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The Speaking Clock 

Part 1.-Trunking and Facilities L. E. MAGNUSSON 

In part I of this article the reasons for the provision of a speaking clock are given and the trunking arrangements 
explained. 

l 11trod11ctio11. 

A� electrical clock, ,,hich is designed to provide 
verbal announcement of the time of da \·, ·was 
brought into use in Lon(ion on the after�oon of 

J ulY 24th, 1936. Previous to this date subscribers 
requesting the time were infornwd of the time as 
shown by the exchange clock. I l \\·as not, of 
course, possible for the operator to give the time 
\Yith any precision, say, to within less than half a 

minute, due to the types of clock employed in the 
exchange S\\·itch room and the method'> C>mployed in 
correcting the clocks. In spite of these limitations, 
about 26,500 requests for time \\ere received in the 
Lon<lon area eYery week. 

J\..tlCTION EQUIPMENT 
l D F 

�0.���l�ER 1�---� E � VIA TANDE� ---O- -- -o- - � 

OA COO[ 

"* "T 

J'urnber of residential people to whom the radiation 
times are not convenient. 

Electrical speaking clocks, to which access is 
gained via the telephone S\Yitching system, have 
already been introduced with success in some con
tinental countries and accor<ling to the large amount 
of traffic carried bv these clocks, it is evident that 
the scr,·ice is very popular. In view of the fact that 
I here \\·as already an appreciable demand for a time 
service in this country under the old system, it was 
reasonable to assume that an increased demand 
\Yotild result from the introduction of an electrical 

speaking clock which would give a really accurate 
time service on demand and in such a form that the 
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FIG. 1.-}UNCTION TER�lll'ATING EQUIPMENT. 

In recent years the public have been provided with 
a time service by the British Broadcasting Corpora-
1 ion in such a form that precise set1 ing of \\·atches 
or clocks can be accomplished. The utilization of 
this SC'rvice involves listening al specified times 
when the time signal is radiated, and such a service is 
unlikely to appeal to business people and a large 

T 

exact time could be easily ascertained. Accordingly 
a decision "·as made to introduce an electrical speak
ing clock in London with the extension later to cer
tain provincial centres. 

From experience of the manual time service, it 
1\ as apparent that the " time " traffic would not 
coincide with the ordinary telephone traffic and that 
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the normal trunking network would be capable of 
carrying the additional traffic without any extra 
switching plant except that necessary for actual 
connexion to the clock. This has in fact been borne 
out in practice, for approximately 94 per cent. of 
the clock traffic occurs outside the busv hour with 
traffic peaks at about 9 a.m. and betwee1; 12 mid-day 
and 1 p.m. 

Trunking and Facilities. 

In order to obtain access to the clock, subscribers 
connected to automatic exchanges dial the first three 
letters of TIMe and subscribers connected to manual 
exchanges ask their local operator for " time." All 
the calls are routed via the normal trunking net
work to the Holborn Tandem exchange where the 
clock is situated. The calls terminate on a special 
relay set, the circuit arrangement of which is shown 
in Fig. 1. 

This relay set provides the follo\ving facilities. 
(a) The battery feed to the line is reversed in order 

to cause registration of the subscriber's meter 
if the call is from an automatic exchange or to 
darken the cord circuit supervisory lamp on a 
call from a manual exchange. 

(b) A guarding earth is placed on the " P " wire 
to hold the tandem selectors. 

(c) A lamp is lit to indicate that the relay set 1s 
engaged. 

(cl) A traffic meter, associated with the relay set, is 
operated each time the relay set is taken into 
use in order to indicate 1he total traffic carried. 

(e) The calling party is disconnected from the clock 
after a period of 60 to 120 seconds. The provi
sion of this facility is due to the fact that the 
total number of relay sets provided to carry the 
clock traffic was based on the anticipated num
ber of demands and on the average holding 
time of one minute. It will be appreciated that 
any increase in this holding time will adversely 
affect the grade of service. Sufficient time is 
allowed under the minimum clear-down time to 
hear 8 complete announcements and this num
ber should be more than sufficie:it for ordinary 
purposes. Since the introduction of the clock, 
it has been found that the average holding time 
is approximately 22 seconds and about 16 per
cent. of the calls are being disconnected due to 
the holding time exceeding one minute. The 
application of the time pulse is controlled by an 
associated equipment which is caused to operate 
immediately the relay set is seized and this 
equipment transmits two pulses, with an inter
val of 60 seconds between the pulses, to the 
relay set. The first pulse prepares the clear
down circuit and the second makes the clear
down effective. The " forced release " period 
has been made flexible so that 1he cleardown 
times may be varied if experience indicates that 
this is necessary. An alarm lamp, associated 
with the relay set, is caused to glow under 
forced release conditions in order that the engi
neering staff may take the neces-;ary steps to 
have the connexion cleared. In addition a clear
ing signal is given in the cord circuit super-
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visory lamp on a call from a manual exchange. 
(f) A number unobtainable tone is connected to the 

line in place of the time announsement if the 
complete breakdown of the clock occurs. Nor
mally, in the event of the clock failure, auto
matic change-over to the stand-by clock will be 
effected, but in the event of a failure of both the 
regular and stand-by clocks an alarm condition 
is transmitted from the clock apparatus to the 
relay set to cause the application of the tone. 
In addition, the battery feed to the line is re
versed so that registration of 1he subscribers' 
meters shall not take place, and also, on calls 
from a manual exchange, to give a clearing sig
nal on the cord circuit supervisory lamp. 

It has not been possible to give call offices con
nected to automatic exchanges direct access to the 
clock, due to the fact that it \vould be possible for 
the caller to hear the announcement without the 
necessity of pressing button "A" to release the 
coins. Access to the clock can, however, be effected 
by call office users via the manunl board. 
Special arrangements for the Ope11i11g. 

Due to the large amount of publicity given to the 
clock in connexion with the Golden Voice competi
tion, broadcasts and press no1ices, it vvas anticipated 
that a considerable amount of curiosity traffic would 
be experienced at the opening The switching plant 
is not designed to carry this additional traffic and 
therefore arrangements were made wh�reby the time 
announcement was transmitted over special junctions 
to manual exchanges and connected to the multiple 
jacks. In addition a serYice was provided on a 
Mayfair exchange number from which manual ex
changes could obtain access to the time announce
ment. These arrangements were made with the 
object of relieving the load on the Tandem relay sets 
during the first few days of the opening and the 
temporary equipment has since been recovered. 
Traffic dealt with by the Clock since the opening. 

The traffic to the clock during the first week was 
about 398,000 calls, but this dropped during the 
second week to a little more than 199,000 calls. 
There has been a steady increase since and the aver
age number of calls per week during October, 1936, 
was approximately 214,000. It is interesting to note 
that 89 per cent. of this traffic originates from sub
scribers connected to automatic exchanges and in 
view of the fact that not more than 58 per cent. of 
the total exchange lines inside the 10 mile circle are 
automatic, it is apparent that the time service is 
more popular where subscribers are able to dial the 
clock direct. 
Time Service in Provincial Cent.res. 

It has been decided to proceed with the introduc
tion of the new time service at se.lected provincial 
centres. For economic reasons, it is not proposed 
to install separate clocks at these centres, but to 
radiate the time announcements from the London 
clock over trunk lines. These lines will be tapped 
at the points where the time service is required and 
connected to relay sets similar to those provided at 
the London Tandem exchange. 



Part 11.-The Clock Mechanism E. A. SPEIGHT Ph.D., A.R.c.s .• and 0. W. GILL 

Part II gives details of the design of the clock and its associated apparatus. 

Conditions to be met. 

In order that the accuracy of the announcements 
should not compare unfavourably with existing pub
lic services it was decided that the time announced 
by the clock should not be more than ± 0.1 second 
in error. This accuracy is believed to satisfy the 
needs of the majority of users of the service. 

To reduce the quantity of apparatus required for 
distributing the service the announcements should 
be made frequently. This condition is met by pro
viding six complete announcements per minute. 

In deciding upon the wording of the announce
ment the main requirements were sin1plicity, clarity, 
naturalness of the speech and the avoidance of engi
neering complications in its reproduction. The form 
finally adopted is illustrated by four typical an
nouncements. 
(1) At an exact hour: 

" At the third stroke it will be ten o'clock pre
cisely." 

(2) At (say) 10 seconds past the hour: 
" At the third stroke it will be ten o'clock and 
ten seconds.'' 

�3) At an exact minute past the hour: 
" At the third stroke it will be ten, twenty-five 
precisely.'' 

(4) At other intermediate times: 
'' At the third stroke it will be ten, twenty-five 
and twenty seconds.'' 

Each phrase is followed by three 1,000 c.p.s. 
'' pips,'' the last of which indicates the time as 
announced. 

PREPARATION OF SmmD RECORDS. 
Choice of Recording System and Form of Record. 

Most recording systems are mechanical, magnetic 
or photographic in principle. The recording pro
cess for the photographic system is perhaps the most 
complicated, but against this the quality of the re
produced sound is good, the noise level is low and 
the system permits the use of a form of record which 
is not subjected to mechanical wear. 

Good reproduction of frequencies up to at least 
10,000 cycles per second can be obtained from ordin
ary sound film travelling at 1he normal speed of 
18 ins. per second relative to the reproducing head. 
To record separately each different announcement 
in the 12-hour period at this film speed would re-

quire nearly 8 miles of sound track, which is obvi
ously impracticable. It is necessary, therefore, to 
divide the announcement into vvords or short phrases 
and, by switching from one record to another, to 
make each serve for as many announcements as 
possible. For example, the same record of " At the 
third stroke '' is used for every announcement. The 
sub-division must introduce no unnatural pauses and 
this is conveniently arranged by using records in the 
form of concentric circular tracks on flat glass discs, 
reproduced by rotating the discs in front of a sta
tionary optical system. For various reasons it was 
necessary to limit the overall diameter of the discs 
to 12 ins., and the diameter of the outermost sound 
track is therefore 11 ins. The radial width of the 
tracks is 2 mm. 

By trial it was found that the time required for 
speaking the longest of the " minutes " words plus 
that required for switching gave a speed of one revo
lution per second. Without loss of quality in repro
duction the circumferential length of the innermost 
track can therefore be 18 ins. and hvo discs are thus 
required for the 60 " minutes " records. 

In spite of this and although the complete an
nouncement is divided into five parts, four discs only 
are required, since two discs each perform two func
tions. Thus, one disc carries the following records: 

Outermost track-" At the third stroke " 

Six inner tracks-" Precisely " 

" and ten seconds " 

etc. 
The time taken to speak the longest of these is 

only 1. 7 seconds. To simplify the mechanical arrange
ments, however, a speed of one revolution in two 
seconds was chosen. 

Another disc serves for the '' hours '' portion of 
the announcement, and carries records arranged as 
shown in Table I. 

This arrangement avoids the necessity for the re
producing system to make a large movement in re
turning from " it ·will be twelve " to " it will be 
one." The passage from one hour to the next nor
mally involves a movement of two track-widths, i.e., 
4 mm., but at each end of the half-cycle of operations 
a single 2 mm. movement is required. This principle 
is applied to each disc and greatly simplifies the 
mechanical design. 

TABLE I. 

Order of tracks on '' hours '' disc. 

Track No. Phrase. I Track No. Phrase. Track No. Phrase. 

(1) (outside) It will be 6 (10) It will be 11 (18) It will be 15 
(2) " " " 7 (11) " " " 1 (19) ,, " " 22 
(3) " " " 5 (12) " , , ,, 12 (20) " " " 16 
(4) " " " 8 (13) " " ,, zero (21) " , , " 21 �5) " ,, " 4 (14) " " " 13 (22) " " " 17 
6) " " ,, 9 (15) " " " 24 (23) ,, ,, " 20 

(7) " ,, " 3 (16) " ,, " 14 (24) ,, ,, " 18 
(8) ,, , , " 10 (17) ,, " ,, 23 (25) " ,, " 19 
(9) " " " 2 (inside) 
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In general any particular rp(·ord C(lt1ld be the outer
most or the innermost track. In this case, however, 
with the arrangement chost'n, should the 24-hour 
time system be required later, the change could be 
accomplished without need for further recordings. 

The slow speed of this disc causes some attenua
tion of the highest speech frequencies of the inner 
tracks but, actually, the loss is negligible tip to 6,000 
cycles per second. 

The next disc is used for t hl' '· e\Tll min ull's " re
c-onls , the place of '' zero minutes '· being taken by 
the words" o'clock." 

The remaining disc carries the '' odd 111inules " 
records as well as a short recording-, lasting- 0.1 
second of a 1,000 c.p.s. note. The thn·e · • pips " 
are obt�ined by reproducing this note three times in 
success ton. 

Recording Process. 
To build up the complete annoUIHTllll'llt requires 

dose control of the duration oi' each word and accu
rate placing of each record on the disc. The early 
trials showed that it was not possible to produce 
satisfactory discs by direct recording, and Lhe speech 
required was therefore first recorded on standard 
sound film. 

The master tt1s.:: negatives were made on sensi
tized flat glass plates. The plate \ms held in a 
mounting and rotated at constant speed about a cen
tral axis at right ang-les to the face and the slit or a 
sound-recording oscillograph was focussed as a short 
radial line on the plate. Each film record was repre
cluced in turn and the output from the reproducing 
amplifier was fed to the oscillograph element. By 
this means the \vord or phrase.: recorded on the film 
,,·as re-recorded on the plate. 

Simultaneously with the spl:ech currents fed to the 
recording oscillograph a D.C. bias was automatically 
applied so that the width of the sound track tapered 
to zero both at the beginning and at the rnd. A black 
area was thus produced on the posi1fre prints which 
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;i\oids noise due to shultl'ring 1\·hilst the grad ual 
build-up and die-away m·oid noise as thl' track enters 
and leaves the reproducing· beam of light . 

Layout of System. 

The clock mechanism and associated equipment is 
necessarily composed of a number of correlated units, 

Fu;. 3-" EVEN-MINUTES " Disc AND Ornc,11. UNIT. 

the interlinking of which is shown in Fig. 2. The 
components arc dealt with separately in the 

following p a r a
graphs. 

POWER ROOM REPRODUCTION OF 

THE SPEECH. 

'L TANDEM n.ooA 

- --·--··------

FIG. 2.--SCHEMATIC DIAGRAM OP CLOCJ{ AND ASSOCJATI!D EQUIPMENT. 

The type of opti
cal unit used for 
reproducing t h e 
speech is illustrated 
in Fig. 3. The 
c:-..citer lamp (15), 
and the optical 
system itself (16) 
are provided with 
the usual adjust
ments. The photo
cell is contained 
within the tubular 
shield (19) which is 
perforated to pass 
t h c reproducing 
beam of light. 
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The circuit of the speech amplifier Fig. 4 shovvs 
little departure from standard practice. The 
cathodes of all six photocells are connected together 
and to terminal (7) of the amplifier. Since individual 
cells may differ considerably in sensitivity, the out
puts arc equalized by controlling the voltage applied 
to the anode of each cell and the overall gain is ad
justed by means of the variable potentiometer be
tween the first and second stages. 

Although low-capacity screened cable is used for 
the photocell leads some loss of the upper audio fre
quencies occurs. To reduce 1his loss the input im
pedance of the amplifier is kept low and a tone
corrccting circuit is included between the first and 
spcond stages. 

To avoid losses due to the capacitance and resist
ance of the leads to the relay sets the main second
ary winding of the speech output transformer in the 
amplifier gives a step-down ratio of 4 : 1, and a second 
output transformer, mounted on the relay set rack 
gives the final step-down of 20: 1 which, in conjunc
tion with a 1-ohm resistance connected directlv across 
1 he secondary winding, provides the correct load for 
the output valves. \Yith this arrangement there is 

earthed via contact Dl, an alarm bell is sounded and 
�ubscribers cannot be connected to the amplifier. 

:\dditional means are neccs�ary to indicate failure 
of one only of the output valves. The separate anode 
feeds to the output valves are therefore taken 
through the differentially wound relay C. If the out
put stage becomes unbalanced this relay operates 
and earths terminal ( 16). ,\ pilot lamp glows as long 
as a satisfactory output is being given. 

The shortest-lived components in the reproducing 
systems are the exciter lamps, failuce of one of which 
would cause an incomplete sentence to be sent out. 
To obviate this the filaments arc series connected so 
that a partial failure is impossiblt'. The lamps arc 
rated at 10 volts but, to increase their life and to 
reduce the possibility of hum, the ;·ix arc run from 
a 50-volt A.C. supply. Each lamp is shunted by a 
50-volt low power S\vitchboard lamp which glows 
if the corresponding cxci ter lamp fails. 

THE CLOCK MECH,\:\IS�I. 

The essential requirements of the clock mechan
ism arc accuracy and reliabilitv. To this end the 
mechanical part� arc as few a; possible in number 

FJG.4. -SPEECH AMPLIFIER CIRCUIT. 

no detectable difference Ill n•lume \\·hctlwr I or 100 
subscribers are conrwcted. 

.1/ar111 s. 

An alarm is net·essary -;hould the speech output 
fall below a predetermined kn·l. For this purposl' 
spel'ch currents derived from a fourth 11·indi11g· on the 
main output transformer are rectified by a bridge
t�onnected metal rectifier and c·hargc the condenser 
K (Fig. 4). In consequence the associated valve 
PX4 normally operates at substantially zero bias 
and anode current flows holding relay D in the oper
ated condition. Should the speech output fall, nega-
1 ive bias is applied to the valve, the anode current 
falls and relay D drops out. If the vake itself fails 
D again drops out. To hold the relay operated dur
ing the silent period between announcements the grid 
of the valve is brought to zero bias by means of con
tacts closed by a cam on the clock mechanism and 
connected to t�rminals (8) and (9). A contact D3 of 
relay D is included in this circuit "o that the relay 
cannot be operated except by the correct speech out
put. Unless relay D is operated tPrminal (16) is 

and arc clesig·ned with a large margi:1 of safety. 
Further, the general layout permi ls 1 eady replace
ment or adjustment of any of the fl·\1· parts which 
might become defective in sprvice. 

The main functions of the mechanism are deter
mined by the manner in which the announcements 
are made on the one hand and by the necessity for 
accurate timekeeping on the orher. These functions 
may be considered in g-rt'ater detail under four main 
he<�dings. 

. 

( 1) Driving the sound discs. 
(2) Building up each announcement. 
(3) Changing from rnw arn 1ourn_·enwnt tu the next. 
(4) Operating contacts for cht'l'ki11g and control-

ling the timekeeping. 

l?otation of the Discs. 

Since the pip signal which indicates the exact time 
is recorded on and reproduced from the " odd 
minutes '' dis.-: the speed of this and ht>nce of all the 
discs must be accuratclv controlled. Further, for 
good speech rcproductio;1 tlw "Pt'l'd must be uniform 
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throughout each revolution. A special motor run
ning at 60 r.p.m. was tht:refore developed for this 
purpose. This motor is shown (51) in Fig.5, which 
depicts the general layout of the clock mechanism. 

Since the " odd " and " even minutes " discs
(52) and (53) respectively-also rotate at 60 r.p.m., 
a direct drive is used. The "hours" and "seconds" 

energized at all times. Switching is therefore neces
sary in order that speech shall be reproduced from 
only one disc at a time and in the correct order for 
building up the proper announcement. This is pre
ferably performed optically. 

Electromagnetically-operatcc( shutters are inter
posed between the optical systems and the sound 

FIG. 5.-CJ.OCK �1F.Cll.\NISM. 

discs-(54) and (55) respectively-rotate on a separate 
shaft coaxially with the " minutes " shaft, but a 
2: l reduction gear (22) is interposed to give the 
speed required-30 r.p.m. Smooth running and 
maintenance of accurate- focussing of the discs with 
absence of whip or vibration are essential to good 
�ound reproduction. Helical gears of fine pitch are 
therefore used in the gearbox to avoid " flutter " 
due to backlash, and the main shafts are made of 
1 in. diameter precision-ground mild steel. Ball 
bearings are used throughout the mechanism. 

The discs are mounted on fl.angel! gunmetal hubs, 
the tapered ends of which arc split and contracted 
on to the shaft by means of nuts. Lines are scribed 
on the shafts, hubs and discs to facilitate correct 
reassembly should the necessity arise for replace
ment. One of the hubs is shown (21) in Fig. 3. 

Building up the Announcement. 

The discs are rotating and the exciter lamps are 

FIG, 6.-SHUTTl:R MECHANISM. 
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discs. These shutters normally prevent the passage 
of the beam of light to the disc and no output is pro
duced by the corresponding photocell. The an
nouncement is built up by causing the discs to 
'' speak " in turn by opening the corresponding 
shutters in the correct sequence. This is done by 
means of a series of contacts operated by cams which 
are rotated by means of a 10: l reduction gear from 
the main shaft. 

To avoid noise the shutters open just prior to the 
commencement of the sound tracks and close just 
after the end of these. For the reproduction of the 
" pips " the track passes the optical system three 
times and the associated shutter therefore remains 
open for just over two revolutions of the main disc 
shaft. 

The method of mounting the shutters in relation 
to the optical system is shown in Fig. 3 (20) and 
the mechanism is shown in greater detail in Fig. 6. 

Change from one announcement to the next. 

Simply expressed, the change from one announce
ment to the next merely involves moving one or more 
optical systems so as to reproduce different sound 
tracks, but the evolution of a truly satisfactory de
sign for this part of the mechanism involved many 
major difficulties. For example, the plane of move
ment of the optical system must be accurately paral
lel to the face of the disc to avoid imperfect focus
ing with consequent loss in articulation. The extent 
of each movement of the optical system must be 
exact since the radial spacing between adjacent 



sound tracks is only that which arises from the fact 
that the maximum modulation of the track-width 
is 80 per cent. The movement must take place 
5moothly in order to avoid undue mechanical wear 
yet must be completed <luring the short �;ilent period 
between announcements. 

the eccentric to a swinging arm which is freely 
mounted on the camshaft and a pawl carried on this 
arm engages with a 60-tooth ratchet wheel (40) 
1Vhich is pinned to the camshaft. The throw of the 
eccentric is such that, when the clutch makes one 
complete revolution, this wheel advances one tooth 

FIG. 7.�" �Irsun:s ASD llouH.s " CAM S11Ans. 

In the final design each of the four movable opti
cal units is mounted on a carriage which runs on 
ball-bearing rollers on two horizontal cross-guides 
situated below the disc shafts and is moved by means 
of a steel cam working on a ball-bearing follower 
mounted on the carriage. Contact between the cam 
face and the -follower is maintained by spring pres-' 
sure. Owing to the asymmetrical contour, the manu
facture of the cams involved a considerable amount 
of hand shaping after which the cams had to be 
hardened to avoid the development of inaccuracy 
through wear. To avoid distortion during harden
ing " Nitralloy " steel was used. 

In the " minutes " cams the circle swept out by 
the cam proved to be inconveniently large. Accord
ingly, each of these cams is split into two portions 
using a smaller radial scale for the .outer portion of 
the travel, but keeping the lift of the steps the same. 
The two composite cams (35) Fig. 7 are mounted 
on a single camshaft so that the central radii of the 
steps of one lie midway between the steps of the 
other. The 60 positions required to cover the 
minutes are thus obtained by the use of 30 steps only 
on each complete double cam. 

The method of imparting the correct angular 
movement to the " minutes " cam can also 
be seen in Fig. 7. The shaft (37) is driven continu
ously at 60 r.p.m. by skew gearing from the main 
shaft. Mounted freely on this shaft is an eccentric 
(38), the sheave of which is integral with a special 
clutch (39). A connecting rod couples the strap of 

and the cams move the carriag·es the appropriate 
distance. The time of movemcnt-1 second-is slow 
enough to avoid damage due to rebound. 

A light aluminium drum (41) suitably engraved 
and pinned to the camshaft, in conjunction with a 
fixed pointer indicates visually the lrack being repro
duced at each setting of the cams. The bakelite cam 
(11) operates a changeover contact which permits the 
operation of either the " odd minutes " or the "even 
minutes '' shutter according to the setting at any 
instant. 

The clutch (39) which turns the eccentric sheave 
through exactly one revolution as required is shown 
more clearly in Fig. 8. The main body of the clutch 
(39) is freely mounted on the shaft (37) to which is 
pinned the ratchet wheel (42). The pawl (43) car
ried on the body of the clutch is normally held out 
of engagement with the ratchet wheel by the arma
ture (44) of the electromagnet {25). On passing a 
momentary current through the coil the armature is 
withdrawn from the projecting end of the pawl 
which is is then thrown by the spring (45) into 
engagement with the ratchet wheel. The whole as
sembly is thus locked to and rotates with the shaft. 
When the current ceases the armature is returned to 
normal by the spring (46). On the completion of 
one revolution, the projecting end of the pawl (43) 
strikes the armature, is thrown out of engagement 
with the ratchet wheel and the whole assembly comes 
to rest. A spring-loaded lever (47) bearing on a 
roller (48) holds the clutch in this position in readi
ness for the next operation. 
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Fie. 8.-Cu:TcH MECHANISM. 

The carriages associated with the "hours" and 
Lhe '' seconds '' discs are moved similarly. The 
mechanism is seen in the foreground in Fig. 5 . 

The sequence of operations of this mechanism is 
as follows: -

Immediately after the third pip of each announce
ment, a contact (I) operated by a cam on the shaft 
(23) is momentarily closed. This energizes the elec
tromagnet (24) and the " seconds " portion ol the 
announcement is changed in the manner just des
cribed. \Vhen the " seconds " carriage moves into 
the position to reproduce '' an<l 50 seconds '' a con
tact associated with the "seconds" cam-shaft closes 
and connects the magnet (25) in parallel with (24). 
After the third pip of this particular announcement, 
both magnets are momentarily encrg·izcd and simul
taneously the " minutes " carriage moves to its next 
position and the '� seconds " carriage to the " pre
cisely " position. Similarly at " 59 (minutes) and 
50 seconds " the magnet (26) is paralleled with the 
other two. Following this announcement, the 
" hour " changes to the next, the " minutes " to 
'' o'clock " and the " seconds " to " precisely " as 
before. 

The introductory phrase " At the third stroke " 
and the three pip signals are common to all announce
ments. The optical systems used to reproduce these 
are shown at (49) and (50) respectively, Fig. 5. 

METHOD Or DRIVE. 
The requirements of the method of drive arc un

usually stringent. It is obviously desirable to use 
one driving motor for the whole me<;hanism if pos
sible, and although the power required to drive the 
discs only is small, the peak requirement which 
occurs once per hour, i.e., when all three cam-shafts 
move simultaneously, is relatively large. 

It has already been seen that the speed of rotation 
111ust be accurately controlled. Since the maximum 
error permissible is ± 0.1 second, the gain or Joss 
per hour, assuming hourly correction, should not 
exceed 0.05 second. This necessitates some form of 
1:nntinuously operating control in spite of which, 
however, an error exceeding 0.1 second could ulti
mately accumulate. A periodical over-riding check 
is therefore required to correct this error. Since 
(;reenwich Mean Time is naturally the standard 
against which the clock would be compared in ser
,·icc, the periodical check employs the signal trans
mitted exactly at each hour from the Observatory. 

For the continuous control, hm.vevcr, various pos
sible methods are available. Many of these methods 
were investigated and the most suitable was found 
to be a motor the speed of which is under the control 
of an accurate free pendulum. 

/)evelopment of a New I•'ree Pe11dulum. 
For the development of the pendulum 

Clock No. 36 was used. 
control a 

The count wheels, etc., were removed and the 

flG. 9.-PllOTUGRWlllC TRASSPARF.SC\' OF \\'AVE TRACE. 

Ieng-th of the arc of swing measured. :\ photo
g-raphic transparency shaped as shown in Fig. 9. 
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was mounted at the bottom of the pendulum and 
the image of a vertical narrow illuminated slit was 
focused centrally on 1hc transparency ,\·hen the 
latter was at rest. The base or the 1ransparent area 
is equal to the arc of swing and the shape is such 
that when the pendulum is swinging normally the 
amount of light passing through the trace and falling 
on a photocell varies sinusoidally at 4 cycles per 
second. If, however, the arc of swing is incorrect 
the wave form will be distorted. This distortion is 
utilized to restore normal amplitude of swing with
out the use of any mechanical or electrical contacts 
with the pendulum, i.e., by allowing the pendulum 
t0 swing freely (in the horological sense). This ideal 
is attained in the manner illustrated by Fig. 10 
which is a schematic diagram of the whole metho<l 
of drive. 

If the amplitude of swing- is slightly too small the 
wave form obtained is similar to (B) whereas if the 
amplitude of swing is too great the shape shown in 
(C) is produced. The output from the amplifier (57) 
is applied to a transformer (58) one secondary wind
ing (59) of which has a centre tap. By means of 
rectifiers (60) and (61) the condensers (62) and (63) 
receive charges due respectivdy to the positive and 
the negative half cycles of the current. The diff cr
ence in potential between the two condensers, after 
smoothing, is applicJ to the resistance (64). \\'lw11 
the amplitude of swing of the pendulum is correct 
and the wave form symmetrical (.\) the charges 011 
the condensers are equal, there is no P.D. behH'<'ll 
points (65) and (66) and the potential of the point 
(66) relative to the earth tin(", i.e., the effective bias 
applied to the grid of the g-as-!ilbl rC'lay (67) i,.: 
simply that due to the battery (68). .\s the amplitudt· 

of swing falls the wa\·c form becomes uns}•mmetrical 
(H) mid the charges on the .-on1knsers become u11-
"qual. In consequenl'c a difference of potential ap
pears between points (65) and (G6} of such sign that 
the effective negative bias on the.! gas-fillet.I relay is 
rt>duced. This changt• of bias . is uti!i?:cd to prrmit 
application of a driving impulst' to 1 he pendulum :is 
rrquired and at thr correct point in !he swing. 

At the mid point in each l<•ft-to-ri�·ht swing of tlH" 
pendulum a shutter f69) allow s  a 11arrm\· h<"am nf 
light from the source' (70) to fall on the photocell (71 ) . 

i\n increase then occurs in the photoekctril' CUIT('Jlt 

flowing through the resistance (72) as a result of 
\\'hid1 ther� is a momentary rise in the potl'ntial of 
the grid of the gas-filled relay (67). When tht· am
plitt1de of swing of the pendulum is correct this rise· 
in potential is insufficient to make the relay con
ducting. 'Vhen, however, the amplitude has faJIPn 
by a predetermined permissible amount the reduc
t ion in dfectivc steady hi as produced by tlw P. D. 
appearing across the resistance (64) is such that the 
rc•lay becomes conducting at the instant of application 
of the impulse from the photocell (71). The con
denser (73), which is charged through a high resist
ance (74), then discharges through the energizing 
coils of the magnet (75) which, attracting the arma
ture (76), applies a driving impulse to the pendulum 
and restores normal amplitude of swing. 

(It will be apparent that this form of pendulum 
drive, depending as it does upon slight <listortio11 

mainly of the cycles generated at the extremities of 
the swing, will be more positive in action at low fre
quencies. The frequency cmployed--4 c.p.s.-is 
therefore a compromise belwcc:n this factor and the 
rnmparatively greater ease of designing the remain
der of the apparatus to work at a hig·her frequency.) 

A practical trial of this scheme extending ov�r 
sevel"'l_l months showed that the hourly error rarely 
l!XCee<led ± 0.05 second. Such larger errors as di<l 
arise were ultimately traced to variations in ambient 
temperature. By maintaining the pendulum cabinet 
at constant temperature, rhe departure from the 
1ncan rate of the pendulum did not exceed 0.05 
second and rarely exceeded 0.02 second per hour 
over long periods. 

Before discussing the utilization of this method 
of control the construction of the pendulum unit as 
tinally use<l will be described. 

Pendulum Unit. 

A photograph of the pendulum unit with cover 
removed is shown in Fig.11. The iron casting (81) 

carrying the pendulum (82) and impulsing magnet 
(75) is mounted within an aluminium box (83) built 
up on a steel framing. The hox is supported on 
substantial rag bolts let into n main foundation wall 
of the basement of the Holborn Telephone Exchange 
huilding. The <'ffeds of vihrntion arc thereby mini
mizf'd. Th'· p<•mlulum for th'� sel'ond clock is 
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mounted similarly on an adjacent wall at right angles 
to the first. 

The optical system (84) is carried directly on the 
front of the box and adjustme(lts are provided for 
accurately focusing and centring the whole system. 
To simplify these adjustments a low-power micro-

F1G. ll.--"·AvE T11.\l'E .l�P D111vE 1'11t>TO C�:u.s. 

scope (89) is fitted for inspecting· the image of the 
slit on the wave trace. Fig. 12 shows the "·ave 
trace (.:6) and photocell scn:ens (71) and (91 ) in 
greater detail. 

The pendulum box is contained within a wooden 
cabinet fixed to the wall and the atmosphere within 
the cabinet is maintained at substantially constant 
temperature by means of heaters and a thermo-regu
lator. 

Application of Pendulum Control. 

There are various ways in which a pendulum can 
be used to control the speed of a motor. In the pre
sent instance, however, it appeared to be very attrac
tive to take the novel course of using rhe 4 c.p.s. 
current directly for driving the motor. The major 
problem was naturally that of securing efficient and 
adequate amplification at this low frequency. By a 
suitable choice of circuit values, however, a simple 
and effective design was evolved. 

The first form of output stage employed two tri
odes in push-pull. Valves dissipating 75 watts at an 
anode voltage of 1,000 were used and delivered at 
4 c.p.s. output of 36 watts into the loac.l. 

This output was used to drive an experimental 
single-phase synchronous motor at tiO r.p.m. Since 
this motor was ultimately superseded, it is rn1cessary 
only to state that its measured characteristics were 
very close to the calculated figures and that its effi
ciency at full load was over 80 per cent. \Vhen used 
to drive a sound disc, however, a slight " wobble " 
was detectable in the reproduced speech due to slight 
speed fluctuations arising out of the inherently pul-
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sating nature of the torque produced. To avoid this 
defect the scheme was modified to employ a 3-phase 
motor. 

The basis of the modification was the 3-phase sinu
soic.lal oscillating circuit devised by Van de Pol (Phy
sica, 1934, Vol. 1, p. 437). As this circuit does not 
appear to be widely known, it may be considered 
bricAy. The basic circuit is !'hown schematically as 
item (77) in Fig. 10 . The three unit-stages are 
identical. Any disturbance originating at the grid 
oi the first valve will reappear in the anode circuit 
\\'ith a phase change of 180°. In passing to the grid 
of the second valve a further phase change will be 
sustained in the condenser-resistance network and 
so on. At one definite frequency the interstage phase 
change will be 60° and (neglecting the effect of trans
former ,,·inding (78) ) the disturbance will return to 
the first grid in phase with the initial disturbance. 
l' nder suitable conditions sustained sinusoidal oscil
lations will therefore occur at a frequc:1cy determined 
simply by the value of the coupling components and 
the alternating E.M.F.'s appearing at the 3 anodes 
\\'ill be in a balanced 3-phase relationship. 

:\ practical trial of this circuit showed that with 
suitable values it functioned satisfactorily, but that 
l he actual frequency varied somewhat with changes 
in anode voltage. This variation was eliminated by 
the addition of a neon-tube voltage stabilizer, but, 
even with this addition, the natural frequency was 
insufficiently constant for the present purpose. The 
rrequency is therefore stabilized by injecting into 
one of the grid circuits a small E.M.F. derived from 
a winding (Fig. 10, item 78) of the output trans
former of the 4 c.p.s. photocell amplifier (57). (The 
oscillator f.requency is previously !'et as near to 
4 cycles per second as possible and the voltage stabi
lizer is retained.) 
· Mention may be made of a key which, when thrown 
to one side or the other of its normal position, cuts 
out the pendulum control and alters the resistance 
values in the oscillator circuit so that the speed of 
the clock mechanism is increased or decreased by 
approximately 10%. This fraturc is very useful 
when starting or restarting and setting a clock which 
has been stopped for any reason. 

The output stage consists of three 75-watt triodes 
followed by a single 3-phase output transformer in 
order to avoid D.C. magnetization of the core. The 
three secondary windings are star-connected with 
the neutral point earthed. Under normal conditions 
the 4 c.p.s. component in the main H.T. supply to 
the whole amplifier is negligible and no undesirable 
feedback effects have been noticed. 

The amplifier is capable of supplying an undis
torted output exceeding 50 watts although the con
sumption of the motor is normally only 20 watts. 

Four-cycle three-phase Synchronous Motor. 

In view of the low frequency employed it was de
cided to design the motor to run at the same speed 
as the main disc shaft, i.e., 60 r.p.m. An 8-pole 
rotor was therefore required. Thi:: pole shoes were 
made detachable for convenience in winding but, 
apart from these, the rotor was milled from a single 
solid billet. To reduce slot ripple and improve the 



wave form of the back E.M.F. the pole shoes were 
skc\\"Ctl. 

The stator windings are full-coil, star connected 

FIG. 13.-·· �lo rn1< ,\:-;o D1sTRllll:TOll (CORRECTING) 
EQUIP�IENT. 

and contained in 48 slots. The neutral point is not 
earthed. When the motor was driven as a genera-

tor at 60 r.p.m. the measured and calculated charac
teristic curves of stator voltage against rotor excita
tion on open yircuit and under load showed Yery good 
agreement. 

TIME CONTROL. 

The necessity for a periodic check of the time
keeping of the dock has been mentioned. The 
operations of this check are two-fol<l, viz.; (a) detec
tion, and (b) correction of the c.rror. The maximum 
permissible error having· been settled as ± 0.1 second 
it was decided that in order to provide a margi"n of 
safety a correction should be applied for any error 
exceeding ± 0.05 second, but that smaller errors 
should be ignored. For errors between 0.05 and 0.1 
second a correction of 0.1 second is applied and for 
errors between 0.1 and 0.2 second the correction is 
0.2 second. Errors exceeding· 0.2 second represent 
definite faults for which no automatic correction is 
applied. 

Apart from certain cam-operated contacts con
cerned mainly with hourly resetting the correcting 
circuit and a contact which is dosed from 0.4 second 
before to 0.4 second after the beginning of the third 
pip of each announcement, the most important part 
of the correcting equipment incorporated in the clock 
mechanism is a distributor mounted on the motor 
bearing pedestal, as shown in Fig. 13. The rotating 
brush (92) bridges across from the continuous ring 
(93) in turn to each of several short segments (94), 
which are connected to relays in the correcting equip
ment proper. The circuit of this is sh,:nvn in Fig.14. 

The operation of the circuit is as follows. Pro
viding that the error, if any, of the clock does not 
exceed 0.4 second the contact operated by cam (8) 

�1• Jtt.tM -..nt�nc. - 1aoo OMN. 
c-1..., ....,_ 

11�•113 ••0·5,,_�0-1) 
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will previously have closed, relay FF will have oper
ated and contact FF! changed oner. Terminal (73) 
11 ill also be earthed Yi:1 e<1111-conta''t (14) (on 
"minutes" camshaft). On the arriv;tl of the time 
signal relay E operates and contact E 1 closes. The 
particular contact segment OYer which the rotating 
brush is passing at this moment will therefore be 
connected to earth and the corresponding one of the 
relays F to N will operate. If, for the sake of argu
ment, the clock should be bet\1een 0.05 and 0.1 
second slow this \vill be relay K. By means of its 
first contact it will lock in and bv means of the second 
contact operate the low resista�ce relay Z. The Zl 
contact of the latter removes the earth from the rotat
ing brush and so pren'.nts the time signal (which 
lasts one second) operating any other relay connected 
to the contact segments. 

The closing of the third contact of the relay K 
operates the corresponding high resi3tance relay P 
which then locks in via its own first contact. To avoid 
overheating of the low-resistance relays they are re
leased 5 seconds after the hour by the opening of 
cam-contact (10) vd1ich, together with cam-contact 
(8) is on the main contact camshaft. 

The second contact of P lights a lamp which gives 
a visual indication of the error and the ;hird contact 
applies the necessary correct ion in a manner shortly 

to be described. The remaining con1act appears in 
the chain of series-connected contacts associated with 

1'am-contact (14). If no time signal should arrive 
;1t any hour none of these contacts will have opt>r
ated. On the restoration of contact (14) at one 
minute past the hour an earth connexinn will thereby 
be extended to terminals (85) and thc1re to the alarm 
lwll which will then ring. 

The operation of relay Q if the error is bet ween 
(J.05 mid 0.1 second fast is similar as also is that of 
relay l'. if the error does not c:xcced ± 0.05 second 
wit!; the exception that the latter relay does not apply 
a correction. 

An error between 0.1 and 0.2 second will lead to 
the operation of relay 0 if slow or R if fast. This 
is abnormal, but not necessarily a serious condition. 
The fourth contact of these relays makes the alarm 
connexion. This draws the atte;1tion of the attend
ant, but does not automatically remove the clock 
from service. 

The operation of relays Y or X if the error is 
between 0.2 and 0.4 second or of relay\\' if the error 
exct>ecls 0.4 second represents a deli;1ite fault condi
tion which is indicated bv an alarm. No automatic 
correct.ion is applied for �uch errors but, by the clos
i11g c,f the third contact of one of these relays, relay 
T operates and in turn extends an earth to the 
change-over panel. T locks in via one of its own 
rnntacts and the .second contact of rPlay Z. By this 
means the service is disconnected from, and cannot 
be reconnected to this dock until some subsequent 
time signal has shown the clock to be within the 
permissible range of error, i.e., until Z2 has released 
T and the latter has not again been operated by \V, 
X, or Y. The alarm hP!l can, hm1·ever, be silenced 
by throwing a key which operates rehy S. 

Five minutes before the hour the cam-contact (14) 
opens (to avoid giving the " no time signal " alarm) 
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and one minute later cam-contact (13) (also on the 
" minutt>s " camshaft) opens and restores all the 
r('lays (except TJ to normal in readiness for the next 
t'heck. 

:If ct hod of Correction. 

In order to avoid sudden cl1a11ges of speed \\·hi ch 
might affect the pitch of the voice, the correction is 
applied gradually by slightly altering the rate of 
swing of the pendulum. 

The rate of swing· of a free pendulum (of fixed 
dimensions) is determined by the gra 1·itational force 
acting on the pt>ndulum. By yarying the current in 
the coils of a suitably placed electromagnet a varia-
1 ion in effective gravitational force, and hence in the 
r;tte of Swing can be produced \Vithout apparent dis-
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turbance of the normal opcnlion or the pendulu111. 
The arrangement used is sl1011 n in Fig. 11 (79) 

being the soft iron armature ;1ttached to the pendu
lum rod and (80) the correcting magnets. Xormally 
a certain current flows in the coib. lf the clock 
tends to run slow the closing of nrnL1ct 03 or P3 
(Fig.14 ) increases this current and slig·htly acceler
ates the rate of swing, while if the tendency is tu 
run fast the opening of contact Q3 or R3 reduces the 
n1rrent and retards the rate. 111 either case the 
;tlteration persists for the succeedi11g hour and effects 
I he necessary correction. 

The operation of the time control is illustrated by 
Fig. 15, \1·hich shows the errors recorded on both 
docks during the second week of puhli'.' operation of 
the: service. Later adjustments 111;1de after the- pen
dulums had settled dovvn to a stead,· rate have re-
;-,ulted in e\·en better timekeeping. 

. 

.1/arm a11d Stand-by A rra11gcmc11ts. 

In order to preserve continuity of the service, 
�;land-by equipment, which can he brought into ser
,·icc in an emergency, is provided wherever possible. 
Two complete duplicate clor ks are therefore installed. 

It is not possible to start up an idle clock, adjust it 
lo give correct time and bring it into service by any 
simple and rapid means of automatic change-over. 
Both clock mechanisms ar� tbC'rcforc always running 
;111cl in correct adjustment, but only orw speech am-



plitier is in op(Tation and supplying tlH' servicT . If 
a fault dn·elops in the \\orking· dock (only) the ser
\·ice is transferred to the stand-bv clock in a manner 
which will be understood from Fig. 16. 

It may be assumed that No. 1 is the working clock 
and the functions of relays V and VV and their con
tacts may be ignored for the moment. Under nor
mal conditions the output to the 
subscribers' relay sets (terminals 

ope rat i on of a clutch nwchanism mig·ht immediately 
produce a larg e error. Since it is extremely unlikely 
that such errors would arise in both clocks simul
taneously the fault condition \Votild be indicated bv 
the clocl�s rnnning out of step. This is detected by 
means of distributors associated with each camshaft, 
two of \vhich are shown (95 in Fig. 7.) The number 

No.I. 
23 

CJI Sibw to Reltln•. 
Bl 

•1�4�---0J5 
( 17) and (18) is taken rrom terminals 
( 10) and (11 I or the Sp<'ech \rnplifin 
:\o. 1 via the C'hangcovcr switch .\ 1 
con tact. On the appearance of a 
fault in the spet'C'h amplifier terminal 
(16) is earthed c;iusi;1g operation of 
the rclavs A and A.\. Contact i\A2 
doses <;pera ting the alarm bell and 
i\2 connects the mains to the stand
by speech amplifier and to the 
c·orresponding inclic·a: or lamp. Until 
the stand-by amplifier vvarms up no 
output is available and terminal (lfl) 
of this amplifier is also earthed. 
Since i\.\1 has dosed the relay B 
also operates. Con1a.;t B 1 earths 
terminal (35) 11·hich is connected to 
the relav sets and causes " Number 
l' nobta[nable '' tor.e to be sent out 
to subscribers. Ccmtad B2 caust'S 
the corresponding· indicator lamp to 
lig·ht . In the unlikeh· event or the 
stand-by amplifier al;o being faulty 
or out of service, this condition 
persists until the pri me fault has 
been cleared. In .�'(:•wral, however, 
as soon as thl' s t an d-by amplifier is 
hot and giving oulput :he l'arth is 
removed rrom its terminal (16), 
relay B restores and the standbv 
takes over the scrnce via th�: 
change-over contact Al. Upon 
manual operation of the change
over S\\·itch ;\Jo. 2 becomes the 
working clock, relavs A and AA 
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restore and attention may be 
directed to clearing the faU'lt on 
:'Jo. I. For adjustme:lt purposes a 
tumbler s \vitch shunting the mercury contact A2 can 
he closed to switch on the standby SfJCer·h amplifier ir 
�·equired. Loud speakers are provided for monitor
mg purposes. 

If the working clock develops an excessive time
error a similar change-O\'Cr occurs except that 
1 erminal 40 receives the earth connexion. Under 
" No time signal " conditions the alarm is given by 
the earthing of terminal (85), but there is no change
over since, if the indication is gen'linc and not due 
to a cause such as a dirtv contact, the actual fault 
\\ill probably be extern<;! to and will affect both 

clocks simultaneously. 

The operations just described can deal only with 
the small errors registered at the hourly checks. 
Under abnormal conditions, however, a large error 
might arise and go undetected until the next check. 
Thus a failure in the pendulum equipment would 
permit the oscillator to run uncontrolled or faulty 
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No.a 

FIG. 16.-SPEECH AMPIIFIER SwrrcH PANEL. 

of contacts on each is the same as the number of 
teeth on the corresponding ratchet wheel. Corres
ponding contacts on the two sets of distributors are 
wired together and the rotating brushes are con
nected so that a continuous circuit involving all 
these distributors exists between earth and terminal 
30 as long as the two clocks arc in step whereby the 
slow to release relay VV is held operated. In the 
out-of-step condition this relay drops out, followed 
by the similar relay V which is not self-resetting. 
The st.>cond contact of V rings the d la rm bell, the 
third lights an alarm lamp and the fourth causes 
relay B to operate, whereby the service is dis
continued and " Number Unobtainable " tone is 
sent out. There is no changc-m'er, since there is no 
automatic means of telling which clock is at fault. 
.\11 out-of-step alarm cut-out key is provided for re
setting after clearing the fa11lt and also to prevent an 
alarm condition arising if the standby clock is 
deliberately stopped for any reason. 
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GENERAL LAYOUT OF THE INS1'AJ.LATION. 
The whole of the equipment so far described ts 

installed in a room adjoining the power 
room at Holborn Exchange. On one 
side of the room are the amplifiers and 
control racks and the pendulum 
associated with No. 1 dock. On the 
other side of the room are the two clock 
mechanisms and monitoring loud 
speakers, and on the end wall is 
mounted the pendulum associated with 
No. 2 clock. 

The racks are shown in Fig. 17. 
From left to rig·ht of the photograph 
the first two bays are the two 4 c. p.s. 
equipments. The separate units, from 
top to bottom, are respectively photocell 
amplifier, meter panel, three-phase 
oscillator and power amplifier, power 
unit and, finally, voltngc stabilizer unit. 
The third bay contains, �t the top, the 
two timing relay sets, below these the 
D.C. distribution panel, then the A.C. 
distribution panel and, finally, the main 
switches. At the top of the right
hand bay are the two speech amplifiers, 
below these the change-over and alarm 
panel and, finally, the two po\\"er units for the speech 
amplifiers. 

FIG. 17.-AMPf.fflERS AND CONTROL EgUIPMl!NT. 

Fig. 18 shows the apparatus racks on the left and 
the two clock mechanisms on the right. In the back
ground can be seen one of the monitoring loud 
speakers and the pendulum cabinet for No. 2 clock. 
The clock mechanisms are carried on substantial 
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tables and protected from dirt by glass panelled 
covers. 

f1G. 18.-GENERAI. LAYOUT OF lNSTAl.LATIONS. 

It has been found by experience that the gas
filled relays in the pendulum drive circuit function 
erratically at extremes of ambient temperature. For 
this reason the artificial ventilation and heating 
arrangements are arranged to permit thermostatic 
control of the room temperature at a few degrees 
below the temperature within the pendulum cabinets. 
Power Supplies. 

The main requirements of the pO\\·er supplies are 
simplicity and reliability. All the D.C. equipment, 
i.e., the rotors of the synchronous motors, the relays, 
the pendulum control, shutter and clutch magnets 
and the alarm lamps and bells are worked from the 
50-volt exchange battery. No standby is provided, 
since a failure of this supply is most unlikely and, in 
any case, would prevent any calls being made to the 
clock. The total consumption is about 250 watts. 

The amplifiers, exciter lamps and pendulum 
heaters are worked from the A.C. public supply 
mains and together consume about 1,800 watts under 
normal conditions. In this case a standby supply is 
necessary and is provided by two motor generator 
sets of 2.5 K.V.A. capacity. One of these is always 
running light on the exchange battery. In the event 
of the mains voltage-normally 200-.falling below 
170 the generator takes over the load. The load 
automatically returns to the mains when the voltage 
of the latter exceeds J 90. Repeated tests under 
artificial fault conditions have shown that change
over and restoration of the power supply occur 
smoothly and without introducing errors of time
keeping. 
Conclusion. 

Apart from the distributing relay sets the equip
ment was designed, constructed and installed by the 
Research Branch. In this connexion the the authors 
wish to acknowledge the many helpful suggestions 
made by their colleagues and by Mr. E. J. Wender, 
late of Messrs. British Acoustic Films, who carried 
out the sound recording. 
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