitably equipped room in the Western 
Central District Office. The syllabus is divided into two 
parts:

Part I. Three weeks' duration, covers basic elec­
trical principles sufficiently to lead to a full 
understanding of the maintenance, overhaul, and 
installation of all P.O.R. and district office equip­
ment. Practical demonstrations are given on nearly 
all points covered by the lectures.

Part JI. Three weeks' duration, covers the Post 
Office Hailway specialised equipment and touches 
upon special features of )ifts and auxiliary plant 
generally which wil be experienced in the Section.

On the last two days of the course a written test is 
taken covering the whole syllabus and the assessment of 
the students' ability is mainly based on this test. Class 
work, notes on lectures and films, oral answers, and 
practical ability observed during demonstrations and 
tests on plant, are also assessed during the course and 
influence to a small extent the final marks awarded.

By arrangement with the Central Office of Information, 
sound films on engineering subjects of special interest to 
the Railway Staff are shown during each course.

The results after the first session are very encouraging 
and there is Little doubt that the training given will be of 
great value to the staff and to the Department.

W. D. M.

Midland Region
A NEW CABLING AID

A useful aid to cabling operations has been devised 
and used in the Leicester Telephone Area for some 
months. It consists of an old Morris Minot wheel, fitted 
with a suitable shackle, which may be anchored in the 
manhole or suspended uver juiut boxes or split-coupling 
excavations. The equipment is relatively cheap and 
made up of materials which are readily obtainable. It 
has proved a time-saving device and enabled recovered 
cable—which would othenvise have been scrapped—to 
be used again on other works.

By passing the towing rope over this wheel, cable may 
be drawn into manholes, etc., in direct line with the duct, 
thus.avoiding damaging rope or cable by chafing on duct 
mouth or wear of rope on the rim of joint-box or manhole 
entrance.

Sufficient cable may be drawn into a manhole for 
jointing purposes without the laborious task of using a 

split grip to gain the amount when the" manhole is small 
and a pulley tackle will not allow of sufficient clearance. 
By using this equipment, it is not necessary to have a man 
in the manhole to operate the split grip.

When drawing in cable by towing, the driver of the 
towing vehicle faces the cable drum and immediately 
observes any given signals to stop. Without this aid, 
the distance between cable drums and towing vehicle 
was increased as operations proceeded and involved one
236

Cabling Am in use for Direct iTi '—Split Coupling.

man being used solely for signalling. The photograph 
indicates a typical use.

South-Western Region
OLD WELLS AT LAUNCESTON

During the execution of a recent contract for duct 
work difficulties were encountered in the shape of old 
wells which necessitated strengthening and building-up 
work to complete the contract satisfactorily.

At the junction of Race Hill and Bounsalls Lane, a 
dry well some 30 feet deep was unearthed, and upon 
further examination, it was discovered that a large exit 
tunnel led off from it. The matter was reported to the 
Town Clerk and Borough Surveyor, who arranged for the 
tunnel to be explored. It was found that the tunnel, 
about 5 ft. 6 in. high and 2 ft. 6 in. wide, was well- 
preserved, and extended for some 100 yards, where it 
joined into another dry well with further tunnels leading 
off.

The antiquity and use of the underground passages is 
not known with any degree of certainty, but the opinion 
is that they are several hundred years old, and formed 
part of a water collecting system with the wells being 
used as storage tanks to ensure a constant water supply 
to parts of the town. W. J. R.

North-Eastern Region
U.A.X. RELIEF—U.A.X.s No. 5

Urgent relief for a U.A.X. No. 5 has been provided 
by the installation of an additional 25-line unit in space 
vacated by the removal of the exchange batteries to a 
separate battery hut. There is no direct access between 
the existing four units and the new unit, all calls having 
to be routed via the parent. The lines are numbered 
0120 to 0145 (excluding 0140) and these subscribers are 
instructed to dial " 01 " for all calls. If any two of these 



subscribers have a high proportion of traffic to each other 
they will be instructed to dial only the last two digits of 
their numbers to route the call direct, to avoid using two 
junctions. The M.D.F, was satisfactorily extended by 
using the top ha]f of a Frame MD 0/240 to maintain 
adequate " lift up" space for the cable trench cover.

JOINT BOX AND MANHOLE FRAMES AND 
COVERS

J-\ very convenient means of overcoming the shortages 
of frames and covers in footway positions has been to 
use 2!-in. reinforced concrete slabs of such dimensions 
that frames and covers can be fitted in their places 
\vithout disturbing the surrounding reinstatement. Two 
slabs are u&ed for No. 6 boxes. Holes are provided to 
enahle the boxes to be opened with ordinary box keys.

Concrete slabs for carriageway positions have not been 
used to any great extent on account of the weight 
involved, but the alternative method of using boiler 
plate has been tried extensively though confined mainly 
to J !{('I ancJ JRC9 types. The illustration shows the

[ BOILER PLATE TAR MACADAM GRANITE SETS

AS COMPLETED BV CONTRACTOR

DIRECTION OF TRAFFIC

RESULT Of HEAVY TRAFFIC

Failure of Substitute. Manhole Cover.

failure of one of these substitutes on account of the 
braking effect of trolley buses passing over the box at a 
point short of a recognised stopping place. After this 
experience the method was only employed in quiet 
thoroughfares.

An interesting experiment has been conducted at 
Bradford with the co-operation of the City Engineer. 
Badly worn manhole frames and covers along one of the 
main thoroughfares out of the city needed renewal as 
well as an adjustment of levels. There being little hope 
of obtaining the new frarnes and covers to replace the 
old ones, the City Engineer agreed to lift each one in turn, 
rctnove it to his workshops and there weld metal on to 
the chipping strips. Difficulty arose from the fact that 
both frame an<l cover had worn and, therefore, it was 
agreed to make the frame fit the cover. Both \vere 
suitably marked to facilitate subsequent replacen1ent of 
the cover. Though it was expected that the covers might 
be subjcct to rotation this does not appear to have 
occurred. The method effected substantial savings in 
inaterials, but the total cost of modification approached 
that nf new covers. R. T. A. D.

G.. K..H.. .

Welsh and Border Counties Region
CABLE DAMAGE CAUSED BY TREE

The Carmarthen-Milford Haven No. 3 M.U. Cable 
308/20 P.C.Q.T.A. aerial cable, one of the largest types 
in use in this country, was erected during the \Var (1944), 
primarily to cater for Service circuits in West Wales. 
No duct space was available, but a good existing over­
head route which could be strengthened allowed the 

• erection of aerial cable to be completed in a comparatively 
short time.

The cable was supplied and erected by Siemens Bros., 
the route strengthening being carried out by the 
Department. U.S.A. •Army personnel stationed in the 
district assisted the Contractor and Department in the 
strengthening and erecting opera.tions.

The suspension is of 7/8 wire steel galvanised strand, of 
weight 148-lb. per 100 yards, with minimum breaking 
weight of 22,000 lb. The cable is 2^ 13 in. diameter and 
weighs 17^6 cwt. per 100 yards. Average length of span 
is 65 yards, the cable weight per span being, therefore, 
approximately 11 A cwt.

The cable was drawn in from West to East, through 
saddled cable rings, positioned approximately 20 in. 
apart along the suspension wire. At joints, which are 
near poles in every case, the cable is directly supported, 
additional to the cable rings, by connection to the steel 
from two cable clamps, one each side of each joint, by 
7/14 G.I. wire.

On 25th August, due to a high wind, a tree was 
blo\vn down, falling parallel to the cable route, and came 
to rest supported by one of its branches, which lay across 
the steel suspension. The tree, partially decayed and 
lightly rooted, '"ras gro\ving from a banked hedge some 
4 ft. from the line of the route, the bank being about 5 ft. 
high above road level.

Six 150-lb.copper open \.Vires running above the cable 
were broken and the weight of the tree depressed the steel 
(and cable} approximately 2 ft. below its normal 
catenary depth. As far as is known, no damage was 
caused to the cable and no circuits were affected.

In view of approaching darkness, the fallen tree was 
securely lashed to prevent any further movement until 
clearance work could be undertaken the following day.

On the morning of the 26th tackle was taken to the 
site and preparatory work to lift the tree (including 
sawing off branches other than that resting across the 
steel) was completed. The intention was to allow the 
tree to slide gradually off the steel and this operation was 
nearly completed {some 15 inches of the additional 
depression of the steel having been relieved) when 
suddenly the steel slipped along the branch and the 
spring-back of the steel set up a violent oscillation of the 
wire. The oscillation of the wire was sufficient to open 
the hooks of the cable rings and in a very short space Of 
time {estimated to be less than 60 seconds) the cable fell 
from the suspension steel for a distance of 16 spans, 
approximately 930 yards.

. In its fall, the cable tore away all anchoring devices 
(there were three intermediate joints), the <.7.1. wire 
holding the clamps to the steel break_ing, apparently 
without causing any appreciable diminution in the speed 
of breaking away. The release of the cable from the 
rings was halted at the far end by a loading point where 
the stub was pulled out. In the other direction, the 
cable broke away only as far as the next pole, where it 
was held on a pole step. The immediate steps taken 
to lash the cable at this point saved further damage and 
temporary restoration of the circuits was effected by 
means of P.C.Q.L. cable laid along the hedge.

The cable was extensively damaged by striking pole 
steps and stays •vhere it fell along the line of the poles 

237



and. where it fell on the hard road surface, was made 
conical in shape. The wires were pulled inside the 
sheath towards the point of commencement of the fall 
for some distance each side of every joint and, near the

Damace to Carmarthen-Milford Haven Aerial Cable.

end of the fallen cable, approaching the loading pointy 
the cable was twisted, as though a spinning-strain had 
been imposed.

There is a slight slope in the direction of the fall, but 
it is significant that the opening of the hooks took place 
towards the direction from which the cable was originally 
pulled in. It is suggested that the oscillation allowed 
movement of the rings along the steel in that direction 
but that the rings bit on the steel in the other direction, 
preventing their movement along the steel.

The effect was described by a supervising officer who 
witnessed it as being like the action of a zipp fastener, 
and it is understood that this name is applied to the 
action. S. H. P.

CARDIFF AUTO-MANUAL EXCHANGE
In these days of building restrictions the good 

progress being made with the new building (see photo­
graph) which has been designed to accommodate the 
Cardiff auto-manual exchange and repeater station is 
encouraging. It is expected that the building will be 
completed by March, 1950, and that some portions, 
including the accommodation for the M.D.F., will be 
available earlier.

The installation will include the automatic equipment 
for a 16,700 multiple with multi-metering, and through- 
dialling facilities with impulse regeneration. The manual 
board of 160 positions, for Toll and Trunk traffic, will be

Cardiff Auto-Manual Exchange.

equipped for V.F. dialling and a cordless type directory 
enquiry desk will also be provided. F. W. L.

EXPERIMENTAL LIGHTING ARDIFF LErIER 
SO'RTT'.TG OFFICE

An interesting experiment with lighting conditions 
has been carried out at the Letter Sorting Office at 
Cardiff. The bowls normally used with the semi- 
iodirect type of lighting fitting have been replaced by 
translucent perspex rings 5 in. deep and having the 
same diameter as the top of the bowl. These rings, 
known as Liverpool Eye Screens, were designed 
originally to meet the Home Office regulation against 
naked filaments being visible to the working staff under 
certain conditions. Being open at the bottom, these 
rings give a considerable increase in direct lighting as 
compared with the bowls, and lumeter readings indicate 
increases up to l <> ft. candles on working positions. 
The advantages from cleaning and maintenance aspects 
are obvious. R. E. R.

Scottish Region
FLOOD DAMAGE

On Thursday, l2th August, 1948, the South-East of 
Scotland experienced the heaviest fall of rain !or .more 
than 25 years. At Berwick, 4^ l inches of rain fell in 
the 24 hours 10 a.m. Thursday to 10 a.m. Friday. 
Rivers rose many feet and were transformed in a few 
hours into raging torrents. At Kelso, the Tweed rose 
17 i feet, the highest for over 100 years. Reports or the 
collapse of road and railway bridges, of landslides and 
of floods came in throughout the night, and by the 
morning 14 major roads and both main line railway 
routes were impassable.

The telecommunication services could not come 
through such devastation and havoc unscathed. The 
first reports reached Edinburgh shortly after 5 p.m. on 
Thursday when the Galashiels and Hawick junctions 
were reported faulty. This was quickly followed by the 
report of the isolation of Reston. a U.A.X. 12, on the 
River Eye, and of faulty junctions to Eyemouth. 
Jointing parties set out immediately, and in the early 
hours of the morning the Reston spur was reached, but 
further progress towards the exchange almost ended 
disastrously for the repair gang. They had become 
accustomed to driving through several inches o( water 
in the pitch darkness, but noticing a landslide at the side 
of the road, stopped to investigate. Fifty yards ahead 
they found that the road was under water and that the 
bridge over the Eye had been washed away. The fault 
had been found !

By daybreak Friday, many more reports had been 
received. Duns, the County town of Berwickshire. was 
practically isolated due to a bridge over the VVhiteadder 
having been washed away. At Musselburgh, on the 
mouth of the River Esk, a footbridge had collapsed, 
taking with it the Edinburgh-North Berwick and 
Edinburgh-Haddington cables. In the City of Edinburgh 
itself, there were 22 cable faults involving over 1,500 
subscribers, and at Haddington, the County town of 
East Lothian, only 12 out of 300 subscribers' lines were 
working. The accompanying photograph, taken at 
Haddington, shows a cabinet which was submerged for 
several hours beneath at least 5 ft. of water. On 
opening this cabinet after its immersion, it was found to 
be in excellent condition, its insulation unimpaired and 
the desiccators quite dry. Some 18 other small ex­
changes, including the U.A.X. at Earlston. which was 
flooded to a depth of 18 inches, were isolated or working 
under onerous conditions.

Repair work was immediately put in hand and despite 
the difficulties of road communications, which frequently 
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involved lengthy detours, the majority of faults were 
clear by Monday. 16th August. At Reston and Duns, 
interruption cables were erected across the broken bridges 
and at Musselburgh 350 yards of aerial cable was pro­
vided on an existing overhead route to replace the junc­
tion cables over the river and flooded portion of the

Cabinet after Submersion by Floods.

town. To restore service to Haddington subscribers, six 
lengths of cable were renewed and l ,400 pairs of wires 
changed over. In Edinburgh, 23 lengths were renewed 
and 3,500 pairs changed over. Apart from such major 
repair works, there were also many cases in which poles 
on subscribers' lines were washed away or small local 
cables were faulty.

In addition to the repair work, new Jines were provided 
at Eyemouth and Ayton within a few hours of the 
request being received from the police. Only the 
railway embankment lay between these two towns and 
a new " lake " of 400 million gallons of water.

The main cable section had their busiest weekend for 
many years with 14 M.U. and C.J. cable faults scattered 
throughout the area. One cable, the E<linburgh- 
Ga!ashiels-Coldstream had four separate faults. This 
did not make the location of them any easier !

The enormous damage to roads and railways and the 
widespread distress to homes and families increased still 
further the strain on the few remaining telephone and 
telegraph outlets and made their speedy restoration even 
more imperative. That they were restored so promptly 
reflects great credit on all the staff involved. D. G. B.

London Telecommunications Region
TWENTY-FIRST ANNIVERSARY OF HOLBORN 

EXCHANGE
The opening of Holborn, the first director automatic 

exchange, heralded a new era in the country's telephone 
history. In spite of the many problems to be solved 

and set-backs that occurred, the enthusiastic supporters 
of the new system won through knowing that the future 
of the telephone service in London clependecl upon the 
success of their efforts. At the opening of the exchange 
on November 12th, 1927, there were a few fearful hearts 
although the general atmosphere was one of confidence. 
but when the 2lst anniversary of the opening was 
celebrated on l lth November, 1948, the atmosphere was 
one of well-earned jubilation. The exchange dining 
room at Holborn was packed to overflow by those who 
had been responsible for the installation of the exchange 
and its maintenance throughout the years. Many of 
the pioneers had since retired and others had changed 
their rank and location, but guests travelled from far 
and near to this unique re-nnion. The company which 
comprised the majority of the old originals from the 
operating and engineering sides of the staff must have 
numbered not less than 500 people.

The Chair was taken by Mr. J. F. McDonald, the 
Telephone Manager of the L.T.R. Centre Area. Those 
present included : Mr. A. J. Gill, Engineer-in-Chief, 
Colonel Sir Thomas Purves, former Engineer-in-Chief, 
Mr. F. I. Ray, London Regional Director, and all the 
members of the Regional Board, Mr. T. H. Edgerton, 
formerly Deputy Chief Regional Engineer, L.T.R., 
Mr. A. J. Leyland, who represented the Automatic 
Telephone and Electric Co., Ltd., of Liverpool (along 
with a number of the principal officers of the company), 
Colonel J. Reading, with Messrs. C. W. Brown ancl 
R. L. Bell of the Engineer-in-Chiefs Office. Messrs. F. J. 
Tickner and J. McA. Owen from G.P.O. Headquarters. 
Mr. C. W. Pink, formerly Deputy Regional Director, 
L.T.R., and the redoubtable Mr.Horace Dive, whu was 
Controller, Telephones, before retirement, Mr.. J. W. 
Shepherd, Telephone Manager, South West Area, L.T.R., 
and Miss M. Bailey who was the Supervisor in charge of 
the exchange at the opening.

Following tea, the chairman called upon a number of 
speakers. Mr. Edgerton recalled the trials ol the pre­
opening days and his fears lest the apparatus should be 
worn out by testing before it could be brought into use.

Colonel Purves described Holborn as the exchange on 
which the Post Office had staked its future. Teething 
troubles were many and he recalled the occasion when the 
Gas Light & Coke Co. had combined with the Post Office 
to blow up High Holborn. It is now history that the 
gas mains in this thoroughfare caught fire and endaugered 
all the underground cabling.

The Regional Director said that like " The Island that 
loves to be visited " in Barrie's play "Marie Rose," 
Holborn cast a spell of enchantment on all who visited it.

Mr. Leyland of the A.T.E. Co. brought cordial greetings 
from old friends in Liverpool, and a telegram was read 
from his colleague, Mr. A. F. Bennett. who regretted his 
absence abroad and averred that Holborn was good for 
another 20 years.

Many other speakers, including Mr. H.T. Bines 
Clerk of VVorks at the opening, joined in eulogy of the 
fellowship and good service that had centred round the 
building which had just come of age, surviving many 
vicissitudes not the least of which were very near misses 
by bombs. Tribute was paid to many old stalwarts and 
to the memory of those who have passed on.

Unfortunately, Mr. G. F. O'dell was unable to be 
present but he sent a gilded key for the back door, as, he 
said, "entry by that method can be quite convenient 
on occasions ! "

The evening concluded with a first-class cabaret.
All those who were responsible for the organisation 

of the event are to be congratulated on an outstanding 
success. The old members of Holborn are very grateful 
to the present staff who were their hosts for the occasion.
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Staff Changes Promotions

* Incorrectly shown as Exec. Off. in October 1948 issue.

Name Region Date Narne Region Date

Area Engr. to A.S.E.'. Asst. Engr. to EngY.—c^tinued

Chapman, R. H. . . H.C. Reg. to E.-in.C.O. 1.9.48 Banham, S. H... . . E.-in-C.O...................... 21.9.48
Sallis, R. T. G................. E.-in-C.O...................... 21.9.48

Exec. Engr. to Principal Hood. J. B. .. .. Mid. Reg....................... 21.9.48
Linsell, W. . . . . L.T. Reg....................... 21.9.48Coates, G. H. . . .. E.-in-C.O. to Personnel

1.9.48
Wells, L. A. . .• L.T. Reg....................... 21.9.48Dept. . . . .

Exec. Engr. to Tel. .Wa-n.
Kerncr, S. . . ,.
Anthistle, A. W. ..

L.T. Reg.......................
Mid. Reg. to W.B.C.

t0.10.48

Reg... .. .. 3.10.48
Lemmcy, C. W. , , E. in.C.O. to Lancaster 19.9.48 Arthur, J. C. C. .. L.T. Reg....................... 21.9.48

Kent, S. T. E. .. . . L.T. Reg....................... 9.10.48
Exec. Engr. to Prine. Sc. 0. Milton, A. G. . . . . L.T. Reg. to E.-in-C.O. 9.10.48

Bickley, H. D. . . E.-in.-C.O. . . . . 22.9.48 Smith, J. R. G. . .
Smith, F. J......................

L.T. Reg.......................
L.T. Reg.......................

21.9.48
21.9.48

Sen, Sc. 0. to l'rinc. Sc. 0. Medcalf, L. W.................
Easton, \V. . . . .

L.T. Reg.......................
W.B.C. Reg. to N.E.

21.9.48

Walker, E. V. . . E.-in.-C.q..................... 14.10.48 Reg. ,. . . 31.10.48
Cook, A. C....................... Scot. . . . . . . 20.10.48

Engr. to Exec. Engr.

Humphries, W. A. . . E.-in-C.0. . - . . 1.9.48 Inspr. to Asst. EnKr.

Ayers, E. W........................ E.-in-C.()....................... 27.8.48 Newton, C. E. .. .. E.-in-C.O...................... 1.10.48
Wells, H. M......................... H.C. Reg...................... 2.9.48 Huke, G. A. .. . . H.C. Reg. . . .. 28.6.48
Knox, J. .. . . Scot. . . . . 17.10.48 Gilgrist, H. T. . . .. N.W. Reg..................... 30.8.48
White, R. W........................E.-in-C.O...................... 15.10.48

Technician to Asst. Engr.

Asst. Engr. to Engr. Immins, A. . . . .
Perry, E. T. .. . .

E.-in-C.O....................... .l.3.4i
King, R. R...........................H.C. Heg....................... 21.9.48 E.-in-C.O...................... 1.4.48
Holin, F. W......................... L.T. Reg....................... 21.9.48 Harris, K. N.................... E.-in-C.O...................... 8.4.47
Baird, E. . . . . Scot. .. . . . .
H.ogers, A. H. . . W.B.C. Reg..................

21.9.48
21.9.48 S.W.I. to Inspr.

Williains, J. E. .. S.W. Reg...................... 9. \0.48 Mannock, E. T. .. E.-in-C.O...................... 9.6.47
Myers, B. L..........................N.W. Reg. to E.-in-C.O. 30.10.48 Wicker, C. A................... H.R. Reg...................... 28.6.48
Thorn, F. W. ]. .. W.B.C. Reg.................. t.ll.48
Wright, G. T....................... Scot................................
Stapley, G. R. . . .. Mid. Reg. .. . .

21.9.48 Dman. Cl. JI to D^nan Cl. 1.
9. t0.48 Godwin, T. H. .. . . L.T. Reg....................... 1.10.48

Raffles, H. . . . . S.W.Reg. , . . . 21.9.48 Webb, F. J...................... L.T. Reg....................... 1.10.48
Hills, A. F. .. ' .. E.-in-C.O...................... 21.9.48 Atkinson, L. J. . . L.T. Reg. , , . . 3.10.48
Worthington, A. C._ . . E.-in-C.O. .. .. 21.9.48 Ealey, S. J. - - ■ • L.T. Reg. .. .. 1.10.48
<;arfath, A. J. A. . . H.C. Reg. .. . . 21.9.48 Blackwell, C. F. . . L.T. Reg....................... 1.10.48
Mockbridge, \V. C. . . S.\V. Reg...................... 21.9.48 Galloway, F. .. .. L.T. Reg. . . . . 1.10.48
&II, W. T............................E.-in-C.O...................... 21.9.48 Cox, R. H. .. . . L.T. Reg....................... 1.10.48
Wallis, I. H..........................H.C. Reg...................... 21.9.48 Briant, G. A. .. . . L.T. Reg....................... 1.10.48
Hargrave, L. R. . . S.\V. Reg...................... 21.9.48 Robson, G. W................. L.T. Reg. .. . , 1.10.48
Smith, W. R. . . . . H.C. Reg. . . , . 21.9.48 Pearce, C. C. . . . . L. T. Reg....................... 1.10.48
Miller, E. W.........................H.C. Reg....................... 2.10.48 Pusey, L. M. .. . . L.T. Reg. .. .. 1.4.48
McLeod, J. . . .. Scot. . . . . . . 21.9.48 Firth, D. J. . . .. N.E. Reg. .. .. 3.10.48
Carter, RE. .. . . E.-in-C.O. . . . . 21.9.48 Sewell, T. W.................... N.E. Reg. to S.W. Reg. 31.10.48
Fox, G..............................W.B.C. Reg......................
Knight, A. R. .. L.T. Reg.......................

1.10.48 Smith, R.......................... H .C. Reg. to S.W. Reg. 10.10.48
21.9.48 Bell, W. • . . .. N.W. Reg.to H.C. Reg. 17.10.48

McClements, J. S. .. E.-in-C.O...................... 21.9.48 Taylor, W. . . .. N.E. Reg. to L.T. Reg. 17.t0.48
Thompson, S. . . . . E.-in-C.O. .. . . 21.9.48 Williams, E. V. .. W.B.C. Reg.................. 10.10.48
Dootson, G. W... .. H.C. Reg. .. . . 29.9.48 Edwards, H. G. . . W.B.C. Reg.................. 26. I l.48
Chisnall, W. E. .. E.-in-C.O...................... I. 1 l.48 Kitchingham, H. ] . .. L.T. Reg....................... 1.10.48
Bentley, W. C. B. . . E.-in-C.O. to Mid. Reg. I0.10.48 Storni, J. . . .. Scot. . . ,, , , 17.10.48

Transfers

Nainc Region Date Nanie Region l)ate

Exec. Engr.

Hoare E. R. * . . . . E.-in-C.O. to Min. of
Prob. Engr.

Fenemore, R. W. ., E.-in-C.O. to Min. of
Agr. & Fisheries . . 15.3.48 Supply .. .. 20.9.48

E^ Smith, C. E. . . .. H.C. Reg. to E.-in-C.O. 7.11.48

Warner, M. G. R. . . E.-in-C.O. to Min. of Asst. Engr.Agr. & Fisheries .. 20.9.48
'Vass, C. A. A. .. E.-in-C.O. to Min. of Heaton, N. . . .. E.-in-C.O. to N.E. Reg. 12.9.48

Supply .. . . 4.10.48 Winterburn, G. E. . . E.-in-C.O. to N.E. Reg. 19.9.48
Christinas, A. N. . . E.-in-C.O. to Min. of Cottani, A. R. . . ., E.-in-C.O. to H.C. Reg. 1.10.48

1 Supply .. . . 4.10.48 Quellin, A. A. . . ,. E.-in-C.O. to X.W. Reg. 3.10.48
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Transfers-continued

Name Region Date Name Region Date

Asst. Engr—contiuued Asst. Engr.—continued
Caines, G. E. ... . . H.C. Reg. to E.-in-C.O. 1.10.48 Francis, E. H. .. .. E.-in-C.O. to W.B.C.
Danfield, D. F.................... E.-in-C.O. to Min. of Reg.. . .. .. 15.11.48

Supply .. .. 17.10.48 Harding, F. J. .. . . W.B.C. Reg. to E.-in-
Wase, A. E. N. . . E.-in-C.O. to Patent C.O............................ 15.11.48

Alston, R. E....................
Office .. ,.

E.-in-C.O. to Vi/n. of
17.10.48 Inspr.

W.B.C. Reg. to E.-in-Works .. .. 4.10.48 Newton, C. E. . . . .
1.10.48Wright, S. F....................

Tresidder, W. M. ..
E.-in-C.O. to Admiralty
E.-in-C.O: to Patent

13.9. t8 D'man Class I.
C.O. . . . .

Office .. ., 1.11.48 Price, A. A. .. . . Scot. to N.W. Reg. .. 17.10.48
Withers, D. J.................. N .I. Reg. to E.-in-C.O. 18.10.48 Flynn, L. A. . . . . N.E. Reg. to H.C. Reg. 27.9.48

Retirements

Name Region Date Name Region Date

Engr. Asst. Engr.—continued
Tansley, L. W. .. H. C. Reg..................... 31.8.48 Bowen, R. F. R. . . E.-in-C.O. (Health
Gordon, ]. T. .. . . W.B.C. Reg.................. 30.9.48 grounds) .. .. 14.10.48
Sutter, A. S . . . . . Scot. - , - , .. 30.9.18 Peak, C. H........................... E..-in.C.O. (Resigned) 13.1L48
Warne, G. C.................... L.T. Reg. .. .. 21.10.48 Waterhouse, W . H. .. E.-in-C.O....................... 16.11.48
Platt, F. .. .. W.B.C. Reg.................. 31.10.48
Blott, T. G...................... S.\V. Reg...................... 18.11.48 Insfrr.
Asst. Engr. Carpenter, C. H. . . W.B.C. Reg.................. 13.10.48
Betts, E. P...................... Mid. Reg. , . . . 31.8.48

Jenkins. W. F. .. . . Mid. Reg....................... 23.9.48
Hudson, P. .. .. N.W. Reg..................... 1.8.48

D'man. Cl. I.Rodger,]. . . . , Scot. .. . . . . 12.8.48
Back, R. C. J.................. Mid. Reg. (Resigned) 31.10.48 J oscelyn, S. G. .. .. W.B.C. Reg.................. 26. l l.48
Ayling, S. R. . . . . E.-in-C.O. (Resigned) 5.11.48 Germann, T. . . . . E.-in-C.O........................... 30.11.48

CLERICAL GRADES
Promotions

Name Region Date Name Region Date

H.E.O. to Inspr. of Cler. Estab. E.O. to H.E.0.—continued
Foord, F. C.......................... E.-in-C.O........................... 29.9.48 Hutchison, A. J. . , E.-in-C.O...................... 29.9.4Í
Manning, W., J. .. . . E.-in-C.O...................... ■ 29.9.48

E.O. to H.E.O.
C.O. to E.O.
Pitcher, B. J. .. . . E.-in-C.O...................... 29.9.4S

Hodgkiss, S. . . . . E.-in-C.O...................... 29.9.48 Read, Miss M. F. E. . . E.-in^C.O...................... 18.10.41

Transfers

Name Region Date Name Region Date

E.O.
Dabbs, S. E. ..
Johnson, H. ..

.. To Min. oi Health 

.. To Min. of Health
16.8.48
h:i.8.48

E.0.—continued 
Hawes, C. \V. .. .. To Min. of Supply ■ * 4.I0.4E

Retirement Death

Xame Region Date Name Region Date

H.E.O.
Wager, H. . . .. E.-in.C.O. . . il.8.48

If.E.O.
Robertson, N. . . .. E.-in-C.O. .. 9.10.4>
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(Ccontinued from p. 234)

Carlisle Centre
The Carlisle Junior Section has long been noted for 

the versatility of its programmes, and this reputation 
was 'veil upheld by a most interesting visit to the lJnitc<l 
Steel Co.'s works at Workington in July last.

A party of thirty members followed, with intense 
interest, all the ramifications of the process by \Vhich 
high quality steel bars are produced from such funda­
mental materials as iron ore, limestone, coke, silica and 
powdered aluminium. The operation of tapping a furnace 
to withdraw molten iron ore \vas watched with so1nething 
akin to awe.

Mysteries of the Besscrner process \Vere explored, and 
the rolling and cutting of the finished product into 
suitable lengths and sections \Vere \vell demonstrated.

Harrogate Centre
After a very successful Session for 1947-8 the Centre 

is enjoying what promises to be an equally successful 
programme for 1948-49.

The Committee for the year is as follo\\'S ;- 
Chairman: Mr. J. T. \Vinspcar.
Secretary and Treasurer: l\.:Ir. L. \Vebster.
Committee: Messrs. E. G. Horsley, D. R. Le,vis, 

J. L. Bagley and J. G. Cameron.
The remainder of the programn1e for 1948-49 is as 

follows:-
February 3rd. '' Signals in the Far East.'' P. lf. George
March 3rd. " Principles of \'.!<"'. Telegraphy."

J •. Webster. ‘
]. T. W.

Maidstone Centre
The affairs of the Maidstone Centre are progressing 

most favourably, the n1eetings having attracted an 

average attendance of 60 per cent. of the total rhetnber- 
ship.

The programme for the remainder of the 1948-49 
session includes the follo\\-ing:--.-

"Swedish 'felephonc Systems." S. W. Broadhurst.
"Costing and Accounting." A. G. Robins, 

A.M.I.E.E.
"The Telephone and the Future." \V. A. Collett.

The officers elected for the 1948-49 session arc :
Chairman: W. H. Craig.
Secretary: C. Tame.
Assistant Secretary : L. A. S. Barham.
Treasurer: R. \V: \Vallond.
Committee: 1'.Icssrs. ] . B. Sha,v, E. C. Stevens, 

K. Silverston, J. Garrod, F. P. \Vallond, A. Mercer.
C. T.

Portsmouth Centre
The above Centre is now once more in action and it 

is hopetl that continued support \vill be given by 
n1embers. An interesting programme has been arranged 
for the ren1ainder of the 1948-49 Session, particulars 
of which folJow.

February Sth. "The Development of the Trunk 
Cable Network." ]. Balcombe.

:Febn1ary 19th, 26th, and March 5th. Visits to 
l>ortsmouth Power Station.

l\farch 8th. "The Internal Combustion Engine." 
K. Salmon.

March 22nd. "Atomic Energy " (Film Show). T. 
Aldatn.

April 5th. "Sound Recording." ]. Baker.
April 23rd. Visit to Portsmouth and Gosport Gins 

Co., l{ilsca Works.
May 24th. Annual General Meeting.

C. E. L.
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+ 07 db. Reasonable accuracy is maintained up to 
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21 in. x Si in. WEIGHT : 2t lbs.
Manufactured to a design of the Radio Branch of the 
Post Office Engineering Department.

Full details are given in Bulletin B-562-A, a copy of which 
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this small compact attenuator is character­
ized by a relatively high insertion loss and 
outstanding accuracy of attenuation at high 
frequencies. Wire wound resistance elements 
ensure accuracy, good stability and freedom 
from noise. It can be used as a bench instru­
ment or for incorporation in other apparatus 
where its small size is a considerable asset. 
Two types, giving alternative values of total 
attenuation, are available.
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interpanel wiring. Even when the rack is sandwiched between others the 
side covers can be removed just as easily.
Al valves are accessible from the front of the rack, and are protected by 
quick release grilles. The rack is completely fiat fronted. The general 
appearance is further enhanced by the absence of a projecting front foot, and 
the masking of all panel fixing bolts. Similar racks carrying auxiliary 
apparatus can be placed side by side with amplifiers so that the whole 
installation is uniform in appearance.

Complete specifications 
available on request.
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LONDON N.W.9 
TELEPHONE: COLINDALE 7131
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is illustrated here.

This New H.T.A. Stamp Emitter is invaluable for issuing, under 
controlled conditions, in Post Offices and Commercial lJndertakings, 
postage, insurance and other perforated adhesive stamps from a 
roll. One or any number of stamps can be issued very rapidly and 
the quantity is automatically recorded on a check cowiter. It is 
designed so that it can be used on a desk or for more permanent 
installation it can be let into the desk or counter so that the top 
surface of the unit is Omh.
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'Gad, Braithwaite, this would have shaken your old 
father, eh? Turning night into day ... '

' Turning loss into profit, Colonel. I' II have saved the 
whole o( my wheat. i( the rain holds off till dawn.'

a 16

FARM OF THE FUTURE

When present electrification plans mature, and heat and light and power flow out to the four
corners of Britain, this old country of ours will stir with a new life. No battles lost, on the
farming front, that power and light can win. No winter-long household drudgery in the half-dark 
of lamplit, wood-fired kitchens. Better days will come for all of us. Busier days than ever, here 
in Alton, where we make the batteries for power stations all over the world. Hydro-Electric,
Atomic or what you will, the new power stations will all need batteries. Good batteries. The

ALTON
kind we have always made at Alton.

BATTERIES OF MERIT
THE ALTON BATTERY COMPANY LTD • ALTON • HANTS

Sole Suppliers ofFuller Stationary Batteries ■
Phone : ALTON 2267 & 2268 Grams: • BAKERY, ALTON'
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FOR THE PROTECTION OF LINES OF 

COMMUNICATION FROM SURGES INDUCED 
BY LIGHTNING OR FAULTS ON 
NEIGHBOURING POWER LINES 

Ediswan Telephone Line Protectors have now been in 
commission for nearly twenty years. They have proved 
their worth in all parts of the world and are being 
called for and installed in ever increasing numbers. 
Many thousands were employed during the war years 
for the protection of vital lines of communication and 
were eminently successful. Reports of their outstanding 
merit and successful operation continue to reach us and 
in recent years they have proved of particular interest 
for protection against surges caused by lightning 
discharges.

Take YOUR word for if
Den§o
an effective seal 
against moisture

*
A Jetter from an Engineer 

at an Eledricity Undertaking, 
dealing wi ih walcrproofing 
during temporary openings;
*

" I am able to state that for 
many years " Denso" Tape has 
been used by this Dept. for 
temporarily sealing cahles 
against the ingress of moisture. 
Lead-covered cable ends which 
had hitherto heen plumbed up 
OYernight arc now, with every 
confidence, sealed oiily with 
" Dciiso " Tape. nnd so far l 
have no knowledge of any 
failure to eHectivcly seal ngainst 
moisture."

/An enlightening series o( candid opinions o( rhe efficacy o( Denso Anti-corrosive and Sealing Products expressed by" Men 011 the fob."

WHAT WE SAY
DENSO TA PE—a p"mianently 
plastic \vftippmg of opuAvtave textile imprf’!:,"Ti<tlerl and COat^cl 
with a fonnula based upon a pro­
tertive medium known through 
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rust-pioofmg qualitirs.
USES--l'roiecls Services, Mains 
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Trmpornry repairs. Frost, Water 
and Gas-r ooting. Sealmg temporary cabJe joints.

Den§o
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WINN & COALES L'l'D.

Terminal House, Grosvenor Gardens. London, S.W.I. 
Telephone : ilo^ne 6264 Telegr. ms : DENSELTE, SOWEST. LONDON

Telephone 
Line Protectors

Continued research has enabled us to patent a further 
improvement which removes any suggestion of delay in 
operation.

A

Further information and prices on application.
THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2
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e Printing point is in ideal position 
on left side.

e Receiving cam orientation device 
facilitates optimum adjustment.

e Conforms to C.C.l.T. recom­
mendations.

e Tape and ink ribbon are re­
plenished without removing cover.

e Accessible printing unit using 
typewriter ink ribbon.

e Answer-back unit (20 characters).

e A cover attachment for accom­
modating message forms, etc., can 
be provided for handling heavy 
traffic.

e Simplified maintenance with unit 
’construction.

e Quiet in operation.

Creed and Compan9 Limited
TELEGRAPH HOUSE • CROYDON - ENGLAND
TELEGRAMS : "CREDO, TELEX, CROYDON." e CABLES : "CREDO, CROYDON.''
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Ten transformers 
standing in a line, 
One had faulty 'innards' - 
then there were nine.

Nine transformers - 
but one was lieovy weight, 
No-one could lift it - 
so there were eight.

Eight transformers 
looking fit for heuven, 
One could not stand the cold 
so there were seven.

Seven transformtrs - 
one full of clever tricks, 
No-one could understand it - 
so there were six.

Six tronsf orrnerG - 
one was alive, 
Until the 'gaffer^ touch"d it - 
then there were five.

transformers - 
en to the core, 
shook down to odds and
- so there were four.

Four transformers - 
tuned to e 'T', 
One struck a felse note - 
then there were three.

Three transformers 
with big jobs to do, 
One wasn't up to it - 
so there were two.

Two transformers - 
all the rest had gone, 
On: 7orked but : little while 
leaving only one.

One PARMEKO withstood 
every test; so remember 
when there's work to do -

PARMEKO of LEICESTER
Makers of Transformers for Electronic and Electrical 

Industries
©

unfailing service at all times.years by

ECTIFIERS y PROVED
EFFICIENCY AND DURABILITY

Twenty-one years ago, the Westinghouse metal 
rectifier was almost unknown, yet to-day it 
enjoys a world-wide reputation for efficiency 
and durability—a reputation built up over the 

Modern 
much to 
demands

telecommunication practice owes 
this versatile rectifier, which meets 
so wide apart as battery charging 

and polarising, or modulation and transmitter 
power supply.

ESTAllTE
RECTIFIERS

A1 ^
Write for literature to Dept. P.O./

WESTINGHOUSE BRAKE & SIGNAL CO. LTD
82, York Way, King's Cross, London, N.
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5enTrC<el 
SELENIUM 
RECTIFIERS

AUTOMATIC BATTERY CHARGING

POWER supplies for telephone supervisory and signalling systems are usually provided by batteries. the 
voltage of which must be kept within closely controlled limits if the equipment is to operate satisfactorily

Battery maintenance, therefore, is of the greatest Importance.

The SenTerCel Automatic Charger maintains battery voltages within ± 21% of their nominal value and 
needs no maintenance whatever, control being obtained from the battery voltage Itself by means of vacuum 
cube thermal relays. Oparation is independent of fluctuations in supply voltage and frequency.

Bulletin SRT.37 gives details of the standard range and special designs can be produced to individual requirement$.

5tandard Telephones and Cables Limited
(Reris e’ed Office : Ccnnourht House, Ad^Ch, London, W.C.2)

SELENIUMSelenium rectifiers of all types including Uniplate, 
tubular and spindle mounted stacks. Equipments for 
stationary or vehicle battery charging, electrostatic 
precipitation, aircraft and vehicle engine starting, 
electro-plating and similar electrolytic processes. Power 
supplies for circuit breaking and other operations.

RECTIFIER DIVISION • OAKLEIGH ROAD • NEW SOUTHGATE • LONDON • N.11
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INEXPENSIVE 

DIRECT READING 
DECADE STABLE MICA CONDENSERS

Research and Industry 
Electrical Standards for 
Testing and Measuring Apparatus 

FOR COMMUNICATION 
ENGINEERING

50 ^F to 1.0 ^F 
(continuously variable)

DIRECT READING ACCURACY .................. 0.5%
PERMANENCE .............................................................. 0 1%
MAY BE CERTIFIED TO ................................ 0.1%

In addition to the well-known Precision and laboratory 
grades of Sullivan Decade Mica Condensers we have 
Introduced a new Inexpensive Series especially 
designed for use in Colleges and for the more 
ordinary Routine Testing and Industrial Research.

Suitable for use at Low and 
High Frequencies

H. W. SULLIVAN

PROTECTION FROM THE FFECTS OF 
' HUMlDllY

SUITABLE FOR USE IN TROPICAL 
CLIMATES

LOW TEMPERATURE COEFFICIENT

LIMITED
LONDON, S.E.15

Telephone - New Cross 3225 (P.B.X.)

fa

V.

- -1

- +;

to the British Commonwealth and Foreign Governments
WORKS DULWICH

Telephone: GIPiy Hiii llll (10 lines)
LONDON, S.E.21

Contractors
HOLLINGSWORTH

Dimensions of the Type 4 Carpenter Relay are :- (With cover. Excluding wiring tags) 
3,| ins. high x 2h ins. wide x I in. deep. Weight: 13 ou.

Manufactured by the Sole Licencees for the Eastern Hemisphere

TELEPHONE MANUFACTURING CO. LTD.

CARPENTER Polarized RELAYrrpf 4
This is a medium speed, sensitive relay with long contact travel designed 
primarily as a telephone impulsing relay (D.C. dialling up to 100 miles 
and V.F. dialling on t^mk circuits). It has also been successfully adopted 
for use in Telex systems.
Its sensitivity is such that when the gap is adjusted to .004 in. the relay 
will just operate at SO cycles with 4 ampere-tu^a (corresponding to 
approximately 1 mVA) or on 2! D.C. ampere-tu^^ at low speeds. In 
service, however, the relay is normally operated at currents substantially 
larger than the minimum operating current.
Contact chatter is absent if the contact gap does not exceed .004 in. 
The contact gap is adjustable by means of fine pitch screws with knurled 
heads marked with .001 in. divisions.
Contacts on the armature tongue are insulated from it and thereby ^from 
the frame.
Terminals for soldered connections are fitted as standard.
The relay is supplied with a magnetic screening cover with ^^^^rent 
removable top to facilitate contact adjustment.
Dimensionally the relay is interchangeable with the type "3000 " relay 
and can be supplied to fit directly to the drilling normally provided for the 
"3000" relay.



What’s, NEW in Telephon y

Take down from the bookshelf the latest volume on telephony and much 

of it win already be outdated-was, in fact, before it was ever published-for the 

science of telecommunications is constantly undergoing improvement and change.

Our research engineers are always one step ahead of accepted telephone 

technique. This must be so, because our discoveries arising from patient 

experiment and research become the acknowledged standards of tomorrow.

Thus the manufacturing processes of the whole range of British-made 

Strowger automatic telephone equipment -from units of the smallest size to 

complete area networks — are constantly being revised to bring them into line 

with most recent developments.

It is this assurance of receiving the most up-to-date equipment, coupled 

with adaptability and lasting efficiency, which makes Strowger automatic telephone 

equipment the choice of so many telephone authorities throughout the world.

STROWGER Telecommunications Equipment





Bay mounting 
2-wire

Voice-frequency 
Repeoter Equipment 
with covers removed

TRAN SMISSl.ON EQUIPMENT
includes:-

2-wire and 4-wire 
Voice - Frequency Repeaters

Carrier Terminal' 
and Repeater Equipment 

for use with cable or open-wire lines/ An 
8 ft. 6 in. bay accommodates a complete 
terminal affording four channels, in the 

frequency range below 30 Kc/s, plus a 
voice circuit. This equipment has all the 

facilities of the famous"Apparatus Carrier 
Telephone, I + 4 Mark II" which was 

supplied by us in large quantities to 
the Services. It is now being produced 
to meet the peace-time needs of civil 

administrations.

Multi-Channel 
A.C. Telegraph Equipment 

for land lines, can be supplied for 6, 12 

or 18 channels. Similar Equipment for 

Radio link Systems working on the 2-tone 
principle can be supplied as a 3-channel 

equipment.

Bay mounting 
equipment for 

4-channel 
Carrier and one

Voice Circuit

SIEMENS BROTHERS & CO., LIMITED
WOOLWICH • LO ND O N • S.E.18.
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A PRACTICAL PLAN 
for EARLy PROMOTION

Valuable Free Handbook Tells You 
How to Pass Your C. & G.

or Promotion Exam. at First Attempt I
All Post Office Engineerng personnel who arc 

ruuious to obtain early promotion should •t onre send 
for a copy ol our handbook "ENG^^^^^G 
OPPORTUNISMS," which, among other intensely 
interesting matter, d cribes our unique metbods of 
preparation for TECHNICAL APPO^^^S W 
TTHE POST O^^CE (^^^mt Ellin^^New Style 
and AA>ala^d TrTralc SupttlnleodeotJ. A^T.E.E.E 
CITY AND G^^S ESTIMATIONS iD Principle ol 
Tel^eomunlcatlom (1-6) Ra^o (1-4), Telephoe 
Excibange Sysl^u (1-3), Ttte^pby (1 and 2), ILine 
Traoamlasfoo (1 and 21. Lines Plant Practice (1 and 2), 
Matbematice for Telec^omuoioallom (1-5J, Ele^^^ 
Efor^e^lag Praotlco (PreUm. Inter. and FlagJJ, and 
outlines a wide r.i > ; of non^exammation courses io all 
branches ol Electrical, lleobaoloal ClvU, Au^mo^^ 
Aai^uttical and (Radio EEngl.uee lag.

We definitely guarantee 
" NO PASS-NO FEE"

II you intend to make the most ol today's opportunities, 
you cannot afiord ID miss read 11 “ENGINEERING OPPO&- 

1UN1TM8!' 1t tells you everything you want to kDOw to secure 
advancement, and describes many opportunitieo you may now be 

boi;. through lack of information. Send !or your copy tosday
— FREE and without obligation.

British Institute of Engineering Technology
J69SHAKESPEARE HOUSE, 17-19STRATFORD PLACE, LONDON,W.I

SOUND INSTRUCTION 
by Postal Method

The I.C.S., largest school in the world devoted to spare­
time training by the postai method, offers you highly 
specialised COurses for the following Examinations :

P.M.G. Certificates for Wireless Operators.
Associate Membership of l.E.E.
C. & G. Electrical Engineering Practice, Instal­

lation and Telecommunications.
Graduateship of the B.l.R.E.

Other Courses meet the requirements of all who desire 
to qualify for responsible positions in Electric Power, 
Illumination, Heating and Traction Systems. Equally 
successful is our instruction for Telegraph and H.adio 
Engineers, Radio Servicemen, and in Elementary Radar 
and Ele1 tronics, and Ad van et! Short-Wave Radio.

Instruction is by correspondence from text^wks specially 
prepared by many experts,

WRITE FOR OUR SPECIAL BOOKLET and state 
the particular subject or Examination in which you are 
interested. I r.s. Etamillation studmts are coached till success/id. 
....................YOU MAY USE THIS COUPON.................. 
International Correspondence Schools Ltd.

Dept. 108, International Buildings, Kingsway, London, W.C.2

Please send me, free of charge, your special 
booklet on.................._______________ _................  
Atome.. .________ . Age-----

(Bi.cx Lznsu, Pleah)
Address .._•--___________________ cs

A new edition of this standard work



IDustrated are ERICSSON British 

Post Office Type 2000 Selector Racks 

made at our Beeston Factory.

As much painstaking care is ^^en 
in wiring as is expended upon the 
manufacture of the rack. This 
ensures perfoot connection.

Head Office: 22 LINCOLN'S INN FIELDS, LONDON, W.C.2 
Works: BEESTON, NOTIS.

SELECTOR RACKS
ERICSON TELEPHONES LTD. • Tel.: HOL 6936



PRICE 
£19: ^H>s.

ELECTRICAL 
TESTING 

INSTRUMENTS

T HlS recently developed High Resistance 
AvoMeter has a sensitivity of 20,000 ohms 
per volt on the D.C. voltage ranges and 
I ,OOO ohms per volt on the A.C. ranges.

It is a compact and portable multi-range instrument having many advantages 
which will commend it for use in laboratory or workshop. A 5-inch clearly 
marked scale with an anti-parallax mirror is used for the following ranges 
of readings :—

D.C. CURRENT: 50^A to 1,000 mA. A.C. VOLTAGE: IOv. to 2,SOOv.
D.C. VOLTAGE: 2.Sv. to 2,SOOv. RESISTANCE: 0.1 ohm toSmegohms. 

(with internal battery).

The instrument can be supplied, if required, fitted with magnetic screening 
for protection against stray magnetic fields. It will stand up to heavy overload 
and is protected by an automatic cut-out.
In addition to its multi-range facilities, it can be used as a Galvanometer, 
for which purpose the zero can be offset to the extent of 30 per cent. of full 
scale deflection by a simple knob adjustment.

Size : r x 7f' x 4t". Weight : 7t lbs.
Sole Proprietors and Manufacturers :

9/ze AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO..LT
\ WINDER HOUSE^ DOUGLAS STREET^ LONDON • S.W.1 Telephone: VICTORIA 3401/

HR.I

STUD 
SWITCHES
I. Beryllium Copper Contacts.
2. Contact resistance better than

.005 ohm.
3. Insulation resistance exceeding

I 00 megohms.
4. Maximum voltage between studs 

250.
5. Current breaking capacity, I amp. 

at 250 volts.
6. Units available with from 1-8

poles and up to 52
working positions. $

PAINTON & CO LTD^ KINGSTHORP[ • NORTHAMPTON



POWER BEHIND THE LINES

Tungstone Plante cells are being supplied to the British Post 
and to Posts and Telegraph departments abroad and 

conform fully to G.P.O. and British ^tanda^d specifications. 
Delivery is reasonable on al types and sizes.

Open type cells
Similar to the illustration above, these 
are available in glass and/or lead-lined 
wooden boxes, in capacities from 
100 a.h. to 5000 a.h.
Replatals
We are in a position to supply plates 
for the replatal of any size of existing 
Plante batteries.

Enclosed cells
Illustrated on the right, these are in 
sealed glass boxes, in capacities from 
10 a.h. to 200 a.h., delivered in the 
U.K. filled and charged.
Technical Service
We are glad to advise on most suitable 
types and layouts for any installation 
and for any purpose.

Overseas Enquiries
Export customers are invited to cable or write their enquiries for batteries or 
parts. Visitors to London are welcome at our offices.

ENCLOSED TYPE CELL

TUNGSTONE Batteries
For further particulars write: TU NG S T0 NE P R 0 DU C TS LI M IT E D' 

St. Bride's House, Salisbury Square, London, E.C.4. Telephone: CENtral 8156 (4 lines.).

Cables: DILUTUM, London Works: Market Harborough, Leicestershire.

TC1



For particulars write for leaflet
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The many users of Megger Insulation Testers 
throughout the world will appreciate the 
additional testing facilities provided by these 
new instruments.
Similar in appearance to the original Megger 
Testers in hard wood cases, each new instru­
ment has two ranges and a twin scale with an 
effective scale length of 8! inches. The megohm 
ranges are also greatly increased, the scales 
illustrated showing the comparison between the 
old and the new scale lengths on a 1^M volt 
instrument.

051/1
10—f—

500 volts 0-10,000 megohms 
1000 volts 0-20,000 megohms 
2500 volts 0-50,000 megohms

5/110 b

EVERSHED & VIGNOLES LIMITED • LONDON W.4
TELEPHONE: CHISWICK 1370 • T:LEGRAMS: MEGGER. CHISK, LONDON • CABLES: MEGGER, LONDON
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EASIER INSTALLATION

TL.3a

NE of Standard's extensive range of Qtelephone cables is UNIT TYPE CABLE, 
the virtues of which are clearly illustrated. 
Notice how it departs from the conventional 
layer type. The core is bunched into groups 
of 51 or 102 pairs, each group being separ­
ately identified ; they are first separately 
stranded and then cabled together to form 
the complete core.

Unit type cable is more flexible than the 
concentric type, is easier to draw into 
conduits and very much simpler to handle.

Standard
INIT TYPE

TELEPHONE CABLE

Siandard Telephones and Cables Limited
(Rcegislertd Office: C°"^"fht H^e, AldtJ1ych, ^^^m, W.C..)

NORTH WOOLWICH, LONDON, E.16 Telephone: Albert Dock 1401
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It is noteworthy where Tudor accumulators are 

to be found ful^^^ the most important duties : 
over 500 British Power Stations installed Tudor. 
Many Tudor installations ^rank among the largest 
in the land and have an enviable reputation for 
long-lived reliability. No matter whether they 
were installed onJy yesterday, or over futhirty

years agio—as many of them were—re-they are 
to-day functioning with consistent efciency.

is w Tudor Light-
ilw System, which ii and.

im^^^vow in ^^t^ation. It U int^^ri 

;n of ^^¿, ^hospitals, fact^tJ
find otlur target ^buildjngr.

JUDO? ACCUMULATORS "nm TODOR A^MULATOR CO. LTD 
50 GROS^OR G^ENS, LONDON, S.W.I

WT38/44

CAPACITORS

NEW DESIGNS
’ - ■ : • ' ’ ?

in the range ofr

170SSTYPE NUMBER

FLASHOVERKVDC _(TOI'),

MAXIHUM AMPS.______

27075

12

12

tic Seals guaronteeS 
The new range of UXC .-rmen w1h pennment 
air and mosture^gh «aln® specallypressure differences of up 0 20 Jb^ 
developed metallizing 3 and «¡ramie body 
adhesion between metal c°a 8wratures betwen 
and rpennjts so’c'nFuU P^ticulars of Aashovcr 
22TC and 310 CF^ capably and behaviour 

vaO rea^ -a^ on request.

39105

13

23

45130

21

26

UllTED INSULATOR CO. LTD. OAKCROFT RD. TOLWORTH SURBITON SURREY
Tel^^M: Elmbrtdre 5241 <• lmu} Tolerama: Colonel, Surbll<l
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TELEPHONE CABLES

OUR LATEST BROCHURE No. 9E (1947) 
IS NOW AVAILABLE, GIVING INFOR­

MATION AND SPECIFICATIONS FOR A 
WIDE RANGE OF TELECOMMUNICA­

TION CABLES MANUFACTURED BY US. 
COPIES WILL BE SENT ON REQUEST.

TELEPHONE;
SOUTHAMPTON 

2141 (5
I

___________TELEGRAMS

irelu-UeneraL
CABLE WORKS. Ltd.. SO^^^^^ON.

PRECISION CONTROLS FOR COMMUNICATIONS £ MEASURING

DECADE SWITCH
A Precision Componeni Embodying 
All The Best Design Features

Very low contact resistance.
Positive location. Sturdy action.
Twelve positions—providing two extra contacts 
—30° angular spacing simplifies dial calibration. 
Two types available—416A (Shorting) and 4168 
(Non-Shortinj).

SALFORD ELECTRICAL INSTRUMENTS LTD.
PEEL WORKS SALFORD 3
Phone BLA. 669Ö ( 6 fines ) Crams v Cables “Sparkfess , Manchester

Proprietors THE GENERAL ELECTRIC CO. LTD. England

Printed by SANDERS PHILLIPS & CO- LTD., The Ba^ynard Pr—. ^^^ll Road. London, S.W.9, and 
Pu^^ed by BIRCH et ^HITTlNGfON (P,,. o.rlil • w. [E^l lM.j, Ep!.JDJ Surrey.
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