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After 27 years’ service the original British Post Ofiice speaking
clocks are being replaced. The new clocks use in-contact re‑
cording on magnetically-loaded neoprene and are driven from
a crystal-controlled oscillator. The principal advantages of
these new clocks, when compared with the original glass-disk
machines, are reduced maintenance charges, greater accuracy

and improved speech reproduction.

INTRODUCTION
HE speaking-clock service (TIM) was started in
LondOn in 1936 with a pair of clocks at Holborn
exchange. It was extended to the rest of the country

during the following years and a second pair of clocks
was installed at Liverpool in 1942 asan additional safe‑
guard against breakdown. Time announcements from
these two installations are fed into a double “ring-main”
circuit round the country. Under normal conditions one
clock at each centre supplies approximately half the
country but under fault conditions either installation
may take the full load. The London clocks have now
been replaced after 27 years’ continuous service; the
Liverpool clocks will bechanged in a month or so.
It seems strange that a speaking clock service should

be required at all in an age when mains-driven clocks
are in general use, yet calls to the nation-wide T IM
service approach 100_million a year. This is probably
because mains-operated clocks can be affected by power
failures and impulse clocks sufler, asmuch as anything,
from unauthorized correction. Once confidence in a
system has been lost it is very difficult to restore i t ;
hence the need for T IM to be absolutely reliable and of
unquestionable accuracy. The old clocks have been
replaced not because they were failing‐the mechanisms
were probably good for another quarter century‐but
because the new clocks are a better economic proposi‑
tion. The savings in annual charges with the new
clocks, which need daily instead of hourly attention,
more than justify the cost of replacement. The quality of
the speech from the new clocks is also very much higher,
the accuracy is greater and the power consumption is
considerably lower than that of [the old clocks.

BASIC PRINCIPLES
Before describing the new clocks an outline is given

of the main features of the machines which they super‑
sede.1
TPost Oflice Research Station.

An announcement is given every 10 seconds in the
form: “ A t the third stroke it will be nine, twenty one,
and ten seconds.” This is followed by three 100ms bursts
of 1,000 c/s tone at l-second intervals, known as the
“pips.” The constituent parts of the announcement are
recorded as concentric photographic tracks on four
glass disks. One disk carries the initial phrase and the
six different seconds announcements, the next disk
carries the 12d'iflerent hours announcements and the last
two dtisks have the 60 different minutes announcements
and the pips recorded on them. The recordings are
played by scanning them with six beams of light; the
outputs from the associated photo-electric cells are com‑
bined in sequence to form the complete announcement.
The speed of rotation of the mechanism, and hence its
time keeping, is controlled by a pendulum swinging
freely in a temperature-controlled cabinet. With hourly
corrections from the Royal Observatory this form of:
control enables an accuracy of i 01 second to be
maintained. Because of the optical focusing necessary
on the speech tracks the mechanism has to be very well
made, and precision engineering of this class is
expensive.
The speaking clocks produced for Australia in 19542

also use photographic recordings but are controlled by
crystal oscillators.
The new clocks for the British Post Office use

magnetic recordings. Conventional magnetic tape is
unsuitable for this purpose since both the tape and the
replay heads would wear out too quickly. Within the
last few years, however, a new magnetic recording
material has become available that consists of a homo‑
geneous mixture of a synthetic rubber (neoprene) and
magnetic iron oxide; this material has already been
used for other information-service machines.8 It has a
resilient non-abrasive surface and, so long as a thin film
of silicone oil is maintained on it, neither the material
nor the read head, which is lightly sprung against the
neoprene, suffer any appreciable wear over long periods.
The constituent parts of the speech announcement are

recorded as circular tracks on a thick tyre of magnetic‑
ally-loaded neoprene stretched over a brass cylinder.
This drum assembly is driven at constant speed by a
motor running in synchronism with a quartz-crystal‑
controlled oscillator. The assembly of the announce‑
ments into the correct sequence is controlled by gears
and cam-operated contacts driven from the main drum
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shaft. T h e ppips are not recorded on the drum but
are derived from the oscillator.
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THE ANNOUNCING MACHINE
The announcing machine is shown in Fig. 1 and a

schematic diagram of the apparatus is shown in Fig. 2.
Only 79 separate phrases are required for a 12-hour
clock and these are recorded as circular tracks spaced
11‘; in. apart along the length of the drum. Reading
from right to left: the first tgrack carries the phrase, “ A t
the third stroke”; the next 12 tracks have the hours, “ i t
will be one” to “ i t will be twelve,” recorded on them;
then 60 tracks are provided for the phrase “o’cloc ”
and the minutes “one” to “59”; and finally there are six
tracks for0 the seconds announcements, “and ten
seconds,” “f’precisely Since none of these phrases1s
longer than02 seconds the speed of the drum has been
made 30 reV/min The whole function of the remainder

of the announcing machine is to build up composite
announcements in the correct sequence and at the right

time from the phrases on the drugm.
One possible, but impracticable,
method of doing this would be to em‑
ploy a single regplay head and step it
backwards and forwards along the
drum picking out the phrases as re‑
quired. Another, equally expensive,
solution would be to employ a separ‑
ate head for each track and assemble
the announcements with a set of
switches. The most economic solution
is a compromise between these two
extremes.

The phrase and the six seconds
announcements are reproduced by
fixed heads. The hours announce‑
ments are obtained from a single head
which is stepped once per hour along
the 12 hour tracks. Four heads are
used for the minutes announcements;
each covers 15 of the tracks and all
four move together every four
minutes. Fig. 3 shows the arrange‑
ment of the tracks on the drum and

indicates the functioning of the cam-operated contacts
used for assembling the announcements. This figure
also illustrates the way in which large steps in the head
movement are avoided by interleaving the announce‑
ments.

Head Shift and Announcement Assembly
The heads are moved under the control of “Geneva‑

type” gear-boxes; asan example consider the hour head.
The head must remain on one track for an hour and

then moverto the next track in the time between the last
announcement of one hour and the first announcement
of the next, ie . in less than nine seconds. This type of
intermittent motion is easily accomplished by electro‑
magnetic devices of the pawl and ratchet type (e.g. a
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uniselector mechanism). These are not immune from
mis-operation when pulse-operated over long periods
unless constructed with great precision, and therefore a
positively-locked mechanical movement has been
adopted. The Geneva-type gear-box which drives
the head-shift cams consists of a true Geneva move‑
ment and a series of toothed wheels and locking
devices such as are commonly used in revolution
counters. The hours head is carried on a rod which is
free to slide parallel to the length of the drum and one
end of this rod is constrained against a heart-shaped cam
by a spring. This cam is turned by the gear box in
discrete steps of 30° in two seconds once every hour and
is so designed that the head is moved along the drum
in five steps of %in. and a sixth step of 311,: in.; the head
then returns along the drum in a similar manner. Thus
the tracks for the hours one to six are interleaved with
the tracks forthe hours seven to 12.The arrangement for
changing the minutes announcement is similar to that
used for the hours except that four minutes heads are
used, each movable over 15 tracks, in order to keep the
head shift cam down to reasonable proportions.
After amplification, the outputs of the 12 heads are

selected and assembled by cam-operated switches. These
cams, which are disks of Nylatron (nylon loaded with
molybdenum disulphide), are connected to the main
drum shaft by a train of gears. The switches are relay‑

type spring-sets, are fitted with platinum contacts, and
are operated by trailing hardened-steel oam-followers.
Pips
The pips are controlled in a slightly diflerent manner

from the rest of the announcement. Two diflerent sets
of l-second pulses are required, (a) to control the pips
themselves, which consist of 100 ms bursts of 1,000 0/3
tone and also mark the beginning of the 8th, 9th and
10th seconds in every announcement, and (b) to
provide a l-second timing waveform (500ms on,
500ms off) for correcting the time of both clocks
and detecting when the time of the two clocks of a pair
is out of step. Relay-type contacts could have been
used for the seconds pulses but, as there are approxi‑
mately 30 million seconds in a year, .the duty is so
onerous that the pulses have been produced by using a
shutter to interrupt a beam of light falling on a pair of
photocells. This shutter can be seen on the end of the
main shaft in Fig. 2. The shape of the shutter is shown
in Fig. 4. The outputs from the photocells are used to
control diode gates. ‘

MOTOR DRIVE AND TIME-CORRECTION CIRCUITS
_A functional diagram of the main motor drive and
time-correction circuits of the clocks is shown in Fig. 4.
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CORRECTION ARRANGEMENTS

Each clock has its own 100 kc/s quartz-crystal oscillator
maintained at 50°C in an oven. The output from this
is frequency-divided down to 1,000 c/s for the pips and
down to 50 c/s for the motor supply.

The phase shifter, a 3-phase Magslip in the motor‑
drive line, is used for the correction of the clock time.
One complete rotation of the Magslip advances (or re‑
tards) the phase of the 50 c/s supply by one cycle and
thus advances (or retards) the clock by 20 ms. The
correction of the clock against a signal from the Royal
Observatory is accomplished automatically between
08.56 and 09.00 hours each day in the following manner.
The l-second timing waveform (500ms on, 500 ms
off) is taken to a phase splitter which produces two
waveforms 180° out of phase and these control a pair
of gates, the fast and slow gates, also 180° out of phase.
The correction signal is obtained by land line from the
Rugby radio station and is, in fact, the same signal that
is used to control the 16kc/s transmitter (GBR) between
08.55 and 09.00 hours daily.4 The Rugby signal is
essentially a train of pulses at l-second intervals each
100 ms long. When these 100 ms pulses are received by
the clock they are regenerated as 5 ms pulses which are
fed to the fast and slow gates in parallel. If: the clock
is exactly right, half the 5 ms pulse will pass through the
fast gate and half through the slow gate. If the clock
is more than about 2 ms slow only the slow gate will be
open duning the 5 ms pulse and the only output will be
from this gate. Opposite conditions will obtain if the
clock is fast. An output from either the fast or the slow
gate is lengthened to 15 seconds by the trigger and
pulse-lengthener circuits, and this in turn permits a small
motor to be driven forwards or backwards for this
period. This motor is coupled to the Magslip and thus
corrects the time of this clock in the desired direction at
a rate of about 2 ms/second.

The whole sequence may be illustrated by considering
the clock to be, say, 10ms slow. At 08.00 hours the
coarse-correction initiation contact on the clock closes
and at 08.56 hours the fine-correction contact also
makes. An earth is extended to the am. or p.m. selec‑
tion circuit (a divide by two relay circuit which, in
effect, passes on every alternate signal) and this causes
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the guards to be removed and correction to proceed.
The first pulse from the Observatory, shortened to 5 ms,
passes through the slow gate and the Magslip starts to
rotate in the advance sense. This rotation would con‑
tinue until, after about three seconds, pulses pass
through both the fast and slow gates and these, acting
together, cancel out and rotation ceases. Conditions
remain quiescent until 09.00 hours when the correction
initiation contacts open and all further correction is
barred for 24 hours.

This circuit can only correct to within about 2 ms
of true time, an error that is not really significant for
most users of the service. Spurious pulses arriving
during the correction period can cause false correction
for up to a second but this is put right during the
remainder of the period.

AUDIO CHAIN
There are two points of interest in the announcement

circuits which are illustrated in Fig. 3.
At midband frequencies the outputs from the 12mag‑

netic heads are of the order of 0'1 mV from an equival‑
ent-generator impedance of 15 ohms. Direct switching
of these outputs using balanced transistor switches
seemed attractive and this method was tried. However,
noise and switching transients proved to be too trouble‑
some and the attempt was abandoned. A single-stage
amplifier with an emitter-follower output is used for
each head. The 12emitter‐followers feed into a common
load via the pre-selecting and combining contacts. The
signal level at this point is about 02 volt.

Pilot tones of 5,500, 6,500 or 7,500 c/s are also
recorded on each of the 79 speech tracks of the drum.
These pilot tones are used to detect if the announce‑
ments of the two clocks in an installation are out of step
or missing; a low-pass filter removes the tones from the
audio output.

ALARMS
The country is served by two pairs of clocks at Lon‑

don and Liverpool, respectively, and each installation
normally serves half the country. If both outputs from
one installation fail the distant centre automatically
takes over the entire service. The most likely causes
of complete failure of one centre are the loss of the
mains supply or of the 50-volt supply to the relays and
supervisory equipment. Should either of these events
occur an alarm will be given. These alarms have to be
manually reset aseven a short break in the mains supply
would put both clocks out of time.

Three other possible faults will also cause an alarm to
be given. Firstly, part of an announcement may be
missing from one clock, due perhaps to a faulty head
amplifier or announcement assembly contact. To detect
this condition the pilot tones from each clock are
filtered off from the announcement and are then com‑
pared. The presence of a pilot tone from only one
clock indicates a fault condition as it is unlikely that
both clocks will fail in this way at the same instant.

Secondly, the two clocks in a pair may make the same
announcement but their pips may be out of synchronism
by more than a prescribed amount, ri.e. 50 ms. A con‑
tinuous check for this condition is made by comparing
the l-second timing waveforms from the two clocks
and registering an alarm condition 'if they are out of
synchronism. Thirdly, the clocks may be in synchronism
but making difierent announcements. This condition is



only possible if the hours or minutes
heads stick and fail to move with their
cams or if there is a catastrophic
failure of the combining cams. The
announcement-out-of-step alarm is
controlled by the three pi-lot tones.
These three tones have been recorded
on the speech tracks, one per track,
in a carefully chosen order which
ensures that any natural failure in any
part of the announcement assembly
mechanism will immediately cause
disparate tones to appear at the out‑
puts of the two clocks. The pilot tones
from the two clocks in a pair are
taken to the two inputs of a double‑
balanced modulator. Under normal
conditions these inputs are of the
same frequency, but if a fault occurs
a difference frequency of 1,000 or
2,000 c/s is produced which causes
the alarm to operate. It is not pos‑
sible, with three pilot tones only, to
make an alarm of this sort completely
foolproof but it is proof against all
likely failures.

With both the second and the third
class of fault it is not possible to de‑
tect which clock is in error and both
are automatically removed from service to enable
their times to be checked.

MISCELLANEOUS FACILITIES

Although the miscellaneous facilities provided are not
strictly necessary to the functioning of the clocks, never‑
theless they make maintenance work much easier.
Facilities have been provided for the complete output of
each clock, and also the separate outputs from the 12
reading heads, to be monitored on a loudspeaker, a
cathode-ray oscilloscope or a peak-program meter, and
all these items of equipment are built into the clock.
Two dial clocks with second hands are provided, driven
from the two stable 50c/s supplies, and a third clock
connected to the public mains supply is available nearby.
A medium-wave radio receiver is provided as an emer‑
gency source of standard time signals should the normal
correction signals fail to arrive. One of the clocks can
readily be checked against the broadcast “six pips” by
displaying the two signals on the dual-channel oscillo‑
scope.

Finally, the Post Office standard 1,000 c/s is multi‑
plied up to 100 kc/s and a beat counter is provided so
that the two clock oscillators may be checked against
each other and also against the external standard.

GENERAL CONSTRUCTION

The London clocks, assembled in the laboratory prior
to installation, are shown in Fig. 5. The console con‑
tains the head pre-amplifiers and various testing
facilities. The remainder of the equipment, of 51-type
construction, is mounted on the three racks, one rack
per clock with common testing and supervisory
facilities on the centre rack. Apart from the oscillo‑
scope, a commercial item, transistors have been used
throughout and this has enabled the total power con‑
sumption to be kept down to about 500 watts.

F I G . S ‐C L O C K CONSOLE A N D APPARATUS RACKS

ACCURACY

The inherent accuracy of the clocks is governed by the
drift of the oscillators and the closeness of correction.
The oscillators are not expected to produce an error
in the clocks of more than about 5ms a day. Be‑
cause of mechanical and electrical inaccuracies on the
motor and gears of the clocks there will always be
uncertainty in the time of the clocks and this may
amount to i 1 ms. To this uncertainty must be added
the correction error of up to 4ms. Thus, just before
correction the clocks may be up to 10ms out and
after correction they should be within 5 msof the Rugby
correction pulses as received at the clocks. Any delay
on the land line from Rugby to the clocks has been
allowed for, as far as possible, in the design of the
correction circuits. There will, of course, be funther
delays on the lines from the clocks to the subscribers
which cannot be compensated so easily.

Another major complication involves the question of
time scales. For normal civil use the appropriate scale
is Universal Time (U.T.). Now the rate of the signals
from GBR is maintained by reference to the Atomic
Time Scale. Owing to unpredictable variations in the
rate of rotation of the Earth (and thus in U.T. with
respect to the Atomic Time Scale) the signals from
Rugby will differ from U T . The time difference is
allowed to accumulate until a jump-correction of 50 ms
is necessary; this is applied at Rugby at 00.00 hours
on the first of the month. Thus 9 hours after such a
correction the speaking clocks will also be corrected by
this amount.

This complication is avoided by claiming that T I M
is normally accurate to 1/20th second. The higher
inherent accuracy of the clocks should enable them to
run for several days without any correction and may,
incidentally, be of value to a few specialist users of the
serv1ce.



CONCLUSION
The new clocks that have been provided for the T IM

service are basically very similar to their predecessors.
The changes in design are evolutionary rather than
radical, Quartz crystals have replaced pendulums, mag‑
netic recording has replaced photographic recording,
transistors have replaced valves, and the equipment has
become smaller but more complex.
The life of the new clocks will almost certainly be less

than that of the earlier glass-disk machines, but the parts
that are most likely to wear out, after 10years perhaps,
can all be easily and cheaply replaced. A prototype
machine has been giving continuous service to the
Research Station P.A.B.X. since January 1960; the only

maintenance so far performed has been oiling and clean‑
ing at 6-monthly intervals.
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A Simple Sum-of‐Squares Electronic Calculator
L. W. ELLEN, A.M.I.E.E.T

U.D.C. 681.142: 519.241.6

A simple electronic calculator is described that facilitates the
calculation of the standard deviation of data derived from recording

decibelmeter charts.

variation from normal of a measured quantity is
thestandard deviation. This is the root-mean-square

value of the deviation from average.
Thus the standard deviation, 0, is equal to

«/ 2(x ‐ x)?
n ’

where x 2 individual value
mean value, and

‐ number of measurements made.
2_ 2(x‐Tv)2 _ 2x2 2E2x + 26:)2

n)1 71 11

THEmost commonly used statistical measure of the

But zl‐Ix = E, sothat
2

a2= Eff ‐ 2602 + (302
2

0 : " z i _ (3)2 9

i.e. the square root of the difference between the mean of
the squares and the square of the mean, and this form is
often preferable asit permits the calculation of standard
deviation without the need to subtract separately the
mean from each measurement.
In connexion with the analysis of recording decibel‑

meter charts it is necessary to calculate the standard
deviation of a longseries of integers betweenzero and 31,
TMain LinesDevelopment and MaintenanceBranch,E.-in-C.’s

Oflice.
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the integers being available in the form of pulse trains of
up to 31 pulses produced by an optical scanner. The
pulse ratewithin the pulse train is about 3kc/s and the
pulse trains follow each other at about 40ms intervals,
i.e. about 25 pulse trains per second. The first stage in
the calculation of the standard deviation is to obtain the
sum of the squares of the numbers of pulses in each train
and a simple sum-of-squares electronic calculator has
been developed for this purpose.
It is well known that the square of any integer x is

equal to the sum of the first x odd numbers; this follows
from the elementary algebraic identity (x + 1)2 = x2 +
(2x + 1). For example, 42= 1 + 3 + 5 + 7. If a
digital accumulator can be advanced by l for each pulse
in a pulse train and also advanced by 0, 2, 4, 6, 8, et
sqq., by successive pulses, the number added to the
accumulator will be the square of the number of pulses
in the pulse train.
Two binary counters are therefore provided: one,

the control counter, has five stages counting up to
25‐ 1 2 31, the maximum train length, and the other,
the accumulator, has 10stages counting up to 21° ‐ l =
1,023 and registers 2x2. The incoming pulse train is
passed into a simple delay line and each pulse is offered
in turn to each of the first six stages of the accumulator.
The circuit arrangement is shown in the accompanying
figure. Acceptance of the pulse at each stage (except the
end one) is dependent upon the state of an electronic gate
controlled by the corresponding stage of the control
counter. The latter is set to zero before the commence‑
ment of each pulse train, and the first pulse finds all the
gates shut. This pulse therefore adds only 1 to the
accumulator and also advances the control counter by
1, so opening the gate G1 to the second stage of the
accumulator. The second pulse therefore registers 2 + l
in the accumulator which, with the first pulse, totals
2 ‐1‐ 1 + l = 4 = 22. The control counter is again
advanced, opening the next gate, G2, and closing the


