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A Cathode-Ray Tube Frequency
Comparator for | kc|s Sub-

Standard Tones

U.D.C. 621.317.361 : 621.385.832

F. J. M. LAVER, AM.LEE.

A comparator is described which enables the frequency of a, nominally, 1 kc/s tone transmitted by land line from a distant

source, to be measured in terms of 2 100 ke/s frequency standard. The instrument has a measurement accuracy of -3 x 10-®

over the range 1 kc/s 4-10 x 10-%, and may be used over the range 1 kc/s =100 x 10-° to reduced accuracy. The principle
and application of the comparator are discussed and the sources of error considered.

Introduction.

TABLE oscillators have been installed at various
SPost Office stations for use as frequency sub-

standards! and as master oscillators controlling
the carrier frequencies of multichannel telephony
systems®. These oscillators are calibrated regularly
by deriving from them at each station a tone, with a
frequency—nominally 1 kc/s—which is rigidly related
to that of the local oscillator, and by transmitting
the tones over land lines to a central laboratory for
measurement in terms of a primary frequency standard.
The tone frequencies are normally within 4-3 x 106
of 1 kc/s, and a measurement accuracy of -1 X 10~7
isrequired. The tones are not transmitted over carrier
circuits, since any small frequency difference between
the carriers at the two terminals would, by producing
a corresponding change in tone frequency, lead to
€ITOorS.

The use of a line for the comparison requires that
the measurement be made quickly, which precludes
heterodyne comparison with a 1 kc/s standard since
a frequency difference of 1 x 10-¢ at 1 kc/s corres-
ponds to a beat period of about 17 minutes. The
measurement time may be reduced by génerating a
harmonic of the received tone for heterodyne com-
parison with the standard, but experience has shown
that this procedure is satisfactory only when the
received signal is *“ clean.” 'When noise or interference
accompanies the signal the phase of the generated
harmonic varies, and in unfavourable conditions false
operations of the beat-recording equipment result.
Even with more favourable line conditions the appa-
rent completion of a beat may be advanced or retarded
by an unknown amount. Two types of phase variation
are found ; the first, continuous, rapid and usually of
low amplitude, is probably caused by noise, mains
hum or speech interference ; the second, intermittent,
impulsive and of much larger amplitude, may be
caused by signalling or switching operations.

The effects of phase variation on the accuracy of
comparison may be reduced by using a cathode-ray

1For references see Bibliography at end of article.

tube method, in which the rate of relative phase change
of the signal from the local and distant oscillators is
continuously monitored. The continuous type of
phase variation blurs the indications, and its effect can
be reduced by averaging. The occurrence of impulsive
phase variations may be recognised and, as it is inter-
mittent, the measurement may be timed to avoid the
worst effects. The ways in which a cathode-ray tube
can be used to compare two frequencies are well
known, and include the use of linear deflections to pro-
duce Lissajous figures®, combination of circular and
“ vertical ” or radial deflections to produce gearwheel
figures?, combination of circular deflection with modu-
lation of the beam intensity or focus to produce spot
wheel figures3, and combination of two circular deflec-
tions to produce figures with loops, or cusps 4 & 7.
Cathode-ray tube methods are most often used
to indicate isochronism, that is to show when two
oscillations have equal frequencies, but in the present
application a measurement of frequency difference is
required with an indication of its sense. As with
heterodyne comparison, the measurement time, using
the cathode ray oscilloscope method, may be reduced
by comparing the incoming signal of nominal fre-
quency 1 kc/s with a standard signal of higher fre-
quency. The higher the frequency of comparison,
however, the more rapid is the motion of the figure
and the greater the amplitude of its flutter for given
magnitudes of frequency difference and phase
variation respectively, and a comparison frequency of
100 kc/s has been chosen from a knowledge of the
probable frequency differences and phase variations.
The method selected is a modification of the spot
wheel technique.

Principle of Operation.

The comparator is shown schematically in Fig. 1,
in which the voltage waveforms at various points are
also illustrated. The incoming 1 ke/s tone is amplified,
passed through a narrow band filter, and applied to a
limiting amplifier ; the limited output, in the form of
truncated sine waves, produces a full scale X-
deflection of the cathode ray. The 100 kc/s standard
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is one in which the dots coincide in
pairs. It should be noted that there are
two distinct phase relationships of the
two oscillations for such coincidences

1 ke/s 1 ke/s NARROW PUSH-PULL]
',';‘:g&' O—JAMPLIFIER |-> BAND |>
LINE FILTER AMPLIFIERLL
100 kc/s 100ke/s ‘SQUARE" PULSE
INPUT o JampPLIFEERF>] wave |}
FROM GEN.
STANDARD GEN.

© ©® ©

F1G6. 1.—Brock ScHEMATIC OF COMPARATOR.

input is amplified, limited, converted into a pulse
waveform and used to modulate the brilliance of the
trace. The mean modulator electrode potential is
adjusted so that in the absence of 100 kc/s pulses the
trace is invisible ; then, when the 100 ke/s input is
applied, the screen is illuminated for a brief interval
during each cycle of the 100 kc/s oscillation. If the
nominal 1 ke/s and 100 kc/s oscillations are harmonic-
ally related the resultant figure on the screen of the
cathode-ray tube consists of a row of 100 stationary
bright dots arranged along the X-axis of the tube.
Each pulse of the 100 kc/s oscillation produces one
dot, so that 100 dots equally spaced in time are
produced during each cycle of the 1 kcfs X-deflec-
tion. Since, however, the X-deflection is of truncated
sine-wave form equal time spacing of the dots corre-
sponds to wide separation near the centre of the trace
and crowding together at the ends of the trace, as
shown in Fig. 2 (4). Moreover, there are two sets of

MASK
APERTURE

[
bV

(@) ®)
Fi16. 2.—OSCILLOSCOPE SCREEN PATTERN : (4) FOR MEASURE-
MENT ; (b) FOR SENSE CHECK.

dots, namely those produced during the forward
(left to right) X-trace and those produced during the
return trace, and if the 100 ke/s and 1 kc/s frequencies
are not in exact harmonic relation, the dots appear
to move, one set from left to right and the other set
from right to left.

The determination of frequency difference is made
by measuring the interval between the recurrence of
identical figures, and for convenience, the figure used

62

LIMITING] MEAS. SENSE
P

and that the corresponding figures occur
alternately. This follows from the fact
that there are two sets of dots moving
in opposite directions at equal speeds,
so that coincidences will occur when
each set has moved one-half of the
distance between dots, as well as when
each dot has reached the position
previously occupied by its neighbour.
To avoid the possibility of error from
this cause the screen is masked, as
indicated in Fig. 2 (a),'so that only one
pair of dots is visible, and their coinci-
dence occurs at the centre of the
screen ; the intermediate coincidences
.are then hidden by the mask and
cannot confuse the observer. The
motion of the dots is analysed in an appendix and
it is shown that the following relationship holds :—

JCHECK

F + 1T
f= 100
where f = tone frequency (c/s)
F = standard frequency (c/s) .
T = interval between similar figures (secs.)

It may be.noted that the interval T is equal to the
period of one beat between the standard and the 100th
harmonic of the tone. The action of the comparator is,
in fact, analogous to that of a stroboscope presenting
a series of views of a radius vector rotating in syn-
chronism with the 1 kc/s tone, the views being shown
at intervals of 1/F sec. and the viewpoint being in
the plane of rotation.

The sense of the frequency difference, that is the
sign to be applied in the formula quoted, is détermined
by applying a small fraction of the 1 kc/s voltage
between the Y-plates of the cathode-ray tube, which
opens the linear X-trace into a narrow and greatly
distorted * ellipse,” as shown in Fig. 2 (8). The sense
may then be determined by observing the direction
of apparent motion of the dots on the upper and
lower traces, the appropriate directions being indicated
on the mask.

Description of Circuit and Apparatus.

A circuit diagram of the instrument is shown in
Fig. 3. The incoming line is terminated in a resistive
load of 600 ohms, balanced to earth, and the nominal
1 ke/s voltage developed across this resistor is ampli-
fied in two stages before filtering. The gain from the
amplifier input to the filter output is 32 db. at 1 kc/s,
and the filter reduces this gain by 13 db. at 950 c/s
and by 11-5 db. at 1,050 c/s. The filter output is ampli-
fied by a two-stage push-pull amplifier, the second
stage of which operates as a grid limiter, and the push-
pull output is connected to the X-plates of a 23-in.
cathode-ray tube. A key enables an output from one
half of the amplifier to be connected to the Y1 plate
{normally earthed) the Y2 plate being earthed, and
operation of the key produces an open trace for sense
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checks. A received level of —40 db. (reference 1 milli-
watt in 600 ohms) is sufficient to produce an X-trace
in which the spots near the centre of the screen are
about 20 mm apart, and as the amplifier is of the
limiting type a gain control is not necessary.

The 100 kc/s input from the standard, at a level of
1 milliwatt in 75 ohms impedance is amplified in two
stages and applied to a limiting stage. The anode
potential of the limiter valve takes the form of
truncated sine waves, which are converted into posi-
tive and negative pulses of peak amplitude about
20 volts, by a circuit of short time-constant before
application to the modulator electrode of the cathode-
ray tube. The pulse generator circuits operate satis-
factorily for inputs greater than 0-03 volt over the
range 10-500 kc/s. '

The cathode;ray tube and power unit circuits are
conventional ; 6-3 volts 1-8 amps and 260 volts
40 milliamps are provided for the amplifiers and pulse
generator ; 4-0 volts 1-1 amps and 750 volts 2 milli-
amps are provided for the cathode-ray tube. The
total power consumption of the comparator is 70
volt-amps at 240 volts, 50 c/s. The amplifiers, filter,
pulse generator and cathode-ray tube are mounted
as one unit, 19in. X 12} in. X 104 in., and the power
supplies form a separate unit, 19 in. X 10§ in. X
104 in. The controls provided on the main unit are :
Brilliance, Focus, X-shift, Sense Check key and a key
for selecting alternative 100 kc/s inputs to the pulse
generator.

Analysis of Errors.

The method of use follows from the description
given previously. Thus, if N intervals between coin-
cidences are observed to occur in T seconds the
corresponding frequency difference between the 1 kc/s
tone and the standard is N/T x 10-5. Errors in N
arise from errors in the determination of coincidences,
owing to the finite size of the dots and to the effects of
phase variations. The dots are approximately 1 mm.

in diameter and, at the centre of the screen, are about
20 mm. apart ; the minimum usable diameter being
determined by the effects of halation and the need for
a brilliant spot. It is estimated that the error intro-
duced by dot size is about +0-02 cycle. The effect of
phase variation is more difficult to assess ; it depends
upon the degree and character of the variation and
upon the skill of the observer. At the centre of the
screen the spot separation of 20 mm. corresponds to
3-6° at 1 kc/s, the equivalent peak sine wave ampli-
tude of X-deflection is therefore 20/sin 3-6°=318-3 mm.
and a noise pulse of peak amplitude 1/318-3 of the
signal amplitude would therefore produce a spot
movement of 1 mm., i.e. about 0-05 cycle; this
corresponds to a signal/noise ratio of 50 db. With
average lines, however, the phase variations which
occur are sufficient to cause errors of about 0-1 to
0-5 cycle, and this is the major source of error in the
determination of N, so that an increase of spot
separation or a decrease of spot size would not
appreciably improve the measurement accuracy.

Errors in the determination of T arise from vari-
ations in the observer’s reaction time and from the
discrimination of the timing device. It is estimated
that the effect of the observer’s reaction time is as
much as 0-1 sec., for which reason a stop watch is
sufficiently accurate for timing. The proportional
timing error may be reduced by prolonging the
measurement but, as the use of a line is involved, the
measurement period is usually restricted to about
50 seconds.

It is difficult to count coincidences occurring at a
rate exceeding about 1 per second over a period of
50 seconds, so that the maximum frequency difference
that can conveniently be measured is about 1 ¢/s, i.e.
about 10 X 10-¢ at 100 kc/s. The minimum measur-
able frequency difference depends only on the patience
of the observer, and for a measurement period of
50 secs. the minimum frequency difference is
0-2 x 10-%. However, with a choice of two or more
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frequency standards of slightly different absolute
frequencies it has always been possible to select a
standard so that the frequency difference was about
1 X 10-8. The comparator may be used, at reduced
accuracy, to measure frequency differences up to
100 x 10-8 by replacing the standard 100 kc/s input
to the pulse generator by standard 10 kc/s. Table 1
shows the estimated error of comparison over the
working frequency range, in the absence of phase
variation and for a period of measurement of about
50 seconds.

TasLE 1.
Frequency] Std. | Number of| Time for | Maximum errors— Total
difference | Comp. | intervals | N inter- % comparison
—partsin| Freq. | between vals— error—
10° kefs coincid- T secs. Parts 1
ences. N mN* | in Tt N/T: 108
0-2 100 1 50 2-0 02 | 22 0-44
1 100 5 50 0-4 02106 0-6
10 100 50 50 004 02} 0:24 2-4
100 10 50 50 0041 02§ 024 24-0

* Based on error of 0-02 cycle. 1 Based on exror of 0-1 second.

The instrumental error has been checked by the
intercomparison of two local standards, for which the
effects of phase variation were negligible, with a
frequency difference of 2 X 10-® and measurements
extending over 50 seconds. Comparison errors of
4+ 06 X 108 were found, agreeing well with an
estimated error of -= 0:8 X 10-% on the basis of the
assumptions used in Table 1. Under average condi-
tions of line noise, with a frequency difference of
1 X 10-% and a measurement time of 50 seconds, the
maximum comparison error is about 4 3 x 10-8, as
checked by successive measurements of a distant
standard (70 miles) of short period frequency stability
better than + 1 x 10-8.

Conclusions.

The cathode-ray tube method of frequency com-
parison described above and in use since June, 1944,
has been found to be more useful than heterodyne
methods for the intercomparison of a 100 kc/s
frequency standard with 1 kc/s tones transmitted
over land lines up to 200 miles long, since it is less
susceptible to the presence of noise or interference
voltages. This probably arises from two causes ;
observations are made at a point corresponding to
the maximum rate of phase change of the 1 kc/s tone,
and the rate of phase change is monitored continu-
ously so that the observer may use his judgement to
determine a suitable period of measurement. The
comparator has proved to be simple and reliable in

use and has the advantage that if the signal fails, even
for a brief interval, the failure is obvious and errors
from this cause may be avoided.

Bibliography.
1 ““ Baldock Frequency Control Station.” C. F. Booth and
G. Gregory, P.O.E.E.J., 33, 105, 1940.

2 “The London-Birmingham Coaxial Cable System,Part I1.”’
A. H. Mumford, P.O.E.E.J., 30, 270, 1938.

3 “ Frequency Measurements with the Cathode-ray Oscillo-
graph.” F. J. Rasmussen. Trans. 4.1.E.E., 45, 1256. 1926.

¢ An Improved Cathode Ray Tube Method for the
Harmonic Comparison of Frequencies.” D. W. Dye, Proc.
Phys. Soc., 37, 158, 1924.

5 ‘“ Application of the Cathode Ray Oscillograph in Radio
Research.” R. A. Watson-Watt, J. F. Herd and L. H.
Bainbridge-Bell, HM.S.0., 1932.

8 * Superposition of Circular Motions.” T. S. Rangachari,
Wir. Eng., 6, 184, 1929,

7 “ A New Frequency-Comparison Circuit for the Cathode-
Ray Tube.” G. H. Rawcliffe, J.I.E.E. 89, Part I1I, 191, 1942.

APPENDIX
Analysis of Dot Motion.

Let F = the standard frequency (c/s)
and f = Iaj
where a is an integer, and x is the proportionate
difference of f from harmonic relationship with F.

On the oscilloscope screen the dots will coincide in
pairs whenever a certain phase relationship exists
between the two oscillations. But, since F is lower in
frequency than the ath harmonic of f, the phase
lag of F on fwill increase, and the same arrangement
of dots recurs whenever this lag has increased by an
amount equal to 1 cycle of . This will happen at
intervals of T secs., corresponding to » cycles of f
and to (ma-1) cycles of F, where # is an integer.

(1 4+ x) = the tone frequency (c/s)

na—1 # na
Hence T = T = ? = m
whence na—1 na o 1+ =%

F Fiaxat”
na 1
Therefore, T = m = H:
F

But,f=F(l+x) +xF=~F+1/T

a a a
A similar analysis for the case where f = F (1-x)/a,
leads to the result f =Fi¥-
In the particular comparator described,
- _F+Ur
a = 100 so thatf— —-1—0'6—0
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Contact Resistance and its Variation

with Current

U.D.C. 537.311.4

S. RUDEFORTH, AM.LEE.

Empirical relationships have been derived for the non-linear resistance/current characteristics of specified contacts. It is

shown that both the average contact resistance and deviation in individual values from the mean as represented by the standard

deviation, increase with reduction in the contact current ; and that the ratio of standard deviation to the average resistance
also increases with reduction in contact current.

Introduction.

LTHOUGH the effects of contact current
Aon contact resistance have been studied

theoretically and qualitatively in some detail,!
published work on the treatment of those effects on a
quantitative basis is slight.

The work here described was carried out early in
1944 in the Post Office Research Station, and shows
how, by making a sufficiently large number of
measurements, and by statistical assessment of them,
empirical relationships between contact resistance,
contact current and standard deviation may be
established.?

It is shown that, at least for the type of contact
tested, the mean resistance and the deviation in
extreme values from the mean increase with reduction
in current; and that the mean resistance, R, and
standard deviation, S, are related to the current, I, by

expressions of the form, R or S = a.—".

Type of Contact Investigated.

Fig. 1 shows part of a switching mechanism in
common use in automatic telephone systems and

F1c. 1.—PART OF UNISELECTOR—SHOWING CONTACTS
INVESTIGATED.

referred to as a uniselector. The driving mechanism
is not fully shown, but consists of an electromagnet,

1Fairweather, A. “ The Closure and Partial Separation of
Metallic Contacts.” J.I.E.E., Vol. 92, Pt. 1, p. 301.

% For reference to statistical methods employed see, for
example, Doust, J. F., and Josephs, H. J. ‘“A Simple Intro-
duction to the use of Statistics in Telecommunications
Engineering.” P.0.E.E.j., Vol. 34, p. 36, et. seq.

pawl and ratchet device. A circuit through the
uniselector comprises two sliding contacts, i.e.,
between the wire brush-feed and collar, and between
one end of the wiper and the bank contact. The
composition of the contact materials is given in

Table 1.
TABLE 1

ITEM MATERIAL

Nickel-silver ; 18 per cent. nickel ; hard
rolled, bright dipped.
Wiper .. . Phosphor bronze; 6 per cent. tin,
02 per cent. phosphorus with the
remainder pure copper; hard rolled.

Bank contact ..

Brush .. ..{ Phosphor bronze; 5 per cent. tin,
0-15 to 0-2 per cent. phosphorus with the
remainder pure copper; hard drawn
spring ; bright dipped.

Collar .. ..| Brass, naval ; 62 per cent. copper, 37
per cent. zinc, 1 per cent. tin; bright
dipped

Contact resistance measurements were made on
uniselectors fitted with eight levels comprising 25 bank
contacts per level, and with double-ended wipers,
some of which were of the bridging, and some of the
non-bridging, type. Measurements were confined to
the latter type which ““ break ’ a bank contact before
““making ”’ on the next one.

General Considerations.

Primarily, it was desired to find the overall brush-
feed/bank contact resistance when the contacts were
carrying a current of 3 amps. from a low voltage D.C.
supply. It was stated that very inconsistent values
of resistance were obtained from contact to contact ;
values quoted ranged from 2 to 10 ohms, measured by
means of an ‘‘ ohm-meter,” and 0-3 to 1-0 ohm, from
P.D. measurements when the contacts were carrying a
current of 1-0 amp.

To increase the usefulness of the work and to show
the degree of dependence of contact resistance on the
value of the current, it was decided to obtain results
for a variety of current values. The problem was
essentially a statistical one and was attacked on that
basis.

Ten new uniselectors were used for the tests. The
actual distributions of contact pressures were not
determined but were within the ranges :—

(a) 25 to 45 gms. between brush-feed and collar.
(b) 20 to 40 gms. between wiper tip and bank
contact.

The majority of the measurements made refer to
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‘static ’ contacts, although, as will be seen later,
consideration was given to the effect on the contact
resistance under ‘“ dynamic ”’ conditions, i.e. when the
wipers were rotating at the rate of 10 steps per second.

Except where stated, it was arranged that the con-
tacts neither made nor broke the current, either by

establishing it after a wiper had been positioned on a
contact or, under “ dynamic ”’ conditions, by means
of a relay contact.

RESISTANCE MEASUREMENTS UNDER
“ Static CONDITIONS ”’

Method of M easurement.

The bank contacts were commoned with No. 11
S.W.G. tinned copper wire. The contact current was
obtained from a 12-volt supply, this being a con-
venient testing voltage well above that required to
break down the semi-conducting film (referred to
later) and enabling the use of a series resistance of
value high in comparison with the contact resistance,
so that the current could be pre-set with accuracy.

The wiper of a uniselector was stepped on to a bank
contact to be measured ; after pre-adjustment to the
required value, the current was switched on, and the
total P.D. across the brush-feed and bank contact
measured, in the first instance, by a milli-voltmeter.
However, preliminary tests showed that the contact
resistance usually diminished at such a rate that its
initial value could not be observed with such an
indicating instrument. Frequently, too, the resistance
was subject to comparatively slow variations in both
directions and it was difficult to estimate its maximum
value.

To obtain maximum values of resistance occurring
during short-term periods after switching on the
current, a valve, peak-millivoltmeter was devised.
The arrangement, operated on the capacitor charge
principle, had an operating time-constant of 5 mS,
and was such that the maximum P.D. was indicated
on the instrument as a steady reading for at least two
or three seconds. The operating time-constant was
purposely arranged to be of the order stated so as to
ensure that the measurement obtained corresponded
to the metallic condition. After disconnecting the
current and discharging the peak-voltmeter capacitor,
the wiper was stepped to the next contact to be
measured ; by this means accurate and rapid measure-
ments of the maximum *‘ static ”’ contact resistances
were made.

Tests Made and Results Obtained.

For each of seven constant current values between
0-25amp. and 3amp., the total brush-feed/bank contact
resistances were obtained for 10 uniselectors, 50 brush-
feeds and non-bridging wipers (five per uniselector),
and for 500 available bank contacts. The same end of
a wiper was always used. Between each set of tests
at a particular current value the uniselectors remained
idle for at least a day to ensure similar conditions
prior to testing with each current value. In all, about
8,500 resistance measurements were made and
statistically analysed, of which about 5,000 were
confirmatory tests.

In general, it was not possible to repeat results,
contact for contact, at a given value of current.

66

However, the mean resistance of 500 contacts, R,
and the statistical distribution of resistance about the
mean value, represented by the standard deviation,

S, could invariably be repeated. TFig. 2 shows
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F1G6. 2.—RESISTANCE/CURRENT CHARACTERISTICS FOR FIVE
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resistance/current characteristics, plotted on a log-log
scale, for five typical individual contacts. It is seen
that in some instances there is an apparent reduction
in contact resistance for lower values of current
whilst in others the contrary is the case. Certainly
from a few measurements such as these there
appears no semblance of ““ law and order.”

In Fig. 3, the distributions of resistance for the
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500 contacts and for various values of current are
plotted on an arithmetic probability scale. The dis-
tributions are reasonably stable and approximate to a
normal error law at the highest current values and
become less stable and less in accordance with a
normal error law as the test current decreases.
However, the best fitting ““ normal error ”’ distribu-
tions were found for each set of results obtained from
seven current values, by computing the parameters
RandS. The calculated distributions are represented
by the straight lines in Fig. 3.

When the statistics S and R are plotted against
current, I, on a log-log scale as shown in Fig. 4
(graphs (1) and (2) respectively) the relationships
approximate to the form: R or § = a.l.*,
where 4 and » are constants for either R or S.
The values of ¢ and » best fitting the experimental
data were calculated, and the resulting empirical
equations giving the mean resistance, R ohms, and
standard deviation, S ohms, in terms of the current,
I amperes, are given in Fig. 4. Graph (3) in Fig. 4,
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gives the resistances exceeded by 5 per cent. of the,
contacts and was computed from :—“5 per cent.
resistances exceed R 4 1-65S.” i

The relationship between the mean resistance and
standard deviation is shown in Fig. § and, for the
contacts tested follows the law shown therein.

Thus, not only the mean resistance, but also the
deviation in values from the mean increase as the
current is reduced. That is to say, more and more
consistent and lower resistance values are obtained
as the current is increased.

Graph (4) in Fig. 4 shows that the ratio of the
standard deviation to the mean resistance also
increases as the contact current is reduced. In other
words, the deviations in the values of individual
contact resistances from the mean value increase at a
rate greater than that of the mean value as the current
is reduced.

10 -
-
4’,
-,
,
05 -
_178
S21936R 025

%3 o 5
2 02 /
I IroTs
Z 15
Yy Pe
8 s
z A
2 -
A P
o L”
Zoo
w .
5 NOTE -~ FIGURES AGAINST PLOTTE D
z POINTS REPRESENT CURRENT
< IN AMPERES
w
2 009

0-0il

0 0f 002 005 o1 02 05 10 20

STANDARD DEVIATION (S) W OHMS

Fic. 5.—RELATIONSHIP BETWEEN MEAN RESISTANCE AND
STANDARD DEVIATION AT VARIOUS CURRENT VALUES.,

Comprehensive theoretical studies of contact resist-
ance phenomena appear elsewhere,® but a simple and
probable explanation of the overall results from the
present work is as follows. Contact resistance for
given contact materials is a function of the contact
pressure, the current flowing and the surface condi-
tions, ie. roughness and tarnish and other films.
For low values of current, only the pressure and
surface conditions are important and these may be
expected to produce wide variations in contact
resistance with comparatively low pressures and base
metal contacts. Current reduces the resistance because
the heating effect softens the materials at the point of
contact, the pressure then causing plastic deformation
to increase the area of contact. As the current is
increased, so the plastic deformation and area of
contact increase, and the resistance decreases. This
effect becomes predominant at high current values
and consequently the resistance then tends to be
more constant from contact to contact for a given
current. Thus, a contact which for other reasons
would tend to have a high resistance is subject to
greater heating and therefore more plastic deformation
with resultant greater reduction in resistance than a
contact more nearly average in its characteristics.

Tests showed that the results given were valid for
either direction of current through the wipers.

P.D. Required to Break Down the Semi-Conducting Film.

Not all contacts pass a current for a small P.D.
across them. At any one time a percentage of con-
tacts behave as though they were separated by either
a non-conducting, or semi-conducting film. A certain
P.D. must exist across the contacts to ensure break-
down of this film and to cause them to behave as
metallic contacts.

Of the 500 contacts (brush-to-collar and wiper-to-
bank) of the uniselectors tested, about 10 per cent. of
them failed to pass a current on the application of a
small P.D. For these, the P.D. causing the current to
rise to a value commensurate with that for the metallic

3 Loc. cit.
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contact condition was measured. The distribution of
results is shown in Fig. 6 plotted on a logarithmic
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SEMI-CONDUCTING FIrm.

probability scale. The results suggest that, for the
contacts tested, contacts requiring more than 2 volts
to promote the metallic contact condition would be
very rtare. Therefore, it is considered that the
relationships given in Fig. 4 are applicable to all values
of contact current provided that the E.M.F. applied
to the circuit is, say, not less than 2 volts.

Application of Results to Low Current Values.

It will be appreciated that many thousands of
measurements would have to be made in order to
verify the validity of the given empirical relationships
for low values of contact current. Nevertheless, it is
thought that a reasonably good estimate of the order
of contact resistance to be expected is obtainable from
the given data. Table 2 summarises some of the
measured results, and also the results for contact
currents of 1, 5 and 25 mA estimated from the
equations of Fig. 4.

It will be remarked that maximum
values were in some instances twice as

rapid variations as shown in Fig. 7. Marked peaks of
resistance occurred due to vibration, on operation,
“0,” and release, “R,” of the driving magnet.
Similar variations occurred when the uniselector was
subject to external vibration. Such variations in
resistance are no doubt a source of noise in switching
systems using switches with base metal contacts. For

TABLE 2
Mean 5 per cent. | Minimum and Maximum
Contact Contact Standard | Resistances | Contact Resistances
Current, | Resistance, | Deviation, Exceed from Samples
I, Amperes | R ohms S, ohms — ohms ~— ohms
Mimimum | Maximum
3-0 0-088 0-027 0-132 0-031 0-193
1-0 0170 0-036 0-312 0-040 0-660
0-25 0-390 0-379 1-020 0-052 2:080
0-025 1-560 4-440 8-80
0-005 4-10 250 45-0 See Note| below
0-001 1070 139-0 240-0

Note. From measurements made on a small sample of 40 contacts selected
at random, and for a current of 0-005 amp., contact resistances ranged
from 0-12 to 50 ohms.

example, a subscriber may sometimes hear quite
distinctly the sound of a selector in the process of
stepping, as though, indeed, there was a microphone
located in the apparatus-room. This is due to vibra-
tions from the stepping of an adjacent selector
causing sympathetic vibrations of the wipers of the
selector through which the subscriber’s connection is
established, so producing corresponding variations in
the wiper/bank-contact resistance, akin to those
shown m Fig. 7. This phenomenon is commonly
referred to as “ microphonic noise.”

For the purpose for which the investigation was
orighated, resistance measurements were made using
circuit arrangements designed to cut off the peaks at
“R” and “0O” and, as before, without permitting the
wipers to make or break the current. This was con-
sidered reasonable from a practical point of view
because there was ample time available for operation
of an electromagnet while the wipers were resting on a
bank contact and while the contact resistance was
comparatively steady between the peaks mentioned.
Even so, the average contact resistance for a given
current was higher than it was under static conditions
although it was noted that the standard deviation was
lower.

Effect onthe Contactswhen they M akeand Breaka Current.

Up to at least 500 revolutions of the wipers there was
negligible change in the contact resistance when the

great as the maxima for 95 per cent. of
the sampled contacts.

GENERAL EFFECTS UNDER DyNAMIC
CONDITIONS

‘When a uniselector was arranged to step m%"f
at the rate of 10 steps per second, the fiém
P.D. across the contacts resulting from a N
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steady current passing through them, and
hence the contact resistance, was subject to
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wipers neither made nor broke a current. However,
at a later stage in the investigation when the wipers
made and broke a 3 amps. ,non-inductive,non-quenched
circuit for 250 revolutions, the average contact
resistance, measured whilst the contacts were carrying
a current of 3 amps. under static conditions, increased
by 50 per cent. This resulted from changes in the
contact surfaces arising from sparking and illustrates
the advisability of using such a switch solely as a
selective device with a relay contact to make and break
the current.

Conclusions.

Widely differing resistance/current characteristics
and inconsistent results are obtained from measure-
ments on individual contacts. However, from tests
on a large number of contacts, their mean resistance
and their distribution about the mean can invariably

be repeated provided that the general conditions have
remained unchanged.

Contact resistances of a high order are to be
expected when carrying small currents even though
the contacts are operated within the metallic contact
condition, and in some circuits it may be necessary to
make allowance for relatively high switch contact
Tesistances.

Although the results which are given refer to a
particular type of contact, it is probable that similar
resistance/current laws apply to other contact
materials and it was desired to obtain more compre-
hensive results before publication of the work.
However, as this has not been possible the hope is
expressed that sufficient data are given and interest
aroused to encourage other investigators to study the
subject of the quantitative determination of contact
resistance by the use of the statistical method.

Special Administrative Conference for the North-East Atlantic (LORAN)
January 17th-February 14th, 1949

HE Atlantic City Radio Conference (1947)

I made provision for the Long Range Aid to
Navigation (Standard Loran), which was de-
veloped during the war and operates in the frequency
band allocated to small ships’ radio-telephone services,
to continue operating so far as the North-East
Atlantic area is concerned, until the 1st July, 1949 ;
this was regarded as an exceptional measure in view
of the very considerable interference caused to small
ships’ services. Since, however, it was not possible to
say with certainty that alternative aids, generally
acceptable, would be available by this date and since
the safety of life was concerned, an escape clause was
added, providing that, if no suitable aid was available
by the 1st July, 1949, a Conference of the fifteen

countries* concerned could, at the request of any

three, be called to review the matter.

Following formal requests from Canada, the
Netherlands, the United Kingdom of Great Britain
and Northern Ireland, and the United States of
America, the Conference assembled on Monday,
17th January, 1949. The Conference began by elec-
ting Mr. Monaghan, Ireland, to the chair, and after
much argument two technical groups were set up, one
with a United Kingdom chairman (Mr. Mumford) to
study the interference aspect, and the other with a
French chairman (M. Petry) to study the position
regarding alternative systems.

The Plenary Assembly set a time limit to the work
of the two groups and, as a result, the Draft Reports
of the Groups, together with all outstanding amend-
ments, had to be taken over by the Plenary Assembly.
The substance of the report of the first group was
broadly to the effect that considerable interference
was being caused, although all practicable measures
had been taken to reduce it; and that the provision

* Belgium, Canada, Denmark, Finland, France, Iceland,
Ireland, the Netherlands, Norway, Poland, Portugal, Sweden,
the United Kingdom of Great Britain and Northern Ireland,

the United States of America, and the Union of Socialist
Soviet Republics.

of the latest type of transmitter would improve the
position still further. The second group said in effect
that no suitable alternative aid could be expected to be
available in less than three years.

It soon became clear in the meetings of the Plenary
Assembly that certain countries were going to oppose
completely any continuation of Loran and that others
would only accept it with the qualification that it
should operate on a time-sharing basis. After much
argument it was apparent that no unanimous agree-
ment could be reached and that the only possible way
of resolving the question was by vote. The Chairman,
therefore, first put the Scandinavian time-sharing
proposal to the vote, with the following result: in
favour, three (Denmark, Norway, Sweden) ; against,
eight (Belgium, Canada, United States, France,
Netherlands, Portugal, United Kingdom, Ireland).
Iceland abstained, Finland was absent and Poland
and the U.S.S.R. did not take part in the vote. The
next resolution provided for the existing North-East
Standard Loran Chain (Iceland-Faroes-Hebrides) to
continue to operate temporarily in the band 1,900-
2,000 kc/s, until a substitute, which has been agreed
upon by the International Civil Aviation Organisation,
is in operation in this area, on the understanding that
all practicable measures should continue to be taken
{o minimise harmful interference from Loran trans-
missions te other services, and for the matter to be
reconsidered at the mnext regular International
Administrative Radio Conference, scheduled for
Buenos Aires in 1952. The voting on this resolution
was as follows: in favour, nine (Belgium, Canada,
United States, France, Ireland, Iceland, Netherlands,
Portugal, United Kingdom); against, two (Poland,
U.S.S.R.). Abstentions, four (Denmark, Norway,
Sweden, Finland). It was then agreed that the Final
Acts should contain the resolution as adopted by the
majority, and also declarations by those delegations
which dissented in part or in whole from this
resolution. AHM.
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A 200-Line Mobile Automatic
Exchange

U.D.C. 621.395.34:621.395.722 : 629.113

E. SIDDALL, Bsc.(Eng), AMIEE, and
A. A. PAGE

A new mobile automatic exchange with capacity for a maximum of 200 subscribers has recently been developed, the equip-

ment being housed in two trailer vehicles.

This article describes the design, construction and installation of the prototype

now in service at Alfriston, Sussex, and indicates the trend of further developments contemplated.

Introduction.

HE production of the first Mobile Automatic

Exchange of the U.A.X. No. 13 type is an

important sequel to the Mobile U.A.X. No. 12
which provided emergency exchange facilities in a
single trailer vehicle for about 90 subscribers.! Since
its inauguration 11 years ago, the M.A.X. No. 12 fleet
has already grown to 20, more being still under
construction. The original equipments were fully
self-contained with special petrol engine sets, but
several special trailers are now being made available
for installation of U.A.X. No. 12 equipments (without
prime mover) by Regional staff.

Because of continued administrative difficulties in
acquiring sites and delay in erecting buildings since
the war, the need for a larger type of transportable
exchange became urgent in 1948 and, as a result,
further study was made of the practicability of

1P.O.E.E.]., Vol. 32, p. L.

developing a mobile version of the U.A.X.13, which
is normally used for exchanges up to 200 lines.

Owing to restrictions on the permissible size of
vehicle, i.e. 7 ft. 6 in. overall width and 22 ft. overall
length, it had been realised in previous studies of the
problem that two vehicles per exchange would almost
certainly be necessary, and that this would raise
considerable problems in the installation of the
equipment. It was, however, decided that the mobile
No. 13 type exchange must have the maximum
capacity for subscribers, namely 200, though a limit
of five junction equipment units would be necessitated
by the wvehicle size. This limitation was not con-
sidered to be a serious matter since the majority of
existing exchanges of this type have five or less junction
units. The standard clearances around the units were
required to avoid maintenance difficulties, and it was
decided that mobile exchanges of this size would not
need to be provided with petrol engine sets.
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A New Television Repeater for

Telephone Cable Circuits

U.D.C. 621.397.64:621.315.21

T. KILVINGTON, BSc.(Eng), A.M.LEE.

Telephone cable pairs intended only for the transmission of audio frequencies can be used to provide circuits for the trans-

mission of television signals over short distances. The author gives details of a new video repeater and a method of line-up

using a pulse technique, which enable such circuits to be provide(/l with a frequency response which is sensibly flat up to
about 3 Mc/s.

Introduction.

HE Post Office arrangements for the provision

I of television channels over cable circuits for

outside broadcasts (O.B.s) during the early
post-war period have already been described in an
article in the Journall The present basis of the
television O.B. cable network in London is still the
balanced pair cable connecting Alexandra Palace?
with Broadcasting House and then following a devious
route around the West End of London. This special
balanced pair cable has been supplemented from
time to time by short spurs of the same cable and
more recently by a number of new coaxial cables
converging on Museum exchange, the Post Office focal
point for television circuits in London. In addition,
its coverage has on many occasions been extended
temporarily by using audio frequency pairs in the
ordinary telephone network to provide short links for
television transmission between the actual scene of
an O.B. and the nearest convenient point on the
special cable network. It is with this latter form of
transmission—on telephone pairs—that it is proposed
to deal in some detail in the present article, for it isin
this direction that a most interesting development has
taken place during the last year or so.

The practicability of using ordinary telephone pairs
for the transmission of television signals was demon-
strated in this country in 1938% when a number of
broadcasts were carried out using this method of trans-
mission and in America in 1939%. Since the war, such
circuits have been provided by the Post Office on a
large number of occasions with very satisfactory
results, ‘and the provision of circuits capable of
carrying frequencies up to 3 Mc/s on cables intended
for frequencies up to about 3 kc/s is no longer
regarded with astonishment among those familiar
with the technique.

General Description of Equipment.

The equipment used at a telephone pair video
repeater point is shown in block schematic form in
Fig. 1. It comprises a phantom filter coil through

— H/HRPH/IHDE

NOTE 1

Note 1.—This Unit comprises phantom coil and balance-
to-unbalance wunit.

F16. 1.—BLOCK SCHEMATIC OF VIDEO REPEATER.

1P.O.E.E.J., Vol. 40, p. 33.

2 Ibid, Vol. 30, p. 215.

3 World Radio, 28th April and 5th May, 1939.
4 Bell Lab. Record, Vol. XVII, p. 313.
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which the incoming signal from the telephone pair
passes and which helps to discriminate against longi-
tudinal currents which may have been induced in the
pair by sources of interference close to its route ;
this is followed by a valve circuit which takes the input
from the balanced telephone pair, gives further dis-
crimination against longitudinal currents and feeds
the signal in unbalanced form into the first part of
the equaliser ; this in turn is followed by the first
amplifier, the remainder of the equaliser and the
output amplifier, the latter having a balanced output
suitable for connection either to the special balanced
pair cable or to a further section of telephone line.
The insertion loss/frequency characteristic of a
typical telephone pair as used for vision fransmission
has the form shown by Curve 1 of Fig. 2, when
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thetical case. Cable loss at 3 Mc/s may be as much as 70 db.

Fic. 2.—Loss/FREQUENCY CHARACTERISTICS OF CABLE
AND EQUALISER.

measured between sending and receiving impedances
of the order of 100-150 ohms. This is fairly flat at a
value of about 5-10 db. for frequencies up to 20 kc/s,
but as the frequency is further increased the loss rises
more and more rapidly to a value which may be as
much as 70 db. at 3 Mc/s. The need then is for an
equaliser which will have the inverse characteristic
so that when it is connected in tandem with the cable
the two together will have substantially constant



loss and propagation time over the required video
band from 50 c¢/s to 3 Mc/s. This equaliser may be
made up of a number of constant-impedance sections,
either resonant or non-resonant, of the forms illus-
trated, with their associated frequency characteristics,
in Fig. 3 (a) and (¢). If combinations of resonant
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F1G. 3.—EQUALISER AND SIMULATOR SECTION CHARACTERISTICS.

sections are used it is possible to construct an equaliser
operative over the range up to 3 Mc/s without intro-
ducing very much additional loss at the upper fre-
quency limit as shown by Curve 2 of Fig. 2. On the
other hand, if combinations of non-resonant equaliser
sections are used it is not possible to achieve the
desired characteristic sufficiently closely without
introducing considerable additional loss at the upper
frequency limit of the transmitted band, the equaliser
characteristic being shown by Curve 3 of Fig. 2 ; this
additional loss usually amounts to some 50 per cent.
of the cable loss at the highest frequency. The phase
characteristic of the non-resonant type of equaliser,
however, shows a useful tendency to equalise the
phase characteristic of the cable as well as the loss
characteristic since the equaliser comprises series
capacitance and shunt inductance as opposed to the
series inductance and shunt capacitance of the cable.
Non-resonant equalisers were therefore chosen in
preference to resonant ones which produce phase dis-
tortions at the high-frequency end of the band where
the transmitted frequency approaches the resonant
frequency of the sections. The loss of cable and non-
resonant equaliser is shown by Curve 4 of Fig. 2.

With non-resonant equalisers it is undesirable to
introduce the equaliser into the circuit before the
amplifier at a repeater station since the additional
loss at the top frequency would further depress the
level of the high frequency components of the signal
which have already suffered severe attenuation in the
cable, and would worsen the signal-to-noise
ratio at the grid of the first valve by an
amount equal to the added loss (assuming
that the major noise component is that
generated in the valve itself). On the other
hand, if the signal is amplified before
being passed through the equaliser, the
low frequency components of the signal
which have suffered very little attenuation
in transmission over the cable, and which
mainly determine the peak-to-peak ampli-
tude of the signal, will certainly overload
the amplifier unless this is designed to
handle very high powers, which would be
uneconomical. A compromise is reached,
therefore, as indicated in Fig. 1 by splitting
the equaliser into two parts, one of which
is put in circuit before the first amplifier ;
this part has the characteristic shown by
Curve 5 of Fig. 2, and although it reduces
the level of the low frequencies so that
they will not overload the amplifier, it
does not worsen the signal-to-noise ratio
by introducing additional loss at the high
frequency end of the band. After passing
through the first section of amplifier the
high frequency level has been increased by
the gain of the amplifier and the second
part of the equaliser (Curve 6 of Fig. 2)
which has appreciable loss at the top
frequencies can then be introduced without
worsening the overall signal-to-noise ratio.

Early Type Repeater.

There is no particular difficulty in design-
ing a suitable equaliser for a given case, but when a
flexible arrangement is required, enabling a wide
variety of different circuits to be equalised, the
problem is more difficult. Early attempts to solve
this problem were made on the assumption that the
insertion loss/frequency characteristic of all telephone
pairs could be expressed in the form {a -+ b.g(f). 1}
db. where a is a constant for a given cable circuit,
b is a constant independent of the length of the
cable { and the frequency’; and g(f) is a func-
tion of frequency which is zero at zero frequency and
is, to a first approximation, independent of the
length and the gauge of the conductor. This is the
type of cable characteristic illustrated by Curve 1 in
Fig. 2. The required equaliser should have a charac-
teristic of the form {4 —B.g'(f)}db. in which A4
and B are adjustable constants, B being
adjusted to have a value equal to 4.Z., and g’(f) being
equal to g(f) over the video frequency range to be
transmitted. The total loss of the cable and equaliser
in tandem will then be constant over the entire
video frequency range and equal to (4 4 a), and
A can be adjusted to give the desired overall
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The Receiving System at Cooling

Radio Station

U.D.C. 621.396.65.029.58 : 621.396.75

C. F. BOOTH, o.s.E., M.IE.E.

The factors lim.iting the performance of long-distance radio telephone links operating in the frequency range 3 to 30 Mc/s
are briefly outlined and the design of a receiving system using a highly directive antenna is described. Possible future
developments of directive receiving systems are considered.

Introduction.

INCE the introduction into the international
trunk network of long-distance radio-telephone
links operating in the high-frequency band, 3 to
30 Mc/s, such as those between this country and the
United States of America, much attention has been
directed towards better performance and, as a result,
the quality and reliability of the circuits have been
steadily improved. Nevertheless, it must be
emphasised that radio transmission over long distances
is only possible because of the reflection of electro-
magnetic waves from the jonised layers which com-
prise the ionosphere and from the earth’s surface. On
occasion, the effectiveness of the layers as reflectors
may markedly fall and the absorption of the waves in
the ionosphere may increase considerably above the
normal value. These conditions are beyond control,
and, when they do arise, the circuits concerned may
fail until more normal conditions arise. The improve-
ment has been achieved in two main ways, viz.
increase of signal-to-noise ratio of the received signal
and reduction in the distortion arising under certain
propagation conditions. Increased signal-to-noise
ratio has resulted from several developments, including
the use of larger transmitter powers, more exact
knowledge of the optimum frequencies for a link,
greater receiver sensitivity and selectivity, the
introduction of single-sideband operation and the
development of transmitting and receiving aerials of
high directivity. Perhaps the major contribution to
distortion reduction has been the introduction of
single-sideband operationl. '
There is of course a limit to increase of transmitter
power and it is often more convenient to obtain an
equivalent gain by corresponding improvement of
transmitter or receiver antenna directivity. As an
example, consider a system in which the transmitter
radiates 10 kW, and in which omnidirectional antennee
are used at both the receiver and transmitter. If the
two omnidirectional antennz are replaced by directive
aerials giving a 10 db. gain in the required directions
over that of the omnidirectional antennae, then the
sighal-to-noise improvement at the receiver will be
20 db. To achieve a similar improvement by increase
of transmitter power would mean an increase from a
10 kW unit to 1,000 kW. It is apparent, therefore,
that improvement in aerial directivity is extremely
useful and it is the purpose of this article to describe a
system in which the directivity of the receiving antenna
has been sharpened to the practical limit. However,
before doing so, it is desirable to consider in some
detail the mechanism of radio transmission over long
distance.

Tiw. J. Bray and W. R. H. Lowry: ‘““ A New Short-Wave
Transatlantic Radio Receiver.” P.O.E.E.J., Vol.32, p. 24.
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As already mentioned, such transmissions are made
possible by the reflection of waves between the iono-
sphere and the earth (Fig. 1). The diagram is idealised
in as much as it represents an ionised region as a
perfectly reflecting surface, whereas there may be
several such layers whose ionisation densities, thick-
nesses and effective heights are varying continuously.
The variations of the ionosphere broadly follow daily
and seasonal cycles superimposed on an eleven-year
cycle which follows the sunspot cycle. However, the
diagram does illustrate a condition often experienced
when the resultant field at the receiver is the sum of
those due to several waves which have travelled by
different paths—in the example given, by one-, two-
and three-hop paths. This is known as multi-path
transmission, and, because of the different distances
travelled, the three sets of waves at the receiving
antenna will mutually interfere. Since the effective
heights and ionic densities of the layers are usually
varying, the resultant field at the receiver will rise and

REFLECTING SURFACE_REPRESENTING IONISED LAYER

Fi1c. 1.—MULTIPLE-PATH TRANSMISSION,

fall (fade) as the constituent waves go in and out of
phase.

For an unmodulated carrier wave of frequency
10,000 kc/s under a two-path condition with an
unvarying reflecting layer, the resultant at the
receiving antenna will be a signal of magnitude
determined by the difference in path length. If this
difference is equivalent to an even number of half
wavelengths (A/2 = 15 metres), the two signals will be
in phase, giving a strong signal, while a path difference
of an odd number of half wavelengths will give two
out-of-phase waves and a weak resultant signal. With
a changing reflecting layer, the signal will fade, the
period being determined by the rate of change of
path-length difference, and the amplitude of the
resultant signal by the relative amplitudes of the two
components. Thus the signal will suffer only amplitude
variations, and, subject to adequate signal-to-noise
ratio at the trough of the fade, the variations can be
smoothed by automatic gain control of the receiver.

If the 10,000 kc/s carrier is modulated with a 1 kc/s
tone, the resultant can be considered as comprising
three signals of frequencies 9,999, 10,000 and 10,001
kc/s, corresponding to wavelengths of 30-003, 30-000



and 29-997 metres respectively. For the two-path
condition the three components will not fade simul-
taneously and the fading will be frequency-selective in
character. Thus as the path-length difference changes
through #/2 x 29-997, 30-000 and 30-003 metres,
where # is an odd number, first the upper sideband,
then the carrier, and finally the lower sideband will
fade independently. This gives rise to asymmetry of
sideband amplitude and phase relative to the carrier
and consequently to distortion of the modulation
envelope. The effect of this distortion on speech is of
course a function of the time delay between the paths,
being more serious for short delays of some 100 micro-
seconds than for longer delays of 1,000 microseconds.
Unfortunately little can be done to reduce envelope
distortion of a modulated signal resulting from
frequency-selective fading. The introduction ot
automatic gain control in the receiver will smooth out
signal variations but will not reduce distortion. In
addition to the distortion described, fading of the
carrier with respect to the sidebands gives the effect of
over-modulation and produces non-linear distortion.
However, with single-sideband operation only one
sideband is transmitted, a high-level carrier voltage
being provided at the receiver for the demodulation
process, and non-linear distortion is thereby avoided.
For this reason and others concerning the more
economical use of the radio-frequency spectrum and
of transmitter power, single-sideband operation is
replacing double-sideband operation.

Unfortunately, the unique and constant wave
arrival angles, a;, o, and «;, shown in Fig. 1, are not
realised in practice due to the continuous changes
occurring in the ionosphere, and, in fact, the down-
coming angles and the corresponding signal amplitudes
change from second to second. Also the energy is not
concentrated in a narrow beam but is distributed over
several degrees of angle. A typical example of the
actual distribution of the energy received in this
country from the United States on a frequency of
14,590 ke/s is shown in Fig. 2. The horizontal scale
covers downcoming angle, 0° to 22:5°, and the vertical
scale indicates wave amplitudes of component waves.
The curves of Fig. 2 (a) indicate a single predominant
wave at about 5° with small-amplitude waves at
several other angles, while Fig. 2 () illustrates a
condition observed on the same day when there were
two predominant waves at angles of 9° and 13°. The
successive traces in each set which represent the
conditions at two-second intervals clearly demonstrate
the variability of downcoming angle and of the
individual wave amplitude.

It will be appreciated from what has been said on
propagation that if full advantage is to be taken of a
very directive receiving antenna on a long-distance
circuit, the directivity must be capable of adjustment
in the vertical plane in order to take account of the
variability of the wave arrival angle relative to the
ground. Thus, a fixed directivity system would give
only part of the nominal gain, since, for an appreciable
proportion ot the time, the actual direction of wave
arrival would not coincide with the optimum direction
of the antenna system. Such a highly directive system
with adjustable directivity in the vertical plane was

developed more than ten years ago in the United
States by the Bell Telephone Laboratories* 3 and was
given the name of Multiple Unit Steerable Array or
M.U.S.A. The American Telephone and Telegraph
Company set up a M.U.S.A. at Manahawkin, New
Jersey, to receive telephony signals from Rugby on
short waves. A receiving station based on the same
principles, but differing in design details, was set up at
Cooling, near Rochester, on the south bank of the
River Thames, to receive the corresponding signals
from Lawrenceville, New Jersey. The Cooling Radio
Station was nearing completion in 1939, but, on the
outbreak of war, the work was stopped for a time, and
the station was not brought into operation until July,

(i ee
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Fi16. 2.—RECEIVED WAVE ANGLE PATTERNS,
(Transmissions from U.S.A., 14590 kc/s, Dec., 1943)
(a) Simple Conditions, Single Predominant Wave at about 5°.
(b) Two Predominant Waves at about 9° and 13°.

1942. Since that date the receiving terminals of four
of the short-wave telephone circuits between this
country and the United: States have employed
M.US.A. These circuits also operate on a single-
sideband basis which gives the additional advantages
already indicated, and, in particular, freedom from
non-linear distortion under frequency-selective fading
conditions.

The M.U.S.A. System.
The M.U.S.A. receiving system comprises a series of
unit antenne arranged on the great circle path

2 H. T. Friis and C. B. Feldman: ‘“ A Multiple Unit
Steerable Antenna for Short-Wave Reception.” Proc.I.R.E.,
July, 1937.

3 F. A. Polkinghorn: ‘A Single Sideband M.U.S.A.
Receiving System for Commercial Operation on Transatlantic
Radio Telephone Circuits.” Proc.I.R.E., April, 1940.
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towards the transmitter., The signals
are fed from the unit antenna to the
receiver by coaxial feeders. At the
receiver, these signals are so combined
that the polar diagram of the antenna
system has a narrow lobe which may
be steered electronically in the vertical
plane to the optimum angle of the
downcoming waves. Since the ionised
layers at the areas of wave reflection
are varying continuously in height
and density, the downcoming angles
and the magnitudes of the consti-
tuent waves are also varying from moment to
moment. It is necessary, therefore, to know the most
effective downcoming angles to enable the lobe of the
antenna system to be steered. This information is
obtained from a cathode-ray monitor which gives a
pictorial presentation of the component waves,
similar to Fig. 2.

The Cooling antenna system?® comprises sixteen
antenna spaced out over two miles on the great circle
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Fic. 3.—LavouTr oF M\U.S A. SysTEM.

path towards the transmitter and connected to the
receiving building through buried coaxial cable (Fig.
3). Each unit antenna is of the form shown in Fig. 4,
it is 60 ft. high, of 315 ft. side, and has a larger
included angle of 140°; the units are spaced 656 ft.
between centres. At the receiver the 16 inputs are
amplified, frequency-changed and phase-corrected to
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compensate for the time delays in the different trans-
mission paths. Considering the reception of a single
wave at a downcoming angle «, (Fig. 5) the voltage at
the receiver from antenna No. 2 will lead that from
antenna No. 1 by an angle 8, because although the
ether-path length from the fransmitter to antenna
No. 2 is greater by d, than the distance to antenna
No. 1, the signal from antenna No. 1 has to travel over
an additional length of transmission line equal to d, and
the time of transmission over ether-
path d; is less than that over a length
of coaxial cable equal to d. Similarly,
the output voltage at the receiver from
antenna No. 3 will lead that from
antenna No. 1 by 26 and that from
antenna No. 16 by 156. The 16 output
voltages from the antennz are phase-
corrected at the receiver, the correction
being made for convenience at a fixed
intermediate frequency (I.F.) rather
than at the signal frequency. The 16
sets of LI.F. signals from the respective
antennz are then additive while the
signals arriving with downcoming angles
differing from « will tend to cancel each
other according to their departure
from that angle. It will be seen, there-
fore, that the phasing process provides a means
of steering the directivity of the antenna system
in the vertical plane, variations of the unit phase
correction relative to 6 causing the optimum down-
coming angle to vary relative to «.

The simplified diagram of Fig. 6 shows the
application of the method of phase correction. After
amplification at signal frequency the 16 outputs
are frequency-changed to 3,100 kc/s, amplified,
and changed to 600 kc/s, the phase correction
being introduced at the second frequency
changers. The phase-corrected signals are then
combined, amplified, frequency-changed to
100 kc/s, amplified and demodulated and
amplified at audio frequency. The phase cor-
rection is not applied directly to the 600 kc/s
LF. signals but indirectly by provision of
appropriate phase changes of the 2,500 kc/s
oscillator feeds to the second frequency changers.
The phases of the oscillator voltages are
adjustable by a single control for any required
downcoming angle of the incident wave.

¢ A. J. Gill, Chairman’s Address, Wireless Section,
Journal I.E E., 1939, Vol. 84, p. 248.
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sideband receiver with a unit rhombic
antenna is some 12 db., and over a single-
sideband receiver using only an omni-

3100kejs IEAMP 31d FREQ LEAUP FINAL directional antenna is at least 26 db.
600kefs CHANGER  100kds DEMOD. AF AMP These improvements would necessitate
increases of approximately 16 and 400
e times respectively in transmitter power
500 kefs 100 kdfs for a similar signal-to-noise ratio using
the simpler aerial system.
Despite these figures the reader may
ask whether the results have shown that
i the complexity of equipment has been
o o 2e B0l NUALLY-OPERATED repaid by increased circuit time over that
RYSTAL osciarerl A A ‘ol Prase CONTROL which would be obtained from a single-
oA A, el L sideband receiver associated with a unit
3000k  CHANGER PRASING SYSTEM éoscuu:ron AFQ rhombic antenna. Subjective tests of the
2500 kdfs two systems have been made and the
Fie. 6.—SimMpPLIFIED DiagraM oF M.U S A, SysTEM. results are summarised in Table 1.
Thus, by adjustment of this single control, which TABLE 1
is calibrated in terms of downcoming angle, the
directivity of the antenna can be electronically Factor P o o Tt o et s bend oeotvar
steered to the optimum angle. Three parallel receiver . {speech with unit rhombic antenna
branches are provided, which can be manually and i on) Much | | o The | Sugnuy | Muen
independently adjusted to three different angles «, improved | "UPTOVET|  same | degraded | degraded
a, and «;. A fourth branch, the monitoring branch,
gives an energy-wave angle diagram on a cathode-ray ooty - &2 s 2 28 0
tube ; a representative set of diagrams is shown in ol nterorence | o 7 18 Py o1
Fig. 2. The optimum angle for each receiver branch is

thus determined and this information is used in
setting the three branches. A branch selector is
provided to select automatically and pass to line the
signals from the audio frequency amplifier in the
branch giving the highest level at any instant. The
method of provision of the three working and one
monitor branches is shown in Fig. 7. The monitor
branch phasing is automatically varied to sweep over
the range of unit phase shift once every two seconds,
and the long persistence of the cathode-ray tube
screen provides a good picture of the energy-wave
angle pattern. In operation the monitor tube is
observed more or less continuously, depending on the
stability of the circuit. The three working branches are
set to the three best angles, and the three settings are
not changed until the monitor indicates that such a
change is desirable.

Although only two receivers are installed at Cooling,
it would be practicable to use several on the one
antenna system. Each receiver operates on any of
five frequencies in the range 4,000 to 22,000 kc/s and,
since twin-channel operation is used, a total of four
telephone channels is at present available.

As will have been realised from this simplified
description, the equipment is very complex; it
employs more than 1,000 valves and it occupies
some sixty 10 ft. 6 in. repeater racks, back and front
mounting. Fig. 8 shows a view of the monitor posi-
tion ; the wave-angle monitor oscilloscopes can be
seen in the centre with the manual wave-angle steering
controls below them.

Performance.

The improvement of signal-to-noise ratio of a
16-aerial M.U.S.A. receiver compared with a single-

Thus for some 79 per cent. of the time the speech
quality was better, for 185 per cent. the same, and
for 2-5 per cent. slightly degraded. In this connection
the narrow beamwidth of M.U.S.A. does reduce the
effects of selective fading between signals which have
travelled by widely different paths. However, since
the components of a wave bundle accepted by the
M.U.S.A. may still have time delays between them-
selves of up to 100 microseconds, a certain amount of
selective fading remains. The improvements in respect
of fading and noise are similar to those for quality, but
for interference from other radio transmissions are
somewhat less. The small percentage of time for
which M.U.S.A. was judged to be inferior, about 2
per cent., may have been due to rare occasions of
severe ionospheric disturbance when highly dispersed
reflections were obtained. Under these conditions the
M.U.S.A. system with its pronounced directivity
receives only a fraction of the total dispersed wave
energy, whereas a less directional antenna would
receive a much larger proportion.

Experience has shown-generally that most of the
estimated improvement is realised when it is most
needed, that is, when the circuit is poor using a unit
rhombic antenna. When the signal-to-noise is some
40 db. or more with a simple rthombic the improvement
is less marked. Experience has shown that the com-
plexity and cost of the M.U.S.A. is worth while when
applied to a group of important circuits carrying
heavy traffic such as those between this country and
the United States, but is probably not justified for
more lightly loaded circuits.

The Cooling M.U.S.A. has proved invaluable in
providing information on wave arrival angles. Details
of these angles and of other important factors are
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systematically recorded and this information is of
great value to development engineers concerned with
the design of long distance circuits. In addition, it is
useful in the theoretical study of the ionosphere and of
its behaviour to high-frequency signals. The variation
of the downcoming wave angles for a transatlantic
channel operating on 9,870 kc/s in July, 1942, as
determined by the monitor branch of the Cooling
M.U.S.A. is shown in Fig. 9. The wave-angle values
were determined at 15-minute intervals and were

averaged for each hour of the day. The results clearly
demonstrate the variability of the predominant angles
with time.

Future Developments.

It will be apparent that a M.U.S.A. system is not
flexible in as much as it is suitable only for reception
from a direction in line with the antenna. In addition,
since steering is limited to the vertical plane, the
system fails for waves normally in line with the
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Aerial Cables and their Installation

U.D.C. 621.315.24

P. R. GERRY, AM.EE.

Details are given of past and present types of aerial cable used by the Post Office : the methods employed for their installation
and the reasons for changing the types and methods are also described.

Introduction.

HE advantage of providing circuits by aerial
cable lies in the lower cost of installation

compared with its underground equivalent but
the initial saving is, generally, offset over a period of
years by greater annual charges. Most of the changes
in aerial cabling over the past 50 years, which have
been made with the object of reducing these charges,
have been effective in remedying a particular defect,
but as will be seen from the following paragraphs they
have been responsible for other troubles, with the
result that no appreciable decrease in annual charges
has been achieved.

Early Aerial Cables.

The earliest aerial cables used by the Post Office
consisted of rubber-covered conductors with an overall
bitumen-impregnated braided covering. Included in
the core of one type was a wire consisting of seven
strands of 22 s.w.g. steel which was wrapped with pre-
pared tape. The steel wire had a tensile strength of
80 tons per square inch and was sufficiently strong to
support the cable when it was erected, which obviated
the need for a separate suspension wire. The cable was
made in three sizes only, each having two, four or six
conductors. The overall diameter of the two-wire
cable was 0-4in. and of the six-wire cable 0-74 in.
This type of cable did not prove satisfactory in service
due to the stranded steel wire cutting through its
own tape wrapping and the rubber covering of the
conductors at points where it was secured to poles or
buildings. It was not used on an extensive scale. The
other types of I.R. cable were more satisfactory in use
but in most cases they were used for temporary work
only. The more permanent aerial cables were of the
lead-covered paper core type and the main cause of
trouble with these was the failure of the sheath due to
fatigue. This was eventually overcome by adding
3 per cent. of tin to the lead used for the sheath.

Early Methods of Suspension.

Most of the aerial cables—both rubber covered and
lead covered—were suspended from single or stranded
steel wire with rawhide suspenders. Several changes
were made in the type of suspension wire, the first
being in 1895 when an instruction was issued that
future cables should be attached to solid 400-lb.
copper wires ‘‘ as being more durable in bad atmos-
pheres.”

With the growth of the telephone and telegraph
service it became necessary to provide larger cables,
which caused the copper wires to stretch, and this led
to the reintroduction of stranded steel wires except in
corrosive atmospheres where the use of a bi-metallic
wire—copper-covered steel wire—was specified. The
stranded steel wires were, however, found to have in-
sufficient strength and eventually a single high tensile
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steel wire, weighing 190 1b. per mile, was introduced,
the number of wires used varying from one to four
according to the size of the cable to be suspended.? At
a later date bronze wires were specified in lieu of bi-
metallic wire for use in corrosive atmospheres.

The rawhide suspender used is shown in Fig. 1and

Fi1c. 1.—RAWHIDE SUSPENDER.

consists of a strip of suitably dressed rawhide or
chrome leather. At one end of the strip an eyeletted
hole or slit was provided for attaching the “S”
shaped hook and at the other end was a slit through
which the hooked end was passed to form an eye for
the cable. The hooks were of copper, bronze or gal-
vanised iron to match the material used for the sus-
pension wire. 'With this method of suspension the
suspension wires were first placed in position after
which the suspenders were attached to the cable, as it
left the drum, at 2-tt. intervals for lead-covered cable
and 3-ft. intervals for rubber-covered cable. With the
suspenders attached, the cable was lifted and every
fourth or fifth suspender was hooked on to the wire as
the cable was pulled along. At each pole along the line
the suspenders were detached, taken past the pole and
replaced in the next span. When the last span of
cable was being pulled into position a man on each of
the poles placed all the suspenders on to the suspension
wires.

This method of suspension was used for several
years. It was found, however, that the grip of the raw-
hide was insufficient to prevent it moving along the
cable. This movement resulted in the suspenders
congregating at various points along the line.
Apart from the unsightly appearance created by
the bunching, long lengths (sometimes several yards)
of cable were left without support and this led to
premature failure of the sheath. Another defect was
irregular stretching of the leather of individual sus-
penders which resulted in the cable being spaced at
varying distances below the suspension wire.

There are several types of rawhide suspenders
which, by means of specially shaped hooks, grip the
suspension wire and thus prevent bunching, but there
is no record of any having been used by the Post Office.



Marline Suspenders.

The rawhide sﬁspender was eventually superseded
by the marline type shown in Fig. 2. The hook was of
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FiG. 2.—MARLINE SUSPENDER.

bronze or galvanised iron and the loop was a spliced
length of marline impregnated with a bitumen
compound.

The method of erecting the cable was the same as
with the rawhide suspender. The marline suspender
gripped the cable better than its predecessor but did
not entirely prevent bunching. Its chief defect was the
short life—in some cases the marline broke and had to
be renewed after five years of service. The renewal
of the suspenders was, generally, a hazardous task
because the strength of the suspension wires did not
always provide much margin for supporting the ladder
from which the operator worked.

Steel Rings.

The ring shown in Fig. 3, which
superseded the marline suspender,
is made of spring steel of rectangu-
lar section. The original rings used
had an oval section.

Stranded high tensile steel wire
is used with the rings and the
hooks are designed to grip a
particular size of wire. The rings
are placed in position, after the
stranded wire has been erected,
by an operator who springs the
two hooks on to the suspension
wire while riding along the wire in
a special chair. As each ring is
attached a rope or sash line is
placed inside and when all the
rings have been placed the rope
or line is used to draw the cable
through them. Movement of the rings during the
drawing-in of the cable is prevented by the hooks,
which-are shaped to lock the ring in position. With
this method of erection installation costs are
considerably less than with rawhide or marline sus-
penders as it does not need a man at each pole to
transfer the cable from one side to the other.

The rings satisfactorily overcome the bunching
of previous suspenders and being galvanised have a
longer life. They have, however, proved troublesome
by cutting the lead sheath. The cut may penetrate
through the lead or the cable may fail due to fatigue
cracks occurring at points where the cutting action has
reduced the thickness of the sheath, but in either

Fic. 3.—STEEL
RING SUSPENDER.

event the ingress of moisture into the cable is gradual
and the fault is, therefore, difficult to trace.

Ring-cutting.

The cutting has been found to be due to a variety of
causes. One cause is the use of misshapen or twisted
rings which allow the cable to rest on the compara-
tively sharp edge of the rectangular section, instead of
the broader surface of the strip from which the ring is
made. To avoid faults from this cause it is necessary
to examine each ring closely as it is placed in position
on the wire, changing any which do not hang so that
the broad surface of the strip forming the eye of the
ring will be paralle] to the cable. The large quantity of
rings used precludes a thorough examination of each
ring before it is issued and, while all reasonable pre-
cautions are taken during manufacture and acceptance
examination to ensure that the rings are of the correct
shape, it must be expected that an occasional ring
received for a particular work will not be up to stand-
ard.

It has been found that the cutting usually takes
place near the pole. This is to be expected as at the
pole the cable is relatively free to move whereas the
suspension wire is fixed to the pole; conditions are
thus favourable for independent movement of the
cable in the rings. Away from the pole the cable and
wire are equally free and movement of the cable is
likely to be in unison with the wire and rings.

To prevent the independent movement of the cable
at the pole causing ring cuts the cable was lifted clear
of the first three rings on both sides of the pole. This
was done by tying marline round both cable and sus-
pension wire but the ties did not remain effective for
very long due to the marline deteriorating or the knots
slipping. The ties were eventually abandoned in
favour of special rings fitted in the first and last three
positions in each span. These rings were similar to the
ordinary rings but had a wide cradle fixed at the
bottom of the eye, as shown in Fig. 4. The cradle
provided a broad surface,
with well-rounded edges, on
which the cable rested.

In the early trials, which
were on a small scale, the
cradle rings proved satisfac-
tory and in due course their
use was extended to all
positions in the span where
the cable was in an exposed
situation. It was not long
after the general introduc-
tion of these rings, however,
that cases came to light
where the ring cut through
the lead sheath within a av
few months of being fitted.

Cradle type rings were then

tried with the cradle covered  GrEEL

with lead, but this only SUPS‘;?E'N‘:)'ERS\;:’?TH CI;;»;(‘;E’
delayed the failure of the

cable as the lead seating became worn through in a
few months.

The most troublesome cases of ring-cutting occur
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where small cables are erected in very exposed situa-
tions. Under these conditions, cutting is not confined
to positions near the pole but occurs throughout the
spans and is due to the high winds blowing the
relatively light cable about in the rings. It has be-
come evident that cable rings of any type would not
be satisfactory under such conditions.

Cable Creepage.

A further source of trouble with cable ring suspen-
sion has been cable creepage, which occurs on gradients
at angle and terminal positions and also where the
cable joints are made in a vertical position and
supported on the poles. The effect of creepage is to
produce stretching of the sheath at points where the
cable is fixed (e.g. at cable cleats on terminal poles and
at joints). To prevent creepage the cable is anchored
to the suspension wire at all points where experience
has shown that conditions favourable to creepage
exist. While it is necessary to anchor the cable to
prevent creepage, the anchors prevent free expansion
and contraction of the cable during changes in tem-
perature and it is likely that the anchoring devices may
be a contributory factor to the bowing of large cables.

Bowing.
Bowing is the condition where the cable takes the

form of a bow or arc at local points and it occurs -

usually at high temperatures. Itisdue to the different
rates of expansion and contraction of the steel
suspension wire and the cable, the temperature
coefficient for the wire being 6-4 X 10-8 per °F and for
the cable between 10 and 11 X 10-8 per °F, according
to its size and make-up. In practice these differences
are greater than the coefficients indicate because the
tension in the wire (which may be several thousand
pounds) restricts its change in length, while the cable,
which is relatively unstressed, has no such restriction.
A 96-pair 40-1b. cable, for example, would increase in
length by 1-2298 in. when the temperature rises
from 20°F to 100°F and the distance between adjacent
poles is 40 yd. The wire from which the cable is
suspended, however, would increase its length by
0-241 in. only for the same rise in temperature. Fora
70-yd. span the same size of cable and wire would
increase in length by 2-1332 in. and 0-59 in.
respectively.

If the movement of the cable were not restricted by
the rings the excess length would be absorbed near the
centre of the span and its sag would be greater than
that of the wire. As the rings prevent this increase in
sag a state of compression is created in the cable in
each span. On small cables the compression results in
a series of small waves along the length; on large
cables it causes the cable to bend at the pole,where the
buckling resistance is less than in the span due to the
change in direction as the cable passes from one span
to the next.

When a fall in temperature occurs the cable
becomes shorter than the wire and the resulting ten-
sion in the cable may be sufficient to cause permanent
stretching. Lead-covered cables have a very low
yield point. A 150-pr. 10-lb. cable, for example,
would elongate permanently by 013 per cent. when a
tension of 2 cwt. is applied, while a tension of 40 cwt.
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would produce a permanent stretch of 8-2 per cent.
The amount of permanent elongation will vary accord-
ing to the size of cable but the values quoted indicate
that some permanent stretching will occur during
several cycles of temperature rise and fall. This
accounts for the bows which exist in some cables even
during periods when the temperature is low.

The extent of the bowing can be reduced by
adopting lower tensions when erecting the suspension
wire and by tensioning the cable when the joint is
made while the temperature is high : these measures
would reduce the difference in tension between cable
and wire.

The most serious bowing occurs in large cables
where, as already explained, it is concentrated at local
points along the cable, generally at pole positions. It
is unlikely, however, that large cables will be erected in
future and the main problem is to ascertain what
should be done with the many cables in position

‘which are bowed severely. Observations on several

cables are being made and it is hoped that sufficient
data will be forthcoming to determine whether the
bowing is likely to lead to premature failure of the
sheath and, if so, what measures should be taken to
avoid breakdown of the cable. The issue is confused
by the fact that some cables, and some sections of
cable, show very little, if any, sign of bowing even in
hot weather.

It is evident that bowing must be expected even if
suspension wire having the same coefficient of expan-
sion as the cable were used, but the risk of it causing
premature failure of the sheath may be reduced by
restricting the movement of the cable during tempera-
ture changes. Such a restriction is achieved when
the cable is kept in close contact with the suspension
wire throughout its length. Two methods of doing
this have been tried, one where the cable is bound to
its suspension wire in the factory, and the other where
the binding operation is done in the field.

Factory Bound-in Cable.

The cable tried by the Post Office consisted of the
normal lead-covered aerial cable which was attached
in the factory to a stranded steel wire by two galvan-
ised iron tapes spirally wound round both cable and
wire. The initial costs and installation costs of this
cable were high, the latter due to the extra fittings
required temporarily at each pole to support the
cable while it is tensioned and to the difficulty of trans-
ferring the tensioned suspension wire from the
temporary to the permanent supports on each pole.

The one cable of this type erected by the Post Office
was recovered after 12 years of service. Recovery was
decided upon after frequent failures of the sheath.
The failures were attributed to slackness of the tapes,
which enabled the cable to move independently of the
wire. The tapes were terminated at the ends of each
span and the method adopted to secure the ends
consisted of a few turns of binding wire around cable,
tapes and wire; it is evident that an improved
method of terminating the tapes, which would have
kept the tapes in their original position and thus pre-
vented the cable moving about in the loosened tapes,
would have extended the life of the cable.






under licence in this country by Pirelli-General, of
Southampton, and an order for 60 machines has been
placed with the firm. When these machines become
available it is proposed to abandon the present method
of erecting cables in rings and standardise the
lashing method.

Stainless Steel-sheathed Cable.

This type of cable has been described in a previous
article.! The sheath is of stainless steel instead of lead
and is strong enough to support the cable between
poles without excessive sag. Several lengths which
were erected in 1943 are showing no sign of deteriora-
tion and maintenance costs have been negligible.
Experience to date indicates that it is likely to prove
the most satisfactory cable ever used by the Post

! ‘“‘Stainless Steel-sheathed Aerial Cable.” J. J. Moffatt,
P.OEE.J., Vol. 36, p. 107.

Office. It has a very neat appearance when in position
and its sheath is impervious to gunshot. Installation
costs are approximately one-third the cost of installing
the same size of lead-covered cable in rings. Against
these advantages must be set the high initial cost of
the cable and the slow rate of production due to the
limited manufacturing capacity available,

Conclusions.

The lack of success in the measures taken in the
past to reduce maintenance costs on aerial cables has
been due, to a large extent, to a restricted use of
aerial cables. In recent years, particularly during the
war years, this method of construction has been used
more extensively and this has provided greater scope
for observing its performance. From the observations
made there is reason to expect that the service given
by future aerial cables, i.e. stainless steel or lashed lead-
covered cables will approach, and in some cases
surpass, that provided by underground cables.

Book Reviews

““ New Advances in Printed Circuits.”” Miscellaneous
Publication 192. Published by the Superintendent
of Documents, U.S. Government Printing Office,
Washington 25, D.C. 73 pp. 43ill. Price 40 cents.

This publication is the proceedings of the First
Technical Symposium on Printed Circuits held in
Washington, D.C., on 15th October, 1947, under the
sponsorship of the Aeronautical Board and technical
direction of the National Bureau of Standards. A
preface lists 26 known methods employed in P.C.
technique, describes the essential features of these
methods and gives examples of the application of P.C.
to the design of a variety of types of electronic equip-
ment. Then follow 16 papers on various developments
by men in industry who were responsible for them.
Considerable attention is given to the electrical per-
formance of printed. resistors, metal film resistors,
vitreous enamel dielectric capacitors, the printing of
electrical circuits on plastics and of electronic compo-
nents on glass. A photographic technique of applying
the conductor to the insulating base is described,
and also methods of mechanising and die stamping
wiring. The mass production of printed components to
close tolerances is difficult, however, and the alternative
of printing only the circuit and associating specially
designed prefabricated miniature components with it is
considered. The discussion which followed the presenta-
tion of the papers answers many questions relating to
P.C. technique and the replies to questionnaires were
emphatic that P.C. would achieve minjaturisation,
result in efficient design and reduce costs.

Printed circuit technique is undoubtedly here to stay,
and this publication will be found stimulating by all
who read it and a good introduction to the subject.

L. ER.

“ Traffic and Trunking Principles in Automatic
Telephony.” Revised Edition. G. S. Berkeley,
MIE.E. Ernest Benn Ltd. 339 pp. 87 ill. 21s.

A revised edition of this well-known book on traffic
and trunking has recently appeared. It has been
considerably enlarged and its production is very
pleasing. The author has brought the book thoroughly
up to date in regard to current practice. Thus, there
are chapters on the multi-metering scheme for non-
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director areas, trunking of U.A.Xs, the group selector
rack with grading facilities, as well as other recent
developments. The chapter on the Erlang Lost Call
Theory has been retained. In addition, a chapter dealing
with the delayed call formule, hunting problems, and
an outline of the theory of probabilities has been added.
In an Appendix, tables are given showing the basis of
provision of trunk and junction circuits at 1/50 and 1/30
grades of service and the circumstances in which they
should be used.

Almost the whole of the material in the first edition
has been retained so that the book gives full information
on trunking schemes, racks and cabling, and a most
valuable chapter on the method of design of an auto-
matic exchange. The book will be particularly valuable
to students for the City and Guilds examinations and
contains many references for further reading. It is a
pleasure to recommend this revised edition of a book
dealing with an important and interesting phase of
automatic telephony. A.T. H.

“ The Properties of Soft Solders and Soldered Joints.”
J. McKeown, D.Sc., Ph.D.,, M.I.Mech.E., F.I.M.
The British Non-Ferrous Metals Research Associa-
tion, London, N.W.1. 140 pp. 56 ill. 17s. 6d.

This book is a record of the work carried out by the
British Non-Ferrous Metals Research Association with
the object of increasing metallurgical knowledge of low-
tin-content solders, the use of which was forced upon the
Allies during the last war by the Japanese occupation of
the Malayan Peninsula. The author, Dr. J. McKeown,
was leader of the team engaged on the work and it is
very fortunate for those interested in solders and soldered
joints that he has published the results of the experiments
for which he was responsible.

The book is divided into six chapters : these cover (1)
properties required in solders and soldered joints, (2)
composition of solders, (3) * soldering-power *’ tests,
(4) mechanical properties of solders and joints, (5) hot-
tearing in solders and (6) soldering of aircraft oil-coolers.
Experimental procedure and results are dealt with in
considerable detail, but for those who have not the time
or inclination to read all the author has to say, a very
concise summary of the conclusions reached is given at
the end of each section.

E. V. W



The German River and Sea Bed

Cable Washing-in Process

U.D.C. 621.315.285

C. R. DICKENSON, AM.LEE.

(Control Commission, Germany)

For cable crossings of navigable rivers and sea estuaries a washing-in process is frequently employed in Germany ; in this
process the sub-aqueous cable is laid direct in the river or sea bed, the trench being cut by high-pressure water jets. The
author describes the apparatus used and gives details of a typical cabling work across the Rhine.

Introduction.

URING the last few months of the war, the
DGermans destroyed all the Rhine bridges and

following the Occupation one of the first prob-
lems in road and rail communications was to effect
temporary restoration of certain of the more important
bridge crossings. This was done utilising various
forms of temporary bridges.

International telephone communications from the
British Zone of Germany to the West were initially
carried by two international routes specifically provi-
ded for military purposes; one of these, consisting of
14 pr. carrier cables laid across country, passed from
Minden through Venlo into Holland, crossing the
Rhine over a temporary bridge at Wesel ; the other
utilised the German trunk cable network to Borkum
(an Island in the North Sea’off Emden) and, from
there, a British coaxial submarine cable across the
North Sea to Lowestoft.

With increasing demands on international commu-
nications it became obvious fairly early in 1946 that
additional international routes would have to be
opened up. One of the main German routes had
originally passed through the Ruhr and across the
Rhine at Diisseldorf and it was decided that this route
should be restored. The fact that no permanent
bridge existed at Diisseldorf and that the Skaggerak
bridge, which had originally carried the cables, was
not likely to be repaired and opened until 1948 gave
rise to consideration by the Reichspost and British
Posts and Telegraphs staff of the possibility of laying
a sub-aqueous cable at this point.

Various problems had to be faced, including the
necessity for using capacitor building-out networks
and provision of an additional loading coil section,
due to the fact that a new route across the river bed
must allow reasonable separation for bridge restoration
work and must therefore of necessity be approximately
200 yards longer than the old direct crossing over the
bridge.

Some of the difficulties involved in arranging for
manufacture of the capacitor networks and cable
loading pots, etc. can be appreciated only if one knows
the chaotic state of German industry and raw material
supplies at the time in question.

It has been German procedure, largely due to the
very extensive use of German waterways for shipping
and the dangers of damage by floating ice floes, to bury
sub-aqueous cables in the river and estuary beds at
such a depth that they will not be damaged by ships’
anchors. On the Rhine, barges of up to 2,000 tons dis-
placement frequently anchor in the stretch opposite
Dusseldorf and considerable anchor dragging takes

place, due to the 5-6 knot current. It was therefore
evident that the cable would have to be buried if
damage was to be avoided.

The German Washing-in Process.

The AEG-Harmstorf process used for the cable
laying is, as are all good schemes, a fairly simple one
and relies on the force of a jet of water being able to
loosen and carry with it solid matter up to and includ-
ing quite large stones, if a sufficiently high pressure
and large enough flow of water is available. Original
experiments in cutting trenches for cables under water
were carried out using normal jets and fire type
hydrants positioned and operated by divers. Asa
result of experience gained and developments made,
the prototype of the present apparatus was brought
into use in 1934.

Fundamental principles of the apparatus used are
shown in Fig. 1. It will be noted that this consists of

FLEXIBLZ
WATER PIPE
TO SHIP

WASHING -IN PIPE e
—_— CABLE CHANNEL

REMOVABLE PLATES
ON REAR OF CHANNEL
e

DRAW WIRE
s

OUTLET NOZZLES

Fi1G. 1.—PRINCIPLE OF THE WASHING-IN PROCESS.

the washing-in pipe, which contains a number of water
pressure channels led out to nozzles at various points
on the leading edge, in the rear of which is located a
cable feeding channel, leading out through an easy
bend into the toe of the shoe at the bottom of the pipe.
The pressure of water supply to any of the outlet
nozzles can be adjusted by means of independent
valves. This facilitates excavation at different depths
and under various ground conditions. Fig. 2 gives
some idea of the jet angle and pressure.

The rear edge of the cable feeding channel can be
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firm concerned has yet had experience
of is approximately 7 miles.

The speed of laying is dependent on
various factors, such as the depth of
water and the consequent resistant
pressure at the river or estuary bed and
the type of ground involved. Under
favourable conditions the maximum

DRAW WIRE speed of laying reached is about 1 yard
— per minute.

T e | I -l Cables must be laid singly and cannot

—€ —_ e be laid together, but navigational

DIRECTION OF PROGRESS Uy WiRes TheoCHANREL & control is so good that it is normally

— — +H— — — 2 possible, even under the most difficult

DRAW WIRE Q‘W/ASH'NG"N PIPE  w conditions, to lay cables safely within

- =y 10 or 12 yards of each other. The

xR W A st i ni\}yﬁl_ largest cable laid using this process is
\/ FuX one of approximately 5 in. diameter.

GRCAVATING N CABLE wo It may be interesting also to note

Fic. 4.—Pos1TioN OF SHIPS, PIPE AND CABLE DURING LAYING.

an extremely narrow one of 6 to 12 in. in width, which
facilitates silting up and covering of the cable ; the
use of divers to place the cable in the trench is thus
avoided.

Table 1 gives some indication of the amount of
cover which is obtainable under various river and
sea bed conditions.

TABLE 1
Classification Actual Formation | Depth of Wash-
Type of Bed for Washing-in of River Bed ing-in possible
Process
CLASS I
Loose Easy Soft mud, very Up to 16 ft.
loose river sand
CLASS IT
Medium Good Very soft clay, peat,
soft mud, clayish sand
and fine gravel
up to % in. Approx. 13-16ft.
CLASS III
Medium Medium Hard, sandy mud Approx. 10 ft.
heavy and medium gravel
up to £ in.
CLASS IV

Close hard mud
and loose gravel

Solid ground | Heavy Approzx. 10 ft.

up to 1 in.
LASS V
¢ Very heavy | Washing Very hard mud, Approx. 6 ft.
ground possible large gravel over
1 in. with stones up
to 2% in.
CLASS VI
Rock and Only possible after| Marl rock, very Up to 6 it.

preparation and tight dry clay
removal of major

obstacles.

stone

In Class VI explosives are sometimes used to clear
large rocks and loosen the ground, but for solid rock,
of course, and with very large stones the process is
not a practicable one. The ships are fitted with diving
equipment and diving is resorted to in order to clear
obstructions.

The greatest depth to which the washing-in pipe
can be extended is 72 ft., which, allowing, say, 12 ft. as
the depth the cable is to be buried under the river or
sea bed, gives a margin of up to 60 ft. to cope with
water depths during laying operations. There is no
restriction on the length of cables which can be con-
tinuously laid, but the greatest length the particular

that the apparatus can be adapted
with a special type shoe to recover
cables previously laid out and embedded
under silt, whether they have been laid under this
process, or have been covered by normal siltage.
The same principles apply for clearance of the silt as
for cutting a trench but in this case, of course, the
cable has to be taken up from the leading edge by
the shoe. This facility makes possible excavation of
the cable in the unlikely event of faults occurring.

The Rhine Crossing.

For the Diisseldorf cable crossing of the Rhine,
everything was in readiness by the end of June 1946,
but, successively, faults in the ships’ equipment and
difficult weather conditions delayed arrival from
Hamburg and they finally reached Diisseldorf on the
18th of July. The cable for the first crossing was
loaded into the auxiliary barge on 25th of July and
was taken from Diisseldorf harbour to the point just
North of the Skaggerak bridge, where the crossing
was to be made. During the last week of July work
commenced on the trial washing excavation. It was
found, however, that due to unforeseen conditions the
crossing was not immediately possible. Silting behind
destroyed sections of the original bridge lying in the
water made excavation to the depth required imprac-
ticable, if the cable were to remain protected when
these underwater obstructions were subsequently
removed and the sand banks behind them washed
away by normal erosion. Use of a bucket dredger was
therefore called for and a channel cut in the sand
banks concerned. The dredger was employed on this
work from 2nd to 15th of August.

On the 22nd of August, 1946, the trial washing,
using the special apparatus, was again commenced
and this time successfully completed. On the 24th of
August the actual crossing and laying of the cable was
carried out.

Fig. 5 shows the ships and all equipment at the
finish of the laying operation. The boats have at this
stage moved round to an end-on position and are out
of their normal laying position.

The cable was 166 pr., 19 mm. conductor air core
multiple twin with lead sheath and tape armouring of
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Boat Race Television Broadcast

U.D.C. 621.397.743

B. H. MOORE

On the 26th March, 1949, an important television outside broadcast was made by the B.B.C., when the Oxford and Cambridge
Boat Race was televised from start to finish. The whole of the broadcast passed over the Post Office cable network, and this
article gives a brief account of the arrangements made to provide the necessary links.

Introduction.

HERE are certain centres of entertainment
I where sufficient events of television programme
value are held for the B.B.C. to rent a
special circuit. The cable used for such circuits may
be Siemens balanced pair cable! or the more modern
coaxial cable. When, however, a circuit is needed
once only, or on relatively few occasions, it is usual to
provide it by using junction cables and subscribers’
local distribution cables in association with special
wide band amplifiers and equalisers. The technique
for using telephone cables to transmit television
signals has been described in a previous article.2
The cables may be of any one of several gauges of
copper: 64 1b.; 10 1b.; 20 1b., and the maximum
repeater length for each is shown in Table 1.

TABLE 1
Conductor | Maximum | Maximum db./mile
Gauge Length D.C.
in Miles | Resistance | 100 kc/s |3 Mc/s
61 1b. 0-75 202 14 80
10 Ib. 1-25 220 8 55
20 Ib. 2-0 176 4-5 34

However, a cable cannot be assessed for television
transmission in terms of mileage, D.C. resistance and
loss. The use of such a wide frequency range makes it
necessary to pay special attention to
interference of wvarious kinds, and
the signal/noise ratio assumes great
importance.

Although it has been possible over
the last three years to build up a record
of useful data for a large number of the
junction cables which assistsin the rout-
g of circuits, special problems were
involved in providing the line network
for the recent Boat Race television
broadcast, as will be realised from the
following description.

The O.B. Line Network.

The network shown in the diagram
of the course (Fig. 1), apart from the
Putney link, comprised line links that
had not previously been wused for
television. It was, therefore, necessary
to spend a considerable amount of
time on survey and preliminary
measurement work.

The details of the four links used are
given in Table 2.

1P 0.E.E.J., Vol. 30, p. 215.
*P.O.E.E.]., Vol. 40, p. 33.

MOBILE
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CHISWICK
BRIDGE

Repeater and Switching Arrangements.

In addition to the four fixed television camera
positions shown in Fig. 1, the B.B.C. had a camera
mounted in the bows of the launch, Consuta (Fig. 2),
which followed the race throughout.

The signals from the camera on the launch were
relayed by the B.B.C., using a 25W 52-5 Mc/s radio
transmitter, to one of the three radio receivers located
at the camera positions serving links 2, 3 and 4.
Three receivers were necessary as the radio signals
from the launch were seriously attenuated by the
bridges over the river.

Since there was only one video circuit from each of
these three camera positions to Broadcasting House,
the choice between sending the pictures from the
Consuta or from the camera on the bank of the river
had to be made locally by B.B.C. staff. Only at the
start when the boats were within range of the camera
at Putney Bridge was it possible to send pictures from
both the Consuta and a camera on the river bank to
Broadcasting House.

It will be clear from the diagram that while change-
over from Link 1 to Link 2 could be effected at Broad-
casting House, subsequent changes from Link 2 to
Link 3 and from Link 3 to Link 4 had to be made at
Riverside and Chiswick exchanges respectively, on cue
signals from the B.B.C. at the camera positions. In
considering the switching arrangements, at first it
appeared necessary to make the cable characteristics
of the two legs beyond the switching point identical by
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[} {a}
LSl ) | kali
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Fi16. 1.—ScHEMATIC DiaGrRAM OF LINE NETWORK.
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The Wire Rope Traction Drive

R. S. PHILLIPS, M.LEE.

Part |.—Methods of Roping; Tractive Force; Coefficient of Friction

U.D.C. 621.876 : 621.853

Par.t 1 of this article gives an introduction to the wire rope traction drive as used on most types of lift. The various methods of
roping are explained and important features such as tractive force, coefficients of friction and sheave groove shape considered.
Part 2 will include details of rope construction, lubrication and stresses and discuss factors of safety and the effect of speed.

Introduction.

HE wire rope traction drive is employed
mainly for lifts and hoists and in its simplest

form is illustrated in Fig. 1 (4). Power is
applied to the sheave and the drive depends for its

SHEAVE. )
R OUNTERWEIGHT PULLEY.
CAR. COUNTERWEIGHT]

(@) _ (b)

SHEAVE

GCAR .
SHEAVE.
PULLEY.

SHEAVE
PULLEY.
[COUNTERWEIGHT. CAR.
AR COUNTERWEIGHT

(<) (d)

Fi1G. 1.—TyPES oF ONE-TO-ONE WIRE ROPE TRACTION DRIVE.

action on friction between the rope and the sheave
groove. The size of the machine is independent of the
height of rise, the roping is simple and, as the tractive
force ceases immediately the car or counterweight
reaches the bottom limit of travel, an important safety
feature is provided as there is no possibility of over-
winding. Because of these advantages over the drum
machine the traction drive is now used almost
exclusively on all types of lift. These operate at
speeds up to about 600 ft. per minute in this country
and up to 1,200 ft. per minute in America.

For the same reasons the Koepe winder, which is a
wire rope traction drive similar in principle to that illus-
trated in Fig. 1 (), is being used in increasing numbers
for mining work in preference to the various types of
drum drive which have been employed for many years.
The Koepe machine is used particularly for winding
heavy loads from great depths and shafts are being
worked at present in this country and on the Con-
tinent at depths as great as 5,000 ft. The maximum
speeds employed are 3,900 ft. per minute for mineral
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winding and 2,300 ft. per minute for men winding
with pay-loads up to about 20 tons.

Methods of Roping.

The roping shown in Fig. 1 (a) is known as single-
wrap or half-wrap, as the ropes wrap the sheave for
approximately 180° and pass from the car over the
driving sheave to the counterweight. The number of
ropes employed may be as many as six or even eight,
depending on the load to be raised. When the size of
the well or the position of the sheave will not permit
of the arrangement shown, one or more idle pulleys
may be used as in Fig. 1 (). These pulleys do not
transmit power but merely change the direction of the
ropes.

'Pi‘he tractive force may be increased by using a
double-wrap or full-wrap drive as in Fig. 1(c), which
employs an idle pulley under the sheave thus giving a.
total rope wrap of approximately 360°. The ropes pass
from the car over the sheave, around the idler, again
over the sheave and thence to the counterweight.
The load on the sheave is therefore double that with
a single-wrap drive. The ropes may also be changed
in direction as in Fig. 1 (d). All drives in Fig. 1 are
known as one-to-one drives because the speed of the
car is the same as that of the sheave.

For large capacity lifts it is sometimes desirable to
remove some of the load from the sheave bearings and
to do this the drive shown in Fig. 2 is used. The ropes

ROPE
ANCHORAGE. 44

SHEAVE
PULLEY.

COUNTERWEIGHT.

PULLEY.

CAR.

F1G. 2.—A Two-10-ONE DRIVE.

pass from an anchorage in the building structure,
around an idler fixed to the car, around the sheave to
an idler on the counterweight and thence to another
structure anchorage. This results in a car speed of
half that of the sheave and permits the use of high-
speed variable voltage equipment for low car speeds.



One disadvantage, however, is that the reverse bends
in the ropes result in a short rope life. Additional
idlers may be employed, when necessary, to lead the
ropes from the sheave into the well. This two-to-one
drive may also be used with the full-wrap roping
system.

Where possible, the winding machine is situated
above the well asin Figs. 1and 2. This position results
in simple roping and the loads on the overhead struc-
ture are usually smaller than when the machine is
below the well. This latter arrangement is shown in
Fig. 3 and it may be modified when necessary to full-

I ’ PULLEYS

COUNTERWEIGHT.

CAR.

SHEAVE

Fig. 3.—HALF-WRAP, ONE-TO-ONE DRIVE WITH MACHINE
BeELow WELL.

wrap or to two-to-one roping similar to the overhead
drives.

In mining applications the drive is single-wrap,
one-to-one with an idle pulley on the outside of the
rope thus giving a wrap of about 220° as in Fig. 4.

SHEAVE

PULLEY

CAGE.S
L, : ::
[}
|
i
|

CAGE.

PULLEY
Fi1G. 4—A DrivE SUITABLE FOR MINING APPLICATIONS.

This arrangement is necessary because the sheave may
be as large as 30ft. diameter. In the drive illustrated,

the equipment is directly above the shaft and is
supported on a tower structure which may be as high
as 150 ft. Alternatively, in the ground Koepe drive,
the winding sheave is at ground level about 150 ft.
from the shaft head and diverting pulleys are one
under the other, directly over the shaft and in a tower
about 150 ft. high.

Tractive Force.

(@) U Groove.—The maximum tractive effort is
determined by the relative tensions on the two sides
of the sheave when the ropes begin to slip in the
grooves. This maximum value depends upon the ten-
sion in the tight side, which is limited by the economic
strength of the rope, and on the permissible tension in
the slack side which is limited by frictional properties.
If the tensions! in the tight and slack sides are T and
T, respectively, the relation between these tensions is
expressed by the formula

Ty T, = e

where u represents the coefficient of friction between
the rope and the sheave and 6 the angle subtended at
the centre by that portion of the rope in contact
with the sheave, i.e. the rope wrap. This formula is
quoted in most Applied Mechanics text books? and
although it has been accepted for many years,
opinion is divided as to its correct application.

(b) Vee Groove.—In many lifts the rope lies in a Vee
groove as shown in Fig. 5 (4) and as friction occurs on

s
R
24
s
R R R
24
(a) (b)
TRIANGLE OF
VEE GROOVE FORCES FOR (a)

F1G 5.— Forces ActiNGgG ON RoOPE IN A VEE GROOVE.

two surfaces the resistance to slipping is greater than
when the rope is in a circular groove. In an element of
the rope the resistance to slipping is uR on each side
of the Vee, i.e. a total of 2uR. From the triangle of
forces in Fig. 5 (b),

S =2Rsina

where 2 « is the angle of the groove.
Hence 2R == S cosec a

and the elemental resistance to slipping is uS cosec «.
The resistance to slipping in an element of the rope
when in a U groove is uS and in the formula
T,/Ty=e** it will therefore be necessary to substitute
p cosec « for u to make the formula applicable to a
Vee groove. Hence for a rope in a Vee groove

T, [T =ew coseca.

1 R. S. Phillips, ““ Electric Lifts,”” Pitman, 1948.
2e.g. D. A. Low, *“ Applied Mechanics,” Longman.
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(¢) Double-wrap Drive.—This is as shown in Fig. 6.
With the tensions in the various ropes as indicated,

T1/T3:gu91 cosec a gnd T3/T2=3”0 COSEC a
TI/T2: T1/T3 X T3/T2 — gul8+6y) cosec a

SHEAVE

COUNTERWEIGHT.

CAR.

F1G. 6.—A DoOUBLE-WRAP DRIVE.

It is clear from this equation that the maximum
tractive effort with a double-wrap drive is greater than
that with. single-wrap.

Lindquist® carried out practical tests with ropes on
lift sheaves to determine values for T,/T, and when
the ropes worked in round grooves he obtained a
maximum value of 1-56 and a minimum of 1-40. The
maximum value was obtained with new ropes and
sheaves and dry surfaces and the minimum value
with worn sheaves, lubricated ropes, light tension and
high speed. He considered that with light tension
and high speed there was an oil film between the rope
and the sheave and that the rope did not contact the
sheave for 180° due to stiffness of the rope and centri-
fugal action. With a full-wrap drive the maximum
value of T,/T, was 2:43 and minimum value 1-96.
These figures indicate a remarkable constancy of
traction under such widely varying conditions.

Coefficient of Friction.

From the formula T',/T,=e* it will be seen that
for a given rope wrap the maximum ratio between the
two tensions depends on the coefficient of friction be-
tween the rope and the sheave. To ensure a satisfac-
tory drive this coefficient must be large enough to
prevent slipping under the worst service conditions.
This occurs during the period of maximum accelera-
tion. If the weights of the car and maximum load are
2,000 and 1,600 Ib. respectively, the weight of the
counterweight will be assumed to be 2,800 1b. The
average acceleration will be taken as 3 ft. per second
per second and it will therefore be reasonable to
assume that the maximum rate will be 6ft. per
second per second.

(a) If the car 1s empty,
T, 2800
T, 2,000

during the steady velocity stage.

3 D. Lindquist, *“ Modern Electric Elevators,” Trans, Amer.
Soc. Mech. Engrs. 1915, p. 705.
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During maximum acceleration the accelerating
force on the counterweight ropes

- %Sogzx 8 _ 52510,
and the accelerating force on the car ropes
2,000x6
=" = 375 Ib.
When the car is moving up, the tension in the

car ropes
= 2,0004-375=2,375 1b.

and the tension in the counterweight ropes
= 2,800 — 525 = 2,275 Ib.

T, 238715

T, 2215 104

If the drive is double-wrap and 8 = 300° then

from the formula T,/T, = e+,

p=0-0075at the moment when slipping occurs (1)

Similarly when the car is moving down,

therefore

3325
TyT, = 1625 = 2-04
and p =0136 .................... 2)
(b) If the car is fully loaded,
T, _ 3,600
T, = 2,800 during the steadyvelocity

stage and when the car is moving up with
maximum acceleration

T, 4275
T, 2215 = 1%
Lp=0121 ... (3)
When the car is moving down
T, 3325 .
T, 2,925 113
S =00234. 4)

It will thus be seen that the tendency to slip is
greatest when the empty car is moving down at maxi-
mum acceleration and to prevent slipping the
coefficient of friction must exceed 0-136.

The effect of a car of heavier construction on the
tendency to slip may be seen by repeating the above
but substituting the car by one of 2,500 lb. in weight.
When the empty car is moving down at maximum
acceleration,

T, 3,919
T, 2,031 =193
andp=0126 .................... (6)

Hence the conditions for slipping are worse when the
car is of light construction and in difficult cases it is
necessary to give careful consideration to the value
of the counterweight to ensure that there is no
slipping during acceleration.

The above is not strictly correct as the coefficient of
friction varies with the unit pressure between the rope
and the sheave. The total pressure depends upon the
values of T, and T, while the unit pressure depends
on the rope construction, type of groove and the
conditions of the wires and grooves. Values of u for
steel on cast iron are 0-17, 0:30, 0-34 and 035 for
pressures of 125, 186, 260 and 390 Ib. per sq. in.
respectively. These values are for dry surfaces and
are different if oil is present. Inthe design of traction



drives for mines the rope-to-groove pressures are
usually limited to 200 lb. per sq. in., the pressure
being calculated as

Th1+7T,
Rope Diameter X Sheave Diameter

and with normal accelerations of 3-4 ft. per second
per second, endeavour is made to obtain a condition
where p does not exceed 0-2. Although this formula
does not give the actual unit pressure it is sufficiently
correct for pressure comparisons between various
designs.

The results of laboratory tests? carried out with
steel wire ropes on cast iron sheaves indicate how the
coefficient of friction varies with the rope tension,
type of rope construction, size of sheave and shape of
groove. With 6/7 Ordinary lay ropes* of lin. circum-
ference in a 42° Vee-grooved sheave, tests were made
with various rope tensions and the value of the co-
efficient of friction was calculated from the expression

]"1/7‘2 — M cosec a.

On a 12in. diameter sheave the value of x varied from
0-098 to 0:124, with a mean value of 0-117, as the
rope tension was increased from 175 1b. to 975 Ib.
When this rope was replaced by a Lang lay ropet of
otherwise similar characteristics the corresponding
range for u was 0-111 to 0-124 with a mean of 0-123.

The same Ordinary lay rope in the round groove of
a 12-in. sheave gave a mean value of u of 0-174. The
Lang lay rope in the round groove gave a mean of
0-157 for p.

In all the above tests the ropes were lubricated and
when the tests were repeated with dry ropes the fol-
lowing figures were obtained. In the Vee groove the
ropes gave mean values of u of 0-245 and 0-208 for
Ordinary and Lang lay respectively. In the round
groove means of 0-175 and 0-176 for Ordinary and
Lang lay, respectively, were obtained. For a correct
comparison of these coefficients for Vee and round
grooves, however, it must be remembered that
p cosec « must be used for the Vee groove and u for
the round groove.

These tests indicated that p increased slightly as the
rope tension was increased and the value of T,/T, was
greater for the Vee groove than for the round groove.
The value of u varied very little with the type of lay
but, as was expected, was smaller with lubricated
ropes than with dry ropes. The coefficient of friction
also decreased as the angle of the Vee groove was in-
creased, e.g. with a Lang lay it was 0-123 and 0-110 in
grooves of 42° and 54° respectively.

Grooves.

The grooves of all pulleys (these merely change the
direction of the ropes and do not transmit power) are
semi-circular in shape but this groove is also used for
some lift traction sheaves which transmit power and
for sheaves of mine winding machines. It might
appear that such a groove, if it were made the exact
size of the rope, would provide a large bearing surface

4« Fifth Report of the Wire Ropes Research Committee,”
JI.M.E. 1935, p. 373.

* Wires and strands twisted in opposite directions.

+ Wires and strands twisted in same directions.

and thus give increased traction. Although theoreti-
cally correct, this condition cannot be maintained in
practice as a new rope may be 1/16 in. over its nominal
diameter and when nearing the end of its life may be
1/16 in. under size. If the size of this groove is made
slightly less than that of the rope there would be
binding on each side with consequent high local
pressures and early rope distortion and failure. The
only alternative round groove is one of diameter
slightly larger than the rope diameter. Field and
laboratory tests® have shown that where the sheaves
have grooves 1/16 in. larger than the rope diameter
the life of the ropes is from three to four times as long
as when the grooves are slightly smaller than the
rope diameter. B.S5.329 slates that the radius of a
round groove should be larger than the radius of the
rope by 1/20 to accommodate ropes 5 per cent. over
nominal size.

When used on sheaves this U groove has the
advantage that pressures are not high enough to
cause excessive rope wear but on the other hand the
pressures are usually too low to ensure a value of p
that will be high enough to give adequate traction
with a single-wrap lift drive. Consequently round
grooved lift sheaves are only used with double-wrap
drives.

The commonest form of lift sheave groove is Vee
shaped, the included angle being between 35° and 42° ;
the Post Office standard for lift sheaves is 35°. This
groove results in high pressures between the rope and
sheave due to the wedging action and consequently
higher values of u. These values are sufficiently high
to provide enough_ traction with single-wrap lift
drives. Because of the high pressures there is a reduc-
tion in the life of the rope and hard ropes should be
used. These high pressures serve to adapt the groove
to the rope and after a short time the area of contact
is greatly increased, thus reducing the wedging action
and wear on the rope but with resultant loss of unit
pressure, lower coefficient of friction and lower maxi-
mum torque. A new rope in an old groove may thus
be severely damaged before it is formed to the shape
of the groove.

In an endeavour to secure the advantages of both of
these two main types of groove, other shapes have
been used which are compromises between the U and
the Vee. Some of these have the groove bottom under-
cut to relieve the pressure on the rope as shown in
Fig. 7.

VYN

MODIFIED VEE UNDERCUT.

Fi1G. 7.—TypricaL GROOVE SHAPES.

For lifts the grooves are turned in the rim of a
plated type cast iron sheave and are unlined. Mining
sheaves, however, are spoked and the grooves may be
unlined cast iron or may have linings of wood, Ferodo,
leather or aluminium.

The exact shape assumed by the cross-section of a

5 C. D. Meals, *“ Bending Stresses in Wire Ropes.” Trans.
Amer. Soc. Mech. Engrs., 1929, Vol. 51.
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rope when bent round a plain cylindrical drum does
not appear to have been investigated but is clearly
important in arriving at the correct shape of groove to
support the rope. It is probable that to give equal
radial support to all wires in the groove the shape of
the groove should not be circular. Its correct shape
to support the bent rope depends upon the diameter
of the sheave, the rope construction, tension and other
factors. If such a special groove could be turned for
each set of conditions, however, wear would be
minimised and the life of the rope greatly increased.

In practice it is important that the grooves should

substantially retain their original shape and so avoid
slip. When the drive comprises more than one rope,
as is usually the case, it is essential that the rope
centre diameter be exactly the same for each rope. If,
for example, one of the grooves is of slightly smaller
diameter than the others due to inaccurate manu-
facture or wear, the rope in this groove will travel at
a slower speed than the remaining ropes. It must,
therefore slip in order to keep pace with the others
with the result that both rope and groove wear
rapidly.

The Institution of Post Office Electrical Engineers

ESSAY COMPETITION, 1948/49, RESULTS

Prizes of £3 3s. each and Institution Certificates have
been awarded to the following five competitors :—
C. J. Williams, Technician, Exeter. ““Telecommunica-
tions and the National Effort.”
A. L. Deighton, Technician, Lincoln.
Power Supplies.”
R. E. Beasley, Technician, Nottingham. “Time and
Telephony.”
H. F. Bentley, SSW.11 (A), Oxted.
500,000.”
S. M. Creed, S.W.11 (A), Centre Area, L.T.R. “‘Some
aspects of Internal Wiring of Buildings.”
Institution Certificates of Merit have been awarded
to :—

J. G. A. Wallace, S.W.11 (A), Southport. ‘‘The Radio
Link as a solution to present-day Telecommunica-
tions Problems.

R. E. Pugsley, SSW.11 (A), Cardiff.
Acoustics.”

Miss M. M. Jeans, D/O. Asst., Cardiff. ‘‘The G.P.O.
Engineering Training School—Welsh and Border
Counties Region.”

“Television

“Fitting the

‘‘Physiological

J. READING, Secretary.
N.B.—Particulars of the next competition, entry for
which closes on December 31st, 1949, will be
published later.

Institution’s Library

Recent additions to the Library include the
following :—

1788 Statistical Quality Control. E. L. Grant (American
1946).

A working manual whose object is to explain
simple but powerful statistical techniques that can
be widely used in industry to reduce costs and
improve product quality.

1789 Quartz Crystals for Electrical Civeurts.
Heising (American 1946).

Deals with the development and manufacture of
quartz plates for electrical circuits, with specialist
treatment of particular phases of piezoelectric
research and its engineering applications.

1790 Chemucal Theyrmodynamics. J. A. V. Butler
(British 1946).

An elementary introduction to the thermo-
dynamical method in chemistry stressing the
underlying principles and applications. Part II
is concerned with the thermodynamical functions,
energy, free energy and entropy, and their partial
derivatives.

R. A.
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1791 Ball and Roller Beaving Engineering. A, Palmgren
(American 1946).

Explains the fundamental principles of ball-
bearing engineering.  Covers common bearing
types ; forces and motions in bearings ; the carry-
ing capacity of ball and roller bearings; bearing
selection ; design of bearing applications ; mount-
ing and dismounting, lubrication and maintenance ;
bearing failures.

1792 The Atom and its Energy.
Andrade (British 1947).
Sets out to explain to the reader untrained in the
physical sciences the broad principles involved.
General elements of the atomic theory are so
discussed, that the developments appear to be the
inevitable outcome of an ordered body of investi-
gation which has led to a more and more detailed
knowledge of the atom and its structure.

E. H. Jolley

Prof. E. N. da C.

1793 Telegraph Transmission Theory.
(British 1947).

A treatment of telegraph transmission in a
way suitable for students. Covers telegraph
transmission ; line transmission theory direct
current; A.C. transmission theory ; relations
between steady state and transient conditions ;
electrical wave filters, transmission of A.C. tele-
graph signals; transmission requirements for
telegraph switching systems.

1794 An Introduction to Transmission Lines. C. ]J.
Mitchell (British 1946).

The treatment of this simple approach to a
difficult and complicated subject is based on well-
known fundamental laws of electrical engineering
and gives a clear insight into R.F. phenomena.

1795 The Metre-Kilogram-Second System of Electrical
Units. Sas and Pidduck (British 1947).
Information concerning the unitary metre-
kilogram-second system of electrical units which
was adopted by the International Electrotechnical
Commission in 1938, is set out in accessible form in
this book with a view to the wider use of the
system in this country among students of physics
and engineering.

1797 Education for Management.

Management subjects in Technical and Com-
mercial Colleges. Report of a special Committee
appointed by the Minister of Education to advise
him on educational facilities required for manage-
ment in industry and commerce.



1800 The Common Sense of the Exact Sciences. W. K.
Clifford (British 19486).
A re-issue of Clifford’s famous classic in which
he purposes to explain modern scientific and
mathematical thought to the uninitiated.

1804 The Expevimental Study of Structuves. A. J. S.
Pippard (British 1947).

An attempt to encourage the more general use
of small scale experimental work in the teaching
of theory of structures. Covers theorems and
methods ; direct experimental methods; experi-
mental applications of Clerk Maxwell’s theorem ;
strain energy and distribution methods; experi-
mental study of arches; experiments with sand.

1805 Construction and Maintenance of Buildings. J. O.
Cave and R. A. Earthrowl (British 1947).
Particularly a subject of the moment dealt with

in a practical manner and with the aid of suitable
sketches clearly to illustrate the text.

1806 Kiystron Tubes. A. E. Harrison (American 1947).
A clear introduction to the behaviour of klystron

tubes bringing out the chief difference from that of
older type tubes which do not involve transient

time effects. The theoretical basis for the elec-
trical characteristics of velocity modulation tubes
is thoroughly presented and data on the operation
of klystron tubes, power supply considerations,
and microwave techniques are given, to aid in the
application of these tubes.

1807 X-Rays in Research and Industry. H. Hirst
(British 1946).

The aim of this book is to deal with X-ray
technique in a concise and practical way. Covers
production of X-rays; properties of X-radiation ;
structure of crystals ; methods of crystallographic
examination ; applications of the X-ray method ;
industrial radiography.

1808 Iiford Mannal of Process Work. L. P. Clerc
(British 1946).

A very comprehensive and up-to-date book on

photo-mechanical processes.

1809 Mathematical Aids for Engineers. R. W. Dull
(American 1946).
Presenting the basic mathematical tools essential
to higher mathematics.
W. D. Florence, Librarian.

Junior Section Notes

Middlesbrough Centre

A meeting was held on the 28th October, 1948, in an
endeavour to infuse more enthusiasm into the activities
of the centre and to bring it back to its pre-war standard.
Consequent on this meeting the Committee arranged a
programme for the remainder of the session as follows :—

4th December 48 —Visit to North Tees Power

Station.

14th December’48.—Film Show (Open night to mem-
bers and friends).

19th January ’49.— “Metallurgy.” F. Atkins, A. I.M.

17th February ’49.—“Long Line Transmission.”

C. Allison.

10th March '49,—*Carrier Simplified.”” E. P. Smith.
12th and 16th March '49.—Visit to Kemsley House

Newspaper Offices.

14th April '49.—Annual General Meeting.

Although the meetings were not too well attended the
standard of the lectures and the following discussions
was good. It is hoped and anticipated that a larger
number of members will take a more active part in the
Centre’s activities next session. The Committee wish to
make the activities of the Centre as interesting as possible
so it is up to all members to take an active interest in the
affairs of the Centre and to attend meetings whenever
possible and take part in the discussions.

Officers for the 1949-50 session elected at the General
Meeting are :—

Chaivman : O. G. Prutton; Vice-Chairman: E. P.
Smith ; Secretary : ]. Brown ; Assistant Secvetary : F.
Fountain; Treasurer: A. Bonnier; Commitice: D.
Watson, J. C. Hall, J. L. Robinson, P. A. Bulmer, C.
Allison, G. A. Buckle.

The Council of the parent Institution offer several
annual prizes for the best papers read by members of the
Junior Section and it is hoped that members will make
an effort to enter for this competition. J. S G.

Darlington Centre
The 1948-49 Session has been a success and it is hoped
that the Centre will continue to receive the support of all
the staff. The programme has been very varied and the

papers have been of a high standard and, with an average
attendance of 75 per cent. of the membership at each
meeting, the discussions have been lively and interesting.
There is every indication that the enthusiasm shown this
year will continue and even better results may be
achieved next session.

The programme for the 1948-49 session was as follows :

23rd November ’'48.—Film Show.

14th December '48.— Electrical Reproduction of
Gramophone Records.” H. C. Naylor, AM.LE.E.

20th January '49.—Visit to Northern Echo News-
paper Offices.

15th February '49.— Radar.” R. Dodds.

17th March '49.— Bridge Building.” G. E. Thomp-
son, AM.I.CE., AMI. Mech.E.

5th April '49.—* Television.”” A. V. Northall.

26th April '49.—‘ Multi-Channel V.F.”” D. Watson.

10th May '49.—Film Show.

By the time these notes are in print a General Meeting
will have been held and the officers for the forthcoming
session elected and the programme prepared.

To the Centre officers and members—many thanks for
a good job well done and may that spirit of esprit de
corps continue. J.S.G.

Sheffield Centre

After a period of inactivity, it is a great pleasure to
announce that an inaugural meeting was held on the 18th
February, 1949. R

There was a good attendance and several Senmior
Section members were present to offer advice and
assistance.

Officers and committee were duly elected as follows :—

Chaivman : G. Grandfield ; Vice-Chairman : W. B.
Green ; Secretary : G. Fearn; Treasurer @ S. Shephard ;
Libravian : U. Leclére ; Commitiee : L. Ward, J. Brown,
C. J. Lund, R. Darbyshire.

The following programme, consisting of four meetings,
was formulated to cover the remaining two months
(March, April) of the session.

10th March ’49.— Some Comparisons of British
and German Telecommunication Practice.” A. M.
Hunt.
(Continued on page 116)
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Notes and Comments

Roll of Honour

The Board of Editors deeply regrets to have to record the deaths of the following members of the

Engineering Department :—

Birmingham Telephone Area Cotterell, W. E...
Birmingham Telephone Area Ford, P. M.

Recent Award

Skilled Workman, Class ITIA ..
Skilled Workman, Class IIA ..

Signalman, Royal Signals
Signalman, Royal Signals

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

member of the Engineering Department :—
London Telecomms. Region.. Kennedy, D. B...

New Year Honours

The name of Mr. J. A. Dickson, Senior Draughts-
man, North-Western Region, was inadvertently
omitted from the New Year Honours list published
in the last issue. The Board of Editors notes with
pleasure his appointment as a Member of the Order
of the British Empire and offers its congratulations.

Mr. G. F. O’dell, C.B.E., B.Sc., M.L.E.E.

Mr. G. F. O’dell, formerly an Assistant Engineer-in-
Chief retired from the post of Director, Contracts
Department, on 11th April after 40 years’ service in the
Post Office. Most of this period was spent in the
Engineering Department, where many friends and
former colleagues will remember with pleasure the
contacts, official and otherwise, made with him
throughout those years.

We extend to Mr. O’dell our best wishes for his
health and happiness in retirement.

The new Director of the Contracts Department is
Mr. A. G. Robertson and under his direction we look
forward with confidence to a continuance of the
cordial relations existing between our two
Departments.

Editorial Appointment

Mr. W. A. Humphries has been appointed an
Assistant Editor in place of Mr. F. Warren, who
resigned owing to his transfer to the North-Western
Region.

Errata

It is regretted that the following errors occurred in
Vol. 42, Part 1, April, 1949 :

The London-Birmingham Television Cable. In Fig. 8,
p. 37, the values 73, 75 and 77, on the vertical axis of
each part of the graph, should be 74, 76 and 78
respectively.

Unification of Screw Threads. In Fig. 3, p. 42, the
American National Fine Series, No. 6, shown as
44 threads per inch, should be 40 threads per inch.

Correspondence on Nomenclature of Frequencies
The Managing Editor.

Sir,—Captain Booth, in your issue of April, 1949,
has outlined a scheme and announced a policy which
should, once and for all, do away with the superlative
adjectives in the nomenclature of frequencies.
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Draughtsman,
Class II

Mentioned in
Despatches

Captain, Royal
Signals

I would submit, however, that in the frequency
chart (Fig. 1 in the article) the relative positions of
the figures and the scale marks obscure the distinction
between bands and *“ spot *’ points.

I enclose a revision of part of this chart in which
I have attempted to emphasise this distinction by the
use of horizontal lines.

Yours faithfully,
L. H. BAINBRIDGE-BELL.
Editor’s Note.

The point raised by the correspondent is an
Editorial matter, and we are pleased to publish his
letter and reproduce below the chart which accom-
panied it.

BAND FREQUENCY  WAVELENGTH
NUMBER IN cfs IN cms
310" 107>
i5
3.10" o™
14
3.10” o
13
3.10% 1072
12
310" 10"
" MILLI-
o METRIC
3.10 1
© CENTj-
METI
3.10° 10 ETRIC
9 DECI-
R R METRIC
3.10 10
8 METRIC
3.107 0?
5 DECA-
. " METRIC
3.10 10
6 HECTO-
METRIC
3.10° 10° €
5 KILO-
“ . METRIC
3.10 o)
R MYRIA -
) ; METRIC
310 10
3
3.10% 10°
2
3.10 10°
1
3 0%

This illustration will clarify any difficulty experi-
enced in the interpretation of the chart published
originally. Apologies are offered to readers and to the
author for the obscurity referred to.















between one and two inches, and above ground line the
hammer test indicated that the pole was hollow. By this
time the top of the tree had been sawn almost through,
a rope had been fixed, the other end being attached to a
tractor which was ready to move off. As the tractor
gradually took the strain, it appeared that the tree
would fall as intended, thereby clearing the roadway and
overhead route. Suddenly, however, the rope snapped
with the result that the tree top whipped back with great
force, broke, and fell down across the main road, cutting
through every wire on the route. The poles on each side
of the break, set in the grass verge, held! Apart from a
pole or two on each side needing re-setting, no other
damage resulted.

The behaviour of the “ D pole was most unexpected.
From the degree of decay below ground line and the
suspected hollowness above, it seemed certain that it
would break, when subjected to probably the severest
strain which could be imposed on the pole. It was re-
newed prior to re-erection of wires and was found to be
hollow for a height of approximately 6 ft. leaving a
crust of about 4 in. of good wood. The diameter of the
pole at ground line was 12 in.

SOME UNUSUAL U.A.X. No. 13 INSTALLATIONS

Normal Unit Automatic Exchange equipment No. 13
which was designed for a maximum of 200 lines has been
used in varying forms in the Brighton Area to give service
in accommodation which is different for every case
completed recently. These alternatives have involved
very little change from the normal working and have all
been entirely satisfactory.

At Partridge Green equipment for 300 subscribers has
been installed in a prefabricated concrete building B.1,
size 16 ft. x 21 ft. The two main frame units are placed
adjacent to one another so that jumpering is possible in
the normal manner between the two units.

At Ardingly a normal U.A.X. 13 for 200 lines has been
installed in a B type building, 10 ft. 6 in. x 19 ft.,, but
the whole of the wiring between units has been in plastic
insulated cable.

An existing U.A.X. 13 in B type building at South-
water has had an extended cable trench built and the
existing A and C units moved without re-cabling, to
allow a new C unit to be placed alongside the existing
unit. Two additional A units were installed to make
a total multiple of 300. The cabling to the new A racks
and the existing junction B units has been in plastic
cable because of the excellent results on the Ardingly
installation.

Due to the site difficulties at Alfriston a complete
200-line U.A X. has been installed in two vans, A and
C units in the one, and B units and power plant in the
other. These are 2-wheeled vehicles which are coupled
to the motive power unit when they have to be moved,
forming an articulated 6-wheeled vehicle. A further
mobile U.A.X. No. 13 is now being cabled in two
4-wheeled trailers. The permanent exchange to replace
the Alfriston mobile equipment is being planned and
will be in a larger B.1 building, 14 ft. x 28 ft., which has
to be of Sussex flint construction to harmonise with the
local surroundings. F.N. C.

Welsh and Border Counties Region

ERECTION OF STAINLESS STEEL AERIAL
CABLE
The erection of some 3,000 yards of 28/20 stainless
steel-sheathed ‘‘self-supporting’” aerial cable over difficult
terrain in the Neyland area provided a useful trial of
this type of cable and revealed various peculiarities as
compared with lead cable.

It was soon observed that one of the most important
factors in the operations was to have complete control
of the cable drum, since the cable has a tendency to
unwind itself, similarly to a clock spring. Control was
obtained by an improvised braking system, arranged
with four Arms, Wood No. 13, which were clamped on
the drum spindle by means of arm bolts. This effectively
prevented the cable becoming loose on the drum and
kinking.

The use of cable rollers was fairly satisfactory for
erecting the cable. They were lashed at the bracket
level on six poles. A hauling rope was then passed
through to the cable which was pulled through and
tensioned. Where an angle was involved it was found
that the operation of pulling the cable through the
roller was made rather difficult by the cable fouling ;
it is thought that if the roller could be secured at the
top and bottom, this operation would be considerably
simplified. Very little difficulty was experienced on
angles, however, where the pull was away from the pole.
The cable went through the roller, and when clamped
left a perfect loop well clear of the pole. Where the pull
was to the pole various difficulties arose. It was found
that the stays did not give the necessary clearance and
the question of making off the stays below the cable
clamp appears to warrant consideration. It is suggested
also that where the angle is less than 120° or pull on
pole is more than 25 {t., the pole should be made a
terminal pole and the cable jointed on the pole.

Some difficulty was experienced in one section of the
line where two right-angled bends were necessary within
the distance occupied by four poles. As a cable trailer
was not available, it was decided to run out the cable
far enough to reach the second angle and then manhandle
the cable into position. This was a difficult operation
due to the cable being so rigid and liable to kink.

Over the easier parts of the route a saving of 50 per
cent. was made in labour costs as compared with erection
of lead cable, and the finished job looks much neater.

F. C.

Scotland
OLD POLES

The systematic inspection of pole routes now being
carried out has brought to light some interesting facts
about 19th-century poles still in service in the Dundee
Area. On an old telegraph route on the Perth-Kinross
road, now used for subscribers’ and junction circuits,
every pole of a straight 2-mile section is supported by a
strut and stay on the same side of the pole, to withstand
the frequent high winds experienced during winter.

On examination, a fair number of the struts was found
to bear the date 1872, the remainder bearing dates vary-
ing from 1879 to 1886. Some poles and struts bear no
dates and it is thought that they may be of an even
earlier date than those already mentioned. It is believed
that soon after 1882 the route was blown down during a
storm and that some of the original poles were re-used in
their present capacity as struts. After years of service
none of the poles and only nine of the struts show signs
of decay.

The earliest record of circuits on the route is a pole
diagram book issued in December, 1904, the circuits
carried at that date being entirely telegraph and including
Newcastle-Bergen, Glasgow-Dundee Anglo, Edinburgh-
Dundee Eastern and London Foreign 72.

A technician who retired from the Engineering
Department last year after 45 years’ service was unable
to say when the route was originally built but admitted
that it was ‘‘ long before his time.” D. Mc. K.
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Staff Changes

Promotions
Name Region Date Name Region Date
Exec. Engy. to Asst. Staff Engr. Prob. Engr. to Engy.—continued
Hough, F. A, S.W. Reg. to E.-in-C.O. 1.4.49 Dafforn, D. G. .. E.-in-C.O. .. .. 17.3.49
Salt, R. S. L.T. Reg. to E.-in-C.O. 22.4.49 Chappell, A. J. E.-in-C.O. to L.T. Reg. 31.3.49
. Haworth, W, E.-in-C.O, to L.T. Reg. 31.3.49
Exec. Engy. to Principal McDowel, E. .. E.-in-C.O. to L.T. Reg.  25.3.49
Sulston, W. J. .. E.-in-C.O. to Personnel 1.4.49 de Wardt, R. H. E.-in-C.O. .. .. 31.3.49
Dept. Gordon, E. C. E.-in-C.O. 14.4.49
Aucott, A. T. .. E.-in-C.O. 8.4.49
Engr. to Exec. Engr. Hick@sh, D.E. .. E.-@n—C.O. 14.4.49
Renshaw, G. A, .. E.-in-C.O. 3.4.49 Marriott, P. E. .. E.-in-C.O. 21.4.49
French, E. J. .. .. Scot. .. 17.4.49 Haynes, E. R. .. L.P. Reg. 14.4.49
Watson, L. R. .. .. LT.Reg. .. .. 10449 Dixon, W. Mid. Reg. 21.4.49
Turtle, G. R. W.B.C. Reg. to 1.5.49 Flood, J. E. .. E.-in-C.O. 14.4.49
E.-in-C.O. Scholey, E. A. .. N.E. Reg. 1.4.49
Horner, G. H. .. E.-in-C.O. 10.4.49 Siddall, E. . H.C. Reg, 3.4.49
Brown, R. C. C. S.W. Reg. . 10.4.49 Stretton, F. C. E.-in-C.O. 1.4.49
Grant, C. G. E.-in-C.0. to L.T. Reg. 1.5.49 Dolman, W. E.-in-C.0. 12.5.49
Gerrard, J. E.-in-C.O. . 19.4.49 Mayne, R. T. E.-in-C.O. 14.5.49
Engr. to Asst. Inspr. W|T, Asst. Engr. to Engineer.
Gleadle, G. H. M. E.-in-C.0.to A. & P.R. 23.3.49 Hartshorn, H. .. Mid. Reg. . 4.4.49
Depts. Attenborough, C. E. W.B.C. Reg. .. 21.4.49
McMillan, F. N. Scot. 30.4.49
Pyob. Engr. to Engy.
Mitchell, M. E.-inC.O.. 24.2.49 Technician to Asst. Engy.
Thwaite, H, E.-in-C.O. .. .. 20.3.49 Clarke, W. H. E.-in-C.O. 14.4.49
Gandon, W, E.-in-C.0O. to . W.B.C. 17.3.49
E Reg. o. Asst. RM.T.O. to RM.T.O.
Partington, E. V. E.-in-C. 13.3.49 : ; )
Gill, J. S. ' EoanCoO. | 8.3.49 Dring, G. S. Mid. Reg. 21.3.49
Haley, G .. E.in-C.O. to L.T. Reg. 31.3.49
Birchell, J. V. R. E-in-CO. .. 27.3.49 Asst. Engr.to M.T.0. I11.
Haward, J. W. G. E.-in-C.O. 11.3.49 Humphrey, M. C. E.-n-C.0. 17.4.49
Lloyd, H. F. .. E.-in-C.O. .3.
Looser, K. C. .. E.inC.O. 15545 D'sman Cl. 11 to D'sman Cl. I
Rutterford, L. F. E.-in-C.O. 13.3.49 Ingram, A. C. Scot. 24.4.49
Transfers
Name Region Date Name Region Date
Exec. Engr. Asst. Engr.—conlinued
Newley, E. F. E.-in-C.O. to Admiralty 19.4.49 Edgerton, R. L. E.-in-C.O. to Personnel 19.4.49
Rusbridge, E. S. Scot. to S.W. Reg. . 17.4.49 Dept.
Green, G. W, .. E.-in-C.O. to S.W. Reg. 15.5.49
Engineer Elstree-Wilson, E. C. E.-in-C.O. to N.E. Reg.  21.3.49
Fleetwood, C. H. J. -in-C.O. t .3.
eetwoo H.J E ll)r;;_‘é.o 0 Personnel 21.3.49 RM.TO.
Siddall, E. H.C. Reg. to Min. of 16.5.49 Ball, F. T. Mid. Reg. to Min. of 21.3.49
Supply Works
Asst. Engr. M.T.O. IIT
Phillips, A. J. H.C. Reg. to E.-in-C.O. 1.4.49 Border, W. A. E.-in-C.O. to Mid. Reg. 4.4.49
Retirements
Name Region Date Name Region Date
Engineer Asst. Engr.
Cattell, F. T. Scot. .. 11.3.49 Organ, E. C. H. E.-in-C.O. (Resigned) 31.3.49
Hindle, J. N. E.-in-C.O. 31.3.49 Smith, G. S. . E.-in-C.O. (Resigned) 21.4.49
Read, A. J. Mid. Reg. 31.3.49 Simpson, W. F... L.T. Reg. 30.6.49
Taylor, W. L. W B.C. Reg. .. 31.3.49 Frith, A. C. L.T. Reg. 15.11.48
Hickish, D. E. .. E.-in-C.O. (Res1gned) 30.4.49 Clinch, F. A. Scot. .. 31.3.49
Thompson, J. W. N.W. Reg. .. 30.4.49 | Pearson, C. N.E. Reg. 31.12.48
Faulkner, C. G. N.W. Reg. 18.5.49 Farnworth, W. R N.E. Reg. 8.4.49
Cottrell, H. E. .. E.-in-C.O. .. .. 13.5.49 Woolmer, W. T. L.T. Reg. 23.5.49
Gay, S. G. SW. Reg. (Health 26.5.49 Jackson, A, G. N.W. Reg. .. .. 31.5.49
grounds) Morrison, G. Scot. (Health grounds) 13.5.49
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Retirements—continued

Name Region Date Name Region Date
Sen. D’sman. D’sman. Cl. I
Wiskin, A. R. E.-in-C.O. 31.5.49 Fuse, R. W.B.C. Reg. .. 30.4.49
Deaths
Name Region Date Name Region Date
Exec Engr. Asst. Engr.—continued
Cherry, D. W. E.-in-C.O. 98.3.49 Foskett, G. E. .. E.-in-C.O. 15.4.49
‘Weekes, H. H. L.T. Reg. 27.11.48
. Nokes, W. J. .. L.T. Reg.. 13.4.49
Engineer Winson, R W. .. E.-in-C.0. 26.4.49
Lewis, H. C. W.B.C. Reg. .. 15.3.49 Drummond, J. Scot. 9.5.49
Inspector
Asst. Engy. Croombr
£ oner Groombridge, H. E. L.T. Reg. 11.5.49
Davies, N. S. W.B.C. Reg. .. 27.2.49 s
Dixon, P, E. E-in-CO. .. 2.3.49 D'sman. Cl. 1
Lawson, P. G. L.T. Reg. 6.4.49 Storm, J. Scot. 26.2.49
CLERICAL GRADES
Promotions
Name Region Date Name Region Date
Exec. Off. to H.E.O. C.0. to Exec. Off.
Wilkinson, F. W. E.-in-C.O. 31.1.49 Poltock, G. F. E.-in-C.O. 1.4.49
Evans, H. O. . E.-in-C.O. 9.4.49 Ogilvie, H. G. E.-in-C.O. 3.3.49
Newton, B. J. E.-in-C.O. 17.3.49
Tourret, L. J. E.-in-C.O. 1.3.49
Transfers
Name Region Date
Exec. Off.
Lambert, F. E.-in-C.O. to Min. of 23.4.49
Ag. and Fish.
_ Retirements
Name Region Date Name Region Date
Exec. Off. Exec. Off —continued
Ashby, C. .. E.-in-C.O. 2.3.49 West, AL M. .. E.-in-C.O. .. . 2.5.49
Copeland, P. J. E.-in-C.O. 31.3.49 Dufton, Miss A. M. E.-in-C.O. (Resigned) 31.5.49
Glasscock, J. A. E.-in-C.O. 31.3.49
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(Continued from page 107)
31st March ’'49.—A visit to the B.E.A., Blackburn
Meadows Generating Station.
10th April '49.—Film Show.
28th April '49.—"* Installation by Contractors.”

C. B. Allinson (Siemens Bros.).

At the time these notes were prepared the first paper,
by Mr. A. M. Hunt, had been presented. It was received
with much interest and a lively discussion ensued.

Now that the centre has been reformed it is intended
that the programme for the coming session will be given
more publicity and a successful series of meetings, visits
and social functions is ensured.

The renewal of activities has been helped in no small
way by the sincere co-operation of the Telephone
Manager, Mr. C. A. G. Salmon, and the Area Engineers,
Messrs. A. M. Hunt and V. G. Critchlow. J] W.B.

York Centre

The last session has been very successful with an
average attendance at the meetings of 23, composed
roughly of 20 members and three guests from the Senior
Section, to whom a cordial invitation is always extended.
The Centre held a total of six meetings covering a wide
range of subjects, including a 5-minute essay competition
which was keenly contested. Prizes were awarded to the
winners.

The highlight of the session has been, without doubt,
the inter-centre quiz with the Scarborough Centre. The
quiz was conducted over land lines, loudspeakers being
used to enable each audience to hear the activities at the

distant end. It was found that by the judicious siting of
microphones and loudspeakers it was possible to provide
sufficient volume for good room strength without howling.
Scarborough were worthy winners by a small margin.
L.C.

Scarborough Centre

The Annual General Meeting of the Centre was held
on the 28th April, 1949. A brief review of the year’s
work was given, some of the points being :—

(1) Six papers were read.

(2) 16 Committee Meetings were held.

(3) The Annual Dinner and Social was attended by
144, including :—Mr. W. F. Smith, A.C.G.1., B.5c,,
M.I.E.E. (Chief Regional Engineer) ; Brig. F. Jones,
C.B.E., M.Sc.,, M.I.LE.E. (Telephone Manager) ; Mr. J.
Collins (Acting Area Engineer); Mr. H. Whitehead
(Head Postmaster, Scarborough) ; Mr. C. A. Hartley,
(Engineer) ; Mr. J. W. Barratt, AM.ILE.E. (Liaison
Officer) and other Senior Members.

(4) The Certificate of Registration establishing the
Centre on 10th October, 1938 (Certificate No. 82) is
still framed and prominently displayed and shows that
the Treasurer, Chairman and Secretary who were elec-
ted on that day are still in office and have again been
elected this year, i.e. 11 years in office.

(5) The officers elected for the 1949-50 session
were :—Chairman + Mr. F. Cowper ; Deputy Chairvman:
D. Stephenson ; Treasurer : P. L. Mitton ; Secretary :
A. B. Clarke. A Committee of 12 was also elected and
forms the Entertainment and Social Committee and a
main I.P.O.E.E. Working Committee. A.B.C.
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Alton has been exporting batteries for thirty years. In installations in
sixty-five countries Alton Batteries, in capacities from 10 to 15,000 ampere-

hours, are giving the service only good batteries can give. Alton, in any

language, means good batteries and firm delivery dates. \\\
BATTERIES OF
ALTON Y
. THE ALTON BATTERY COMPANY LIMITED

Alton, Hants. Telephone: Alton 2267 and 2268
Telegrams: Battery, Alton

Alton can also supply renewal plates for all makes of battery, British & Continental
















A. T.M. Products include :—

Complete Strowger automatic telephone ex-
change equipment for networks of any size;
Strowger automatic or key-controlled tele-
phone equipment for private use; Electro-
matic vehicle-actuated road traffic control
equipment; A.T.M. selective supervisory
remote control, indicating and telemetering
equipment for power networks; A.T.M. mine
telephones and colliery signalling equipment 3
single and multi-channel (Carrier) transmission
systems and associated apparatus; Rythmatic
centralised ripple control equipment.

FIRST—a modern telecommunications factory, con-
taining the most scientific research equipment, machine tool, assembly,
finishing and inspection departments. Within it are employed expert designers,
technicians, and many thousands of highly-skilled workpeople.

SECOND—an organisation with many branches throughout the world which bring the
knowledge and resources of the Company to all those seeking a solution to any telecommunication

or light current signalling problem.

STROWGER
TELECOMMUNICATIONS EQUIPMENT

for all communities—Ilarge or small
AUTOMATIC TELEPHONE & ELECTRIC (€O0. LTD.
@RreTo

Regd. Office and Works :— Strowger Works, Liverpool, 7, England.
Export Dept. :— Norfolk House, Norfolk Street, Strand, London, W.C.2. Cables: “Autelco, London.”
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The prices do nof include postage. Members, Associate Members, and Associates
have the privilege of purchasing copies at two-thirds the stated price.
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—A. H. JacQuest, AM.ILE.E,, and L.. H. Harris, M.Sc.,, A.C.G.L. 1927 1s.

tNo. 124. “ THE MEASUREMENT OF SOUND AND ITS APPLICATION TO TELEPHONY.”—A. J. ALDRIDGE,
ACGI,AMIEE 1929 9d.

No, 125. “ THE DEVELOPMENTOFAUTOMATICROUTINERS IN THE BRITISH POST OFFICE "—A. SPEIGHT,
AMIEE, 1929 9d.

No. 140. “ SOME NON-METALLIC SUBSTANCES AND THEIR CHARACTERISTICS.”—Capt. N. F. CavE-
BrowNE-CavE, B.Sc., AM.ILEE 1931 9d.

iNo. 146. “LAYING ARMOURED CABLE BY MEANS OF A MOLE-DRAINER.”"—L. G. SeMpPLE, B.Sc.(Eng.),
and R. O. Bocock, B.Sc.(Eng.). 1932 9d.
No. 148. ““STORES SPECIFICATIONS AND ACCEPTANCE TESTING.”—Capt. J. LEGG, B.Sc.,, AMILE.E 1933 9d.

tNo. 165, “ PROPERTIES AND TESTING OF DIELECTRIC MATERIALS.”—]J. F. Doust and W. J. SuLsTON,
M.Sc., A.Inst.P. 1936 Is.
tNo. 166. “ CHEMISTRY AND COMMUNICATIONS.”—D. W. GLoVvER, M.Sc., A.I.C. 1937 6d.
tNo. 167, “ TWELVE-CIRCUIT CARRIER TELEPHONE SYSTEMS.”—G. J. S. LirTLE, B.Sc.,, AM.LLE.E. 1938 6d.

tNo. 169. “ CROSSTALK.”—H.C.S.Haves,AM.LLE.E,,R.A.Seymour and P.R. Bray,M.Sc.(Eng.), Grad.I.LE.E. 1938 1s. 3d.

No. 174. “METALLURGY AND COMMUNICATIONS.”—E. V. WALKER, B.Sc., A. RS M. 1940 6d.
No. 177. *“ RECENT APPLICATIONS OF THE QUARTZ AND X-RAY SPECTROGRAPHS TO POST OFFICE

PROBLEMS.”—R. Tavrior, M A, Ph.D., B.Sc. 1941 1s.
No. 180. “ SUBSCRIBERS’' CABLE DISTRIBUTION—SOME FURTHER CONSIDERATIONS.”—F. SUMMERS,

AMILEE, 1944 Is.
Np. 182. “LONDON INLAND TRUNK SERVICES.”—W. H. ScarBoroUGH, AM.LE.E. 1943 1s. 6d.
tNo. 183. ‘“ FREQUENCY MODULATION.”—]J. H. H, MERRIMAN, M.Sc., A.Inst.P., AM.ILEE, and R. W. WHITE,

B.Sc., F.Inst.P.,, AM.ILEE. 1945 1s. 6d.
{No. 184. “ THE FUNDAMENTALS OF DIRECT CURRENT IMPULSING IN MULTI-EXCHANGE AREAS.”—

S. WELcH, M.Sc.(Eng.), AM.LE.E. 1944 1s. 6d.
tNo. 185. -“ THE OPERATION OF VALVE OSCILLATORS AND THEIR SYNCHRONISATION.”—A. C. LyNcH,

M.A,, J. R. Trirman, Ph D, and D. G. Tucker, Ph.D.,, AM.LEE. 1944 1s.
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SOUND INSTRUCTION
by Postal Method

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

P.M.G. Certificates for Wireless Operators.

Associate Membership of L.E.E.
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Other Courses meet the requirements of all who desire
to qualify for responmsible positions in Electric Power,
Illumination, Heating and Traction Systems. Equally
successful is our instruction for Telegraph aud Radio
Engineers, Radio Servicemen, and in Elementary Radar
and Electronics, and Advanced Short-Wave Radio.

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

WRITE FOR OUR SPECIAL BOOKLET and state
the particular subject or Examination in which you are
interested.  1.C.S. Examination students are coached till successful.

e YOU MAY USE THIS COUPON -
International Correspondence Schools Ltd.
Dept. 108, International Buildings, Kingsway, London, W.C2

Please send me, free of charge, your special
bocklet on

Name Age
(BLOOK LETTERS, PLEASE) &
Address

-M.LEE. :
Herber; and erﬁrst volum;ea Eﬂglnee:, P.
Or,
kéaum"ersally reco

in g
An'en,0r Professor 1 o0 F @Ot

1ve g * 1rewm,
Hlustrageq. 20/?"1;’:{ of the .ppah%azg:s-(s?mab). ML

Electr
nce O-m
lowa, o usefu] V;Voa:e, P{gf“sor of EIecm‘a

€ngineer; ¥
> Comm, .Clectrom s Dgineer;
€Xamples apnq pmbfeﬂcmg With the nagniuc theory 5

yq
J;y cl;;g;Eleetric Engine
subji Y Gerard, p eri
20/ ng. ”"qumiﬁsﬁarﬁg’t,’aﬁu :::dg:: g
©n plant apq°dy

-), F.
t ’°Dﬂ'-ﬂted?°1117'£l" F.I

O
s °°mp1etel;t

; with Shized a5
lUUstratjoﬂs_genggjl-‘ gxggcjpla € standarq

ﬂecuoquiich-E. M.B%LR‘E_
aul¢ C!ll'ren i

tate
fi
S, 20/- neg, ~ "CCeSsary vecyy al};eg:g.demsi:ff electricq)

Schemeg

nd many,

ustry.

niverm, °

Dumergyg

o IPHTVIAN

rawing
urth Editicy 'S, A standard swog

Technical Books

Sir Isaac Pitman & Sons, Ltd., Pitman House, Parker Street, Kingsway, London, W.C.2



xxiv

DECADE SWITCH

I ; 4 A Precision Component 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 416B
(_Non-Shorting):

PRICES ON APPLICATION

’ AL INSTRUMENTS LT
| SALTORD ELECTRICAL INSTRUMENTS Lo
! Phone: - BLA. 6688 [ 6 /ines/) Grams v Cables “Sparkless, Manchester

Proprietors: THE GENERAL ELECTRIC CO. LTD. England

% [TRELL-UENERAL 8%

CABLE WORKS, Ltd., SOUTHAMPTON.

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

: Road, London, S.W.9, and
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