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AN INTERNATIONAL TIME SIGNAL.
A. O. GmeONn, M.I.LE.E.

HE linking together of the Royal Obser-

vatory at Greenwich with the Post Office

Radio Station at Rugby for the distribu-

tion of Greenwich Mean Time is an event of
outstanding interest.

Two hundred and fifty years have passed
since the establishment of the Observatory in
Greenwich Park in 1675. It was erected in the
reign of Charles the Second and the terms of the
original appointment are as follows r—

““ Warrant for the Payment of Mr.
Flamsteed’s Salary.
CHARLES REX.

Whereas, we have appointed our trusty and
well-beloved John Flamsteed, Master of Arts,
our astronomical observator, forthwtth to apply
himself with the most exact care and diligence to
the rectifying the tables of the motions of the
heavens, and the places of the fixed stars, so as
to find out the so-much-desired longitude of
places for the j)erfectmg the art of maviga-
tion.

Now, in December, 1927, the direct distribution
of Greenwich Mean Time to the whole world has
becomeé an accomplished fact, through the co-
operation of the Admiralty, the Board of ’Irade
and the Post Office.

This development is worthy of speeial con-
sideration, seeing that, for the first time, a signal
of extreme accuracy is available from the prime
meridian for all who are able to receive it.

There is no need to emphasize the importance
of an accurate time service. Practically all of
the ordinary, everyday happenings in life depend
upon correct time, If the postman be late with
the morning mail ;—if the newspaper boy finds
some diversion on his round and the *‘ Times "’
fails to be pushed under the door ;—if the alarm
clock fails to operate,—what a difference these
minor things make in the outlook for the day!
Our railway organization, also our telephone and
telegraph services depend upon exact time keep-
ing,—indeed, the list could be extended almost
indefinitely — from personal to international
spheres of action,

. its axis.

A digression from the main subject of this
article will be pxcused, in order that reference
may be made to the different measures of time
in use at the present day.

Solar Time is the time registered by a correctly
placed sun-dial. Solar time cannot bé em-
ployed practically however, because the inter-
vals from noon to noon are not of the same
length, occasioned by the path taken by the
earth in its motion round the sun. This varia-
tion is eliminated by a process of averaging and,
as a result, Mean Solar Time, giving days of

-equal length, is obtained.

Sidereal Time, or star time, is the natural
standard of time, a sidereal day being the time
taken for one complete revolution of the earth on
As a result, a particular star will cross
the meridian of any place at intervals of 23
hours, 56 minutes, 4.1 seconds. This law applies
because the stars are so far distant from the earth

‘that the motion of the stars may be regarded as

negligible. This is not the case with the sun,
which is nearer the earth and results in the mean
solar day being 3 minutes, 56 seconds longer
than the sidereal ddy

It is obvious, as a result of the earth’s rotation,
that the time shown on mean solar clocks will
only agree with each other, where such clocks
are set up in the same meridian. East or west
of that meridian, the clocks will be fast or slow,
varying with the longitude in which the clocks
are working. Hence, there is a further measure
in use known as Local Time, depending upon
the place concerned. ILocal time has several
serious disadvantages and these need not be
stressed here. ‘

The inconvenience caused by this measure of
time led to its practical abolition in favour of
Standard Time: - This has been established by
International agreement, whereby the whole
world has been divided into ‘‘ Time Zones,”’
with the meridian of Greenwich as the prime
meridian or *‘ zero '’ point. As a result of this
arrangement, Greenwich Mean Time is regarded
as the standard for the world. The general
scheme is that the minutes and seconds of the
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prime meridian are maintained and hours only
are changed in successive time zones.

There is still Summer Time to be remem-
bered, but as this movement of the hands of the
clock forward or backward is merely a trick we
play upon ourselves — for many good and
sufficient reasons—there is no need to say more
here ! :

Fig. 1 is a view of the South East side of the
courtyard at Greenwich Observatory,
the building containing the Transit instrument
working on the prime meridian, The instru-

showing-

electrically and drops at 1 p.m. G.M.T. daily.
The Time Ball is the most important of visible
signals and is used by observatories to announce
an exact moment of time to observers within
visible range. The Time Ball at Greenwich has
been in regular use since 1833 and the ball has
dropped daily. at the appointed hour, except:on
the very rare occasions when weather. conditiéns
have interfered and rendered it unsafe to lift the
ball.

In order to introduce the Intematlonal Time
Signal, which is of the highest grade of scientific

Fio. 1.—GREENWIGH OBSERVATORY BUILDING CONTAINING TRANSIT INSTRUMENT WORKING ON PRIME MERIDIAN,

ment is housed immediately behind the doorway
reaching to the roof,

The laroe dome contains the biggest Refractor
in the British Islés and is used for the measure-
ment of double star working.

A weneral view of the exterior of a portion of
Greenwich Observatory is shown in Fig. 2.
The famous Time Ball is clearly seen. It is
mounted on the turret of the original Flamsteed
building, erected in 1675. This Time Ball
was set up in 1833 and was the frst to
operate in this country, The ball is released

registration, it has been necessary to provide
clocks and other'mechanism at the Observatory,
also for the Postmaster-General to provide the
connecting lines between Greenwich and Rugby;
special switching apparatus at the General
Post Office in London and also the use of the
wireless transmitter at Rugby.

A special chamber has been adapted at the
Observatory for the accommodation of the
apparatus. The high grade mechanism at
Greenwich has been supplied by the Synchro-
nome Company, under the personal direction of
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Mr. . Hope-Jones, a great authority on electri-
cal clock installations. The apparatus consists
of a ‘' Free Pendulum,”’ a ** Slave ’' clock and a
Signal Transmitter, '

A general view of the chamber and the
assembled apparatus is shown in Fig. 3, whilst a
closer view of the intricate mechanism of the
Signal Transmitter is shown in Fig. 4.

In cleck mechanism as generally designed,
there is a certain lack of exactitude due to the
energy lost by the pendulum in having to unlock

F1g, 2.—Timg BaLL AT GREENWICH OBSERVATORY,

some form of mechanism before it can receive the
impulse required to maintain its action. These
operations rob the pendulum of a certain amount
of energy and consequent lack of precision for
scientific time keeping.

By means of an ingenious invention of Mr.
\V. H. Shortt, M.Inst.C.E., in conjunction with
the Synchronome Company, a ‘‘ Free Pendu-
lum *’ has been devised. In this arrangement, a
separate and subsidiary clock: known as a

.F1c. 3.—SpeciaL APPARATUS AT GREENWICH OBSERVATORY
FOR INTERNATIONAL TIME SERVICE.

‘“ Slave ' undertakes all the work and at the
same time the ‘‘ Slave '’ is so accurately con-
trolled by the Free Pendulum that perfect
synchronism between the two sets of mechanism
is maintained. Air friction has also been practi-
cally eliminated from the Free Pendulum by
enclosing it in an air-tight case and reducing the
air pressure inside the case from the normal
atmospheric pressure to a working point of
approximately 33 milli-metres. The pendulum of
this clock is made of Invar, an alloy having a
very minute co-efficient of expansion with tem-
perature changes. :

Fre. 4.—VIEW OF MECHANISM OF SPECIAL SIGNAL TRANSMITTER
AT GREENWICH OBSERVATORY USED ON INTERNATIONAL TIME
SERVICE.
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also releases the trigger holding the impulse
lever G of the Free Pendulum and puts the
fingers of the Slave dial S forward one § minute.
The cycle of operations -in the Free Pendulum
corresponds with that explained in the case of
the Slave clock.

The impulse on re-setting the lever of the
Free Pendulum is as follows : —When contact is
made at H, the current flows through the arma-
ture and coil K, via the battery to the.Syn-
chronizer L of the Signal Transmitter, also the
Synchronizer M of the Slave clock, completing
the circuit through the dial mechanism ot the
Free Pendulum.

The object of this Synchronizing arrangement
is to keep all three clocks in exact phase. It
should be added that the contact H closes at a
definite time interval after the impulse is given,
in order that the synchronizing action may occur
at a suitable position in the swing of the Slave
pendulum.

The Signal Transmitter receives an impulse
every alternate swing of the pendulum by means
of the gathering click N ; this releases the trigger
in a manner similar to that of the Slave clock.

Fic. 6.—VIEW OF MECHANISM OF SPECIAL TIME SwITCHING
crock IN G.P,O, TestT RooM, USED ON INTERNATIONAL
TiME SERVICE,

Fig. 5 is a skeleton diagram of the connections
of the Free Pendulum, the Slave Clock and the
Signal Transmitter at Greenwich. The action is
as follows : —In the Slave Clock, the pendulum,
in swinging to the right, pulls round the count
wheel, and at each revolution of this wheel, the
arm A. engages with the small trigger B. The
trigger is opened, allowing the impulse lever C
to fall, thus giving an impulse to the pendulum
by slldmg down the inclined plane. At the end
of the fall of the impulse lever C, the contact D
is closed. The electrical circuit is therefore from
D through the electro-magnet and armature E,
via the battery, electro-magnet release of the
Free Pendulum F, back through the dial in-
dicator of the ¢* Slave ' clock S. :

I'he current in passing thrOL,lgh E’ pulls over Fi6, 7.—SWITCHING PANEL USED FOR INTERNATIONAL TNE
the armature and re-sets the impulse lever C, ' ‘ SERVICE 1N G/P,O, TesT ROOM.
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Fic. 6.—VIEW OF MECHANISM OF SPECIAL TIME SWITCHING
cLock IN G.P.O. TesT RooM, USED ON INTERNATIONAL
TiME SERVICE, :

Fig. 5 is a skeleton diagram of the connections
of the Free Pendulum, the Slave Clock and the
Signal Transmitter at Greenwich. The action is
as follows :—In the Slave Clock, the pendulum,
in swinging to the right, pulls round the count
wheel, and at each revolution of this wheel, the
arm A. engages with the small trigger B. The
trigger is opened, allowing the impulse lever C
to fall, thus giving an impuise to the pendulum
by sliding down the inclined plane. At the end
of the fall of the impulse lever C, the contact D
is closed. The electrical circuit is therefore from
D through the electro-magnet and armature E,
via the battery, electro-magnet release of the
Free Pendulum F, back through the dial in-
dicator of the ‘“ Slave '’ clock S.

The current in passing through E, pulls over
the armature and re-sets the impulse lever C,

also releases the trigger holding the impulse
lever G of the Free Pendulum and puts the
fingers of the Slave dial S forward one } minute.
The cycle of operations in the Free Pendulum
corresponds with that explained in the case of
the Slave clock.

The impulse on re-setting the lever of the
Free Pendulum is as follows :—\Vhen contact is
made at H, the current flows through the arma-
ture and coil K, wia the battery to the Syn-
chronizer L of the Signal Transmitter, also the
Synchronizer M of the Slave clock, completing
the circuit through the dial mechanism of the
Free Pendulum.

The object of this Synchronizing arrangement
is to keep all three clocks in exact phase. It
should be added that the contact H closes at a
definite time interval after the impulse is given,
in order that the synchronizing action may occur
at a suitable position in the swing of the Slave
pendulum,.

The Signal Transmitter receives an impulse
every alternate swing of the pendulum by means
of the gathering click N ; this releases the trigger
in a manner similar to that of the Slave clock.

Fic, 7.—SWITCHING PANEL USED FOR INTERNATIONAL TIME
SERVICE IN G,P,O, Trst Roowu, '
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The electrical circuit, after the impulse is given,
is via the impulse lever, contact O, armature and
electromagnet P, oia the battery to the dial
mechanism of the Signal Transmitter and, if the
contact arm R is closed, through the transmitting
Creed Relay, operating the C.T.O. line on its
local contacts.

The Magnetic Corrector is shown at the
bottom of Fig. 5 and is put into operation when
it is necessary to set the three clocks to time.
Its action is to increase or decrease the gravity
action on the pendulum for a short period.

GREENWICH Main WIRE

hours and the front.cam the minutes. The cuts
or slots in the cams operate the contacts at the
appomted times in morning and evening and
energise the two Relays No goa, which act
simply as locking devices on the Greenwich and
Rugby. sides, taking the apparatus side of the
Rugby line from the Central Radio Office and
putting the Greenwich Observatory line through
direct to the Rugby Radio Station.  The Time
Signal passes through the coils of the standard
B relay on the switching panel, bringing the
local contacts of the .relay into play and
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FiG. 8.—SCHEMATIC DIAGRAM OF THE APPARATUS IN USE FOR INTERNATIONAL TiMEe Service IN G.P.O. Test Roowm.

'

The apparatus in use in the Test Room of the
G.P.0., London, is shown in Figs. 6 and 7.
Fig. 6 is a view of the Master Cloclx (No. 24)
~and Flcr 7 is a photograph of the switching
panel.
A schematic dlagram of the connections at the
' G.P.O. is shown in Fig. 8. There are two cams
fitted in the Master Clock ; the front one revolves
once hourly and the rear cam revolves once in
every 24 hours. The rear cam registers the

applying the necessary voltage to operate the
land line apparatus of the Rugby transmitter.-
The arrangements at Rugby Radio Station are
shown diagramatically in Fig. 9, where the
normal arrangements for wireless transmission
apply. The same apparatus is in use at Rugby
as is required for commercial traffic. The Time
Signal is sent out from Rugby on a wave-length
of 16 kilo-cycles or 18,740 mietres. '

Several interesting problems concerning the
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extent and effects of mechanical and line lags,
etc., have been investigated in connection with
the new time signal. The physical circuit in-
cludes an underground line from .Greenwich
Observatory to the G.P.O., a standatd B relay
in the G.P.O. test room, an- underground line
from the G.P.O. to the Rugby Radio Station
‘and the operation of two relays (1 standard B;
and 1’ Creed), also the. operation of: the large
group of valves in the radio transmitting circuit.

The total lag measured through the whole of
this network amounts to 0.04 second and the
lag: has remained practically constant. This
stability has been an unsolicited testimonial to

E.HT.0.C.

The time signal is of the modified rhythmic
type recommended by the International Time
Commission of 1925. This consists of a rhyth-
mic signal of 306 beats or dots (.) in 300 seconds
of mean time, or at the rate of 61 beats or dots
per minute. The commencing signal, also that
at the end of each minute, is sent in the form of
a dash (—) and is exactly on the minute of
-Geenwich Mean Time. ‘ :

The signal is sent twice in each day, at 09.55.00
in the morning and at 17.55.00 in the evening.
These times have been selected as the most suit-
able for reception in any part of the world,
Signals 1, 62, 123, 184, 245 and 306 are single

N

R
W. MC,
C.T.0.LINE. 500 KW. ME.

veef] o S

l_ T | Tuning Fork QUTPUT.
B2 7 6 T
RADIO KEY,

£.HT.D.C.

LAND LINE APPARATUS.

ey

F16. 9.—SCHEMATIC DIAGRAM OF THE ARRANGEMENTS AT RUGBY RADIO STATION.

the behaviour of the relays, which have been
called upon to work tp a degree of exactitude
heyond their ordinary range of action.

The presence of this lag involves the sending
out of the time signal from Greenwich Obser-
vatory .04 second in-advance of exact time in
order that the signal may be emitted at the
right instant, An afrangement has also been
set up at Greenwich whereby the signal emitted
from Rugby is registered on a syphon recorder
associated with a Wireless Receiver at the Obser-
vatory. Normally, the incoming signal at
Greenwich is recorded within .01 of a second
of the time calculated for the emission of the
signal,
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dashes of 0.4 second duration and commence at
the exact minute. Each dash is followed by 6o
dots of o.1 second duration. By the use of this
type of signal, comparisons of extreme accuracy
are obtained, the method employed being to
count the number of intervals from the first dash
until coincidence occurs between one of the
rhythmic signals and the beat of the chronometer
or other type of clock.

A similar type of signal is sent out daily from
Bordeaux  and the Eiffel Tower. In each of
these cases, and at other stations emitting a
similar signal, a preliminary warning or prefix is
sent, giving the station of origin, also a signa-
ture or ** SN " at the end of the signal,
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This procedure is not followed with the British
Time Signal, The connecting lines between the
Observatory and Rugby are switched over auto-
matically a few moments before the signal is due
to commence and are also retained for a few
moments after the signal has passed, The inter-
ruption to commercial traffic, together with the
short periods of silence, are the only indications
of the approach and termination of the time
signal. This is a departure. from the usual
method of signalling ** CQ, CQ), DE, DE, GBR,

GBR,”’ to warn listeners to be ready, nor do we
hear such a cheerful signature as that frequently
given by the Annapolis station, *“ OK NSS,”* at
the conclusion of the American time signal.

In concluding this review of an interesting
engineering operation, the writer wishes to ex-
press his appreciation of the valuable assistance
rendered to him by Sir Frank Dyson, the
Astronomer Royal, and also by Mr. W. Bowyer,
of the Greenwich Observatory Staff.

TELEGRAPH AND TELEPHONE PLANT IN THE UNITED KINGDOM.

TELEPHONES AND WIRE MILEAGES, THE PROPERTY OF AND MAINTAINED BY
THE POST OFFICE IN EACH ENGINEERING DISTRICT AS AT 31s1 DEC,, 1927,

Tr:lz;)ho?\fes Overhead Wire Mileage, _ Underground Wire Mileage.

owned and Engineering

maintained ) District,
by the Telegraph. Trunk. Exchange. Spare. Telegraph. Trunk, Exchange. Spare,

Post Office. -
363,641 538 4,113 52,344 181 London 23,608 64,367 2,140,883 104,065
71,280 2,122 21,076 63,611 1,719 S. East 3,870 44,358 175,733 14,567
751373 4,406 ! 30,259 53,071 2,491 S. West 18,179 10,889 135,063 59,238
58,926 6,037 37,039 56,020 4,985 Eastern 22,210 34,559 92,510 75,512
92,326 8,799 44,763 56,503 3,583 N. Mid. 23,138 © 50,426 231,628 119,973
72,868 4,825 29,085 68,924 4,058 S. Mid. 13,117 21,670 158,566 - 89,307
56,267 4,680 29,288 50,515 2,841 S. Wales 5,992 25,565 105,604 70,275
98,195 8,225 26,163 48,331 4,361 N, Wales 13,254 40,513 250,459 62,143
150,978 1,564 17,043 42,551 2,523 S. Lancs. 13,117 76,344 451,512 47,087
89,157 6,113 30,894 48,765 3,100 N. East 11,067 44,283 214,488 61,435
61,255 3.512 23,593 36,654 2,351 N, West 8,180 32,469 153,837 37,398
43,414 2,460 15,989 24,184 2,748 Northern 4,639 14,677 98,766 51,481
20,638 4,680 8,313 13,521 491 Ireland N. 130 2,306 36,770 1,211
62,794 5,472 24,943 36,190 1,478 Scot. East 3,640 12,021 142,723 47,643
84,489 7,336 23,968 42,319 1,047 Scot. West 12,101 24,493 215,548 35,034

1,603,601 70,769 366,530 690,503 37,957 Totals. 176,404 498,940 4,604,092 876,339

- Figures at :
1,575,766 70,820 362,202 683,405 37,207 3°§1;257‘_’Pt" 174,550 492,207 | 460,068 900,744




