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PREFACE TO THE FIRST 
EDITION 

rH E authors in the compilation of this book have borne in 
nind the fact that very little collective information has so 
a r been published on the extensive use of the electric current 
n the domain of horology. 

Accordingly they have aimed at presenting practical 
letails rather than theoretical rules or mathematical formulre, 
tl though these are naturally necessary in determining the 
ength of pendulums, also the proportioning of horological 
nechanism. 

In descriptions of clockwork the explanation has been 
:on fined mainly to the essential parts of the mechanism and 
he electrical or mechanical principles upon which they 
•perate. 

The diagrams illustrating the letterpress have been specially 
1repared, and are not intended to act as working drawings, 
ince many of the devices described in these pages have 
•een patented. 

It is modestly suggested that, perhaps, future inventors 
,f electric clock mechanisms may glean from these pages 
:hat has been accomplished or suggested for the advance. 
1ent of the science of electrical horology. 

In conclusion the authors desire to ackno wledge their 
bligation to a number of manufacturing firms who have 
indly supplied detailed information, and in some instances 
>aned blocks. 

H. R. LANGMAN. 
A. BALL. 

\. 

PREFACE TO THE SECOND 
EDIT ION 

THE call for a second edition of this work has presented 
the opportunity of introducing a new chapter dealing with 
recent developments in electric clock systems. 

The " Princeps" system has been chosen on the grounds 
that its efficiency and time·keeping qual ities compare very 
favourably with other commercial systems. 

By this innovation it is hoped that the book has been 
brought up to date, and will continue to serve as a work of 
reference on the subject. 

H . R . LANGMAN. 
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ELECTRICAL HOROLOGY 

CHAPTER I 

HISTORICAL 

TnE ancients, in an attempt to record the Aight of time, devised 
the earl iest forms of time-keeping mechanism. 

The oldest of all was no clou bt the Clepsyclra or water 
clock, its origin being generally attributed to the Chinese, and 
later it was reinventecl by the Babylonians, from whence it was 
passed on to the Greeks and Romans in about the fifth 
century n.c. 

The water clock was set up in several forms and the design 
became more eo m plicatecl as the centuries passed. 

The ancient "sundial," originally from Asia and freely 
used by the Babylonians, was the second form of time recorder. 
This instrument may still be seen set in the walls of many a 
noble mansion, but it is now regarded more as a curiosity and 
a link with the past than one of general utility. 

The olcl·fashioned domestic "sand glass " is yet another 
example of an ancient ti me-keeping device to which it is 
impossible to assign any elate of inception, but little progress 
was made, however, in the subject until the year r 3 70. 

A mechanism of more serious design and construction 
was ';!Ot attempted until .the year 1370, when one H enry 
de V1ck constructed a we1ght-clnven clock for Charles V. of 
France. The clocks of that . period possessed but one hand 
which mark ed the hours on a dial plate and later announced 
the hours by striking a corresponding number of blows upon 
a bell or gong. 
. Since the introduction of public and' domestic timepieces 
111 the year '3 70, numerous improvements have been made 
in the mechanism, and by degrees the community have been 
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provided with clocks possessing a time rate that can be 
tolerated. 

One of the branches of science into the service of which 
eleciricity has been impressed is that of horology, and the aid 
it has given dates from about the year 1839 . . Stenheil, in 
1839, appears to have been the first horologist to attempt the 
transmission of "time" by electrical means. During the year 
Alexander Bain was successful in an attempt to drive a dock 
entirely by the agency of the electric current, and 1840 may 
be accepted as the starting point of" electrical horology." 

The fundamental principle of all clocks operated by the 
agency of electricity is based upon the mysterious force of 
magnetism which becomes revealed whenever an electric 
current passes along a wire. 

It was Professor Oersted, of Copenhagen, in the year 1 82o, 
who discovered that the electric current had the property of 
deflecting a magnetic needle, such as a compass needle. A 
far more startling and useful discovery was made by the 
French electrician Ampere; he observed that a coil of wire 
bearing an electric current exhibited all the properties of a 
magnet~ 

Practically in all the electric clock mechanisms, past and 
present, the controlling force has really been "electro­
magnetic," and the discoveries of these two great scientists 
have been directly applied to the measurement of " time." 

In all the electric clock systems introduced or suggested 
the principle of action is not always identical, each possessing 
its peculiar characteristics, and it is most desirable to classify 
the systems under five headings. It will therefore be con­
venient to classify the various systems in the following order:-

r. Clocks in which the entire motive power is electricity, 
the current supplying impulses to the pendulums by electro· 
magnetic induction. 

2. Clocks having an ordinary clockwork mechanism, tl~e 
vibration of the pendulums being controlled by an electnc 
impulse transmitted from a standard clock. . 

3· Any variety of clock may be wound at regular mtervals 
by devices electrically operated. 

4· The usual ratchet or " step by step" movement, which 
consists of a system of wheelwork, and which is operated at 
regular intervals by electrical impulses transmttted from a form 
of standard or master clock. 
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5· Any form of clock having a fairly accurate going rate 
may be synchron ised electrically from a standard clock at 
certain intervals, and by this means the hands b rought to time. 

In this chapter it is the intention to describe rather the 
principle on which each system operates, than to attempt a 
minute description of the mechanism introduced for the 
functioning of the system concerned. Each system will be 
treated under its class in the chapters that follow, and the 
mechanical arrangements made lucid by the a id of specially 
drawn diagrams. 

The long series of experiments conducted hy Alexander 
Bain from 1840-5 2 resulted in the production of many 
ingenious forms of electrically controlled and even driven 
clocks. The pendulums of these clocks were actuated by the 
force of magnetic attraction and repulsion, and caused by this 
means to vibrate from side to side. By the introduction of a 
cru tch lever the oscillatory movement of the upper portion of 
the pendulum rod was found suitable for the propulsion of the 
wheelwork actuating the hands of the clock. In the early 
electric clocks the pendulum w~s really the med ium by which 
the wheelwork was driven. This is permissible in a ll types of 
clocks provided with the common "recoil escapement." 

Bain's first clock was exhibited at the Polytechnic Institute 
in the year 1841 , but it was not electrically driven, and 
consisted merely of an ordinary pendulum· clock fi tted up so 
as to complete an· electrical con tact at every alternate swing o f 
the pendulum ; transmitting in this way an electrical impulse 
to a specially constructed clock movement, now termed 
"secondary clock " or "dial," comprising only a few wheels 
and a pair of hands rotating in front of a n hour dial. To 
briefly describe the secondary clock used in conjunction 
with Bain's transmitting or master clock, an electro-magnet 
receiVIng the electrical impulse transmitted attracts an 
armature and allows a pawl attached to its lower end to 
pass over one tooth of a r~tchet wheel, and on the circuit 
becoming. br~ken at the .master clock through the pendulum 
commencmg tts return sw1ng, the armature, now being released 
from the electro-magnet, rctur_ns to its original position. In 
~eturnmg_ to tts normal positiOn the armature, through the 
111tervent10n of the pawl, pulls the ratchet wheel one tooth 
forward, and l.Jy suitable wheelwork the hands of the clock are 
driven. T he number of teeth on the ratchet wheel will, 
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however, be decided by the length of the pendulum; for 
instance, if the pendulum of the transmitter beats seconds, 
then the impulse will be sent out less often than if the 
pendulum were a three-quarter seconds beat. Evidently the 
number of teeth contained in the ratchet wheel will be greater 
for a short pendulum than for a long one, since the vibration 
varies as the length becomes increased . 

Bain, experimenting further, dispensed with the weight 
and spring which had previously supplied the motive power, 
re taining only the wheelwork required for the propulsion of 
the hands. To make this possible he then devised an 
electrically driven pendulum; there are two varieties, but 
the p_rinciple of either when in action is identical. These 
pendulums arc sometimes called "Bain 's pendulums" to 
distinguish them from those of contemporary inventors. 

In one form the "bob" had two permanent magnets; these 
were attracted and repelled by two coils of wire through 
which an electric current was allowed to pass, the coils 
being situated on either side of the vertical line of the 
pendulum's swing. The pendulum controlled the current 
for exciting the coils by actuating a curious but ingenious 
form of" break," which will be described later. In the o ther 
form of" electric pendulum " the state of affairs was reversed. 
The "bob" of the pendulum was actually a coil of wire 
through which the current was permitted to flow.' the latter 
being conducted down the rod fmm the suspensiOn bracket 
of the pendulum. Permanent magnets of cylindrical form 
were placed on either side of the "bob" so that as the 
pendulum vibrated, the coil was carried a short distance over 
the permanent magnet. A moment's. thought will, however, 
satisfy us that the magnetic effect rematns uncha.nged. 

Dr Hipp following in the footsteps of Bam, mtroduced 
another form' of "electric pendulum," the vibrations of which 
were maintained by the reaction set up between a soft u on 
armature a ttached to the lower extremity of the pe':ldulum 
rod and an electro-magnet over which the armature vtbrated . 
An ingenious type of "contact mak er " or "break " permitted 
the electro-magnet to become excited '!r d emagnettsed at 
the correct instant so as to e xert the maxtmum pull upon the 
armature. This device was introduced for the first time by 
Hipp, although it has been suggested that the arrang~ment 
had been proposed by Foucault. The pendulum carnes on 
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its upper portion a small trailer which is pivoted and free tc 
move from side to side. Beneath the trailer is a spring) 
strip of metal, one end bei ng held riAidly. Mounted near thE 
unfastened end of the strip is a small inclined plane of steel, 
111 whtch ts cut a notch. Beneath the free e nd of th e strip 
is placed a contact screw tipped with p latinum the strip 
9eing likewise equipped with a suita ble contact. 'When the 
i re o.f ~ibration of the pendulum becomes greatly reduced so 
.hat tt ts belo-.,, a gtven pomt, the trai ler dips into the notch 
Jf the inclined plane and on the return swing of the pendulum 
.he stnp becomes depressed, a nd contact is made with the 
:ontact screw, to which a llusion has previously been made. 
!'be circuit being now closed, the electro-magnet, becoming 
:nergtsed, attracts the armature, and a fresh impulse is 
mparted to the pend ulum. This p rocess continues until the 
.r~ of vibration has become again restored when the traile r 
nerely passes idly over the inclined p lane, ~nly engaging into 
he notch when the pendulum seeks a fresh impulse. This 
Drm ?f '_' break" may. be constructed in numerou s ways, hut 
he pnnc1ple of operatton remains unchanged. 

Even to-day in some systems either the original form of 
Iipp "break" or a modification o f the same is relied on for 
1e accurate time-keeping qualities of the pendulum of a master 
lock or transmitter. 

Yet a~1other form o.f electro-magnetic clock was devised 
Y Lemome, and conststed of a n electro-magnet attracting 
n. armature attached to the base of the "bob" as in the 
It pp clock.' but the •: break " was of rather different design. 
e1~,01n~ pt;,oted to hts pendulum rod a long but light wire 
r trader, the lower end havmg mounted upon it a light 
tne takmg t~e form of a butterRy ; the fact has sometimes 
~en respons tble for it being designated the "butte rfly 
ock." 

. T o return to the Lemoine "break." A strip of metal 
11ta?ly shaped is rig idly faste ned at one end, the oth~r 
rrymg a ~ontact pomt. When the strip becomes depressed 
'.the " trader " through the arc of vibration of the pendulum 
lhng below a. fixed pomt, the contact is completed with a . 
low contact sttuatt;d beneath the strip. _The electro-magnet 
rm,~ pa1 t, of the. ctrcUlt and, on becommg excited, a ttracts 
e bo~, restonng once more the destred arc of vibrat ion. 
hen tbts has taken place the "trailer " idly slides over the 
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contact strip in precisely the same manner as the "trailer " 
of the Hi pp system. 

In many of the early church and turret electric clocks 
a "commutator " was employed to reverse the direction of 
the exciting current instead of cutting off the current enti rely 
at the end of the pendulum's excursion from side to side. 
By this method the pendulum was attracted and repelled 
consecutive! y. · 

In the electrical arrangements of Bain, Hi pp, and Lemoine, 
the vibrations of the pendulums are maintained by electro· 
magnetic attraction set up between the "bob" and an electro· 
magnet or solenoid and permanent magnet. The great 
objection to this method of imparting impulses to a pendulum 
is that the strength of the impulse will become reduced as the 
battery deteriorates. A diminishing current will fail to ener­
gise full y the electro-magnet, and consequently, the impulses 
becoming weaker, the arc of vibration of the pendulum will 
be permanently reduced, and indirectly the time-keeping 
qualities of the clock will be affected. 

It has been proposed that an auxiliary battery might be 
employed and automatically placed in circuit with the clock 
electro-magnet should the main battery fail or suddenly become 
weak. Hipp and Webber are two of the many inventors who 
have produced suitable arrangements to overcome, 1f poss1ble, 
this evil. 

Wbea.tstone experimented along different lines. He trans­
mitted an impulse from a standard clock to a specially 
constructed " secondary clock" or "dial." On the seconds 
arbor of the standard clock was mounted a small commutator 
taking the form of a metal disc. The. ~isc was divided in 
sixty equal divisions, every altern_ate diVISIOn be1_ng cut away 
and the space filled in with some msulattng matenal. Contact 
with the disc was assured by means of a very hght spnng, 
the la tter being carefully insulated from the framework. 
The rotating disc permitted the spnng contact to !est alter­
nately on metal and insulation: When the sprmg made 
contact with the metal an electncal tmpulse was sent out to 

. the secondary clock. 'The duration of the impulse will be 
exactly one second. . 

The mechanism of the secondary clocks consisted of an 
electro-magnet reacting on the teeth of an escapement wheel. 
The teeth were of peculiar shape and were propelled one-

sixtieth part of a revolution at each impulse. Only a fe,, 
wheels were contained in the movement of the secondarJ 
clock to communicate the niovement to the hands. 

Wheatstone also attempted to dri\·e a clock movement bJ 
the aid of magneto electric currents, but his experiments die 
not yield such good results as he anticipated. · 

M. Brequet constructed a special form of clock for turre· 
and lantern use, driven by means of electrical impulse' 
transmitted from a standard clock. The transmitter consistec 
of a small drum of ivory fitted with metal discs at either end 
and mounted on an arbor capable of being rotated by a pinior 
from the standard clock mechanism. Projecting across th< 
face of the drum from the metal plates are a number of pin' 
which make contact alternately with two spring fingers. OtH 
of the discs is insulated from the arbor, the second disc beint 
directly attached to the arbor. The circuit is such that it i' 
only complete when the spring fingers rest on any of the pins 
The rotation of the drum causes the pins to come into contact 
al ternately with the spring fingers, which has the effect o. 
reversing the direction of flow of the current each time < 
contact is made. 

The construction of the Brequet secondary clock move 
ment deti1ands the reversal of the current at each impulse tc 
enable it to operate, and the foregoing is a simple means b) 
which the desired object is attained. 

Two sets of electro-magnets are connected in series, anc 
arranged in such a manner that their opposite poles face ead 
other when an impulse is received from the standard clock 
P laced between the four poles of the electro-magnets arE 
two permanent magnets mounted on a horizontal spindle, se 
that they may oscillate freely between the poles of the electro­
magnets. The spindle also has a rod extending downwards, thE 
end of which by suitable catches and pawls engages a ratchet 
wheel. The oscillatory movement of the rod affords a mcam 
of propelling the ratchet wheel, and then through other wheeh 
the hands of the clock. 

Charles Shepherd, in the year 1849, patented and intro­
duced an entirely new method of maintaining the vibration ot 
a pendulum. An electro-magnet, acting through a series ol 
lever, raises a "gravity" or "weighted arm," which is then hek 
by a catch or detent. The pendulum during its swing lifts thE 
catch, thereby releasing the gravity arm, and the latter ir 
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falling imparts an impulse to the pendulum. The pendulum 
controls the current for resetting .the gravity arm as well as 
the current . for transmission to the secondary clocks, the 
current reqUired for the latter purpose usually being supplied 
by a n independent battery. 

Shepherd's secondary clock depends upon the attraction 
and. repulsion set up between electro-magnets and bar magnets 
for Its trme-keeping qualities. The bar magnets are set free 
to move in a horizontal plane, and normally are caused to 
oscillate whenever the electro-magnets are energised. This 
movement, by means of a crutch lever actuating a pair of 
pallets, was found convenient to drive an escapement wheel 
and through a system of wheelwork, the hands of the clock. 

It was proposed to keep the time at the great Exhibition 
of r8sr by the Shepherd system, but unfortunately it broke 
down at the critical moment. The world-fa mous twenty-four 
hour clock at the R oyal Observatory of Greenwich was con­
structed by Shepherd about the middle of the last century, 
and is electrically driven, operating on the principle -just 
described. 

R. L. J ones introduced a system of electri c clocks in 1869, 
in which a standard clock controls a ny number of ordinary 
pendulum clocks, a nd is in reality an elaboration of the "Bain 
electric pendulu m." Each pendulum" bob " had a coil of wire 
wound around it, and as the pendulum vibrated the current 
was picked up from a series o f contacts. A permanent magnet 
situated on either side of the pendulum set up a magnetic 
reaction whenever an impulse was received by the coil from 
the standard clock. 

Now, should the pendulum be vibrating too slowly, the 
magnetic reaction will quicken the former ; if, on the other 
hand, it reaches the end of its swing a little too soon, the 
pendulum will be held back slightly. In this system the 
clocks are only controlled, and the pendulums made to beat 
the same as that of the standard clock, assuming of course 
that the lengths of the pendulums are equal. There is one 
thing in fa vour of th is system: should the electric current fail 
at any time, the clocks continue to go and keep their own time. 

J ones's controlling system was in use for some years at 
Chester railway station, also his clocks were exhibited at the 
Inte rnational Exhibition of 1862. 

Ritchie, of Edinburgh, introduced a system of electric 

clocks somewhat on the same lines as that of J ones; th, 
former, however, found it possible to dispense with the ~vi ndi n1 
of the " primary clocks." An escapement wheel recerved rt 
motion from curiously shaped pallets, some of which served tr 
lock the wheel, and others to propel it. The pendulum durin1 
its excursion from side to side engaged the lower ends of thes< 
pallets, which were pivoted at the top, and resem bled verJ 
closely the pallets of a gravity escapement. 

The normal or standard clock sent out im pulses to th ( 
>econdary clocks which were equipped with short pendulums. 
ro descr ibe these briefly : the pendulum, instead of being 
mspended in the usual manner, was pivoted or suspended at 
ts centre, and the two ends provided with coils that embraced 
Jermanent magnets during each swing. The current passing 
:hrough the coils by means of a suitable arrangement was 
·eversed twice during a complete vibration of the pendulum. 

Ritchie's system was installed at both the Liverpool and 
~dinburgh Observatories, and in 1873 Mr Ritchie read 
. paper before the Royal Scottish Society of Arts. 

Mr H enry Campiche introduced an electric clock in which 
1e dispensed with the clockwork train. 

It is scarcely possible to enumerate all the different 
1ethods by which an ordinary spring-driven clock movement 
1ay be wound periodically by means of the electric current. 

One successful method o f doing so is to connect a ratchet 
•heel through the medium of a coiled spring to one of the 
·heels nearest to the escapement wheel, usually the third wheel 
f the clockwork train, a weighted lever pivoted at one end 
nd having a pawl which engages in to the teeth of the ratchet 
heel. The lever, during its gradual descent, exerts sufficient 
nergy through the coiled spring to drive the escapement 
heel, a nd maintains the swing of the pendulum which 
Jntrols the going rate of the clock. When the lever has 
escended to a fixed point it automatically completes a n 
ectric circuit, and an electro-magnet returns the lever to its 
mna! position. The potential energy now stored in the lever 
>ntil!ues. to drive the hands of the clocks until the cycle of 
·settmg rs repeated. 

We now come to a class of electric clocks which differ 
?m any previously described. A new lease was given to the 
rence o~ elec trical horology by the introduction of a system 
.tented m 1895 by Messrs Hope-J ones and Bowel!. Since 
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then many inventors have given their attention to the science 
and many improvements haye been made on the earlie; 
·mechanisms. Especially may be mentioned W. E . Palmer, 
who patented his system in 1902; and later in the same year 
R. M. Lowne patented his well-known system. Other inventors 
111clude Parsons and Ball, T. Murday, The Silent Electric 
Clock Co., The Standard Time Co., The Magneta Time Co., 
and others too numerous to mention. · 

It would be impossible to enumerate all the inventions 
that have been made for the improvement of the electric clock. 
Much ingenuity has been displayed in its construction, and 
it now seems to have arrived at a state bordering on perfection. 
Many of the improvements have been patented, and thus the 
man ufacture of the mechanism has been in a great measure 
restricted to the patentees of that particular system. Any 
novel or worthy invention appertaining to the subject will be 
described, if it is thought to be of sufficient interest and likely 
to serve a useful purpose. 

The principles involved in many of the systems already 
mentioned are identical, and may be summed up briefly in 
the following manner : generally speaking, a heavy gravity 
or weighted arm, or even a spring, is re,et by the assistance 
of an electro-magnet, and then retained in that position by a 
detent or catch. It is so arranged that the said gravity arm 
can only be released at an opportune moment when the 
pendulum is in the path of the falling ann. The gravity arm, 
on coming into contact with the pendulum, imparts. an impulse 
to the latter. 

The arm is now reset by being raised to its normal position 
by the aid of an electro-magnet. The circuit supplying the 
current for the resetting of the arm is automatically closed by 
the gravity arm when it . reaches the extent of its travel. In 
some systems the current that excites the electro-magnet also 
operates the mechanism of the secondary clocks. 

Usually the rotation of a count wheel or ~atchet wheel, 
either pulled or pushed forward one tooth at a lime by a hook 
or dctent directly attached to the pendulum, IS found a 
convenient method for releasing the gravity arm when about 
to impart an impulse to the pendulum. In practice it is 
desirable that the count wheel be pulled by the pendulum 
rather than pushed forward. 

The principle on which the "Magneta" system operates 
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is, however, different from all the preceding systems, since 
the generation of magneto-electric currents are, .necessary for 
the successful working of the secondary clocks. I hese p~cul_Iar 
c~rrents are generated within the master clock. No outside 
source of current is needed, consequently there are no contact 
points; in other words, the circuit is a closed one. . 

Of recent years clocks having an independent mauve power 
may have their time-keeping qualities greatly improved by 
being electrically ·synchronised at regular !nterval~ from a 
standard clock. Turret clocks are espectally smrable for 
regulation in this manner. There is one method of driving 
large turret clocks entirely by electricity by the employment 
of a large pendulum operating on the" Hi pp " principle. Some­
limes these pendulums a re called " motor pendulums." The 
pendulum is sufficiently powerful to drive the wheelwork and 
hands of the clock, only seeking impulses when the arc of 
vibration falls below a fixed point ; this, of course, largely 
depends on the resistance that the clock has to overcome. 
For instance, wind pressure would cause the "motor pendulum " 
to seek impulses more frequently than in calm weather. The 
" motor pendulum " is so adj usted that it has always a gain ing 
rate, and when it has propelled the minute hand to within 
twenty-seven seconds of the half-minute, the pendulum 
becomes automatically detached from the wheelwork, the 
pendulum continu ing to swing idly. A standa rd or master 
clock exactly at the half-minute transmits an impulse to an 
electromagnet, which releases the catch that previously d is­
connected the pendulum from .the clock movement. The 
" motor pendulum " now continues to drive the wheel­
work, and immediately brings the hands of the clock to time. 
T his procedure is again repeated at about three seconds 
to the minute. By this means the turret clock is controlled, 
and the time rate kept accurate. The "motor pendulum " 
merely performs the work of driving the hands of the clock. 
Not only may turret clocks be synchronised, but any number 
of smaller d ials may be controlled from a master clock. 

T here are also numerous other ways by which time may be 
transmitted. . For instance, " time balls" are allowed to drop 
at stated hours by being released electro-magnetically by an 
impulse transmi tted from Greenwich. 

During the past two years remarkable progress has been 
made in the construction of simple wireless receiving apparatus, 
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in so much that it is n?w possible to receive daily time signals 
t •ansm•tted from the E!ITel T ower at Pan s, and to synchronise 
clock_s and ~ther tunep•eces from signals thus received. 

E lectnc•ty has been applied with success to other boro­
~ogical mechanisms. Chiming_ and s triking devices hy · its 
• tgency have supplanted the we•ght-dnven and older forms of 
wheelwc;Jrk formerly_ employed for this purpose. 

As 1t was only mtended in this chapter to give an outline 
of the many and vaned a pplications to which electricity has 
been put in the science of horology, a nd to trace the gradual 
development of the electric clock, it is now hoped that the 
?1echall!cal a rr_angements of the systems about to be described 
m the succeeding chapters will be more easily apprehended. 

CHAPTER II 

ELECTRO-MAGNETICALLY DRIVEN 
CLOCKS 

Bain's "Electric J'endulum "-ll ipp Clock- Electric Church ClocJ,_ 
Lemoine's Clock- Clocks hy Fery, Swift, P:uker, and Warren­
VVengclin "Electric l'endulum "-\Vc:bber's "Auxil iary Battery 
Appliance." 

I N this chapter it is proposed to treat in fuller detail many 
of the earlier systems, of which mention has been ma de in 
the preceding chapter; a lso will be added a description of 
the mechan ical arrangements, old and modern, wherein the 
vibra tions of the pendulum are mainta ined by electro-magnetic 
impulses. o special attempt has been made to dea l with the 
mechanisms either in their historical or mechanical o rder, but 
are placed on record here to show along what lines progress 
has been made in clocks operating on this principle . 

It may be as well , first of all, to examine the mechanical 
arrangement of the Bain " electric pendul um," which may be 
accepted as the p ioneer of all electrically driven pendulums. 

Bain's " Electric Pendulum." 
Bain dispensed with the weight often employed for supply­

ing the motive power in an ordinary clock, and introduced 
instead an electrically driven pendulum, which by th e inter­
vention of a c rutch lever osc illated the pallets of an escapement 
wheel, causing the latter to ro tate and communica te its 
movement through a trai n of wheels to the hands of the clocks. 
Bain's "electric pendulum," as it was ~hen termed, was con­
structed in two forms, but the principle of the two when in 
action is identical. 

In the one form the " bob " had two permanent magnets. 
These were attracted and repelled by two coils of wi re throu<>h 
which an electric current was allowed to pass, the coils bei~o­
situated on either side of the vertical line of the pendulum '~ 

' 3 
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FIG. 1.-Bain's " Electric Pendulum." 
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swing. The pendulum controlled the current for exciting the 
coils by operating a curious form of "break." 

In the other form of electric pendulum the state of affairs 
t wa:S reve~sed. The "bob" of the pendulum was in reality a 

cot! of wtre carrymg the current, the latter being conducted 
down the rod !rom the suspension. The permanent magnets 
were of cyhndnca! form, and placed on either side of the" bob," 
so that as the pendulum vibrated, the coil was carried a short 
dis tance over the permanent ~agnet. But a moment's thought 
Will sattsfy us that the magnetic effect remains unchanged. 

Ftg. I shows the former kind of pendulum with the two coils 
cc, and the pendulum "bob" with the two permanent magnets 
NS arranged with like poles pointing in the same direction. 
Rain employed an "earth battery " as a suitable source of 
current. The zinc and copper plates F and E are buried a short 
distance apart in the moist earth, the moisture being sufficient 
to set up the chemical action to produce the current for 
exciting the coils. 

The "break " needs describing, and is shown in Fig. 2. 

Two semicircular pieces of gold and agate are held in contact 
by means of a metal band, and form part of the pillars HH1. 

Let cc, represent the gold, and AA1 the agate. The size of the 
gold is much larger than that of the agate, as will be observed. 
The gold and agate have a groove cut through their centres, 
and in this groove slides the metal bridge B. Now, suppose 
the pendulum to be moved to the extreme right, so that the 
pin D of the pendulum engages the bridge B and moves the 
latter also towards the right. The points of the bridge B now 
resting on the gold pieces GGp place the two pillars in electrical 
connection, and the current accordingly flows from G1 to G by 
way of the bridge B. The coils now becoming excited, the 
attraction on the one side and repulsion on the other tends 

. to send the pendulum towards the left. T he pendulum 
continues to do so until the pin D again engages the bridge 
a and carries it towards the left also; but this time the points 
of the bridge merely move on to the agate AA1, and instantly 
the circuit is broken. The pendulum, no longer Influenced by 
the coils cc now returns by its own weight. During the 
return swing:' however, the pin D pushes the bridge towards 
the right until the points of the latter rest agam on the gold 
pieces cc1• The cycle is repeated, and tn th ts manner the 
pendulum is kept vibrating. 
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The current for operating the secondary clocks is let oh 
and off by one of the points of the bridge sliding over a metal 
contact, but this does not take place until the pendulum is 
almost at the end of its swing. This contact is not shown in 
the diagrams, but the principle is easily understood. It will 
be noted, however, that the current when not exciting the 
coils is operating the secondary clocks. 

Hipp Electric Clock. 

Dr Hi pp's arrangement of electric clock is represented in 
Fig. 3, its novel feature being the contact maker for controlling 
the current needed for the excitation of the electro-magnet. 
The mode of propelling the wheelwork of the clock is 
simi lar to that adopted by Bain, but the method of con­
trolling the current is very different and more economical, 
and in many respects the Hipp system is superior to the 
Bain system. 

The pendulum rod has pivoted to it a "finger" ¥" (Fig. 3). 
Beneath and in the path of F is a notched block of steel s 
mounted on the light spring T, one end of wh ich is rigidly 
fastened to ·a bracket B, the free end being equipped with a 
contact c engaging beneath it the contact screw v. If the 
pendulum is caused to vibrate slightly, the "finger-piece" F 

does not leave the block s, but merely drops into the notch. 
On the return swing of the pendulum, the spring is depressed 
and the contact completed between c and v. The circuit now 
being closed, current passes from the battery n through the 
electro-magnet E and the circuit shown. 

The contact between c and v is completed at every alternate 
swing of the pendulum until the arc of vibration has become 
restored, when the "finger " F slides idly over the notched 
block s. Failing to depress the latter, the pendulum continues 
to ~ibrate until. the arc becomes reduced, when the "finger" 
~gam engages m~o the notch, and the electro-magnet again 
tmparts a fresh 1mpulse to the "bob." Unlike the Bain 
"break," the circuit is only completed when the pendulum 
seeks a fresh impulse; a great saving in current is thereby 
effected. . 
-' The " H i pp" contact maker has reappeared in some of 

the inventions of recent years for the controlling of motor 
pendulums in connection with the driving of turret clocks. 
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Electric Church Clock . 
. , _:\n early form of electric turret or church clock is shown 
n Fig. 4· 

The massive wooden pendulum rod P, during its excursion 
to the right, pushes aside the crutch rod c, which is attached to 
the horizontal arbor J. Fastened to this arbor is the bracket o 
carrying a click N, which is kept in position on the wheel by 
a light spring as shown. The bracket o will have a small 
rotary movement to the right similar to that of the .pendulum, 
and during its movement to the right the click will jump over 
one tooth of the ratchet wheel s, the latter being fixed to a 
vertical arbor. On the return swing, which will be completed 
by the weight of the moving parts, the click will now propel 
the wheel B one tooth forward. The vertical arbor also carries 
a worm w engaging into a worm wheel mounted on the 
horizontal arbor A, and it is from this arbor that the dial 
wheels obtain their motion. The worm and worm wheel 
are so proportioned that all intermediate wheelwork can be 
dispensed with, and the dial wheels are attached direct to 
the arbor A. The vertical arbor is supported in the pro­
jections H and 1, the whole being mounted within the frames 
F and FI. The pendulum P receives its impulse from an 
electro-magnet acting on the "bob" in the manner previously 
described. 

In the early church electric clocks a "commutator" was 
introduced to change the direction of the exciting current, 
instead of cutting off the current entirely at the end of the 
pendulum's swing. By this ingenious method the pendulum 
received an impulse from left to right and vice versa. 

Lemoine's Electric Clock. 
Lcmoine devised a clock, of which the pendulum was 

provided with an iron "bob," and so arranged that it was free 
to vibrate over the pole5 of an electro-magnet, the latter 
forming part of a circuit containing a battery and a spnng key. 
Should the pendulum be vibrating too slowly, the key a~to­
matically closed the circuit. The electro-magnet becomu!g 
excited, the pendulum received an impulse and was agam 
restored to its normal amplitude. . . 

Attached to the pendulum is a rod A . (Fig. s), provided 
with a piece of mica u; this rod merely shdes over the raised 
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part of the spring key c when the pendulum is vibrating 
normally. Should the rate of the pendulum, however, be 

1slow, the _rod A pushes the light spri1ng c down, making 
cont~ct :v~th a fellow spnng E, and thereby closing the 
Circuit. 1 he electro-magnet now becoming energised attracts 
the pendulum "bob," which increases the arc of vibration. 
This continues until the pendulum has gained sufficient 
momentum to allow the rod A to again slide over c without 
depressing it and closing the circuit. 

This clock was certainly a great improvement on the 
earlier ones, and doubtless the "time rate " of Lemoine's 
clock was superior to that of Bain. 

The Fery Electric Clock. 

. The pendulum P (Fig. 6) carries at its lower extremity, 
m place of the customary "bob," a permanent horse-shoe 
magnet M, the lowest pole of which is encircled by a coil c. 
A second but smaller pendulum s is caused to vibrate in 
sympathy with the larger pendulum by being attached to the 
magnet M. On either side of the small pendulum s are 
situated the contact screws A and s. The circuits are separate, 
and two sets of batteries, o and x are required. The contact 
B on the pendulum swinging to the right, completes the 
circuit through the small pendulum, and an impulse is trans­
mitted to the secondary clock. On the other hand, when 
the pendulums P and s vibrate to the left, the contact is 
completed between A and s, and the battery o energises the 
coil c, which imparts an impulse to the pendulum through 
the magnetic reaction set up between the coil c and the pole 
of the magnet M. With this arrangement the pendulum s 
acts as a pendulum switch, and alternately completes the 
contact at A and B, the former controlling the power circuit, 
while the latter allows the battery x to operate the mechanism 
of the secondary clock. 

Swift's Electric Clock. 

This system is shown in Fig. 7, and consists of an electro­
m.agneticaily driven pendulum propelling a ratchet wheel, 
which by suitable contacts, ingeniously transmits electric 
impulses at regular periods to a system of secondary clocks. 
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FtG. 7.-The Swifl Elect ric Clock. 
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The · " Hi pp" contact device n regulates the current for 
exciting the electro-magnet E, which has one pole-piece I' 

tapered and extending towards the pend ulum rod. . 
As the "Hi pp" contact maker has been fully descnbed at 

the commencement of this chapter, there is no need to dwell any 
longer on the construction or principles involved in this device 
when in operation. . . 

Vibrating with the pendulum is an armature M, tt bemg 
so situated on the pend ulum rod that it comes within the 
field of the pole piece 1'. A hook A, pivoted to the pendulum 
rod, at every alternate swing of the la tter propels a ratchet 
wheel w one tooth forward. As the ratchet wheel w rotates, 
the pin F comes into con tact with a loose arm H which it 
raises to the vertical, when it immediately falls by gravity; 
but in doing so it momentarily causes the two springs ss1 to 
make contact and allows the battery x to supply an impulse 
to operate the secondary clocks N. The detcnt Y prevents 
the ratchet wheel from turning in the reverse direction. 

It will be perceived by a glance at F ig. 7 that the magnetic 
impulses are not delivered directly to the " bob," as in the 
other forms previously alluded to, but are delivered abore 
the " bob " a t the point M. 

Generally the impulses are delivered below the "bob," 
but this is immaterial so long as the pendulum ts in a 
favourable position for the reception of the impulse. 

Warren Electric Clock. 

Messrs Warren, in an ingenious arrangement shown in 
F ig. 8, adopt a pendulum equipped with a peculiar " bob " R 

resembling the greater portion of a ring. As the " bob " 
vibrates it allows a coil c to enter its gap, the coil having an 
iron core which presents its opposite poles to the two faces of 
the ring "bob" B. T he current for the excitation of the coil 
c is controlled by a novel device n, which essentially consists 
of a glass tube of the shape shown. One end has fused into it 
the wires ww,, which are in turn connected to the terminal x 
and the pendulum respectively. Within the tube n is a large 
globule of mercury M, which runs from end to end of the tube 
as the pendulum vibrates. When the "bob" approaches the 
coil c, the globule M will have a natu ral tendency to flow 
towards the ends of the wires ww 1, and will eventually form a 
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conducting path for the current between t he two wires. 
The inside of the tube is specially prepared and presents 
a rough surface to the mercury, reducing somewhat the 
adhesion between the glass and mercury. Ad1·antage IS 

taken of the oscillatory movement of the pendulum rod to 
d rive the ratchet wheel R through the intervention of the 
pawl P. The ratchet wheel being mounted on the second's 
arbor of the clockwork train, drives the hands in the usual 
manner. 

Wengelin's Electric Pendulum. 

Another "electric pendulum" arrangement was suggested 
by Wengelin and patented in 1908. 

In Fig. 3A the familiar " bob" has been replaced by a 
metal loop L attached to the pendulum R. The lower part of 
the loop is surrounded by an iron core or cylinder c. 
E ncircling that portion of the loop bearing the iron core is 
a solenoid s, its internal diameter being sufficiently great 
to permit of the core c vibrating freely with in its interior. 
The ends xv of the coil s are connected in series with a 
battery B. A simple form of contact maker operating on the 
upper portion of the pendulum rod R regulates the current 
for exciting the solenoid. The magnetic reaction set up 
between the iron core and the solenoid causes the pendulum 
to oscillate. 

Webber's Auxiliary Battery Appliance. 

It may not be uninteres ting to complete this section of 
our work with a description of an appliance whereby, to a 
great extent, the chances of failure in electro-magnetically 
maintained pendulum clocks through the diminishing in 
strength of the current supplied by the battery, are reduced 
to a minimum by the automatic introduction of an auxiliary 
battery in the circuit. This may be carried out in the follow­
ing manner, for which we a re indebted to A. B. We bber who 
patented this arra ngement in 19o5. 

On examining Fig. 9 it will be noted that it is an arrange ­
ment operating on the " Hi pp principle," and is in some 
respects a modification of the original. The centra l idea of 
this mechanism is that the pendulum, th rough a system 
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of pivoted arms and contacts, brings into action an auxiliary 
battery should the . main battery supplying the energy to 
maintain the vibration of the pendulum fail at any time. 

An arm r, which is pivoted, has at its outer end a contact 
G, and on being depressed it engages the contact H on a 
second but inverted arm J. The latter is provided with a 
second contact K engaging the contact 1. on a third arm N. 

When the amplitude of the pendulum becomes greatly 
reduced the " finger-piece " T engages into a notch of the block 
o, which results in the arm 1 being depressed and uniting the 
contacts G and H. The depressed arm J now completes the 
contact between K and L, so that the circuits are now closed. 
T he main battery B, being connected up in series with tbe 
arms 1 and J, has inserted in the same circuit an electro­
magnet E and the electro-magnetic switch M . 

Now, on the completion of the contact between G and 1-1, 

current flows from the battery B through the arms r to J, 
hence through the electro-magnet ~; , returning by way of the 
electro-magnetic switch M. When the coils of M are energised, 
the armature A is attracted and the circuit of the auxiliary 
battery B is opened by the contacts x and v being held apart, 
the energy required by the electro-magnet E now being derived 
from the main battery B. 

Supposing, now, that the main battery B is weak and is 
unable to supply the requisite current; then when the arms 
1 and J are depressed in the usual manner by the "finger­
piece" T, the contacts 1-1 and L engage one another. The 
electro-magnetic switch M is now unable to operate, and 
consequently the contacts x and v remai n in the closed 
position, which allows current to flow from the auxiliary 
battery D through the circuits shown, and energising the 
electro-magnet E, the vibration of the pendulum is assured. 



CHAPTER III 

ELECTRICALLY CONTROLLED CLOCKS 

THE electrically controlled clock was regarded for many years 
as a promising system, and perhaps would still have been in 
extensive use had not the systems described in the next 
chapter been found to be more efficient and serviceable. 
Before entering into a description of the working of the various 
systems of electrically controlled clocks, it may help in the 
right comprehension of our subject if reference is first made 
to the early mechanisms of Bain. 

Bain's Electric Transmitter. 

Alexander Bain exhibited his first clock at the Polytechnic 
Institute in r841 , and took the form shown in Fig to. 

The pendulum of an ordinary clock beating seconds makes 
contact through A with a light spring s, the latter being 
insulated from the base B by being mounted on a block of 
insulating material. The framework B and pendulum rod 
being metallic, forms part of the circuit in which is inserted a 
battery c and a secondary timepiece T. Each time the contact 
A attached to the pendulum rod P engages the spring s, the 
circuit thereby becomes closed and allows the current from 
the battery c to flow momentarily through the circuit to the 
clock T. 

T he mechanism of the latter is of the simplest nature, 
and will be described in a succeeding chapter ; suffice it to 
say that a ratchet wheel is propelled one tooth forward, or 
one·sixtieth of a revolution, the hands denoting the correct 
time. 

Other details are: E represents the crutch lever, which is 
caused to oscillate by the escapement wheel within the frames 
of the clock acting on the surface of the pallets. The lower 
and forked end of the crutch lever E embraces the pendulum 
rod p and imparts the impulse to the latter, so that it is enabled 
to make its excursions from side to side. 

30 
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R. L. ]ones's System. 

The clock M (Fig. r , ), shown on the left, is the standard, 
master, or transmitting clock, and is one whose time-keeping 
qualities are beyond reproach, the pendulum preferably beating 
seconds. The standard clock is independently driven by 
either falling weights or a spring wound up at intervals, a 
simple contact device operating on the seconds arbor of 
the clockwork, or mounted on the clockcase in such a way 
that as the pendulum swings it completes the co'ntact, and 
allows an impulse to be transmitted to the pendulum P of the 
secondary or controlled clock. 

The " bob " of the controlled clock is in real ity a coi l of 
wire o through which the impulse transmitted passes, and the 
former becoming endowed with magnetic properties, a reaction 
is immediately set up between the energised coil and the 
permanent magnets L and N situated on either side of the 
vertical. 

A system of contacts was provided in the original J ones 
system, so as to enable the pendulum P of the controlled clock 
to pick up the curren t as it made its excursion from side to side. 

A moment's thought will suggest that the Jones system is 
but a modification of the Bain "electric pendulum" pressed 
into service, the impulse received, however, only correcting 
the swing of the pendulum rather than supplying it with 
motive power. Again, the hands of the subordinate clocks a re 
propelled by any other means than by the electric current. 
The electric impulse passing through the pendulum coil, 
performs the office of controlling or correcting the subordinate 
pendulum in the following ingenious manner: Imagine th'e 
pendulum to he moving in the direction denoted by the 
arrow, and arriving at the end of its vibration a little too 
soon, it will then be held back slightly by the magnet N. 

On the other hand, if the pendulum is vibrating too slowly, 
the magnet N will quicken the vibration of the pendulum. 
The coil o when it comes within the vicin ity of the second 
magnet L experiences the same phenomena as it did when 
nearing the magnet N. 

In this arrangement it wi ll be perceived that the pendulum 
o[ the subordinate clock or clocks must be of the same length as 
that of the standard clock, otherwise it would be impossible to 
control them. 

3 
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pallets or gravity arms eo-each pallet has a balance weirrht 
1,':.!·, and rods extending downwards terminating in the banking 
pms GH. P represents the pendulum rod. 

For convenience we will assume that the pendulum p has 
swung to the right and raised the pallet o to the position 
sljOWn1 and that the pendulum is now returning to the extreme 
left as denoted by the arrow; but in doing so the pendulum 
rod will engag~ the banking pin G. The former, continuing 
1ts excursiOn, wtll push the rod likewise to the left and since 
the pallet c is attached thereto, the projection 1 ~nlocks the 
tooth of the wheel w. Immediately this has been effected, 
the lower portion of the pallet D at L engages a tooth and 
pressing on it, drives the wheel ahead a short distance until 
the pallet has fallen sufficiently for a tooth to abut against the 
stop M, thereby arresting the progression of the wheel w. 

The pendulum having by this time swung to the extreme 
left and having raised the pallet c so that the stop N is now 
pressing against . one of the teeth of the escapement wheel, 
continues its swing to the right. Engaging the banking pin H 

of the pallet D, it pushes it aside until the stop M has been 
withdrawn by the movement of the pallet. The wheel w now 
being unlocked and free to turn, the weight of the pallet c 
pressing on the tooth at N causes the wheel to turn until the 
pin 1 in the falling pallet arrests the wheel, and at the same 
time locks it in this position. The cycle is repeated, and the 
hands of the clock receive thei r motion from the escape­
ment wheel through a tra in of clockwork, the motive power 
being virtually the pallets c and D. 

It now remains to describe how the pendulnm receives 
the requisite impulse to maintain the arc of vibration. 

The pendulum rod terminates with a coil of wire x, the 
coil being of an oval shape, and as it vibrates from side to 
side the groups of permanent magnets YZ are embraced by 
the coiL To create as strong a magnetic field as possible 
the opposite poles of the permanent magnets face each other. 
The ends of the wire of the coil x are extended upwards 
and are in electrical connection with the two suspension 
springs s, which are set in a block of insulating material Q. The 
other ends of the springs are attached to a second block of 
insulating material R, the latter being bolted to a substantial 
bracket T, which is in turn rigidly fastened to a wall or oth~r 
firm support. Two terminals mounted on the block R, and m 

ELECTRICALLY CONTROLLED CLOCKS 37 

electrical connection with the springs s, form a convenient 
means of conducting the current into and out of the coil x. 

The standard clock, of course, will have to be equipped 
with a current reverser, so that the direction of the lines of 
force produced by the coil x may become changed in direc­
tion when the pendulum arrives at the end of its swing. 
The magnetic reaction arising between the coil and the 
magnets imparts an impulse to the pendulum, and assists 
t he latter to commence its return swing. 

Another ingenious fo• m of "electric pendulum " was 
devised by Ritchie, wherein the pendulum was suspended 
at its centre, and each end of the pendulum was provided 
with a coil of wire embracing two sets of magnets as it 
vibrated from side to side. The mode of picking up ·the 
current for the excitation of the two coils was precisely the 
same as that adopted in the preceding clock. By connect­
ing the coil up in such a manner that the current passes 
fi rst through one and then the other of the coils, makes it 
possible to double the force of repulsion and attraction set 
up between the coils and the permanent magnets. 

Brequet's Lantern Electric Clock. 

The illustrious Brequet constructed a novel form of com­
mutator or current reverser, which was driven from the 
wheelwork of a standard clock, and so arranged that at a 
predetermined moment two spring contacts, by engaging two 
metallic conductors on the commutator, completed the circuit 
supplying the current to control the secondary clock. 

On the commutator moving through another fraction of :1 

revolution, th~ spring contacts engaged two fresh conductors, 
but s1tuated m the reverse order. This had the effect of 
reversing the current in the external clock circuit. 

In Fig. 13 a small ivory cylinder is mounted on an arbor 
and by a wheel having ten teeth. I t is driven from one of 
the ~pper wheels of ~he clockwork train, moving through a 
fract10n of a revolutiOn each minute. The ends of the 
cylinder are fitted with two metal discs MN, one of which is 
attached to the arbor,· whilst the other disc is insulated from it. 

.Ac~oss the face of the ivory cylinder are a series of pins p 

proJectmg alternately from the discs MN, and arranged so as 
to make contact with the pins Pare two light strips of metal ne 
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attached to standards as shown. The standards also serve a5 
a means of conducting away the currents as they are reversed 

R 

FrG. 14.-Electro·Mechanism of the Brequet Electric Clock. 

to t~e clock D. . The spring contact E conveys the current to 
the msulated d1sc M, the former being insulated as well as the 
other standards from the base-plate. · 

The method of utilising the electrical impulse transmitted 
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~y the. co'm':1Utator will be made clear by referring to Fig. 14, 
m which will be observed four electro-magnets E, arranged 
with their poles facing one another. The windings of the 
electro-magnets are connected up in such a manner that, 
when a .current is passing through their respective windings, 
.the magnetic condition of the facing poles will be opposite in 
nature; _tha t is " north a nd south. " A spindle pivoted at 
either end carries two permanent magnets MN, a sufficient 
space being allowed between the facing poles of the electro­
magnets to permit of the magnets MN oscillating sl.ightly. 

Now, when an impulse is transmitted by the commutator 
in Fig. r 3, the electro·magnets E become excited, and the 
polari ty produced at their poles attracts or repels the permanent 
magnets MN. If, on this occasion, the magnets MN oscillate 
to the left of the figure, then on the reception of the next 
impulse the current being now reversed, the magnetic 
reaction will be opposite and the magnets MN will immediately 
swing to the right. 

Mounted on the outer end of the spindle· L is a light 
rod R extending downwards, and p rovided at its end with 
two pallets or catches r which engage the teeth of a ratchet 
wheel, causing the latte r to rotate and propelling the hands of 
the clock through a system of wheelwork. With impulses 
transmitted each minute from the standard clock, the rod R 

will then make one complete oscillation in two minutes. 
T he circuit needed for conveying the current from the 

standard clock to the secondary clock is shown in diagram r 3· 
The wires RR1 from the commutator are connected to the 
terminals TT1 of the secondary clock. The source of current, 
such as a battery, is shown by dotted lines. 

Wheatstone's "Electric Transmitter." 

Mention has been made in Chapter I . of the method 
adopted by Professor Wheatstone for the transmission of 
impulses from a standard clock to operate a secondary clock 
or d ial. Wheatstone's secondary clock was of the Simplest 
construction and consisted of only a few wheels and a pair 
of hands to show the time. 

A metal d isc, divided into sixty equal parts,* has every 

* In the figure only twelve divisions are shown for sake of convenience 
in drawing. 
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alternate part_ cut away and _filled in with insulating material 
as Illustrated m F1!;. 1 5, A bemg the metal section and B one 
of the filled-m sect1on. The disc is mounted on the seconds 
ar~or_ of the clock, and therefore turns once in a minute. 
Pressmg l1ght ly on the face of the disc is a light spring s 
the latter being insulated from the clock-frame. .'\s th~ 
seconds arbor rotat~s, the_ spring s makes contact alternately 
1~1th _the metal and msulat1ng material, with the result that the 
c1rcu1t ~~tll be made and broken every second. An electro­
maj::net m the secondary clock actuates an escapement wheel, 
~vhtch dnves the hands of the clock eacb time that an impulse 
IS sent out from the commutator disc. 

Of recent years, however, the controlling of clocks by 
electncal means on the principles attempted by Brequet 
Jones, an~ Ritchie have to a great extent been supplanted by 
more effic1ent mechamcal systems to be described in the next 
chapter. 

The ambition of the present-day inventor of electric clocks 
is to secure a uniform impulse to maintain the arc of vibration 
of a pendulum, and more often than not the pendulum is in 
reality a form of sw!tch, sending out impulses with the greatest 
accuracy at regula r mtervals to operate a system of sympathetic 
clocks or dials. 

For the various ways in which development has been 
effected it will be neces ary to pass on to that class of clock 
which is electrically wound at regular intervals. 

C HAPTER I V 

ELECTRICALLY WOUND CLOCKS 

CLOCKS coming under this heading rely on either a spring or 
weighted lever for their motive po_wer. If a spring is adopted 
it must be endowed with potential energy at regular mtervals 
by being wound electrically. If a weighted arm is clioset~ as 
the means of propulsion, then the arm 1s ratsed by electn cal 
means and since it is free to fall gradually, provision has to be 
made ;hat it shall be temporarily connected to the mechanism 
of the clock to act as the driving force of the latter. 

Strictly speaking, it is convenient to divide electrically 
wound clocks into three classes:--

r. Clocks in which a spring supplying the motive power 
is periodically wound by an electrical arrangement. 

2. Clocks in which a weighted arm or lever is raised into 
an effective position by electrical agency and then allowed to 
fall, the lever being temporarily connected to the wheelwork 
of the clock. On the lever fall ing to a predetermined position 
it automatically completes an electric circuit, and the lever is 
replaced to its original position by the aid of an electro-magnet . 

3· In recent practice it is customary to raise, electro­
magnetically, a weighted arm or lever which is then held by 
a catch or detent. 

At a predetermined moment the pendulum releases the ann 
which during its descent imparts an impulse to the pendulum. 

The pendulum receiving the impulse enables it to maintain 
the normal a rc of vibration, until, when a given interval has 
elapsed the ann is again released. When the arm falls to its 
lowest position it completes an electric circuit, and the arm 
is reset by an electro-magnet ready for the next impulse. 

Wengelin's Winding Gear. 
Dealing with the systems in their respective order, it may 

not be uninteresting to study first the elect rical :vinding gear 
suggested by Wengelin (Fig. 16). 

43 
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A wheel A rotating with the clockwork train has a pro­
jection x engaging a contact c mounted at the end of a long 
spring s, the lower end of which is ri~id_ly attached . to the 
bracket N . The rim of the wheel A ts msulated, With the 
exception of the portion x . When contact takes place between 
x and c, the current from the battery n excites the solenoid w, 
attracting into its interior the iron core D which in turn 
operates the rod R, the latter being attached to the arbor o 
carrying the wheel v. This wheel meshes into two more 
wheels z and 1. The partial turn of these wheels permits 
of the clock being wound up by a ratchet wheel and pawl. 
When the rod R has travelled a given d istance, a pin 
projecting from the end of the rod depresses the spring s, 
resulting in the contact becoming broken at c, the rod R now 
returning to its normal position. 

The number of times that the clock is wound in a given 
period will be decided by the number of revolutions completed · 
by the wheel A in that period. 

Steiger's Winding Gear. 

The diagram (Fig. 17) shows the arrangement for winding 
the spring of the going train of a timepiece by means of an 
electric motor. An electric ·motor M of special design and 
having a permanent magnet for the production of the magnetic 
flux in place of the usual electro-magnet, has mounted on its 
spindle s a worm w, the latter gearing into a wormwheel R 

mounted on the winding arbor A. 

Mounted on two other arbors of the going train of wheels 
are two ca:m-shaped discs D and E. These control the switching 
on and 'Off of the current for operating the electric motor M . A 
special form of contact maker is necessary. 

The spring contact o, one end of which is bent at L, is 
rigidly mounted on the strip J, a block of insulating material 
being inserted between the two at u. The strip J carries at 
one end a contact screw T, engaging a fellow contact H on the 
strip o; also an arm K which normally occupies the position 
shown in the diagram. During the rotation of the cam D the 
bent portion of the spring contact L enters the cavity of the 
former, and on completing the circuit between H and T, 

the motor M commences to run and winds up the spring of the 
clock through the worm gearing. 
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To prevent the spring being overwo und, the ca rr_J E slo.wly 
rotates and at the exact moment the rotated p01·non ratses 
the end of the arm K . By this time the cam D has alsq rotated, 
and the end of the spring contact L has been raised. Things 
are so adjusted that the cam E has now made one complete 
turn, and the end of the arm K again drops into the cavitr. 
T his has the effect of breaking the circuit between the contacts 
T and H until such time as the cycle is repeated. 

The current for operating the motor is taken into a nd out 
of the system by the terminals xv. One wire is taken from x 
to the motor brush F, the second brush G being connected to 
the clock frame, hence to the strip J, a nd on the completion 
of the contacts T and H by the wire N to the terminal v. 

Hackett's W inding Gear. 

In Hackett's a rrangement of winding gear (Fig. 18), the 
winding of the clock is effected hy means of an electric motor 
automatically set in motion by the closing of a switch . 
The switch is operated · by the clock weight when the latter 
has descended to a given point. A soft iron armature 
suspended from the bottom of the weight is attracted by a 
permanent magnet, causing a contact spring to become 
depressed, and thereby completing the circuit with the poles 
of the permanent magnet. 

In F ig. 18 M is an electro-motor, and on its shaft is 
mounted a drum or pulley P along which are wound the coils 
of the rope R. The rope is then passed around the barrel w 
of the going train of the clock, a nd from its end is suspended 
the clock weight x. Attached to the base of the weight x 
is the cnse c containing a spring s, the upper end of which 
is fastened to the casing, whi lst the lower end carries an iron 
a rmature N. 

As the clock conti nues to go, the weight x will descend 
unti l the iron armature N comes within the vici nity of the 
p~rmanent magnet o. Such being the case, the armature 
wtll be strongly attracted hy the magnet o a nd the spring 
contact L wtll become depressed, resulti ng in the contac t 
being completed bet1veen the spring L and the poles of the 
magneto. 

The cir~uit being now c.omplete, the battery v supplies 
current settmg the motor M m motion, so that t he weight x 



•" 

ELECTRICAL HOROLOGY 

0 

I 
I 
I 
I 

I 
I 1l 
I ' a 
I I .. 

I : ~ 
I '- J ~ 
: ,......._L ~ 

1
1 ~ ~ 

I g 
I I ~ 

I I I 
I I oO i r------------~ 
11 ci 
11 ~ 

I' 
I I 

ELECTRICALLY WOUND CLOCKS 49 

will be again raised. But the iron armature N, sin.ce it i.s 
attached to the end of the spring s, does not move Immedi­
ately with the rising weight, but only when the tension 
becomes too great for the attraction exerted by the magnet o. 
When the tension becomes too great, and the armature N 

leaves the poles of the magnet o, then the spring contact L 
returns to its normal position, and the motor stops on account 
of the circuit being broken between Land o. 

Clocks Driven by a Weig hted Arm Reset Electro­
Magnetically. 

Of clocks coming within this o_rder, the followi ng may be 
taken as typical examples :-

In r 89 5 Messrs Hope-J ones and Bowell were successful 
in obtaining a patent for improvements in and relating to 
clocks driven by the potential energy stored in a weighted 
arm, which on descending to a given point, has to be reset 
electro-magnetically; a projection on the arm completing 
an electric circuit .causing an electro-magnet to become 
energised, which instantly attracts an armature pressing against 
the projection of the weighted arm and returns the latter to 
its normal or raised position. . 

Fig. 19 represents such a contrivance in which a weighted 
ann A pivoted at o, engages a ratchet wheel by means of 
a click. The ratchet wheel is loosely mounted on the arbor 
of the clock wheel, but connected to it by means of a spiral 
spring, so as to afford a means whereby the motion of the 
ratchet wheel may be communicated to the escapement 
wheel F, through the clock wheel and a pinion mounted on 
the arbor of the wheel F. 

The pallets P, as in all clocks, engage alternately the 
teeth of the escapement wheel F, giving the pallets an 
oscillatory motion which is in turn communicated by the 
control rod L to the pendulum M. 

Supposing the arm A to be in the position shown, then the 
weight w will tend to turn the ratchet wheel, and the spring 
mounted on the arbor o transmits the movement to the 
clock wheel, hence to the pinion mounted on the escapement 
wheel F. The length of the pendulum determines the number 
of vibrations that the former executes per minute, and directly 
governs the number of turns made by the es~apement wheel F 

4 
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in a given time. Again, the rate at which the wheel F revolves 
determines the rate at which the weighted arm descends. 

Ori the descent of A the contact D on the projection J 
engages the contact screw T, thus clo~ing the circuit con­
taining the battery. The armature N IS now attracted, and 
the screw T pressing on the projection J resets the arm A, the 
click picking up a number of teeth of the ratchet wheel. 

The circuit is now broken between D and T, and the 
spring v returns the armature N against the stop H. One end 
of the winding of the electro-magnet 1 is connected to the 
base of the clock, the remainder of the circuit being as shown. 
A detent drops into the teeth · of the ratchet wheel, and 
prevents a reversal of the wheel when the ann is being reset. 

The central idea in this design of clock is to retain only 
the two highest drivm wheels of a clock movement, and to 
supply the motive power by means of a descending arm, thus 
d ispensing with the usual spring or weight. 

A slight difference in the mechanical arrangement is shown 
in Fig. 20. Here we have two weighted arms descending and 
reset alternately by means of two electro-magnets. By adopt­
ing this method the maintaining force is never removed 
entirely from the clock ·when an arm is being reset, but the 
preceding system is open to this objection. 

In Fig. 20 the escapement wheel z is dotted and the 
pendulum rod omitted. The principles involved when in 
operation ·are identical to those of the preceding system, 
therefore it is proposed only to describe the method of 
resetting the weighted arms, and to include the essential 
circuits for maintaining the system. 

Two weighted arms AH are mounted on a common arbor 
c, each arm having a projection n for completing the contact 
with the armature levers FG when the arms have descended 
to their lowest positions. Mounted on the same arbor H are 
two ratchet wheels R, one being placed behind the other. 
Engaging into the ratchet wheels are two clicks, for com­
municating the driving force of the falling a rms to the ratchet 
wheels, and then to the clockwork. 

Supposing the arm A to have descended, and its projection n 
to complete the contact with the armature F the armature 
will now be violently attracted by the electro:magnet N, and 
the arm will be reset, exerting a driving force on the wheel R. 

When the second arm B descends it will make contact with 



sz ELECTRICAL HOROLOGY 

F' 

. I I 

~ --l\lllllr-1 
Ftc . 20, - Electric Clock with Two \Veightcd Arms. 

ELECTRICALLY WOUND CLOCKS 53 

the armature G, and the electro-magnet M instantly resets the 
arm which now assists the arm A in d riving the clock. The 
descending and alternate resetting of the a rms All r~~ders 
the driving force supplied to the clock to be_ more um!orm, 
and the maintaining force is never at any ttme completely 
removed from the ratchet wheels. 

T he spiral springs ss1 return the armatures to their respective 
stops v and o, also the smaller springs prevent the clicks 
from jumpincr out of the ratchet wheels. Advantage IS taken 
of using th~ framework of the clock as an "earth," and a 
portion of the circuit is therefore taken to a screw as shown. 

The electro-magnets are connected up in the manner 
shown: by this arrangement of wiring it is possible to operate 
either electro-magnet independently of the other. 

A system of secondary clocks may be operated by being 
inserted in the circuit of the electro-magnets, the impulses 
being transmitted each time the arms are reset. . 

Another ingenious form of electrically wound clock IS 

represented in Fig. 21, and patented by Messrs Hope-J ones 
and Bowell in 1897· 

An arm B, pivoted at A, carries at its outer end the click D 
engaging the teeth of a ratchet wheel 1< , the latter being 
mounted on the arbor E, to which is also attached the wheel w 
driving the escapement wheel H through the pinion P . The 
electro-magnet M has set beneath its pole the arm " which is 
pivoted at x, the outer end of the arm having a contact c. 

As the escapement wheel H revolves, its speed being 
regulated by a pendulum (omitted), the ratchet wheel R 

gradually turns in the direction of the arrow, and allows the 
arm B to descend slowly until it completes the circuit with 
the contact c. I mmed iately the circuit is complete, current 
flows from the battery 1 through the electro-magnet M, 
resulting in the arm F being attracted and the arm B con­
sequently raised against the tension of the spring s. 

The click D has now passed over a number of teeth of 
the ratchet wheel R, the spring 1 causing the click to engage 
a tooth of the wheel R and exert a d riving force partly yielded 
by the depressed spring s. 

It will be noted, however, that although the armature 
arm F has raised the arm B to the set position, no provision 
has been made for the opening of the battery circuit, where­
by the armature F may be allowed to drop back on to the 
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stop v. T o effect this purpose, one of the sece ndary 
clocks is equipped with a simple contact device which <;>pens 
the circuit when an impulse is received from the pnmary 
clock. The cessation of current in the electro-magnet M 

allows the armature F to drop and to open the circuit between 
Ba nd the coniact c. 

It would be rather out of place to describe here the 
mechanism of the secondary clock and its contac t device, 
but a description will be given in the next chapter ; suffi ce 
it to say that the mechanism is a "step by step movement." 

F ig. 2 r A shows the gmeral arrangemmt of the master clock 
and secondary clock. 

Clocks having a weighted arm reset electro -magnetically, 
but released at regular intervals to impart an impulse to a 
pendul um will now receive our attention. 

It is now proposed to discuss the third class of electrically 
wound clock, and under this heading come practically all 
the recent clock systems with which we are acquainted to-day. 

Clocks operating on the principles about to be described 
are independent of variations in the strength o f the current 
sources supplying energy to work the systems. They transmit 
impulses at regular in tervals wh ich are received by secondary 
dials : the latte r contain only a few wheels and a pair of 
hands for registering the time on a dial plate. T he secondary 
clocks of the various systems to be described will not be 
considered here, but will be discussed fully in a succeeding 
chapter. 

Shepherd's Electric Clock. 

In r849 Charles Shepherd constructed an e lectric clock 
possessing many novel features, including an a rrangement 
whereby a weighted arm could be raised electro-magne tically, 
and released later by the pendulum. The weighted arm was 
permitted to fall but a limited distance, but during its fall an 
impulse was imparted to the pendulum. The general design 
and the highly ingenious arrangement employed by Shepherd, 
which rendered it possible for his clocks to have a going rate 
superior to any of his predecessors, may be gathered from a 
perusal of Fig. 2 2 . 

In this diagram an attempt has been made to show .as 
much detail as possible, so that a clear mental picture may be 
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formed of Shepherd's electric master clock. The mechaniom 
is mounted upon a table T . The end farthest removed has 
an A-shaped standard which supports _the pendulum . rod, the 
suspension spring s being attached rigtdly to the proJeCtiOn P 

of the standard. T he pendulum rod R extends downwards 
beneath the table and carries the pendulum "bob." Mounted 
slightly in front of the path of the pend ulum's swing is the 
bracket B, upon which is mounted the weighted arm w, and a 
detent F for retaining the weighted arm when ra1sed by the 
horizontally pivoted lever L. The front end of the lever L has 
attached to it at right angles to its length an iron armature A, 

the latter covering the poles of the electro-magnet E. 

Mounted on each side of the A standard are insulat ing 
blocks with contact screws, one co ntact controlling the current 
for resetting the weighted arm. Two more contacts, one on 
ei ther side of the pendulum, control the current for operating 
the secondary clocks. T he vibrating pendulum by engaging 
these contacts, controls the current for the ra ising of the 
impulse arm and also for the working of the secondary clocks. 

T o receive the impulse from the weighted ann w the 
pendulum carries a small pallet x on to which the arm w 
falls : the la tter is held in its set or raised position by the 
detent F. 

Assuming such to be the case, an adjustable screw v o n the 
vibrat ing pendulum R engages the projection J of the detent F, 

causing the end o to be li fted, t hus releasing the weighted 
arm w which falls on to the pallet x. The force of impact 
between the arm and the pallet imparts an impulse to the 
pendulum, and the latter commences its return swing. At 
the end of the swing of the pendulum the contact screw M, 

by engaging a fellow contact on the upper portion of the 
pend'u!um rod, completes the electric circu it for energising 
the electro'magnet E. 

The electro-magnet E now attracting the armature A will 
ca':se the remote end of the lever L to be raised, causing the 
we1ghted arm w to be thrown back into its normal position 
and held there by the detent F. T he next swing of the 
pendulum again lifts the detent, releasing the arm w to impart 
a fresh impulse. T he duration of the impulse lasts until the 
arm w moving with the pallet x is arrested by the lever L. 

For controlli ng the current for the operation of the 
secondary clocks, the contact screws z and u mounted on 



ss 
'I 
r 

ELECTRICAL HOROLOGY 

,..-- ---·---------- --·----, 

L _________ ___________ , 
I 
I 
I 
I 

I 

i 
I 
I 

I I 1 
) I I 

' I I 

@ ~~-----j! 
L---- -- -- _______ __ ; 

ELECTRICALLY WOUND CLOCKS 59 

either side of the pendulum rod will a lternately engage the 
contacts on the pendu !urn rod. By the adopti'on of this 
method it is possible to employ two batteries for the workit1g 
of the secondary clocks, thereby doing away with a. current 
reverser, since the Shepherd secondary clock requ!res the 
direction of the current to become reversed at each tmpulse. 
It will be observed from the diagram tha t the impulses given 
to the pendulum are constant, and provided that the strength 
of the current energising the magnet E is strong enough to 
actuate the lever L, its varying strength does not affect the 
free vibration of the pendulum. 

Stelje's Electric Clock. 

The general arrangement of this system is shown in Fig. 23. 
T he pendulum P carries a pa wl o, which propels the toothed 
wheel w. A loaded gravity arm L is held in the set position 
by a detent Q, in which case the pin of the small arm x rests 
on a projection at the top of the detent. 

Attached to the arbor of the wheel w is the vane v that 
pushes the detent to the left, thereby releasing t he arm L prior 
to giving the impulse. As the arm falls, the projection o on 
coming into contact with the armature A closes the circuit. The 
attraction of the armature by the magnet E throws the arm 
back to its former position. The spring v returns the armature 
to the stop s. 

The circuits are clearly shown, the magnet being insulated 
from the base. The screw z forms the " ea rth," a lso one of the 
wires from the terminals T is taken direct to the armature and 
made fast under a small screw. To counterbalance the weight 
of the small arm xo,• a small counterweight c is introduced. 

Hope-Jones and Bowell's Electric Master Clock. 

Messrs H ope·Jones and Bowell patented in the year 1895 
a number of electric clock devices, and in Fig. 24 is shown an 
arrangement for maintaining the vibra tion of a pendulum by 
means of two gravity arms situated on either side of the 
pendulum rod. The pendulum automatically switches on and 
off the current at the correct instant to either raise or release the 
gravity arms. The latter in their descent impart an impulse 
to the pendulum. 
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Referring to Fig. 24, it will be observed that the two gravity 
arms A and B are pivoted at c and D; they are also provided 
with loose a rmatu res E and F. The gravity arms have projections 
G and H, with hooks IJ extend ing upwards, wh ile the ends a re 
threaded and provided with balance weights w a nd wl' 

Attached to the pendulum rod are two contacts L and M, 

which engage the ends of the gravity arms A and B. The upper 
portion of the pendulum rod P is of metal, and forms part of 
the electrical circuit. 

Supposing the pendulum to be swinging from right to left 
and the gravity a rm B follow ing the former, then the contact of 
B with M will allow the current to Row by the paths shown, 
and the electro-magnet N will securely hold the a rmature E, 

and incidentally the gravity arm A will be withdrawn to th e left 
by the engagement of the armature E with the hook 1. 

The vibrating pendulum now passes the vertical, and the 
falling arm n will be prevented from fo llowing the p endu lum 
.beyond this point by the hook J being arrested by the armature 
F . Immediately on the cessation of the current in fhe electro­
magnet N, t he armature E is released and the gravity arm A in 
falling imparts an impulse to the pendulum P. At the same 
time the contact L engages the end of the arm " • and the 
electro-magnet T now becomes energised. 

On tl1e retu rn of the pend ulum the contac t between Land 
A becomes broken in precisely the same way as it did in th e 
case of the arm B, and the raised arm B descen ds and gives 
the pendulum an impulse. Continuing its vibration from 
side to side, the pendulum completes and opens th e contact 
with the two gravity arms A a nd B, thereby permitting the 
arms to be reset :md awaiting the re turn of the pendulum for 
the reception of the necessary impulse. 

A seconda ry clock may be includ ed in the circuit at x. The 
wiring of the c ircui ts for the a lternate 'excita t ion of the electro­
magnets L and N will be as shown, the pendulum suspension 
fo rming part of the circui t. 

"The Standard Time" System. 

In this successful system a master clock of novel construc­
tion is employed to t ransmit electric impulses to a netwo rk of 
electric impulse dials, which are of the simplest construction 
and not likely to become deranged. Fig. 2 5 shows the 
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mechanical details of the master clock used in connection 
with this system. It will be observed that a crutch rod L 

is. the mediu1:n by which the pendulum receives its impulses. 
P 1voted on e1ther stde of the pendulum rod and its crutch 
rod . L a re two arms A and ll. The former occupies the 
pos.'t10n shown, whilst n is held in a raised position by a 
spnng catch c. Attached to the vibrating crutch rod L is 
the gravity pawl P, which turns the count wheel w one 
tooth forward every alternate swing of the pendulum. 

Matters are so arranged that the count wheel w revolves 
once in half a minute, and during its rotation it causes the 
cross arm o, mounted on the count wheel arbor, to engage 
and depress the end of the release le ver E. The free end of 
the lever E is hooked, a nd instantly engages the pin of the 
crutch rod R. 

On the return swing of the pendulum to the right it causes 
the crutch rod R to withdraw the arm A, breaking the circuit 
at F which is normally complete. 

At the maximum point of the pendulum's vibration the 
spring catch c is engaged by the end of the release lever E, 
and the a rm is now free to impart an impulse to the crutch 
rod L ; but at the same time the break contact x is closed 
(short-circuiting the clock circuit). The weight of this arm 
imparts the necessary power to keep the pendulum vibrating. 

On the following swing of the pendulum the circuit is 
completed at the " make contact " F, and the electro-magnet M 

is energised, which instantly attracts the armature v attached 
to the arm n. This results in the arm B being thrown back 
into its former, or set position, ready for imparting the next 
impulse to the pendulum, also the electrical circuit is broken 
at x . By this time the cross arm o mounted on the arbor of 
the count wheel w is past the point of release action, and the 
pendulum swings freely for the next hal f-minute, when the 
release lever E is again depressed and the arm A IS caught by 
the crutch rod L. 

In arranging the circuit the secondary clocks are connected 
to the terminals s and T, while the batter)' wires are 
connected to the terminals K and r. In addition to the 
actuation of a system of secondary dials by a master clock 
or transmitter, The Standard Time Co. have devtsed an 
apparatus for operating bells or a "hooter " at any desired five­
minute points in the twenty-four hours. The master clock 
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FIG. 25.- Electric Master Clock for " The Standard Time" System. 
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move.ment o~ this system is neatly fitted into a wooden C3Se of 
pleasmg des1gn, and is eq uipped with a pendulum beating 
e1ther 11 seconds" or 11 three-quarter seconds." If desired, the 
pendulum is accurately compensated . 

Lowne's Electric Master Clock. 
. Messrs Lowne, of Catford, have long been manufacturing a 

h1ghly rehable system of electnc clocks. The maste r clock of 
the system is shown in Fig. 26. 

The maintaining power of the "Low ne" master clock is 
a str.ong spring rewound at intervals by electrical agency. A 
specia lly shaped crutch lever L having various projections 
at its upper end is pivoted at P. The projection A carries at 
its outer end a pawl B for actuating the ratchet wheel R, and 
a t every half-minute the arm c causes the contacts DE to be 
completed, resulting in the armature lever F being drawn down 
by the electro-magnet G. T he circuit is, however, broken by 
the opening of the contacts H and 1 just before the armature F 

touches the poles of the magnet G. T he attracted armature, 
however, is held in that position by the pin J of the pivoted 
member K, the pin running up the inclined portion at the 
extremity of F, and then moving a short d istance inwards, 
thus locking the lever F. 

On the return of the pendulum the crutch L, carrying the 
fi nger M, causes the end v of the member K to become 
depressed, thus releasing the armature lever F, which is 
instantly thrust upwards by the depressed spring o. The 
impulse pallet Q of the crutch normally enters the stirru p T of 
the armature lever, so that when L i thrust upwards the 
stirrup T engages the end of the pallet Q, and an impulse is 
impa rted to the crutch, hence the pendulum. The. next half· 
minute the cycle IS repeated by the contacts DE bemg closed, 
and the armature lever ~· drawn down resets the impul e 

~~~ . . 
Pivoted to the armature lever F IS a small rod w carry1ng 

at its lower end a pin x wh ich engages into a disc v, a small 
portion of the d isc being cut away so that it may turn a small 
distance in either direction before being arrested b,y the 
pin x. The disc v is in positive connection with a heavier 
disc z which governs the movement of the lever w and 
regula~es the speed of the armature. _To prevent the back­
turning of the ratchet wheel R a click N 1S m traduced. 

ELECTRICALLY WOUND CLOCKS 

F IG. 26.- T he Lowne E lectric Master Clock. 

The " Synchronome" System. 

This is one of the earliest of tl . 
arrangements being introdu · db ~: 1;eHsent day electnc clock 
in r8 5 d, · ce Y r · ope-Jones, M I E E 
. 9 , a n IS now known the world over I .. : l. :• 
IS another example f d 1 · n pnnc1p e 1t 
which 1's '. · 0 a pen u um switch, the vibration of 

maunamed by the · 1 · gravi ty arm. lmpu ses Imparted by a falling 
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The gravity arm A (Fig. 27 ), of L formation, is pivoted 
at v, and normally assumes a horizontal position, being retained 
in that position by a spring catch. A roller B mounted on the 
end of the gravity arm A, when released by the spring catch c, 
runs down the impulse face of the pallet P attached to the 
pendulum rod R. A count whee l w, propelled by a pawl T 

from the pendulum R, has attached to its arbor a light vane v, 
which, on rotating with the count wheel w, pulls aside the 
lower portion of the spring catch c, and then the arm A 

freely falls and the roller u drops on to the pallet P. 
The pendulum vibrating under the influence of the gravity 

ann A, the latter continues to follow the pallet until at a point 
of the arc of vibration the projection J of the arm A engages 
the contact E, closing the circuit with the armature F of the 
electro-magnet M. The attraction of the armature F throws 
the gravity arm A back on to its catch c, and the armature is 
returned by the agency of the spring . The movement of the 
armature F is limited by the adjustable screws x and v. A 
detent H ensures that the count wheel w shall not turn in the 
reverse direction when the hook T is picking up a fresh tooth 
of the wheel w. 

l n this system the impulse arm A is released eacll half­
minute, and the current exciting the electro-magnet M passes 
through the external circuit in which are included the secondary 

locks N 1• By adopting this arrangement the current necessary 
for operating the clocks is very little indeed, and the contact 
between the ann A and the armature contact E only lasts 
one-seventeenth of a second. It will be evident that only a 
small amount of current flows through the circuit at each 
impulse. 

The external circuit may ha,·e any number of secondary 
clocks connected up in " series," which is the form of wiring 
most general. Cases exist where as many as 250 clocks are 
onnected in "series" and operated from one master clock. 

The great objection, however, . to . the . adoption of. this 
system of wiring is, should the CITCUit fa il to transmit an 
impulse, then the time is lo st . by all the secondary clocks. 
Again, a breakdown of the circuit 111 any o~1e o_f the secondary 
clocks results in the whole system becommg moperatlve, but 
fortunately such cases of failure as cited are very rare. If 
desired a n automatic cut-out may be used. , 

Batteries of fairly onstant voltage, such as Leclancbe cells 
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' 1 
1 
l 
! 
i 

i 
l 

li 
!I 

~ JI 

68 ELECTRICAL HOROLOGY 

or ot her good forms of low voltage cells, yield good results 
when used in conjunction with master clocks of the type m 
which a weighted or gravity arm is raised to a given position, 
and then retained either by a spring catch or detent. 

The paramount advantage of all master docks in which 
the pendulum is kept vibrating by a mechamcal a rrangement 
operating on the principle previ?usly described, is the absence 
oi interference on the pendulum s v1brat1on due to the vanatwn 
in current strength supplied by the battery. As long as the 
source of current is sufficient to energise the electro-magnet M 

a nd reset the gravity arm A, the clock continues to function 
correctly. Should the current, however, at any ttme become 
reduced to the extent that the electro-magnet M is unable to 
raise and reset the gravity arm, then the pendulum will enga~c 
the drm on the return swing and assist the electro-magnet M .'11 

completing its work. In the event of the above s:ate of a_ffa1~s 
a rising, an electric bell or l amp n~ay be_1ncluded 1nthe c1rcmt 
to give warning of the 1mpendmg fa1lure of the source of 
current. 

The "Synchronome" Co. have provided in the master 
clock or time transmitter a novel arrangement, whereby the 
secondary dials may be readily set to time by the movement of 
a small lever. The movement of the latter has the effect of 
e ither retarding or accelerating the progression of the hands 
of the secondary dials. 

T he arrangement consists of a mo~able lever z attached to 
the lower extremit y of an index 1, wluch 1s capable of rotat1on 
about the point D. . • • . 

Now, suppose the 1ndex 1 1s set at R (retard); the hook 1 

is now raised and fails to propel the count wheel :v. . . . 
The gravity arm " is thus prevented from f~lhng, s1nce 1t 1s 

not released through the pring catch be1ng w1t~1drawn_ by the 
e V Of the count wheel w. Th1s results 1n no Impulse 

van 1 . h d d" 1 being given to the pendulum, netthcr do t e secon ary 1a s 
receive an impulse. This action arrests . the hands of the 
secondary dials. T o accelerate the hands of the secondary 
dials the index 1 is set at " (accelerate): thus enabhn_g the 
hook T to release the gravity arm at . eve~y altern_ate swmg of 
the endulum. The hands of the _d1als tn th1~ mstance ":Ill 
be a~vanced at the rate of half a m1nute ea h t1m e the gtav1ty 
arm is released. With this arrangement the system of secondary 
dials is under perfect and easy co.ntrol from the master clock. 
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A remarkable improvement has recently been made in t he 
design of the master clock by the addition of a crutch lever 
to engage the pendulum rod, which at once overcomes the 
d ifficulty experienced in the hanging of the pendulum and 
other fine adjustments that may have been previously necessary. 

If the "Synchronome " master clock is equipped with an 
" Invar " compensated pendulum, the time-keeping qualities of 
the clock leave nothing to be desired. 

" Palmer's " Master Clock. 

Palmer, in 1902, patented an arrangement for an electric 
master clock of the form shown in Fig. 28. 

A fairly heavy gravity arm u pivoted at v is retained in 
!ts set or normal position by a catch c, and released at regular 
Intervals by a pm Q set in the face of the count wheel w 
the latter being driven b~ a hook H attached to the pendulut~ 
rod R. When the grav1ty arm B has been released by the 
wheel _w, the _grav1ty arm falls on to the impulse pallet P, 
1mpartmg an tmpulse to the pendulum. As the ann c st ill 
descends, a projectim1 1 carryin~ a screw s pushes aside the · 
small catch L, tmme~1at~ly. releasmg a brass spring contact o ; 
the contact screw bemg msulated from the spring. 
. T his conta~t now engages a fellow contact x, and the 

c1rcu1t ~ontammg the electro-magnet M is now closed and 
current IS taken from the battery N for the purpose of excitation. 
The armature E tS now attracted, and the lower end of the 
p1voted armature presses on the inclined surface T and throws 
the arm A back to its set position. By this procedure the 
spr~ng contact screw s ceases to depress the catch L and the 
sprmg contact D is again depressed and locked by the upper 
end of the catch. 

The n~mber of impulses transmitted to the secondary 
clock_s o w1ll depend on the number of times that the gravity 
~n~ IS reset 111 a g1~en period. I n _this system, as in the pre­
cedmg one, the durat~on of contact 1s short, and likewise the 
current used IS ver~ httle a t each resetting of the gravity arm. 

. ~he electncal c1rcu1t 1s clearly shown in the figu re. One 
w1re 1s permanently attached to the insulated contact screw 0 
and the base forms a path for the current flowing from th~ 
electro-magnet to the arm B, and hence through the contacts 
X and D, then eventually to the secondary dials o. 
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The "Pulsynetic " System (Parsons and Ball). 

Messrs Parsons and Ball were successful in perfecting and 
patenting a series of mechanical devices for n:aintaining the 
vibration o f a pendulum. Since the mechanical details of 
devices described in the specification (No. 9 19-07) vary 
greatly, the principles of operation are, however, i~ many 
cases identical, and it is therefore intended to descnbe only 
the more promising and ingenious inventions of these 
illustrious inventors. 

Reference to Fig. 29 will assist the reader in following 
more easily the construction and principles of working involved 
in one form of master clock covered by the above patent. 

A gravity arm w pivoted at v carries at its outer end a 
plate P, the plate being insulated fr01':' the arm by a layer 
of insulating material c . The contact screw c situated at 
the lower end of P engages a contact n mounted on the 
pivoted armature A, also provided with an adjustable screw s. 
To return the armature A against its stop z a spiral spring x 
is introduced. Now, supposing the pendulum R to swing to 
the left, a pin 1 attached to the detent E propels the count 
wheel T one tooth forward, and continues this performance 
until an abnormally deep cut tooth allows the p in 1 to enter 
sufficiently for the bent end F of the detent to rise and with­
draw by the pin N the pivoted detent J. 

When the upper portion J has been pulled to the left, the 
lower portion moves to the right and unlocks the gravity arm 
at o. The arm w now descends, and the roller Q runs do.wn 
the face of the impulse pallet v and supplies the requisite 
impulse to maintain the pendulum's vibration. The descent 
of the arm is arrested by the screw c completing the contact 
at D and allowing the electro-magnet M to become energised. 
On this taking place, the armature A is attracted and the 
gravity arm w is thrown up on to the catch o and retained 
there by the detent J. The screw s causes the contact to 
become broken, and arrests any further movement of the 
armature. 

The circuit consists of the current source or battery and 
the secondary clocks. The base and metalwork of the clock 
forms part o f the circuit, one end of the winding of the electro­
magnet bemg connected to the plate P. 

In another design of " master clock " the impulse is 
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F IG. 29.-The "Pulsynetic ., Elccrtic Mast er Clock. 
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transmitted to the pendulum bY, the sa me type of gravity arm, 
but applied below the pendulum "bob." I n this instance the 
detent locking the gravity arm is inverted, the hooked end 
supporting the raised gravity ann, the pin o being abandoned. 

There is, however, another slight variation in the arrange­
ment of the impulse pallet. When the impulse is applied 
above the " bob," as in the preceding F ig. 2 9, the pallet v 
will take the position shown, but must be reversed if the 
impulse is applied beneath the "bob." 

The type of transmitter or master clock adopted and used 
extensively in connection with the "Pulsynetic" system is 
shown in Fig. 30, and differs somewhat in mechanical detail 
from the types just described. This transmitter embodies 
all the latest improvements that experience has proved to be 
necessary a nd essential for the accurate transmission of 
electrical impulses for the propulsion of seconda ry d ials. 

Departing somewhat from the arrangement for propelling 
the count wheel T by the detent E in Fig. 29, the detent A 
is p ivoted at B, and propels the count wheel by a small 
projection c engaging the teeth of the wheel T. One tooth of 
the wheel T has an extra deeply cut tooth D into which the 
projection c sinks, and the end E of the detent becoming 
raised, pushes aside the spring s, releasing the gravity arm F 

from the catch L. Normally when c is oscillating with the 
pendulu m rod P, the end ~; merely enters the looped portion v 
of the spring s without pushing it aside and releasing the 
arm F. Considering further the released ann r, it will be 
observed that the latter carries a small roller R, a nd when the 
arm commences to descend, the roller R runs down the 
inclined plane 1 of th~ pallet M and irpparts an impulse to 
the pendulum. T he click x falls into the teeth of the count 
wheel T and prevents its reversal wh.enever the projection c 
picks up a fresh tooth. · 

In Fig. 30 the resetting magnet and its appurtenances will 
not be considered, since this part of the mechan ism remains 
unchanged, and it would only be a repetition of the method 
of resetting the gravity arm outlined when describing F ig. 29. 
. A rather novel method of advancing the secondary clocks 
m cJrcu;t w1th the " transmitter," should occasion demand 
may be effected by holding down the cord y attached to th~ 
detent A .. The e1_1d E now depressed engages the spring s at N 

and pushmg 1t asrde, al lows the ann F to fall, completing the 
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contact between the armature and plate contact of the gravity 
arm. An impulse is then sent out to the secondary clocks. 
By adopting this course the contact is completed ever:r two 
seconds. Under ordinary conditions it is each half.m1nute. 
T he secondary clocks are, of course, advanced at the ra te of 
half a minute every two 
seconds, and continue to 
do so as long as the cord 
is held down. 

Lik e th e "Syn ch ro­
nome " system, the d ura­
tion of contact between the 
armature and the gravity 
ann at each impulse is very 
short, and does not occupy 
more than one-th irtieth o f 
a second. 

T h e "Pu lsynet ic" 
system is now the regis­
tered trade name of the 
foregoing mechanisms, 
although formerly they 
were known as the "B.P." 
system, after the names of 
Ba ll a nd Parso n s, the 
inventors. 

The system has been 
marketed by Messrs Gent 
& Co., of Leicester, with 
great success and who 
have gained a world-wide 
reputation for their clocks. 

FIG. JI. 

The " Thorn bridge" Transmitter. 

The "Thorn bridge " Transmitter. 

Another very high grade instrument manufactured by 
Messrs Gent is the " P ulsynetic Patent Thornbridge '' 
impulse transmitter, which is equipped with a "Sinevar" 
pendulum, and guaranteed to keep time within two seconds 
per week. 

By fitting the instrument with jewels to all actions and with 
a special pendulum having a fixed bob and regulator, the 
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transmitier becomes an observatory instrument, and may be 
regulated to have a time rate of o.s second per week. 

In thrs form of transmitter the gravity arm is released at 
every alternate swing of the pendulum, and even then with the 
minimum of fri ction at the point in the pendulum's vibration 
where its time-keeping is least disturbed. The electrical 
contact which takes place at each alternate swing of the 
pendulum is very suitable for the operation of the secondary 
dials, in which the seconds hand moves every two seconds. 

The transmitter is so designed that the metalwork is 
bolted directly to the stonework of the observatory building, 
and the working parts and pendulum are covered by a glass 
cylinder, so that the pendulum vibrates under constant pressure 
or partial vacuum, and any barometric error is eliminated. 

Walden's Master Clock. 
An ingenious mechanical arrangement for maintaining the 

vibration of the pendulum P is shown in Fig. 32. The gravity 
ann w terminating in a sector s, has a series of pins projecting 
from its face, enabling the pendulum to receive a n impulse at 
eve ry alternate swing; the gravity arm being reset at half­
minute intervals. As the pendulum swings to the left with the 
crutch lever x, the pallet T pushes aside th detent D and 
dise ngages the pin Ll' On the return swing an impulse is 
imparted to the pallet by the released gravity arm w through 
the medium of the pin Lo, situated immediately above it. 
During the interval that th-e impulse is be ing imparted the 
pin L. is sliding down the inclined face v of the pallet T, and is 
finally arrested by the detent D until such time that the latter 
is again pushed aside for the reception of the next impulse by 
the pallet T . 

The sector is usually provided with fifteen impulse pins, 
and when the last impulse has been imparled to the crutch 
leve r x, rhe projection J at the pivoted end v of the arm w 
now coming into contact with the armature n, completes 
the electrical circuit. T he electro-magnet M attracting the 
armature, throws the arm w back to its set or highest position. 
This position is represented in the diagram, the lowest pin L 1 

of the sector being locked by the detent D. As there rs 
naturally a rebound of the arm x on resetting, the p_in L 1 is 
accordingly of larger diameter than the rest, so as to wrthstand 
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FIG. 32.-Walden's Electric Master Clock. 
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the forces called into being when the ann is released by the 
armature e. 

The external circuit, consisting of the secondary dials Q and 
battely E, i_s clearly shown and requires no further explanation. 
l3y en ploymg a "seconds" pendulum and fifteen pins on the 
litlctor s, the clock will then transmit impulses at each half­
minute to the secondary dials Q. 

Murday's Transmitter. 

I n a primary clock the circuit by which a current is trans­
mitted to secondary clocks is closed at regular intervals by a 
projection on the pendulum. Attached to a pivoted insulating 
block A arc two arms xv, the ends of which rest on the notched 
cams CD (Fig. 33), carried by arbors o f the time train, which 
may be driven by the pendulum acting on a ratchet wheel w. 
Attached to the insulating block A are two springs T U having 
cylindrical contact pins MN at the adjacent free ends, which 
lie near the path of a third pin o, carried by an a rm Q on the 
pendulum. At the instant when the ends of the arms xv pass 
into the respective notches on the cams CD, the block A is 
tilted so that as the pendul um makes its next swing, the pin o 
passes between the contacts MN and thus closes the circuit. 
Immediately afterwards the pins MN are again raised clear of 
the pin o. _ 

I n a modification of the above method, {urday suggests 
that the contact device may be applied to any clock from 
which it is required to transmit a current at each swing of the 
pendulum. Such being the case, the levers or arms xv are then 
dispensed with a nd the block A is fixed. 

If the clockwork is driven from the pendulum, two clicks 
with counte rbalances a ttached to the pendulum engage the 
ratchet wheel w, so that the latter is alternately pulled and 
pushed around by the clicks as they oscillate with the pendulum. 

The " Silectock " System. 

The master clock controlling the secondary or receiving 
clocks of th is system onsists of a pendulum which occasionally 
receives electro-magnetic impulses. There are no violently 
moved parts in the master clock , and the impulses imparted 
to the pendulum arc s ilent, but adequate to enable the clock 
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FIG. 33. - Murday's Electric Transmitter. 
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to continue its duty of transmitting time impulses to the 
receiving mechanisms. The design is such that a pendulum 
rotates a count wheel, and when the pendulum moves to the left 
a click jumps over the teeth of the count wheel. On the return 
sw~ng of the pendulum the click pulls the count wheel one 
tooth forward. The count wheel makes a complete revolution 
each half-minute. 

For the purpose of clo ·ing the contacts and thereby trans­
mitting an im pulse to the receiving mechanism of the secondary 
clocks, one tooth of the count wheel is of abnormal depth, 
enabling the driving click to drop and engage a peculiar 
shaped member, which instantly depresses the contact springs 
of the secondary clo k circuit. By th is method sufficient 
pressure at the contact points of the springs does not deprive 
the pendulum of much 1 owcr, although any energy withdrawn 
from the pendulum is later given back by the springs on the 
return swing of the pendulum. Two pairs of platinum contacts 
are provided, one pair for the clock circuit and the other pair 
fo r the shunt or short circuit, according to whether the clocks 
are actuated by a battery ur from the electric light mains. 
The motion imparted to the contact springs in conjunction 
with the method of cutting out the shunt, except for the 
instant prior to breaking the circuit, resu!ts in spark less action, 

The pendulum receives the requ1s1te energy from the 
current source by the " Hi pp" device. A small trailer of the 
" H i pp" pattern is attached to the frame or crutch rod,_and 
when the trailer depresses the notched block the ctrcmt IS 

closed, and the electro-magnet becoming energised, exerts a 
pull on the pendulum; resulting in the restoratiOn of the 
pendulum's arc of vibration, at the san~e t1me allow1ng t~e 
trailer to pass freely across the block w1thout depressm~ 11. 
When the arc of vibration becomes reduced by a predetermmed 
amount the trailer again depresses the contact spring and the 
pcndul~m re eives a fresh impulse. By this me:u~s the 
vibration of the pendulum and the accurate funct10nmg of 
the master clock is a ured. 

The moving part of the mechanism of the clock perform 
their duty so silently that no no1se 1s heard when the 
system is in operation. . . . 

The" Silectock " master clock 1s manufactured m two stzes, 
and arc fttted respectively with pendulums· beating "half­
second " and " full seconds." In both of the master clocks 
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the workmanship is of the highest order. J ewelled pivots are 
provided, and the steel parts a re carefully hardened and 
polished to resist wear. 

Tbe Silent Electric Clock Co. claim that the ti me rate of 
tbe small " half-seconds " master clock is marvellously accurate, 
and the mechanism is so simple as to render tbem easily erected 
by tbose who have never bandied electric clocks. I f desired 
the pendulum rod can be supplied in special steel with negligibl~ 
coefficient of expansion. 

The '.' Si~ectock" syste!ll may be equi pped with a battery­
warnmg tndtcator ; th is g1ves an audible warning when the 
current fa lls . below the worki ng strength. Two forms of in­
dicators are used : a small millia mperemeter which yields a· 
readmg at any balf·minute by pressing a key switch, or a single­
stroke bell may be introduced so as to give a blow at each 
half-minute. 
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ELECTRIC SECONDARY DIALS OR 
IMPULSE CLOCKS 

IN this chapter we shall pass under review various mechanisms 
that have been devised, and of which many have been 
successfully applied for the conversion of the electric impulse 
received from the master clock into rotary motion for the 
actuation of the hands of the secondary clock. The mechanical 
detail of such clocks are often of the simplest nature ; in some 
only a ratchet wheel propelled step by step by an electro­
magnet and the essential dial wheels are needed. 

In reality a secondary clock i an arrangement for recording 
the number of impulses received in a given time, and by 
correctly proportioning the number of teeth on the wheels 
and pinions contained in the wheelwork. T he impulses are 
computated into seconds, minutes, and hours, which may be 
read off the dial of the clock by the position assumed by the 
hands. 

Clocks coming under this section are generally distinguished 
from other forms of electric clock mechanisms by being 
designated as d ia ls, impulse clocks, secondary clocks, journey­
man clocks, sympathetic clocks, or step by step movements. 

It is scarcely possible to include in this chapter all the 
mechanisms uggested or used in the working of secondary 
clocks by the numerous inventors of the last few years. We 
may, however, mention the following as ranking amongst the 
most successful and ingenious. 

Bain's Electric Clock. 
The earliest secondary clock must be attributed to A lex nder 

Bain, and was devised by its inventor to operate in conjunction 
with his master clock, which transmitted at every alternate 
swing of the pendulum an electric impulse.· The electric 
impulse exciting momentary an electro-magnet, .resulted m the 
attraction of an armature, to the lower extremity of which wa 

Sa 
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FIG .. 34.-Bain's Electric Secondary Clock. 
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alta ~ed a 1 awl. The allracted armature caused the pawl to 
IJass tdly over one tooth of a ratchet wheel, and on the wan ing 
of the magnetism it was propelled one tooth forward by the 
armature, the latter and its pawl being returned to their normal 
position by the assistance of a spring. 

lf the ratchet wheel has sixty teeth and the pendulum of 
the .master or transmitting clock is thirty-nine inches in length, 
1t wtll then co•~1plete the contact sixty times in one minute, 
and the reception by the secondary clock of the stxty trans­
mitted impulses will cause the ratchet wheel to rotate once in 
that period. By employing a simple train of wheelwork, the 
movement of the ratchet wheel becomes greatly reduced 
before it is communicated to the dial wheels actuating the 
hands of the clock. 

Fig. 34 shows in full detail the arrangement adopted by 
Bain, and subsequently improved on by contemporary and 
later inventors. 

An electro-magnet E suitably fhed has A for its armature, 
the upper end of which is attached to a standard by a stiff 
spring. The lower part of A carries a pin on which is pivoted 
the pawl x. The pawl x each time that the armature A is 
attracted by the current flowing around the electro-magnet E 

moves forward over one tooth of a ratchet wheel w. On the 
circuit becoming broken by the pendulum the electro-magnet ~: 
loses its magnetism. The armature A remains no longer 
attracted, but falls back again under the tension of the spring ; 
but in doing so the pawl draws the ratchet wheel w one tooth 
forward. The wheelwork H and 1 a re so proportioned that 
the hands move forward at the correct rate. The detent o 
prevents the ratchet wheel revolving in the reverse direction, 
F represents the dial of the clock. 

Shepherd's Secondary Clock. 
Fig. 35 represents the essential features of the electro­

magnetic clock employed by Shepherd in conjunction with 
his master clock, described in Cbapt r IV. 

A large bar magnet M mounted on the vertical spindle s is 
free to oscillate in a horizontal plane between the poles of 
eight electro-magnets E . The electro-magnets are so wound 
that when excited, like poles face each other. The spmdle s 
carries an arm A, the end of which is forked and engages the 
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crutch rod R actuating the pallets. An escapement wheel 
receive a forward movement from the pallets, and as is 
customary in some systems, the hands are driven at the correct 
rat through a train of wheel work. 

The principle of the clock depends on the fu ndamental 
law of electro-magnetism, that when the direction of the flow 
of current is reversed in the electro-magnet E, the polarity also 
becomes reversed. 

Continual reversal of the current flowing in the electro­
magnets sets up a reaction between themselves and the bar 
magnet M, causing the latter to oscillate from side to side, 
moving the arm A with it. The oscillatory movement of 
the arm A moves the crutch rod. R from side to side 
thus moving the pallets, which drive the teeth of the 
escapement wheel forward at each oscillation. 

lt will be observed, from Fig. 22 , that the pendulum rod of 
the master clock is equipped with two sets of contacts for 
controlling the current from two batteries, and each excursion 
of the pendulum from one side to the other completes the 
circuit of one or other of the batteries. By this means it is 
thus possible to reverse the direction of the current flowing 
around the electro-magnets at each swing of the pendulum, 
and the reaction set up by the magnets tends to send the har 
magnet M from one extreme to the other. Any movement of 
M is then communicated to R by the arm A, the movement 
of the bar magnet M being directly governed by the impulses 
transmitted from the master clock. 

Stelje's Secondary Clock. 
The essential details of this clock are shown in Fig. 36. 

An electro-magnet M receiving an impulse from the master 
clock attracts the armature v a ttached to the rod T. At the 
lower extremity of this rod is pivoted the pawl I for the driving 
of the ratchet wheel z, the movement of the armature being 
adjusted by means o( the screw '!'" The hands of the ~lock 
receive their motion from the dtal wheels ow. There IS no 
spring to return the armature to its norn_1aJ position, but 
merely the weight of the moving parts are rehed on to perform 
thi s office. 

It will be noted that the ratchet wheel z is propelled by 
the attraction of the armature v, which is opposed to usual 
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pr~ctice, where it is generally arranged for the armature to 
dnve the ratchet wheel ass1sted by a depressed spring when 
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FIG. 36. -Stelje's Electric Secondary Clock. 

returnin g to its normal position. Stricti s k. 
attractiOn of the armature by the 1 t Y pea mg, the 
spring endowin · · h . e ec ro-magnet depresses a 
d .. ' 1 g It Wit potent~al energy which it expe d . 

nvmg t 1e ratchet wheel forward on ' the re leas~ oi; ~~~ 
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armature by the cessation of the magnetic force temporarily 
possessed by the electro-magnet. 

FIG. 37·-The Swift Electric Secondary Clock. 

Swift's Electric Impulse Clock. . 
. 1 d · d consists of a cltsc The" Swift , clock IS of unusua estgn, afn . tl e being 

f l . h ro'ecl a senes o pms, 1es 
from the face o w 1IC P. 1j , haped palle ts receiving an 
driven forward by specta l s 
oscillatory movement from an electro-magnet. 
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The specially designed electro-magnet E (Fig. 37) ~as its 
pole pieces at PP1. Mounted in the magnettc gap .'s the 
armature which is pivoted at c. The armature A ts not 
central, but pivoted a little to one side. The l~g x carnes 
two long pallets M N, their upper ends being spectally shaped 
so that they engage the pins o projecting from the d tsc IV. 

The armature A being attracted by the poles PP 1, the pallets MN 

oscillate and the shape of their ends is such that the d isc w IS 

driven forward whenever any of the pins in the disc are engaged. 
Supposing that the electro-magnet attracts the armature A 

and moves the pallets to the right, M then engages and dnves 
forward one of the pins through a certain angle, at the same 
ti me the pallet N unlocking the pin opposi te, thus allowing M 

to perform its work. When the armature is released from the 
poles PP1 it immediately drops the pallet. M ceases to drive 
the pin it previously engaged, whereas on the other hand the 
second pallet N is moving to the left and engages the pin Q . 

Again the disc is driven through a certain angle. I t will be 
evident that the pallets MN drive the disc IV forward by two 
distinct movements. 

In the diagram five pins are shown, but this is decided by 
the number of impulses transmitted in a given · period, and 
also by the ratio of the gearing employed in the clock. I t 
will be noted that the pinion x mounted on the arbor of the 
disc w engages a larger wheel v, and from the latter the dial 
wheels receive their motion. Swift suggests the use of a star 
wheel to replace the pin disc, also the introduction of a 
polarised armature between the pole pieces PP1. 

Bowell's Secondary Clock (" Silectock " System). 

Mr G. B. Bowell, of The Silent Electric Clock Co., 
devised a novel method of propell ing the hands of the 
secondary dial by the rotation of a cam-shaped a rmature, 
attracted alternately by an electro·magnet and then by a 
permanent magnet. Refereoce to Fig. 38 will assist the 
reader in grasping the principle involved in Bow ell's mechanism. 
A cam-shaped armature A suitably mounted on an arbor 
rotates freely within four pole pieces NSEM. 

The pole pieces NS have a horse-shoe magnet attached · 
lo them, the electro-magnet is fixed to the pole pieces E M. 

When in operation the electro-magnet creates a stronger mag-
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Ftc . 3s.-The " "'ilcctock •· 
Secondary Clock. 

netic field than that of 
the permanent magnet, 
with the result that the 
cam-shaped portions of 
the armatu re are attracted 
and the armature takes 
up a new position within 
the poles E and M. T he 
cu rren t now ceasing, the 
magnetic field set u p 
between the pole p1eces 
N S due to the permanent 
magnet becomes predo­
minant, and 1mmed•ately 
turns the armature from 
the position last assumed 
under the influence of 
the clectro- magnet, so 
that the cam-shaped por­
tions of the armature 
arc now within the pole 
pieces NS. In ot~er 
word , during each !Ill­

pulse the armature rotates 
through a quarter. of a 
revolution by two d1stmct 
movements. 

On the recertion of 
t he n ext impulse the 
electro-magnet over­
powers the field set up 
between N and s and 
once more the armature 
is attracted by the poles 
EM. The magnetic effect 
now vanishing from the 
electro-magnet, the mag­
netic field between NS 

compels the _arn~at':rc A 

to come withm 1ts mflu­
ence. 

The permanent mag-
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net x has an adjustable keeper c to control the intensity of 
the field between NS, whilst R represents the eleFtro-magnet 
which is fixed at right angl~s to the permanent _magnet. 

The hands of the clock receive the!f mot1on through an 
efficient train of wheelwork w. The characteristic of th is 
clock is the absolute silence with which it operates, there 
being no levers or driving clicks, consequently the usual 
ratchet wheel is not required. When in operation the 
armature moves quietly from one set of poles to the next set 
of poles; also the armature is locked in. a ll positions by the 
magneiic field , and detents can thus be d1spensed w1th. 

The "Silectock" Turret R~ceiving Mechanism. 

The Silent Electric Clock Co. have introduced five 
different standard forms of receiving mechanisms for large 
turret clocks. 

The movement is designed to withstand hard work, and 
since the hands of such clocks are exposed to the force of the 
wind and snow, the power required at intervals to drive them 
against such forces must be very great, and to this end special 
worm gearing has been introduced for the purpose. 

In some instances it has been found convenient to mount 
the receiving mechanism actuating the hands of the clock and 
the pendulum of the master clock on the same base, the 
whole being erected behind the dial. This arrangement is 
specially suitable for clock chambers of moderate size, where 
the mechanism can be attended to with ease. 

In a further modification, patented in r 9 r r, two armatures 
are employed placed at right angles on an arbor, each 
armature operating alternatively. An electro-magnet actuates 
one armature, while the second armature is influenced by 
a permanent magnet. With this arrangement the arbor 
carrying the armatures will progress by two distinct movements 
of ninety degrees whenever the circuit is completed or broken. 
The magnets with their armatures and appurtenances are 
situated at either end of the arbor, a worm being centrally 
mounted on the arbor gearing into a wormwheel from which 
the hands receive their motion. By paying special attention 
to the shape of the pole pieces of the magnets a uniform 
turning movement is possible. 

T o demagnetise the pole pieces of the permanent magnet 
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a small solenoid is inserted in series with the electro-magnet, 
and becomes active whenever the latter is energised. 

Lord Grimthorpe's Electric Clock. 
When the electro-magnet E (Fig. 39) attracts the armature 

lever A pivoted at P, it causes a peculiarly shaped click x to 
become raised and to pass over a tooth of the ratchet wheel 
w, which has 120 square cut teeth. The upper portion of the 
click x has a pinT projecting from its face and lifts the detent N 

out of the wheel w. The end of the detent is slotted and is 
thereby permitted to move forward slightly under the influence 
of the spring s. The travel of the detent is, however, limited 
since it only rests on the top of the tooth. A second detent ,. 
pivoted at R, has its tail portion raised by the end o of the 
click x, so that the portion Q of the detent enters and locks 
the ratchet wheel. By this action on the part of the raised 
lever A it is impossible for the ratchet wheel w to move, and any 
movement of the wheel can only be effected by the fall of the 
lever A. Supposing now that the impulse which has raised 
the lever A ceases, then the latter returns to its normal position 
on to the pin J assisted by the weigh t u. The portion x of 
the click attached to the lever A will engage into the tooth of 
the wheel w and propel it forward. Immediately the detent N 

will drop into the approaching notch of the wheel, and the end Q 

of the detent F will slightly rise against the tension of the 
spring G to allow the tooth of the wheel to pass. 

When this change has taken place it will be observed from 
Fig. 39, that the detent N has now been pushed forward depressing 
the spring s; but it is impossible to move the wheel forward. 
Likewise it is impossible to move the wheel backward, since 
it is locked in this direction by the portion Q of the detent F. 

This movement is highly suitable for turret clocks since the 
hands of the clock are locked when the clock is inactive, and 
even then it is impossible for the wind or other forces to move 
the hands through more than the exact angle because of the 
locking detent N . 

The magnet E may be energised at regular intervals from 
a standard or master clock. 

The " Synchronome " Secondary Clock. 
This clock consists of a large ratchet wheel of 120 teeth 
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mounted on an arbor; this also carries lhe. minut~. hand of 
the clock from which the dial wheels are dnven. I he teeth 
of the ratchet wheel are of peculiar shape and resemble some­
what an inverted /\ . 

0 

,. El t ic Secondary Clock. F IG. 40.-Tbc "Synchronome ec r 

t t" ng a pivoted lever 
Fig. 40 sh ws an electro -magnet HI a~ u~,~reto. The upper 

L by attracting the armatu~e A datt~~~e c engaging the teeth of 
end of the lever L has a plvote c I 

the ratchet wheel w. f h "Synchronome " arrangement is 
The novel ~eature o tI e ·kin of the wheel w by the screw ?• 

the means provJded for the o f tl g hands until the click c IS 
preventing any movement o 1e ' 
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released; also the means pmvided whereby it is impossible for 
the wheel to move forward during the interval that the armature 
is beinrr held by the electro-magnet H. Assuming that an 
impulse" from the master clock previously described has been 
received, the armature is attracted, and since the lever L is 
pivoted at v, its upper portion and the click c will be withdrawn 
from the tooth of the wheel. In the meanwhile the click will 
have picked up a fresh tooth, and the release of the armature A 

enables the spring M to return the whole to t he normal position. 
The click c propels the wheel w until arrested by the adjust­
able screw s, the wheel being then securely locked and any 
movement of the hands made impossible. 

There is one mechanical detail that has not been considered, 
and that is the part that the lever 1 plays in the working of the 
clock. I t will be observed that this lever is pivoted at o, and 
carries at its outer end a stud J and the stop P. Now, when 
the armature has been attracted and the lever L has withdrawn 
the click c, the wheel w would in the ordinary course of events be 
at liberty to move forward ; but to prevent this from happening 
the lever L is notched and embraces the stud J, holding down 
the stop P and thus locking the wheel. 

On the release of the lever it is immediately driven forward 
by the spring M. The stud J no longer held allows the lever 1 to 
lift, and the wheel w moves forward by lifting the stop P. The 
stop r thus performs two duties: that of preventing the back­
turning of the wheel w, also premature progression of the wheel 
during the impulse interval. 

T he end of the spring M is rigidly held by the pillar x, and 
the tension on the end of the driving cl ick may be adjusted at 
will by means of the screw T. To set the hands of the clock 
the driving click c has to be lifted by raising the p ivoted arm 1. 

'Murday's Secondary Clock. 

In Murday's arrangement of secondary clock the poles of 
an electro-magnet M (Fig. 41) are so shaped that an armature B 
is free to move within them; the armature being mounted on 
an arbor provided at its outer end with a small cam E and to 
limit the movement of the armature it is equipped ,;ith two 
springs xv, which strike against the poles of the electro-magnet M . 

When in action the armature B is attracted by the poles PP 

of the electro-magnet, and by the attraction the armature turn~ 
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r with the cam E. The cam E then lifts a 
the arbor togethe d vided at its outer end with a click n, 
lever N p1voted_at o an proh f large ratchet wheel w, from 
which engages mto the teet o a 

- ' I day'~ ElecLric Secondary Clock. FtG. 41. - l' ur 

. . motion. To return the lever 
whence the clocb~ork d~nves :.~s the propulsion of the_ wheel w, 
to its normal positiOn ~n ~lSU d the travel of the chck bemg 
a strong spring Q IS mtro uce ' 
limited by the screw T. 
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Each impulse received by the electro-magne~ attracts the 
armature un til any further movement on 1ts part 1s arrested by 
the springs xv, which then assist the armatu re in re turning to 
its former position. . 

In a modification of the above arrangement the lever N IS 

abandon~d, and the cl ick receives its movement direct from 
the cam E. 

Murday, in another type of secondary clock, arranges that 
the armature B equipped with a slotted arm shall engage a 
p in attached to a vertical rod, which will then have a vertical 
movement, the lower end of the rod having a pin moving in 
a curved slide, effecting thereby the rotation of a horizontal 
arbor. A small worm mounted on the arbor drives a worm . 
wheel, and by this means the hands of the clock are pro­
pelled through a clockwork train. 

Electric Impulse Clocks by The Standard Time Co. 
To work in conjunction with the master clock of the 

" Standard Time" system, a very simple and highly efficient 
impulse movement has been devised by the above firm. 

The operation of the receiver or impulse dial is exceedingly 
simple. The movement consists of a pawl or back stop and an 
impulse click, moving by gravity a single toothed wheel once 
every hal f-minute through the medium of an armature a ttracted 
by an electro-magnet, the latter being energised by the 
regular impulse from the transmitter. A spring joint is used 
to support the armature, eliminating to a great extent friction 
and the tendency of pivots to bind through rust or thick oil. 
It is also customary to equip each e lectro-magnet with a 
suitable non-inductive shu nt. 

F or the driving of the hands of a turret clock the 
"Standard " electric " impulse turret movement " actuated 
by a master clock is often employed. T his movement is 
unique, in that it has two magnets, the armatures of which 
are mounted on the long arm of the lever. A separate locking 
ratchet is used, which ensures the hands being locked at all 
portions of the stroke. T here is also a " magnetic brake" 
attached to one armature to prevent bouncing. \Vith the 
small pattern movement three pairs of exposed copper hands 
for 4-ft. dials can be safely d ri ven, wh ile with the la rge pattern 
three pairs of hands for 6-ft. d ials may be d riven. 

7 
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Existing turret clocks can be driven by this method, doing 
away wtth the cumbersome movement, pendulum and weights · 
also winding is not required by the "Standard " electrical 
movement. The existing hands, connection rods and the 
dial wheels can be utilised. ' 

Parsons and Ball's (" Pulsynetic " System) Impulse 
Clock. 

Parsons and Ball's arrangement of impulse clock is shown 
in Fig. 42, its novel features being the roller armature and the 
pivoted pawl for propelling the ratchet wheel. Referring to 
the d iagram, it will be observed that the pole of the electro­
magnet E is shaped so as to allow the roller armature R to run 
up its surface whenever E becomes excited. By this action 
the arm B is elevated, and its upper end with the pivoted 
pawl c moves to the right taking the \alter with it. · 

The pawl has a toe piece T which d rops on to the heel of 
the fi xed member s when the arm B is moved to the right, 
thus preventing overd riving of the ratchet wheel z, since there 
would be a tendency for the pawl to dro]J and engage more than 
one tooth of the wheel. 

The withdrawal of ll from its normal position also causes 
the spring M to become depressed, which on the cessation 
of the magnetism exhibited by E, returns B and in doing so 
drives the wheel z one tooth forward. A click N prevents 
the back-turning of the wheel z. More often, however, the 
pole face of E is square, and actuates a plain armature attached 
to the arm B below the fulcrum point instead of the special 
:roller armature cited above. 

Secondary clocks equipped with the " Pulsynetic" in­
audi ble movements render them absolutely inaudible to the 
occupants of the room, and are thus highly suitable for use 
in libraries, hospital dormitories, etc. 

The "Pulsynetic " Impulse Clocks. 
The "Pulsynetic" impulse movements are divided in to 

three sizes or classes:-
Class 1.- Simple locked movements having glazed dials, 

and varying in diameter up to 18 in. . 
Class 2 .- -Simple locked movements butlt up on brass 
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Frc . 42. - The "Pulsyneti c" Electric [m pulse Clock. 

X 

FIG. 43 - " p I . .. . . . . u synct.tc W~•tmg Trai•1 Movement. 
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bases having glazed dials, and the limiting diameter of which 

is 3 ft. 6 in. · ted on sub-
Cl -Double locked movement moun 

ass 3· h d · · of the hands stanrial bases, and suitable for t e ~tvmg b hind 
or large turret dials, the mechamsm bemg arra~1gedh . ~ the 

the glass dials, ordforb Ita r~~t c:~ ~l~e up11~e:~u~~v~rf ~~;,~v ,~fn1d or 
hands are expose , u 
rough weather. 

FIG. 44·- The " Pul~ynetic ll Impulse Clock. 

. of laro-e diameter, the spe~ial 
In cases where the dta1s are . played This mechamsm 

" . . t ain u turret movement 15 em . watlmJ? r . VII 
is descnbed tn Chapter : the size fitted with contacts for 

The Class I movement ~ ~ 1 ooters at prearranged tunes. 
f b 11 operattng 1 ' . · · the ringing o c s, ' . 1 . factories and mstttuttons 

. · ost essentta 111 · · d d ·t Thts system ts m . I ks is mamtatne ' an t . . on vanous c oc . d ff 
where umform ttme nd signals for ringmg on an o ' 
is necessary to et:1ploy sou l many cases where there 

· d eastng work etc. n · 1 k dts-starltng an c : . ' s of the vanous c oc s, . , 
is a variation m the tunc rate ... s and the ' ~Pulsynettc 
satisfaction and confusJOn often at tse ' ' 
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impulse clock removes these grievances since the factory has 
one time t hroughout. . 

Messrs Gent, from experience, suggest that the duratt,q_n 
of contact for bell-ringing should be thtrty seconds, but tt ts 
possible with the above system to use signals of shorter 
duration if desired. 

To avoid disputes among workpeople through faulty work­
men's check clocks, the electrical " escaping" mechamsm may 
replace the usual pendulum or balance wheel supplied with 
such clocks. T he "escaping" of the wheel work tben takes 
place at half-minute intervals, whenever an impulse is received 
from the " P ulsynetic " tra nsmitter. Although the_ work men's 
recorders stamp the minute only, and the electnc tmpulses 
are received at eacb half-minute by a simple device combined 
in the recorder escapements, the hands and type wheels 
advance in steps of one minu te as desired . T his useful 
device can be fitted to tbe greater num ber of workmen's 
check clocks now on the market. 

The " Reflex " P endulum Control. 

T he "Reflex" pe1idulum control is an elegant and bri lliant 
invention, by means of wh ich the pendulums of any number 
of clocks may he synchronised, such means not demanding 
electrical or mechanical connection with the wheel work of the 
clock it is desired to synchronise. 

T he synchronisation of the pendulums is effected by 
period ic half-minute or minute impulses, such as sent th rough 
a circuit by a master clock, which automatically adjusts the 
tension of a spring or other suitable arrangement, thereby 
influencing the rate of the pendulum for the purpose of 
synchronisation. 

T he device possesses the unique merit that it may be 
utilised for controlling the existing pendulums of workmen's 
recorders. At the same time, however, it will be observed 
that when the "Reflex " pendulum control is employed no 
radical changes have to be made nor any part removed from 
the recorder. Indeed, the mechanism is so simple, but at tbe 
same time so effective, that only a spring attachment is clamped 
to the pendulum, whi le the controlling magnet is rigidly 
fastened to the case of tbe clock and then connected up with. 
the "time circuit" of the master clock. 
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T~e re order mechanism is wound up in the usual manner 
and continues to function as intended by the manufacturer ; 
1\lf! addition of the " Reflex" movement merely causes the 
pendulum of the recorder to keep time with the " transmitter " 
and the other clocks of the circuit. 

\Vhenever the " Reflex" movement is applied to any make 
of workmen's recorder, the following points should be borne 
in mind :-

1 . The introduction of the "Reflex" control does not 
free the manufacturer of the recorder from his responsibility, 
especially since the con trol device can be removed in such a 
short space of time as five minutes. 

2 . The entire mechanism; including the type wheels and 

FI G. 45.-The "1\.cflex" Pendulum Conlrol. 

dial of the recorder, are operated by the clockwork originally 
supplied by the manufacturer. . . 

3· Should the impulses derived from the electncal :' t1mc 
circuit " fail at any time, the work1ng of the recorde~ 1s not 
effected in any way ; the pendulum of the latter contmues to 
vibrate under the influence of the clockwork, thus the mter­
ruption of the electric impulses doe~ not matenally Interfere 
with the checking and costing system. . . 

To describe the "Reflex" pendulum control bnefly: 1t 
consists of two essential parts, viz., the "vibrator," wh•ch IS 

readily clamped to the pendul~m rod, an oper~tion demanding 
no great display of skill, ne1ther 1s an~ dr~lhng or toolmg 
required. The other element of mechamsm 1s screwed to the 
recorder case and is termed the "stator." 

The spring "vibrator " is pivoted to a bracket clamped _to 
the endulum rod ; a suitable stop fo~med 01.1 th~ bracket 
prev;,ts the spring "vibrator " from turnmg on 1ts p1vot when 
it is being deflected. 
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Consider now the mechanism of the " stator," which con­
sists of an electro·magnet connected with the " time circuit," 
so that whenever a periodic impulse is received from the 

. " transmitter " a specially shaped armature is actuated. T he 
latter is pivoted at its outer end, wh ile the end nearest 
the pendulum rod is provided with a rack. Under normal 
conditions the armature rests on to an adjustable screw ; the 
rack e?d bemg down allows the spring "vibrator" to swing 
above 1t. 

At each half-minute (or minute) the periodic impulse from 
~he "transmitter " energises the electro· magnet of the "stator" ; 
1mmed1ately the armature is attracted, thereby elevating the 
rack. But the end of the spring "vibrator " whilst making 
•ts excursion from right to left is engaged by one of the teeth 
of the ~~c~, and ,~he momentum of the pendulum causes th\! 
spnng VIbrator to become deflected. It will be evident 
that whenever the spring " vibrator " is arrested by the rack 
It will have a tendency to terminate sooner the vibration of 
the pendulum, and. during the next or return swing of the 
latter t!1e stra1ghtenmg out of the spring "vibrator " will assist 
the s:vmg of the pendulum, causing it to arrive at the end of 
1ts SWing a httle sooner. 

When installing the "Reflex" system to a recorder it is 
necessary to rate the clo.ck so that the latter has a slight losing 
rat~, ~ay about two mmutes per day of twenty-four hours. 
T h1s 1s best done by turning the key of the "stator " to the 
OFF pos1t10n. Then on turning the key of the "stator " to 
the "ON " position the clock will beat in unison with the 
other." P.ulsynetic" clocks connected to the" time circuit." So 
effecttv~ IS the "Reflex " control that wi.th a pendulum beating 
~1gh.ty-e1ght per '?mute, .as IS customary m some t1 me recorders, 
1t w1ll deal effect1vely w1th a loss of as much as ten minutes 
per day. The precision and simplicity of the "Reflex" move­
ment has resulted in its having been fi tted to practically all 
makes of workmen's recorders. 

. T he makers and patentees are Messrs Gent & Co. Ltd., of 
Leicester, who also make a larger pattern suitable for public 
or other turret clocks. 

The "Pulsynetic " idle machine recorders have been intro­
duced to !i1ve a record o.f the time during which a ,machine 
has been 1dle, a'?d so ass1st the . management in keeping the 
productive machmery fully occup1ed dunng working hours. 
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The recorder shows, by means of a chart, the time of day 
at which any of the machines become "idle," and the durat ion 
of such "idleness," and the record on the chart makes the 
work of investigating the cause of idleness a straightforward 
matter, thus the removal of the cause is greatly facilitated. 

When a machi ne becomes idle, even for half a minute, a 
mark i made on the record chart in the column against the 
number of the machine; and if the idleness is continued, a 

Ftc. 46.-" Pulsynetic" Idle-Machine H.cconler for Thirty Machines. 

line is made for the period of time that the machine is idle. 
If the mach ine is started, the line ceases only to be made 
again, however, should another peri<?d of idleness occur . . 

The operat ion of the recorder IS elcctnc, and requ1res a 
wire to be run from each machine to the recorder, a common 
return wire servin" for all machines. The drum of the 
recorder is electric~lly driven by a "Pulsynetic" transmitter, 
and where one already exists this may be employed. Each 
machine to be recorded is provided with a contact, which 
is brought into operation automatically when the machine 
becomes idle. This contact is termed a " contact unit. " 

In cases where the machine is of that class wh1ch must, 
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? f necessity; be producing if runn ing, then t he, l ontact unit 
~s operated !:l)' the stnkmg gear if belt driven, or by a Sll' itch 
1f motor dnven. 

~ 
,...... ---,......_ 

-u r----. 
4 5 

·~ ;-30 .., .. 
.i IS "' .,. r ~ 

f3 .. 
2 - 0 !i 

V u "' 
45 

: j. ~ 
1...:30 I . " . a ~ i ~ 11 s\ 

· • .s ._ I 
1-0 IQJ~[(\I)!f!]~igj IHJ(Q)UIR/ 

45 

12- 30 
15 

'I I 
12 - 0 I ' iil 

45 ~ I ~ I 
11 - 30 -;; ~ i! 

15 iH- i'.l lil 
11- 6 I ll 

., \ I ~ 

10-30 

1 10-~~ 
? -. ? 

~ 0 ? ./ 
V u r"'r\ R 

11 
~ 

13 -:50 . 
15 

9 -0 / -.... 
-

.._ 
'd 

1• lli . 47- - Portwn of a Chart with Black Lines l ncr . h 
Machines were hlle. tcaung t at some 

In the case of machines which ma n b . 
al though running, a special contact un/ ha~\o e producing, 
to smt the actual workl'ng COl d't · f h' be des1gned 
~ 1 1 1ons o t e m h · 1 . 

a ten found desirable to arrange th h . ac me. t. lS . 
be recorded either by the wo k . at t e pen od of workmg 

. r as lt passes from the machine, 
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h . Recorder connected to Machines. F IG. 48.- Wiring Djagram s owmg 
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or by a frequently recurring action of the machine; which only 
takes place while it is producing. 

In the lace trade, for example, every rack of lace produced 
by the machine is recorded, and an absence of the penod1c 
dots on tbe record sheet shows a period of id leness. 

The records on the chart are made by means of a 
"typewriter " ribbon, and the marks produce an impression 
of same on the chart each ha lf. minute that a machine is 
idle, the impressions merging into a line if the machine is idle 
for a few minutes. 

One "Pulsynetic " transmitter is capable of driving any 
number of recorders on one circuit, and is also capable of 
driving any number of electric impulse clocks on the same 
circuit. 

Another very ingenious instrument manufactured by 
Messrs Gent is the output recorder, which instead of making 
a line, causes a dot to be made on the record chart each 
time a given amount of material is made, or an article or 
an operation completed. With this type of recorder the 
frequency of the intervals at wh ich the dots are required, 
or rather the frequency at which the operations are com­
pleted, has an important bearing' on the construction of the 
machine, and in some instances calls for rapidly moving 
paper, thereby avoiding the dots on the paper running into 
one another and thus becoming illegible. The paper of the 
output records travels much faster than in the case of 
the idle machine recorder, the speed depending on the 
frequency of production. 

Parker's Secondary Clock. 

The customary ratchet wheel w (Fig. 49) is dri ven forward 
tooth by tooth by the pawl c, the latter being pivoted to the 
vertical lever 1. at v. A projection n .of the pawl c extends 
upwards, and is equipped with a screw x for t he prevention 
of overdriving the ratchet wheel w by the screw butting 
agamst the end of the lever 1. and restricting the play of 
the pawl. The screw x also performs the office of locking the 
pawl and the footh on which it rests, so that any movement of 
the ratchet wheel is impossible between the periods of recep­
tion of the impulses from the master clock. The electro. 
magnet E attracts the armature A, actuating the lever 1. with 
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its pawl c. To return the armature to its normal position, 
and for driving the ratchet wheel forward, a S( ring M is 
introduced. A small detent B prevents the wheCI w from 
tu~ning back when the pawl is engaging a fresh tooth during 
the energisation of the electro-magnet E. 

H ope-Jones and Bowell's Secondary Clock. 

The construction of the secondary clock used in conjunction 
with the master clock described in Chapter IV., Fig. 2IA, will 
be better understood by reference to Fig. 49A. It consists 
virtually of a "step by step" movement having a large ratchet 
wheel with as many teetb as there are i1,1pulses transmitted by 
the master clock per hour. The wheel is propelled by a 
click actuated hy a powerful electro-magnet, the latter deriving 
its power from the impulse transmitted by the master clock. 

An electro-magnet H (Fig. 49") actuates a pivoted lever 
L by attracting the armature A attached thereto. The upper 
end of the lever L carries a pivoted click c engaging the teeth 
of the ratchet wheel w. Assuming that the gravity ann B 

(Fig. 21) has been raised, and is still retained by the electro­
magnet M, then the electro-magnet H (Fig. 49A), also being 
in the same circuit with the battery 1 becomes excited and 
attracts the armature A, which actuates the lever L causing 
the click c to be withdrawn, and at the same time to pick up 
another tooth of the ratchet wheel w. But in doing so the 
contact spring E breaks the circuit at s and the gravity arm B 

(Fig. 2 r) is instant!~ released by the electro-magnet M, the 
lifting lever F droppmg on to ItS stop, while the _gravity arm B 

continues to drive the clockwork. Cons1denng now the 
secondary clock, the contact between s and E having been 
broken, the electro-magnet H becomes inacti_ve and releases the 
armature A with its lever L. The latter IS Immediatel_Y dn_ven 
forward by a stiff spring M, the lower end of which IS ng1dly 
fixed to a pillar x. The click c when bemg dnven for~vard, 
engages into a tooth of the wheel w_ and _prop~ls. It unt1l _the 
click is arrested by a stop o. In tillS pos1t1on 1t •s nnposs1ble 
to move the wheelwork of the clock. It will also be ob~erved 
that the contact spring E once more completes the c•_rcmt w1th 
the screw s, awaiting the next impulse to be transmitted from 
the master clock. 

CHAPTER VI 

ELECTRICAL STRIKING GEARS 

THE first attempt to announce the hour by the corresponding 
number of blows sounded on a gong or bell by electro-magnetic 
means seems to have bee!' made by Shepherd in 1849, and 
~mce that date many mgemous forms of striking gear have been 
mtrod~ced. In this . chapte~ it is only proposed, however, to 
deal w1th the more mterestmg striking gears, and those most 
hkely to meet w1th umversal adoption. 

S hepherd's Striking Gear. 

Fig. so shows diagrammatically the arrangement adopted 
by Shepherd. A wheel H mounted on the "seconds" arbor 
o_f the clock carries a pin 1 which engages the contact p 

Situated at the end of the insulated arm L. Matters are so 
adJusted that at ~he stroke of the hour the pin T of the hour 
wh~el M has ra1sed the arm L, this being effected by the 
proJeCtiOn_ x. T~e pm I of the "seconds " wheel now makes 
contact wah P. fhe electro-magnet E included in this circuit 
draws down the armature lever A. The outer end u being with­
dra':'n from the '~locking plate" z, completes the circuit at s. 

fhe completiOn of the circuit between s and A allows 
current to flow from a ~econd battery o, thereby energisin 
an electro magnet Y wh1ch actuates the pivoted armature ,; 
The latter IS provided at 1ts outer end with the hammer 0 for 
stnkmg on the gong B. A ratchet wheel R also receivincr its 
movement from a ~awl carried by the armature lever w isothe 
mea.ns whereby the 'lockmg plate " z is revolved. Each time 
that a blow 1s struck on the gong n the ratchet wheel R · 

pro~r~1sed tooth by tooth. The interval that elapses betwee1~ 
eac ow struck on the gong is determined by the eriod of 
osc111at10n of the bar magnet Q of the secondary cl~ck At 
the end of Its oscillation the magnet completes the c ircui; with 
the contact c, then the magnet v becomes enerrrised 
the exc1tat1on of the latter, the " locking plate" z ·" · d·. · Bly 

• IS 111 ITect y 
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moved forward until further movement on its part is arrested 
by the lever u dropping into a notch and breaking the 
circuit at s. 

It will be observed that the exact instant at which the 
releasing magnet E is energised is decided by the pins of 
the wheels H and M. The mechanism may be divided 
in two groups, i .e., t he "releasing portion," comprising the 
wheels Hw and the arm L for closing the circu it of the releasing 
electro-magnet E. The second portion consists of the "locking 
plate," with its ratchet propelling gear and the mechanism for 
announcing the hour by the correct number of blows on the 
gong B ; also may be included the system of contacts by which 
it is possible to obtain a period of rest between each blow 
sounded on the gong. 

N eale and Powell's Striking Gear. 

T he mechanical arrangement of this system, patented in 
1908, is shown in Fig. 5 I. The principle involved is rather 
different from the preceding (and following) systems; indeed, 
only one electro-magnet is employed, and the customary train 
of wheels and fly to govern the interval elapsing between each 
blow of the hammer struck upon the gong has been abandoned. 

An electro-magnet E having a yoke A of the shape shown 
has rigidly attached to its lower end the armature B. The 
outer end is free to vibrate, and has mounted upon it the 
hammer c and a pivoted pawl D extending downwards, the 
point of which engages the ratchet wheel F. R eferring to 
the armature n, it will be observed that it is o f heavy pro­
portions, being overwound with a coil of wire w. The armature 
virtually behaves as an electro-magnet. 

Mounted beneath the armature B is the member G rigidly 
fastened at H, the outer end being free to vibrate and having 
attached to it a short distance from the end the detent r, which 
drops into the notches of the locking plate J. To set the 
mechanism in motion the member G is raised u ntil contact 
takes place between K and L, thus energising the electro­
magnet " with its special armature B th rough the medium of 
the coil w. T he member G being held by the attraction of 
the energised armature B, electrical contact between the points 
K and L is maintained. But the energised magnet E by the 
attraction of the armature B with the member G, the portion o 

8 
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of the detent 1 is arrested by the stop P, resulting in the 
contacts K and L being separated. Losing its magnetism, the 
electro-magnet E releases the armature B, which immediately 
falls with the pawl D and the hammer c. 

When the armature B has fa llen to its lowest position, the 
contact K again engages its fellow contact L, and the an:nature B 

is again a ttracted by the electro-magnet E. Each t1me th1s 
occurs the pawl D propels the ratchet wheel R one tooth 
forward until the point o drops into a notch of the locking 
plate, then placing the member G in such a position that 
when the armature B falls to its lowest point it becomes 
arrested by the pin x, causing the contacts KL to remain open. 
The pivoted lever Q actuated by the clockwork at the stroke 
of the hour causes the end v to be raised, lifting the member c 
and the detent 1 out of the locking plate J, thereby completing 
the circuit at the contacts KL. 

This has the effect of setting the mechanism in motion 
by the completion of the electric circuit, and consequently 
the energising of the electro-magnet. To govern the speed 
with which the blows are struck on the bell T by the hammer c, 
a small fly is introduced at z. A cord attached to the rod 
of the hammer c is wrapped around the arbor R and 
attached to a spring u . The drop of the armature B causes 
the cord to be wound around the arbor R 1 against the tension 
of the spring u, and by this means the drop of the armature 
is retarded by the resistance offered by the air when the fly z 
rotates. 

Parsons and Ball's Striking Gear. 

Fig. 52 shows an arrangement patented in r9o6 by Messrs 
Parsons and Ball. 

The arrangement, strictly speaking, consists of two sets 
of contacts included in the same circuit, one set being 
employed for closing the circuit, while the second set 
performs the function of breaking the circuit which is normally 
held closed. To make the system more lucid the contacts 
for closing the circuit are operated mechanically, and held· in 
that pos1t1on by an electro-magnet. The second set of contacts 
for breaking the circuit are operated by another electro-magnet 
actuating a slow moving armature. 

A pawl deriving its movement from an armature p ropels 
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tooth by tooth a ratchet wheel mounted on the _arbor carrying 
the locking plate, also a tooth wheel geanng mto the usual 
train of wheels, the highest driven wheel having a fly attached 
to its arbor for regulation purposes. 

An electro-magnet M (Fig. 52) has situated near its poles 
t he pivoted armature A, the oscillation of which pulls down 
the cord c, actuating the hammer D against the tension of the 
spring E. The outer end of the said armature carries the 
contact screw F for depressing the pivoted swi tch arm G. 

Normally a contact piece engages the contact wire H which 
is attached to the bracket 1. 

The electro-magnet 1 being inverted, actuates the pivoted 
armature K, the latter carrying at its outer end a screw L 
beneath which is situated a fellow screw N . 

A third electro-magnet o actuates a third armature P, 
also pivoted and provided with a spring Q. The play of the 
armature P is restricted by the screw contacts L and N. 

Pivoted to the armature K is a pawl R engaging into the 
teeth of the ratchet wheel s, which is mounted on an arbor T. 

On the arbor also are mounted the " locking plate" u 
and the wheel gearing into the pinion of another wheel, 
the latter driving the fly. Under ordinary conditions the 
detent v drops into a notch of the "locking plate " u , but 
when v is lifted at each hour by the clock mechan ism or 
any other means that may be provided, the armature K in 
dropping allows the pawl R to progress the ratchet wheel s 
forward, thereby preventing the projection 1 of the d etent 
from dropping into a notch and arresting any further move­
ment of the wheel s. The armature K, however, in falling 
not only propels the wheels s, but it completes the contact 
between the spring Q and the contact screw N. Immediately 
all tl\e electro-magnets MJO become energised, and in the former 
instances their respective armatures are attracted, whilst the 
electro-magnet o holds its armature, maintaining contact 
between the spring Q and the screw N . 

The attraction by M of the armature A causes the cord c 
to be pulled down and a blow struck on the bell z. But in 
perfor~ing this office the screw F engages the arm G, the 
depressmg of whtch breaks contact between itself and the 
wire H. Instantly the electro-magnets release the various 
armatures, but the functions performed by the armatures 
differ greatly. 
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The armature A having returned by the assistance of the 
spring E, permits the arm G to restore contact between itself 
and the wire li. Again the armature K, formerly attracted 
by the magnet J, when released falls and propels the wheel s 
one tooth forward; also the screw L situated at its extremi ty 
has depressed the armature P and restored contact between 
Q and N. 

This results in the circuit being closed once more, and 
the cycle is repeated each time a blow is struck on the gong z. 
By the introduction of the wheel tra in and fly to retard the 
fa ll of the armature K, a pause becomes possible between 
each blow struck by the hammer D. 

The ratchet wheel s is propelled gradually until the pro 
jection 1 of the detent v again drops into a notch of the 
" locking plate " u, thus pre,·enting any further movement 
of the latter until such time as the detent v is again raised 
at the next hour. I n this instance the armature K will be in 
the raised position, as represented in Fig. 52. When in this 
position it is ready to propel the wheel s, and later complete 
the circuit between the spring Q and the screw N. 

Hope-Jones and Bowell's Striking Gear. 
Another form of striking gear is shown in Fig. 53, con­

sisting of a heavy pivoted arm A, which is raised at intermls 
by the electro-magnet E through the agency of the pivoted 
armature n. T he arm A has a pawl c engaging into the teeth 
of the ratchet wheel R attached to the arbor D, also carrying 
the special locking plate r, which has instead of the usual 
notches cut in its rim a series of insulated blocks for the 
contact piece F to rest on each time the circuit is broken. 
A system of wheel work driven from the arbor D compels the 
Ay G to rota te and act as a governor. 

Pivoted to the armature B ts the contact arm x, the outer 
end being insulated by being inserted in an insulating sleeve T. 

ormally the armature B and the arm x rest on the stops w 
and v. The upper end of n car_nes a scr w cont~ct _s for 
completing the circuit whenever 1t engages the proJeCtiOn J 
of the arm A. . .. . . 

In the figure the contact sprin~ F i_s shown 111 the p~s1tton 
it would assume when the mechamsm 1s 111 operatton. 1 hen F 

would be in electrical contact with the locking plate P, and 
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when the latter has turned sufficiently for the tip of F to bear 
on one of the insulating blocks, then the circuit is broken 
and the mechanism becomes inactive. 

To close the circuit at the correct instant and thereby set 
the 1"uechanism in motion, the arm x must be raised by the 
l:ttm z; the latter is usually driven off the going train of 
the clock until contact is made with the screw N. T he electro­
magnet E now becoming energiseq , causes the a:mature B to be 
attracted, allowi ng the screw s to en~age the proJeCtiOn J, throw­
ing the weighted arm A upwards whilst the pawl c passes over a 
tooth of the ratchet wheel R . The weight of the arm A now 
commences to drive the wheelwork, the speed of the latter 
being governed by the fly G. On the arm A fa~lin~ to a fixed 
point the projection 1 aga1n completes the cirCuit at s, and 
the energisation of the electro-magnet E causes the_ arn~ A, 

through the intervention of the a rmature B, to be agam rmsed 
into an e ffective position, the pawl c engag1ng anothe~ tooth 
of the ratchet wheel R. Each time that the arm A IS reset 
the bells ~1M 1 receive an impulse w~ich is announced by a 
blow being given on either gong. 111JS performance IS con­
tinued until the locking plate P has tur_ned sufficiently for 
the contact spring F to bear on an msulatmg block, when the 
circui t is automatically broken. . 

T o restart the striking mechams:n contact must be 
establ ished between x and N . The l ockm~ plate Is, of course, 
divided up into twelve unequal portiOns, each portion 
determ ining the duration of contact between 1tself and . the 
contact F, which d irectly determmes the number of times 
that the arm A is reset, and consequently the number of blows 
announced by the bell. . . . . 

I n the system suggested by Kirchhofer, the stnkm~ IS 
carried out by means of an electro-motor, wh1ch also winds 
the mainspring of the going tram of the clock. . A pm 
projecting from the minute arbor of the clock shortly before 
the hour withd raws a pivoted catch, thereby set~mg mto 
motion a rack-strikin!!: gear such as was mtrod~ced m to l ong 
case clocks of the last century .. The rack-stnkmg gear 1s, of 

Id ·de" and was mvented by Edward Ba~low 
course, an o I ••• · · · · d't d 
in the seventeenth century, although so_metlmes lt 1S ere 1 e 
to T homas Tampion who certamly apphed It about 1675· 
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Electrical Chiming Gears. 

T here are other arrangements wherein the electric current 
may be utilised to operate electro-magnetic mechanisms and 
announce the passing of the hours by an increasing number 
of blows struck on a bell or gong. J ndeed, certain signals or 
number of blows may be struck on a bell as is customary on 
ships. To this end Withers in 191 1 patented an arrangement 
wherein a bell imitated the strokes of a ship's bell, double 
blows being given at the hour and an odd number of blows 
given at the half-hours. 

In like manner chiming barrels have been entirely elec­
trically driven, and in place of the old-fashioned hammers 
delivering blows on tubes or gongs, electric bell hammers 
perform this function. 

A series of pins correctly spaced on the chime barrel 
project, and instead of actuating pivoted levers and pulling 
do_wn cords, which ra ises the hammers of the old system of 
chimes, the pms merely engage contact fi ngers suitably placed. 

Whenever a pin completes the contact with a finger, the 
electnc bell movement of that particular circuit causes a blow 
to be given to the gong. It is necessary to have a contact 
fi nger for each row of pins, and likewise an electric bell 
movement to strike the gong. Provision has, of course, to be 
made for the letting off of the chime barrel at the correct 
periods, and also for arresting the barrel. 

I n the simplest form of chiming gear the barrel is in­
dep~nde~1tly driv(!n by either a spring or weight driven clock­
work tram regulated by a fly, the pins engaging the contact 
fingers, and the gongs are struck in the correct order by 
electric bell hammers . 

. If Westminste_r chimes are adopted, then four bells or gongs 
~v 1 th their respechv~ electric bell movements are necessary, and 
m th 1s c ase the ~hm1e _barrel will be equipped with forty pins 
proJec_tmg from Its penphery. In th1s system of ch iming the 
followmg peals are sounded at each quarter-hour:-

F irst quarter 
Second quarter -
T hird quarter -
Fourth quarter -

T o separate one peal from 

One peal-4 notes. 
Two pea ls-8 notes. 
Three peals- r 2 notes. 
Four peals- r 6 notes. 

the next, an interval is arranged 
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equal to about two and a half times the interval that 
elapses between the sounding of each note. But there is 
no fixed rule. 

For. instance, L ord Grimthorpe suggests at least two a nd 
a half t1mes the mtcrval elapsing between each note sounded 
i~1 a peal, whilst at Cambridge it is as mnch as three 
times. 

To this end the chiming barrel will have to be divided 
into four sections and pinned accordingly, the sections 
being unequal. To release the barrel at the correct instant 
a pivoted stop may be withdrawn by an electro-magnet, th~ 
top normally engaging one of the four pins projecting from 

the side of the chime barrel. Once released, the barrel 
commences to rotate until the next projecting pin is arrested 
by the stop. 

The current for energising the electro-magnet to withdraw 
the stop is controlled from the going part of the clock, and 
consists of a weighted arm (reset by a separate electro-magnet), 
which is held . by a catch. Mounted on the "minutes " arbor 
of the clock is a four-armed cam, one arm for each quarter­
hour. When an arm of the cam has reached its highest 
position it has raised the weighted arm, which is then allowed 
to d rop a fter the lifting face of the cam has passed the vertical. 
T he weighted arm in falli ng causes a projection at its pivoted 
end to complete the circuit by engaging a spring contact. 

The electro-magnet effecting the release of the chime 
barrel is then energised, and the barrel commences to rotate. 
But the pivoted stop on being withdrawn, ~loses the circuit 
between a pair of contacts, energising thereby the resetting 
magnet of the weighted arm. The latter is instantly thrown 
back into its normal position and the circuit again broken, 
while the chime barrel continues to run until the stop arrests 
it by enf'aging the next pin projecting from the face of the 
barrel. The periphery of the ch1me barrel be111g of metal, 1t 
is in electrical· contact with the arbor on which it is mounted, 
also forming a convenient means of electrifying the pins. 

As the contact fingers engage the pins in the prearranged 
order the various circuits are thus completed. Each finger 
since 'it is connected to an electric bell circuit, sounds a blow 
as each pin passes the former. 

With Westminster chimes the bells wi ll have to be struck 
in the following order :-

ELECTR I CAL STRI KING GEARS 
r1 R ro s 
J, 2, J, 4· 
3, r, z, 4; 3, z, r, 3· 
I , 3, z , 4; 4, z, r, 3; r, z , 3, 4· 

12 3 

First quarter 
Second quarter 
Third quarter 
Fourth quarter J, I, z, 4 ; J, z, r, 3 ; 1, 3, 2, 4; 4, z, r, 3· 

" Pu lsynetic " Electric Striking and Ch1·m1'ng 
Mechanism. 

In conjunction with any "Pulsynetic" system of impulse 
clocks (large, small, or turret patte111), elec'tric striking 

F IG. 54· - " Pulsynetic" Motor-Driven Striking Mechanism. 

mechanism may be used. T he ordinary quarter, Westminster 
or tmg-tang chimes may be sound d b . . . ' 
chiming gear. e Y mstalltng s1mple 

T he motor-driven striking mech · . 
elect; ic motor using direct current fr~n~s';;, IS operated by an 
rotatmg cam actuates a lever which . e power mams. A 
wne connection- lifts a dro ' I 111 turn-by means of a 
weight and strikes a bell ~ b~:~mer, which. falls by its own 
slightly off the bell so as to allow t~r sbprlmg ltfts the hammer 
volume of sound. e e 1 to gtve forth 1ts full 

I t has been proved b · 
by a drop hammer is th/ ~;~e%e~~ce that the striking of bells 
on. bells of large size .. I n fact c~~~ho~ soundmg the hours 
we1ght are struck by this •1 . e_l ls of two tons in 

mec 1amsm. 1 he mechanism is 
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timed by an "hourly contact maker" driven from the" impulse 
circuit." 

In the "waiting train" driven pattern the striking 
mechanism is timed and operated l.ty a "waiting train" turret 
movement, and is driven by the hour spindle of the latter. 
It counts out and transmits the correct number of electric 
impulses to an electric hammer, the latter striking the bell. 

Ftc. 55.-u Pulsynetic " VVaiting Train Driven Stril.;:ing Mechanism. 

If desired, direct current may be em~loyed! or. e~en current 
from a primary battery may he used. fhe c~rcu1t 1s cut off at 
each blow the instant the bell 1s struck, hence a pnmary 
battery of Leclanche cells may be successfully employed. 

The pattern usually employed f?r chnnes on tubul~r and 
other bells for private res1dences 1s also equ1pped w1th an 

f tl pulse circuit "impulse movemen.t/' and o~;rates rom 1e 1m 
instead of by a "wa1t1ng tram movement. . 

T oducc the Westminster or other ch1mes, the cams and 
their ~q~~valent are replaced by a barrel pinned to the correct 
stanzas for the chimes chosen. 

CHAPTER VII 

THE SYNCHRONISING OF ELECTRIC 
AND OTHER CLOCKS 

THE hands of any weight or spring driven clock may be 
corrected or synchronised at regular intervals, and the clock 
brought to time by the agency of the electric current. 

By no means is the practice restricted to clocks of the 
above variety, but an entire system of electrical impulse dials 
may be synchronised at certain intervals. Needless to say, 
there are many synchronising systems performing daily in the 
larger c1t1es. 

Clocks in any shape or form synchronised from a central 
or master clock are sometimes termed "sympathetic" or 
"affiliated clocks." 

Barraud and Lund's Regulator. 

· The above was one of the earlier arrangements wherein 
an attempt was made to synchronise a number of affiliated 
clocks from a standard timepiece at each hour. Behi nd the 
dial· of each clock and just above the twelve o'clock position 
on the d1al were p1voted two L-shaped levers carrying pins at 
.the1r lower ends, the pins projecting through the dial sufficiently 
to embrace the long band of the clock. The upper portions of 
the levers being slotted, each engaged a prong of the forked 
end of an armature lever which was drawn down each hour 
by an electro-magnet, energised by the impulse received from 
the standard clock. By the attraction of the pivoted armature 
the forked end became depressed, with the result that the 
prongs of the fork moved along the slots of the levers, causing 
them naturally to move towards one another. Should the 
long hand of the clock be slightly in the rear, it was moved 
forward; on the other hand, if the hand was ahead it was set 
back. 

In Fig. 56 the electro-magnet M attracts the armature B, 

"S 
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which is pivoted at c . The forked end F of the armature rod R 

has two prongs LL1 engaging into the slots ss1 of the piv9ted 
levers PP1. . Set in the lower ends of the levers PP1 are the 
pins xx1, the latter passing througb the dial D of the clock. 

When the impulse bas been received and the electro­
maanet M releases the armature n, it is returned to the normal 
position by a counterwei-ght H. This action also has the effect 
of the withdrawal of the pins xx1 to one side so as not to impede 
the forward movement of the minute hand r. 

To complete the circuit for the transmissicm of the impulse 
from the standard clock a simple device is included in the 
clock movement. Usually a projection moving with the 
wheelwork completes the circuit with an insulated contact at 
the stroke of the hour. The impulse may be transmitted 
hourly or every twelve hours; in the former case it would be 
termed an " hour regulator." 

Hipp's Synchronising System. 

Dr Hipp introduced for this purpose the arrangement 
shown in Fig. 57. An armature B actuated by an electro­
magnet M is pivoted at c, and normally held in the position 
sho1vn by a spring s. Projecting downwards from the 
armature is a trigger T for holding in the raised position 
the arm A. The la tter is pivoted a t w, and has a proj ection J 
extending downwards, so that on being released by T it comes 
within the domain of a pin x mounted on the face of a wheel 1. 

Attached to the arm A is a small block of steel R, shaped so as 
to resemble an inverted 1\. 

Should an impulse be ·received by the electro-magnet M, 

the armature is attracted and the trigger T releases the arm A 

which instantly falls, and a pin x mounted on the wheel 
comes within its path. · 

~ssuming now that the hands of the clock are slightly 
behmd the twelve o'clock mark of the dial, then the pin x 
will be driven ahead by the A. of the arm A, and the clock 
brought to time. Again, should the hands be ahead of the 
correct position, the pin x will be retarded slightly and 
the clock IS corrected. A pin P1 projecting from the side 
of ~he hour wheel engages the end of the fallen arm J, 
raismg 1t sufficiently for the trigger T to retain it in the 
reset position. 
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By employing a pair of contact springs operated by_ the 
two pins PP1 projecting from the hour wheel, the CirCuit IS 

completed and the system synchronised once every six ho~rs. 
The satisfactory working of the system depends entirely 

on the time-keeping qualities of the standard clock z, and its 
use is generally restricted to _inferior clocks of the pendulum 
variety, either spring or weight driven. 

Modern Synchronising Systems. 

In many of the modern systems of electric clocks, pro­
vision is usually made to include in the circuit some form of 
synchronising mechanism for correcting a t regular intervals 
any error in the time rates of the secondary clocks. Generally 
speaking, the principles involved in each system are identical, 
but the mechanical arrangement of details differs, and for this 
reason it has been thought advisable to include here a 
description of a few synchronising systems. 

Of recent years the mechanism required for the propulsion 
of the hands of turret clocks has undergone a change-almost 
revolutionary, as far as electrical movements are concerned. 
The introduction of the "waiting train" movement by 
Messrs Gent & Co., of Leicester, marks a new era in the 
history and progress of electrical turret clocks. This system 
has many novel features, inasmuch that the hands are driven 
by a powerful " motor pendulum," the vi bration of which is 
maintained by electro-magnetic agency. 

The pendulum, through a simple arrangement of gears, 
propels the wheelwork from which the hands of the clock 
derive their movement, the pendulum being given a gaining 
rate. At a predetermined instant the mechanism of the 
clock movement automatically raises a pawl, d isconnecting 
temporarily the pendulum from the wheelwork, until such time 
as the. connection is again restored by a half-minute impulse 
transmitted from a master or synchronising clock operating 
an electro-magnetic releasing gear. The temporary pause of 
the wheel work has earned for itself the trade term of "waiting 
train J' movement. 

In practice this system has been very successful, and one 
instance of its employment may be cited for the d riving of 
the hands of the 2 s-ft. dials of the Royal Liver Buildinu a t 
Liverpool. "' 

9 



ELECTRICAL HOROLOGY 

. T,~e transmitter operating in conjunction with the "waiting 
tram_ movement ~1ay be an ordinary type of master clock· 
send1~g . out half-mmute impulses, and in a great number of 
ca~es It Is_ situated in a room at the base of the tower. When 
this plan IS adopted the master clock is unaffected by vibration 
and other disturbing elements. 

Another characteristic of the" motor pendulum" is its main­
tenan~e by an electro-magnet, the current for the energising 
of which IS controlled by a "Hi pp " contact device. Contact 
IS only completed and hence current drawn from the 
source whenever the pendulum seeks assistance. Should the 
pendl!lum experience any unusual resistance, it may obtain 
sufficient assistance by the completion of the circuit through 
the ' !Hi pp " device as often as desired. In other words, the 
latter acts as an electrical governor. 

The "Pulsynetic" System. (Waiting Train Move­
ment.) 

Fig. 43 represents the essential features of this impulse 
release movement as suitable for turret clocks. 

The crutch or pendulum rod P has pivoted to it at x a 
pawl B engaging the teeth of the ratchet wheel w. A pro­
jection on the ratchet wheel w at Y carries a pin o. The latter 
in the course of its path raises the end of the detent A, wbich 
is pivoted at v and has a projection J extending upwards. 
The descent of the detent is gauged hy a stop. 

Situated above the end of the arm J is an armature F, also 
pivoted at T. The portion G of the armature lever is set so as 
to allow of the escape of the end J when the portion F is 
attracted by the electro-magnet E. Normally, when the pro­
jection J rests against the stop, the pin o is approaching the 
highest position of its path, engaging later the end of the 
lever A and raising it until the portion J has moved to one 
side sufficiently for the end G of the pivoted armature to drop, 
and assume the position shown in Fig. 43· 

By this time, however, the lever A has engaged the end H 

of the pawl, and has lifted it clear _of the teeth of the ratchet 
wheel so that any further progressiOn of the wheel w becomes 
impo;sible .. The pendulum, however, continues to swing idly 
seeking an impulse less frequently than before. 

Matters are so arranged that the "motor pendulum" has a 
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Frc. 58.-u Pulsynetic, Waiting Tra,·n M ovement. 
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gaining; rate. It has now to await the reception of the impulse 
transt111tted from the master clock at the half-minute or 
minute, as the case may be. The impulse now energising 
t!lie electro-magnet E, the armature F is attracted, releasing the 
end of J, thus allowing the arm A to drop, and consequently 
the pawl B. The next swing of the pendulum pulls the wheel w 
one tooth forward, bringing the hand of the clock to time. 

At about twenty-seven seconds to the half. minute the pin o 
again raises the ann A, and the pendulum motor becomes 
inactive UI)til the whole system of levers is released by the 
impulse transmitted exactly at the half-minute by the master 
clock. About fifty-seven seconds to the minute the pin o 
once more raises the arm A, and the cycle is repeated. 

The wheelwork of the clock is driven through a system 
of worm gearing from the a rbor z. By the adoption of worm 
gearing the power exerted by the pendulum is very great a'11d 
also efficiently utilised. 

Another form of the " waiting train " system is' shown in 
Fig. sS, and differs very much from the preceding movements 
in mechanical details. The central idea, however, has been 
re ta ined of driving the hands of the turret clock for a given 
period by a "motor pendulum," 'and then allowing the latter to 
become automatically inoperative for a short interval until 
released by the impulse from the master clock. 

The secondary clocks are driven for a short period by an 
electro-motor, the duration of such periods being less than 
tha t of the periodical intervals of the impulse currents from the 
master clock. The motor is so arranged tha t it produces a 
slow motion, and in special cases the motor is supplanted by 
an electro-magnetically driven pendulum P (Fig. sS), the vibra· 
tion of which is maintained by means of an electro-magnet E. 

An armature v of the latter imparts an impulse by engaging 
a pallet c on the crutch o each time the swing has diminished 
sufficiently for a finger A to dew ess a notched block B, and 
close the circuit of an electro-magnet through contacts F1 F2F3. 

The pawl H on the pendulum drives a wheel w on the worm 
spindle J, which drives the minute wheel F. 

Before an impulse is received from the master clock, the 
pawl H drives the wheel w until it falls into a spac~ o, f~om 
which a tooth has been omitted, the pawl then swmgs 1dly 
with the pendulum until the next current impulse is recei~ed 
and energises the electro-magnet M. The armature N bemg 
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attracted, the arm N1 lifts a pivoted catch z, allowing a second 
pawl Q pivoted to the crutch to drop, so that it engages a 
pm x on a second d1sc v on the worm spindle and as the 
pendul~m swm~s, rotates that spindle, permitting the pa wl H 

to continue dn vmg for another period. During this movement 

f iG. 59· -The " Pulsynetic" Wailing Train Movement. 

the pin x. lifts the notched extremity of the pawl Q so that 
Its arm R IS a(l;am engaged by the catch z. ' 

In a modification, however, the electro-macrnet is adapted 
to raise a movable tooth to bridge the gap fn the wheel w 
when the cu~rent IS received from the master clock 

T he motiOn work and hands are made in acco~dance with 
the latest mechamcal turret clock practice. The hand s indles 
~~1en exp'?se~. to the weather, are constructed wi th gui~meta l 

anngs m teu of steel, wh ich entirely prevents rusting of 
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the spindles. This is often the case with large mechanically 
driven turret clocks. 

"The "waiting train " movements are made in four sizes :­
I. For driving four dials up to 5 ft. in diameter, or two 

dials up to 5 ft. 6 in. in diameter. 
2 . For driving four dials up to 8 ft. m diameter, or two 

dials up to 9 ft. in diameter. 
3· For driving four d ials up to 15 ft. in diameter, or two 

dials up to 16 ft. in diameter. 
4· For fonr dials up to 2 0 ft. in diameter, or two dials up 

to 2 5 ft . in diameter. 
The extreme flexibility of the driving power of the move­

ments makes it possible for the mechanism to drive much 
larger d ials than those stipulated. T here is practically, however, 
no limit to the size to which these movements may be made. 
The "waiting train " movement is by no means restricted to 
the driving of the hands of turret clocks, b ut may be used 
successfully for the driving of recordiiig instruments, advertis­
ing devices, and in fact for the operation of any slowly 
revolving apparatus. 

The introduction of the "waiting train " has rendered 
possible electric·- turret clocks of the largest dimensions, 
possessing going rates that cannot be surpassed by turret 
clocks mechanically driven. · 

J. J. Hall, Esq., F.R.A.S., probably the gre~test l iving 
authority on horology, has expressed his adni iratiOn for the 
" waiting train " system. 

The " Silectock" Synchronised Master Clocks. 
The Silent Electric Clock Co. have devised a form of 

synchronised " master clock," enabling an entire system of 
secondary clocks to register Greenwich mean time. 

The daily time signal transmitted by the General Post 
Office causes an electro-magnet to "zeroise" the count wheel 
of the master clock by a simple cam mechanism. . . 

In the ord inary course of events the mechamsm will ':ot 
affect the count wheel at all, but should the clock reqture 
correcting, the count wheel is actuated to such an extent that 
the clock is brought to time. . . 

By the addition of an ingenious m~chamcal devic~ the 
clock is automatically cut off from receiving a stray signal, 
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except within a space of a minute and a half, during the time 
the Post. Office line is clear and the signal should appear. 

P rovisiOn has also been made for the master clock to 
receive the hourly signal from The Standard Time Co., of 
London, or for the reception of any other hourly signal tha t 
may be transmitted. 

Th~ Post O~ce st~nd?rd sub-chronopher control clock, 
when m stalled m provmcial post offices receives the daily 
time Signal from London, and then distributes it to their own 
circuit of local offices. 

Synchronisation may be carried out by another method : 
the a rmature of_ an electro-magnet arrests the progression of 
the count wh~el for exactly the length of ti me it has gained 
smce the previous correctiOn. · 

Time Transmission in England. 
About the middle of last century accurate time signals 

were first transmi tted from G reenwich Observatory, when the 
clock at London Bndge Station and the public clock at the old 
Post Office 111 Lombard Street were connected with the mean 
time clock of the Observatory. 

Messrs Dent, of Cocks pur Street, were instrumental shortly 
afterwards m con':'ectmg up their huge " time hall " with 
Greenwich, and this ball has daily fallen at I P.M. for about 
seventy years, its release being effected electrically by a signal 
from the above Observatory . 

. The P~stmaster-General, some years later, decided to trans­
mit the signal to all the principal railway stations and post 
offices 111 the country. 

T o-day the signal re~eived from Greenwich at the General 
Post Office ts automatically transi:1i tted to all parts of the 
country by a chronopher, whereas m 184d a member of the 
Observatory st~ff used to visit the London clockmakers every 
~onday mornmg and supply them with Greenwich mean 
t tme, by means of a chronometer duly synchronised at the 
0 bservatory. · 

Time Transmission in America. 

The transmission of " time" and the synchronising of 
clocks . m Amenca. has now reached a state bordering 0 
perfectiOn, and the practice is conducted on an extensiv~ 
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scale. Each day a signal IS transmitted from the United 
States Government Naval Observatory the instant that the 
sun reaches the seventy-fifth meridian, and is received by 
ever~ telegraph office in the country. By this means it is 
poss1ble to synchronise clocks in outlying districts. 

A leading telegraph company of the U.S.A. has now a 
department entirely devoted to the business of sell ing accurate 
" time," and have of necessity equipped their offices with 
many ingenious and delicate instruments. T he central idea 
is to transmit "time" .from a master clock, which in turn 
is synchronised daily .from the Washington Observatory. In 
many of the larger cities, viz., Chicago, New York, San 
Francisco, etc., are located auxiliary master clocks, the latter 
being in turn electrically connected to the master clock at 
the main office. 

The auxiliary master clocks synchronise a special form 
of self-winding secondary clock which is supplied to the 
general public, and is operated by dry cells. The self­
winding secondary clocks are thus synchronised by having their 
hands set forward or retarded, and are thus brought to "time." 

Hope-] ones and Bowell's Synchronising Mechanism. 
In Fig. 6o two electro-magnets MN are set in the vertical 

plane, and pivoted at v is a forked lever L. One end s acts 
as an armature and is free to play between the poles of the 
magnets. The o.ther end of the lever L engages a pin P 
projecting from the rod R, forming part of the frame F. The 
frame F is set in such a manner that whenever the rod R 

is moved either up or down, the lower ends AB grip the 
suspension spring T of the pendulum x, and change the free 
length of the latter. This has the effect of varying the rate of 
vibration of the pendulum. 

By the upward or downward movement of the frame F the 
pendulum may be set with either a gaining or losing rate. 

The current exciting the electro-magnets MN is controlled 
by a simple form of commutator G, which is attached to the 
a rbor of one of the wheels of the clockwork and rotates mth 
the latter. 

The commutator has two segments, JH, insulated from 
one another by the material w, the whole heing mounted 
on the arbor o. 
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. Cont~ct with the segments and the electro-magnets M N 

IS e~tabhshed by means of three contacts I ZK, the latter being 
connected to the termmal o, while one end of each coil of 
the magnets M N is run to the terminal Q. 

As tl\e commutator rotates with the wheelwork, the various 
contacts and segments Will engage each other, and the impulse 
received from the master clock will pass by way of these paths 
to the electro-magnets. 

When in operat ion the master clock t ransmits an 
impulse at a predetermined instant. Should the clock to 
be synchronised be either fast or slow the commutator G 

will be set in a relative position to the co~tacts I ZK. 

Supposing the clock to be slow, then the commutator will 
assume the position shown in the figure, and the impulse will 
pass from o through the contact K .to the segment J, hence 
to the electro-magnet M, and then to the terminal Q. Since 
the impulse has excited the electro-magnet M, the armature s 
will be at t racted and the pin P at its outer end will be forced 
down. This means that the frame F has now been lowered, 
and the points A and B instantly change the effective length of 
the pendulum. In other words, the pendulum has now been 
sho rtened a nd consequeptly it will vibrate faster, thus giving 
the clock a gaining rate. 

At the next impulse the opposite may be the case-the 
clock may have gained considerably. T hen the commutator 
will have changed its position, and the contacts affording a path 
for the current to excite the electro-magnet N, will draw the 
armature s down and raise the end L. T he frame having been 
raised a given distance, the points A and B once more change 
their position, and the free length of the pendulum becomes 
once more changed. I n this instance it will be increased 
and the clock will lose, so that in a short period of time 
it will have a correct going rate. T he limits of variation 
permitted by the moving frame F are only those essential 
for accurate time-keeping. 

T here is another arrangement designed for electrically 
s ynchronising the hands of large turret clocks which may be 
d riven by any agency, patented by these inventors in r895· 
A form of gap switch is conjointly operated by a d ial movement 
wh ich receives its impulses from a standard clock, and b y the 
centre wheel of the clock movement itself. 

An electro-motor throu gh a reducing train of wheels turns 
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the centre wheel which has at t h d 
of the gap switch. Mounted o ac e to one of its arms a part 
IS ~ ratchet wheel carryina th~o~h~ ar~or of the centre wheel 
sprmg a n arm which norm"au g ' t ": medmm of a spJral 
from the face ~f the ratchet w~e:~sts ,;~m~st a stop projecting 
a pawl actuated by an armature f . I e a tter IS propelled by 
tra nsmitted from a master clo~k an e ectro-magnet. Impulses 
regular intervals until th propel the ratchet wheel a t 
the centre wh~el and com~t~m t~vertakes the contact stud on 

T he electric motor nowe :s e Clrcmt. 
forward until the contact b tuns and turns the centre wheel 
sepa rated when the m t e ween the stud and arm become 
opened. ' R eally in th? or stops th rough the circuit being 

1 • IS arrangement th 1 
mec lamsm governs the train of wh I e e ectro-magnetic 
cond1 t1ons through th ee s under ordinary working 
event of the synchron~i~ge~~:r~:t t~e ~ap switch;_ and in the 
restoration of the currentgth I k a iimg at any time, on the 
brought to time. e c oc wtll be synchronised and 

T o red uce as much as os ibl 
stopping of the electric moto~ ss e e lthle fre_quent starting and 
be placed in the motor cir~uft cm e ectncal apphances may 
motor, such as "rheostat " to reduce the speed of the 
between the stop on th composed of carbon plates inserted 
ratchet wheel. When the cfntre wheel and the arm of the 
the resistance becomes r:dp at~s b re pressed tightly together 
have become slightly separa~~~ 'th ut ;~hen the stop a nd ann 
closely and the resistance inc;ea e pates hkewJse press less 
slowmg down the speed of the m~es. T~ Js has the effect of 
the p lates once more and tor until the arm overtakes 
contact, causes the r~sistanc~r~ss,~g the plates in!o close 
speed of the moto r increased. o ecome reduced and the 
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11 the clocks that have been described in the 
PRACTICALLY a d ] m for their time-keepmg 

~~~~~t~!~7 ~~:t~~~~;:l~e~~~~J~:~s~ ~a~:~e~~ ~~~~~~~o;~ed.But 
electric clocks devoid of pen dui f S ony exhibited a novel 

I 862 Koosen a native o ax ' . 
n I ' . h' h a small electro-motor acted as a 

form of ~lock m w IC al endulum. By equipping the 
regulator m place of th~ .usu p nor of the centrifugal type 
motor with a very sensitive gover ' bl to keep the 
which actuated a switlch, it wa~ f~u~dy ~op~s~ in~ and closing 

d of the motor a most um or h h 1 sree . . . ndle of the motor was geared to t e w ee -
the Circuit. The spi d h time rate of the clock was found to 
work of the clock, an t ,e . d f control has been followed 
be fairly good. Koosen s 1 ea o 

up and modified by nudmerotdiS mve~~~o~~ whereby a clock may 
A and Wiener evise a m . h h a ~on . r m of electro-motor actmg t roug . 

be dnven by a Simple .or anged that the current Js . · Matters are so arr 
light mamsprmg. . 1 But the motor possesses · 11 Nitched off at mterva s. 1 automat1ca Y S\ .t ing during the current ess 
sufficient mome.ntum todk!~fh1/;;,~heel. The rotation of the 
intervals, smce ~t 's.fit~ b electrical agency as long as the 
flywheel JS mamtame b I make and break switch. 
circuit remams closed Y h a double-toothed pawl actuates 

A ratchet wheel throug b . driven by a worm from 
the switch, also the ratchet wheel . em~ng one end of the latter 
th~ motor spindle winds ~~ t~e ,~~~~~s~~e ~ther end is fastened 
bemg attached. to the " e~kwork A few teeth of the ratchet 
to the arbor drJVJhg the clo . t cted that they may move 
wheel are movable, and ar~ soh const~~et wheel. As the main-
radially in a slot formed m t e ra t the outer coil of the 

. d by the electro·mo or, . d 
spring IS woun . and the mol'able teeth are dr~wn Jnwar s. 
spn ng engages a P'~' f the wheel arrives opposite the worn~ 

When thJs portiOn ° h 1 e been withdrawn beyon 
on the motor a rbor, the teet lav 

•+o 
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the influence of the worm, and propulsion ceases and t he 
switch remains open. The momentum stored in the ~ywheel 
now maintains the speed of the motor until tha mamspnng 
gradually unwinds itself, and expanding the spring, causes the 
movable teeth of the ratchet wheel to be pushed out and agam 
engaged by the worm. Immediately the worm commences 
to rewind the spring a nd the switch is again closed, enablmg 
the motor to receive fresh energy. This action is repeated 
periodically. The energy taken from the current source and 
the momentum stored in the flywheel ensures the contmuous 
running of the motor, resulting in the time rate of the clock 
being fairly accurate. 

Murday's Electrically Driven Balance-Wheel Clock. 

In Murday's arrangement for maintaining the oscilla tions 
of a balance wheel, the impulses are imparted to the arbor of 
the balance wheel by an armature actuated by an electro­
magnet. 

Attached to the oscillating wheel is a simple contact device 
of the "Hi pp" variety which depresses a spring contact, and 
allows current to flow through the electro-magnet whenever 
the arc of oscillation becomes reduced beyond a certain point. 

Fig. 61 shows diagrammatically the movement of the clock 
wherein the balance wheel w. is mounted on the vertical 
arbor s, the balance spring v having one end rigidly fastened 
to the framework T, while the other end is a ttached to the 
balance wheel arbor s. 

Attached to one of the arms of the wheel w is a wiper A, 

which after a predetermined interval, drops into the notch ol 
t he block c and completes the contact with D by depressing 
the spring E. 

An electro-magnet F, now energised, attracts the armature G 
having a bent rod H , the latter imparting an 'impulse to the 
member 1, which is mounted on the arbors. In this manner 
the balance wheel w receives an impulse and is thus enabled 
to maintain its oscillation, only seeking fresh impulses from the 
electro-magnet whenever the arc of oscillation becomes greatly 
reduced. The wiper A then fails to pass over the block c. 

The oscillatory motion of the arbor s affords a convenient 
means of operating the hands of the clock by the intervention 
of the ann J and a Y-shaped lever. The portion K of the 
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' lever is forked at its lower extremity and embraces the pin L, 
so that the partial rotation of the ann J naturally causes L to 
vibrate. This movement is converted into a rotary one by the 
aid of the pivoted pawls M and N, which in turn alternately 
propel the ratchet wheel o of the clockwork. 

A counterpoise P is introduced on the third arm Q, so as 
to make the mov.ement of the lever K as uniform as possible. 

Reid's Electric Clock. 

Reid suggests that the vibration of a torsion pendulum 
may be maintained by means of electro.magnets actmg on an 
armature situated beneath the balance wheel, and energised 
whenever a system of contacts are completed by the rotation 
of a ratchet wheel. The ratchet wheel receives its movement 
fro m a pallet fastened to the pendulum ribbon. The 
pendulum ribbon A (Fig. 62) has suspended "from its lower end 
the balance wheel w; also beneath it is the armature B, which 
rotates within the field of the pole pieces PP1 of the electro­
magnets MM1. Mounted on the upper portion of A is a small 
pallet or pawl c for the propulsion of the ratchet wheel D. 
Engaging into the teeth of the ratchet wheel is-an ivory roller 1 

mounted on the pivoted arm H. Each time that the pawl c 
propels the wheel n one tooth forward, the roller 1 will be 
raised with the arm H. Advantage is taken of the movement 
of the arm H to complete the contact between Q and o, thus 
energising the magnets MM1. 

By the attraction of the armature B the disc w is kept 
oscillating, and the wheelwork of the clock is driven directly 
from the wheel D. By means of a sliding frame the effective 
length of the torsion pendulum becomes capable of adjust­
ment by simply changing the .position of the suspension 
head. 

In a modification of the electrical arran,.ement for main. 
taining the oseillation of the pendulum, the "balance wheel w 
carries a simple form of split commutator, to which is connected 
the ends of~ coil of wire. Two light conducting brushes bear'' 
on the secttons of the commutator and afford a convenient 
means of conveying the current to and from the coil. The 
c?il wi ll be caused to oscillate within the field of the pole 
pteces of two permanent magnets; but with this arrangement, 
however, the current 1s' constantly flowing th rough the circuit. 
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The idea of the commutator is to reverse the direc.tion of !low 
of the current at each oscilla tion. 

Alternating current may be utilised in the operation of the 
clock by the introduction of two coils to replace t~e per.man~nt 
magnets. The coils would have to .be J?laced m ~enes wtth 
the coil of the balance wheel if this expedtent IS dectded on . 

Haddan's Electric Clock. 
H addan's arrangement, patented in r go6, is yet another 

form of the balance-wheel movement wherein the oscillations 
of the wheel a re el~ctrically maintained. The clock is self­
contained, and very little energy is required to drive the 
mechanism ; in fact, it is reduc-ed to a minimum by mounting 
the electro-magnet on the balance wheel. 

As the balance wheel oscillates from side to side, the two 
extremities of the electro-magnet pass within the vicinity of 
a fixed ar'mature, and it is in this position that the current 
is permitted to energise the electro-magnet, the current for 
excitation being conveyed to the electro-magnet by means of 
fixed contacts (springs) engaging pins projecting from the 
face of the balance wheel. A small. cam oscillating with the 
arbor of the balance wheel, actuates through a roller a bell­
crank lever, the outer end of which has a rod extending 
downwards, and propels a ratchet wheel one tooth forward 
each time the bell-crank lever is raised by the cam. 

A small worm gearing into a wormwheel suffices for the 
propulsion of the hands. 

Clocks Controlled by Wireless Waves. 
The possibilities of the transmission of time by H ertzian 

waves are being realised daily, and any lengthy discussion of 
the wireless apparatus used would be quite out of place in the 
presen·t treatise. 

From recent experiments, some very promising results 
have been obtained by the transmission of time by wireless 
signals from centralised wireless transmitting stations, some 
of the energy radiated into space .from the transmitting station 
being received by suitable instruments, thus making it possible 
to synchronise a system of electric clocks. 

By the transmission of wi reless time signals tt IS quite an 
easy ma tter for a ship to locate her position in terms of 

re 
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latitude and longitude, if equipped with a receiving wireless 
outfit. 

Quite recently the ~iffel Tower :vireless station has adopted 
the pract~ce of transnnttmg trme srgnals daily. These signals 
can readrly be received . by quite simple instruments, and a 
system of secondary clocks may be synchronised on the 
reception of the signals. 

The Reithoffer and Morawetz System. 
One of the earliest systems of wireless electric clock control 

was suggested and patented by Rcithoffer and M orawetz in 
I<J06. 
. ~':I refe~ring to Fig. 6 3, it will be observed that the system 
rs dlV!ded mto two sections: the transmitting portion of the 
system situated at A, and the receiving portion of the system 
with the secondary dials shown at B. • 

It will perhaps be more convenient to describe the trans­
mitting and receiving apparatus separately, and then the 
principles involved when in operation. 

A standard or master clock closes periodically a switch D 

controlling the current flowing from the battery c to excite 
the primary coil P1 of an induction coil. The adjustable 
resistance R 1 affords a ready means of controlling the current 
flowing through the primary coil, whilst an interrupter 1 ensures 
that the spark shall be as uniform as possible. Included in 
series with the primary coil P1 is an electro-magnet M, also the 
high resistance x1 and the tapping transmitter T . The latter 
device prevents sparking at the contact points whenever the 
switch D is opened by the master clock. 

T,o produce the essential wireless waves for controlling the 
distant secondary clocks, the secondary coil s1 of the induction 
coil has its ends connected to the balls v, which are situated 
a small distance apart. Across the intervening space pass a 
series of electric sparks which is the seat of the radiated 
wireless waves. 

To render the transmitter more efficient, one of the balls Y 

is connected to the earth plate w. The essential details of 
the receiving mechanism of the transmitted waves is shown 
also in Fig. 63 at B. 

A specially pivoted mercury switch J closes the circuit and 
allows the electric oscillations received by the aerials xx to 
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affect the coherer c, which then actuates the relay R, closing 
a Ideal circuit T 1 containing a tapper w 1. Included in the 
same circuit is an electro-magnet N which attracts the toothed 
~ector s causing an arm attached thereto to depress the 
mercury switch J, and thus open the circuit so that no further 
oscillations affect the coherer. The lower end of the pivoted 
sector s when attracted, propels the spur wheel Q together with 
the ratchet wheel v. Mounted on the sector s is a detent F 

which disengages the pawl o from the stop L, causing the 
rocking switch H to descend and temporarily close the circuit T2. 

The secondary clocks are inserted in the latter circuit, also 
an electro-magnet u for breaking the circuit whenever it is 
completed. 

A spiral spring z slowly returns the sector to its normal 
position just before the reception of the next wireless impulse. 

It will be noted that the sector merely supplies potential 
energy to affect the rotation of the disc P, which has to be 
controlled by an escapement wheel and pendulum K. 

Boult's Electric Clock Controller. 

A. J. Boult, in 19ro, patented a peculiar device for con­
trolling a number of clocks by causi ng a ball of magnetic 
substance to travel periodically along a fi xed path. The ball 
by attracting at a given point a long its path a pivoted 
permanent magnet closed a system of contacts, ~hereby per­
mitting of the energising of an electro-magnet, wh1ch attracted 
and endowed the ball with sufficient energy to contmue 
its path. . . 

In Fig. 65, " represents an electro-magnet set w1th 1ts 
poles uppermost. Situated to the nght of the ma~net E _Is 
a permanent magnet M centrally _PIVOted, and carrymg at Its 
outer end the contact T for engagmg the fixed contact R. 

Arranged to travel in a circuit or path above the poles 
of the magnets ME is the " magnetic ball " B. When the ball 
assumes the position shown, it attracts the poles of the 
permanent magnet M, causing T to become depressed and 
thus complete the circuit at T and R . . 

Current now flowing excites the magnet E, causmg the 
ball B to be attracted from the poles of the permanent 
magnet M, but at the same time endowing it with sufficient 
energy to continue its journey around the track. 
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When the ball again comes within the vicinity of the 
magnet M the contacts T and R are again closed, the ball 
receiving a fresh impulse. In a modification of this invention 

Ftc. 64. - Boult's Electric Clock Controller. 

matters are arranged slightly different. The ball n is enclosed 
by a curved glass tube in which exists a partial vacuu m. 
By moun ting the tube over the poles o f the m~gnets the 

F IG. 65.- Boul t's Electric Clock Con troller. 

b~ll oscillates freely from end to end of the tube (Fig. 64). 
1 o close the contacts necessary for the transmission of the 
controlhng current to the secondary clocks a p ivoted arma­
tu~e A with contact points may be introduced, the armatu re. 
bemg attracted each time the electro-magnet E is energised, 
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thereby affecting the closing of the contact points. A small 
spn ng retu.rns the magnet M to its normal position, so as to 
open the ctrcmt at T and R . 

The " Mag neta " Electric Time System. 

. Wheatstone was acquainted with the principles involved 
m the generation and utilisation of magneto-electro currents 
for the electrical transmission of time signals. 

T o the "Magneta" T ime Co., however, must be given the 
cred1t of developtng and also for the invention of the ingenious 
mechanism, by which it has become possible to operate any 
number of secondary or impulse dials from a central or master 
clock. 

T he "Magneta" system requires no batteries nor any 
outside source of current, and consequently there are no 
con tact points to give trouble sooner or later. The master 
clock is the central point of each installation, and by it the 
whole system of secondary clocks is actuated and synchron­
ised, and the highest time-keeping qualities are secured by 
the sim plicity of construction of the various parts of the 
system. 

In construction, the master clock is peculiarly massive and 
of good design, and the mechanism may be relied upon to be 
operating with the same precision at the end of a quarter of 
a century as when first erected. The master clock, which is 
either band or electrically wound at regular intervals, generates 
the electric impulses for operating the mechanism of the d ials, 
and are constantly equal in strength and duration. 

For the generation of the magneto-electric currents a 
specially designed alternator or "inductor" is attached to a 
weighted regulator or spring-driven clock, and once every 
minute the movement of the "regulator" causes the· iron 
cylinder of the inductor to turn a quarter of a revolution. 
T his movement causes an alternating cu rrent to be generated 
in a coil of wire forming part of the " inductor." 

The movement of the hands of the secondary clocks is 
simultaneous with movement produced on the iron cylinder 
·of the " inductor. " 

It will at once be evident that since the source of curren t 
is the master clock itself, the electrical circuit must be a 
closed one. 
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Fig. 66 represents d iagrammatically the "Magneta" syst~m. 
T he small arm A is connected to the mechanism of the weight 
or spring driven regulator c, and through the medium of the 
light rod R it causes the arm B to rotate the cylinder E of the 
"inductor " J through go". For the production of the magnetic 
fi eld necessary for the generation of electro impulses the 

A 

J 

FIG. 66.~Thc n ~1a~neta '' Electric Clock Sy~tem . 
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permanent magnets P are used. The secondary clock circu its 
are connected to the terminals T, one being situated on either 
stde of the " inductor." 

For marine purposes the " Magneta" Co. have devised a 
spectal form of master clock which actuates any number of 
secondary clocks. By a simple device attached to the master 
clock the time shown by all the clocks on board the vessel 
can be corrected simultaneously, thus doing away with the 
nec~sstty for an ~ffic.er gomg h1s rounds for the daily winding and 
sett1ng of each 111d1vidual clock. The "Orsova," "Olym pic," 
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"Britan nic," "Mauretania," and "Alsatian " are a few of the 
many' ships equipped with this electric time system. 

, Amo~g many ~ther functions that the "Magneta " may 
p<'!~form IS the rmgmg of a system of electric bells, or even 
" time stamps" may be automatically actuated. Existing 
turret clocks may be synchronised by a "Magneta " master 
clock, or if necessary, the standard secondary clock movement 
may be substituted for the mechanical clock movement. The 
system has been adopted by over r 70 of the leading hotels 
throughout Europe. At the Imperial H otel, London, there 
are in daily use 400 clocks actuated from one master clock. 

It might be interesting to place on record that the general 
survey of electric clocks throughout E urope (drawn up for 
the Rt. H on. Sir J. G. Ward, P .C., K.C.M.G., Postmaster­
General, Wellington), which was laid on the table of the 
H ouse as a parliamentary paper, recommended "Magneta " 
for Government use as being the most perfect apparatus. 

We append also the R eport of the late Sir William H. Pret:ce, 
K.C.B., F.R.S. :-

"All systems of T ime Distribution by E lectricity, with which 
I have had any practical experience, have been dependent on 
batteries, on intermittent currents, and on the maintenance 
of clean mechan ical contacts. Batteries, however, become 
exhausted and contact points get dirty. Hence much personal 
supervision and expert aid a re necessary to obtain correct 
working and secure true time. 

"The 'Magneta ' System removes these two weak points. 
The battery is replaced by an alternator, and the circuit is 
never broken. There are no sparks and no contact points to 
get dirty. The alternator is worked by the mechanical energy 
of the falling weight of a Master Clock. Every mmute this 
weight fall s the fraction of an inch, and by doing so turns the 
armature of the alternator in a strong magnetic field and 
generates an electric current, which throb~ through the whole 
circuit and propels simultaneously every mmute hand of every 
secondary clock in the circuit to the next '?mute .. There 
is no difficulty in doing this throu~h fifty miles o~ hne and 
working soo clocks. Synohron?us time ~s th~s provided 1f the 
propelling action in each doe~ IS mamtan~ed m ':"orkwg order. 
This is a mere mechamcal actwn wh1ch differs httle from that 
in existing use and is much simpler. 

"The system is trustworthy. There is little to maintain 
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and nothing to renew. Occasional lpbrication is of course 
desimble, as _it is in common docks; but the secondary clocks 
r~qulre _no wmdmg, setting, or repairs. I have formed a very 
h1gh opmion of its practical merits." 

T he " Pulsynetic " Marine Transmitter. 
A system of mari ne " Pulsynetic" im pulse clocks consists 

of a master clock of specia l construction, provided with an 

F IG. 67.- Thc "Pulsynetic" Marine Transmitter. 

autom~ti~ "advance " and automati c "retard " mechanisl11 and 
~n unlu~,ned1 number of secondary im pulse clocks connect~d in 

senes w1t 1 a battery If d ·. d . b l1 c . . . . , esue ' a specwl form of warnina 
e Ol glvmg ti mely warmng when t he battery requ· " 

attention may be mstalled. ~res 
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The transmitter consists of a strong and reliable half­
minute impulse mechanism mounted within a cabinet, and 
provided with a silvered " pilot" dial to show the time indicated 
by the ship's '' Puls}'netic" clocks. The special feature of the 
transmitter is the automatic "advance" mechanism which is 
provided, in addition to the usual "retard " mechanism also 
operated automatically. 

For advancing the clocks when sailing eastward, the same 
automatic self-controlling contact which operates the clocks 
when working normally is employed. This contact is con­
trolled by a "fly " action, which allows it to contact in 
comparatively quick succession - approximately once per 
second instead of the usual half-minute. The automatic 
action does away with the possibility of error due to 
imperfect contact which might occur under the old push­
button advance system, and so put the secondary clocks 
out of step. 

The automatic setting functions as follows: To advance 
the ship's time, say thirty-five minutes, the pointer of the 
" setting dial" is turned to the figure 35· The " advance " 
lever is then depressed and seventy contacts are automatically 
made by the transmitt'er (one for each half-minute), and the 
clocks are thus set to time. 

To "retard " the clocks it is only ntcessary to set the 
pointer to the desired number of minutes and press the 
" retard " lever, and the ship's clocks remain " held_ " until 
the desired number of minutes have elapsed. At tillS p01nt 
the ship's clocks a re then automatically restarted . 

Chronoscopes. 
When it is desired to measure very small intervals of time 

it is customary to use an instrument called the chronoscope. 
This instrument is very ingenious, but at the same. t1me 
sufficiently accurate to determine the veloctty ~t wh1ch ~ 
projectile leaves the parrel of a gun. Professor Wheat~ tones 
arrangement consisted of two screens placed a known dtstance 
apart but situated in the path of t~e proJecttle:. E~ch screen 
has its surface covered wtth an msulated "JTe m such "­
manner that the network of wire on each screen forms . a 
separate circuit, and, of course, is in electrical connection w1th 
the instrument. 
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Supposing the wire on each screen to be severed by the 
projectile, then the successive cessation of the independent 
currents may be recorded electrically on a chart or card 
moving at a known velocity. Unfortunately, however, since 
the time elapsing between the passage of the projectile through 
each screen must be measured by reference to some uniform 
movement, it has been found in practice rather a difficult 
problem to produce a continuous movement. 

In the Navez pendulum chronoscope a bold attempt was 
made to remove many of the defects that former instruments 
possessed, but _neverthel~ss, this instrument was not entirely 
free of the evils to wh1ch chronoscopes a re subjected. It 
was the idea of this inventor to compare the velocity of the 
projectile directly to that of the pendulum. 
. Although Navez'? chronoscope has been extensively used 
1ts results are not st nctly accurate for the following reasons :-

The "bob " of the pendulum encounters the resistance 
of the air during its oscillation, and it is almost impossible 
to calc~ late the amount of error arising from this interference. 
Smce 1t IS necessary to employ a contact breaker, there is 
naturally JUSt the chance that the circuits are not interrupted 
at the s~me mstant ; also, as thr~e e lectr<:·magnets are required 
fo r the mstrumcnt to functiOn, It IS feas1ble that the magnetic 
~~ate of e1ther may vary from one observation to another. 
1 his would 11aturally yield inaccurate results. 
. Again, since friction is the means adopted to operate the 
mdex, the latter may be effected by the force being too small 
or too great, causing the index in the fi rst case to Jag behind 
the pendulum, and in the second case to accelerate the index. 

It has been suggested that the Navez pendulum chrono­
scope m1;:;ht have been rendered more serviceable by the 
mtroduct1on of d!Te.ct observatiOn, a ':d recording same by 
the a1d of an electnc spark from an mduct1on coil, or even 
not1ng the swmg of a magnetic needle. 

To describe the instrument briefly, it consisted of a special 
form_ of "contact breaker " for interrupting the two circuits 
at exactly the sa~e m_stant ; also a mechanism for restoring 
the contact at a g1ven mstant, after a second circuit had been 
broken. 

The pendulum was of rather novel design, equipped with 
two electro-magnets and other accessories. 

The cbronoscope was exhibited at the International 
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Exhibition of r862, and was briefly described in the Juror's 
Report, thus:-

"The pendulum is fitted with two electro-magnets; one 
used to hold it at one extremity of its oscillation by attracting 
a little piece of soft iron let in the 'bob ' ; the other to 
stop a very light aluminium index centred on the axis of 
the pendulum, and carried round with it by the light friction 
of a spring, until a current passes round this second electro­
magnet, which then stops the index by attracting an iron 
collar fitted to its hollow axis, but allows the pendulum to 
continue its oscillations freely. A vernier on the end of 
the index allows the exact arc described in passing from the 
first to the second position of rest to be accurately read on 
a fixed graduated limb. . . 

"Thus the interruption of the current through one CirCuit 
starts . the pendulum a nd index simultaneously, and the 
establishment of a current in a second circui t stops the index, 
showing the arc traversed in the interval. It will readily 
be understood that the velocity of the pendulum m falling 
through various arcs can be determined by direct experiment. 

"The speed of the projectile in this as in other chrono­
scopes is measured by the time elapsing between the success1ve 
fractures of two wires; but in the present case the measure­
ment is indirect. 

" The nearest wire screen forms part of a circuit which 
includes the electro-magnet used to restrain the pe_ndulum ; 
but the farther wire screen is not directly connected w1th e1ther 
of the pendulum electro-magnets, but it is connected w1th 
the electro-magnet of the cont~ct breaker. . 

"This electro-magnet carnes an armature, wh1ch dro~s off 
when the circuit is broken, and falls on to a spnng furn1shed 
with a contact point, adjusted close to some mercury In a 
little cup. The fall of the armature makes _contact between 
the mercury and the spring; and by so domg completes a 
circuit through the second electro-magnet of the pendulum, 
and stops the index. Thus, w~en a ball passes through the 
two wire screens in successiOn, 1t first breaks the first orcu~t 
and starts the pendulum ; it next breaks the second circ_mt 
and stops the index. The arc can then be measured, wh1ch 
corresponds to the time elapsing betwee~ the moment when 
tbe pendulum started and that when the mdex stopped. But 
tbis period of time depends on many elements:-
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" 1. The time required by the first electro-magnet to lose its 
magnetism. 

"2. The time required by the electro-magnet of the contact 
breaker to lose its magnetism. 

"3· The time occupied by the fall of the armature. 
"4· The time required by the second pendulum electro­

magnet to acquire sufficient force to stop the index. 
"5· The time of fl ight between the two screens. 

"Th~ contact breaker is used to· eliminate, by a separate 
observation, the first. four of these elements, leaving the fifth, 
wh1ch ts . al?ne reqmred. !his is simply and easily effected 
b~ estabhshm_g all th~ c1rcutts as before, and breaking the two 
wtre screen ctrcmts Simultaneously. All the events will occur 
in the s~me sequence as before, . except the rupture of the 
two ctrCUlts; and as all the other circumstances remain similar 
they will occupy in the aggregate exactly the same time a~ 
they must have done in the previous experiment, and the 
mdex Will be arrested after it has traversed an arc B measurinrr 
their _duration; if then A be the arc traversed in the forme~ 
expenment, the difference A-B will measure the time of flirrht 
between the screens in the first observation . b 

"This measurement is required to be reduced into seconds 
by calculations of an obvious character." 

M. H_arday, of Paris, introduced a record ing chronoscope, 
an electnc_ spa:k created by the secondary winding of an in­
duc~to~ co1l bemg the medium by which this was accomplished. 

fh1s mstrument which is highly suitable for the measure­
ment of sa m~ in~ervals of .time, consists of a fairly large brass 
cylmder wh1ch IS fixed and has wound around its circum­
fe rence ~ band of specially prepared paper. A rotating axial 
arm! dnvet;t by clockwork and .carrying a platinum point, 
outlmes a Circle as near as possil:ile to the cylindrical surface 
of the paper. 

To produce, as far as possible, a continuous movement of 
the cl?ckwor~, !1- novel pendulum arrangement driven from 
the axtal ann 1s 1 ~troduced. Another adjunct is an induction 
spark COil, the pnmary winding of which is connected with the 
nec~ssary cells to the target or screen, while one of the wires 
leadmg from the secondary o~ high tension circuit is electrically 
connected to the rotatmg ax1al arm, the other terminal of the 
secondary wmdmg bemg connected to the brass cylinder. 
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Under working conditions the primary circuit is closed, 
and whenever this circuit is broken by the passage of the 
projectile, a spark passes betwe en the ends of the secondary 
circuit, resulting in a hole being punched through the paper. 
So by this simple device the event is registered. If des1red, 
a series of records may be obtained from a number of targets 
by installing a system of electro-magnets, the armatures 
of which cause the primary circuits of the targets to be 
restored. 

When it is desired to record the time at which any scientific 
event takes place, such as the passage of a star, etc., an 
instrument known as a "chronograph " may be used. 

M. Krille, of Denmark, produced an elegant appara~us 
consisting of a clockwork driven cylinder, the latter berng 
controlled by a special pendulum governor, thu_s producrng 
a fa irly uniform speed. Stretched around the c1rcumfere~ce 
of the cylinder was a piece of blackened paper. Bearrng 
lightly on this paper were ~wo fine pornts at_tached to the e~ds 
of two levers, the latter · berng fi xed to a p1ece of mechamsm 
which moves slowly in a direction parallel to the ax1s of the 
rotating cylinder. The two motions will cause the ,pmnts of 
the levers to draw either helical or contrnuous lrnes on the 
blackened paper. Further, the two levers wer_e each actuated 
b an electro-magnet which produced a shght translatory 
r:ovement of the points along the blackened pap~r. 

Now the first electro-magnet rece1ved an 1mpulse from 
a stand~rd clock, causing the point of that. lever, actuated 
by the electro-magnet to describe a broken lrne, but equally 
divided thus __ jj __ jj . The observer controlled ~he 
current to the second electro-magnet through the intervention 
of a key switch, and at the instant that the pheno.rnena takes 
place the closing of the key sw1tch causes the electro-magnet 
10' a~tuate the second lever, and its point . then tr~ces a 
wav line on the blackened paper. From 1ts pos1t101~ o_n 
they c linder relatively to the first but. broken I me, 1t IS 
possiJe to ascertain the instant at which the phenomena 

was observed. ~ t d b 
A modification of the Krille chronograph was e ec e y 
wiss firm who caused a strip of paper to move at a 

a S. ' te by a weight-driven clockwork controlled continuous ra . d b tl 
by a fly governor. The paper in Its course passe enea ' 
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two self-inking rollers, each roller being attached to an • 
armature lever, and which in turn was controlled by an electro­
magnet. One of the electro-magnets was placed in circuit 
with a standard clock, and on the reception of an impulse 
transmitted at regular intervals of one second, the roller of 
that armature lever will naturally describe a wavy line at 
each impulse. · 

Under normal conditions the two rollers will describe 
parallel lines on the paper, but since the circuit of the second 
electro-magnet is under the control of the observer whenever 
a record is made, the second roller will also describe a 
wavy line. 

By comparing the second line with the first, it is an easy 
matter to determine the time at which the event took place; 
in fact, intervals of time less than one-tenth of a second may 
be measured. 

The "Bulle" Electric Clock. 
The " Bulle" clock is quite a new entry into the field 

of electrical horology, and is the production of MM. Marcel 
Moulin, Professor of Chronometry, Faculty of Sciences, 
Besan~on, and Favre-Bulle, the inventor, who is a well-known 
horologist. 

The essential mechanism o f the clock consists of a 
pendul_um which is virtually~ coil of insulated wire; through 
the cod an electnc current IS established and interrupted at 

. regular intervals by an ingenious contact device. 
During its vibration the pendulum moves over a curved 

permanent magnet,* and the magnetic reaction set up between 
th~ permanent magnet and the electro-magnetic pendulum 
c?1l 1~ the source of power by which the pendulum is kept 
v1bratmg. 

Unlike obsolete and existing types of electro-magnetically 
mamtarned pendulum clocks, the pendulum of tbe "Bulle" 
clock on receiving a starting impulse, has both the properties 
?f a dynamo and a motor, consequently very little current 
1s drawn from the battery at each discharge. 

* The c~rved permanent magnet is specially magnetised so that the 
central porll~n. of the bar J?OSsesses .North-seeking magnetism, while the 
two ends exh1b1t South-seekmg polanty. 
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, · Another feature i's the propelling electrical force generated 
' by the vibrating coil and magnet, tending also to reduce the 

amount of current drawn from the battery. In fact, by adopt­
.ing this novel form of propulsion, tl,e inventors claim that 

Frc. 68.- General Arrangcm~nt and '\;viring D iagram of the 
" Bulle ":Clock. 

it is an easy ~1atter · for one. battery to operate the clock 

for ten years. . · · · · d h h. 11 
The absence of complicated mechantsm, a n t e tg 1 Y 

· · · 1 I h the clock efficient electro-magnettc j)rt.nctp e o_n w uc 
functions, will doubtless ment tts extenstve ~?e. El ctric 

By kind permission of Messrs The Bnttsh Horo- e 

MISCELLANE OUS ELECTRIC CLOCKS 161 

Ltd., we reproduce ljere a description of the "Bulle" clock, 
which forms the substance of an interesting booklet issued 
by the above firm. If the illustration of the clock is now 
examined it will be observed that-

" Fig. 1 shows the essential parts. 
"The pendulum coil A moves over a special magnet B. 

An intermittent current provided by the battery c runs. through 
the coil A at suitable intervals assuring the pendulous 
movement. 

"The current passes into the coil A by means of an auto­
matic electric contact formed by the conducting p in n, fi xed 
on the pendulum, acting alternatively on the conductive 
metal G and on the insulating fibre H of the pivoting fork F 
(see Fig. 2). 

"The electric circuit comprising coil A and battery c, occurs 
for a short period on each swing of the pendulum in the 
direction .f, when the pin D and the conductive metal G come 
into contact. 

" The positive pole + of the battery is connected to the 
plate of the mechanism J by the conductor r. This plate J 
is fixed on the framework E, but insulated from it. 

" The pivoting fork F and the conductive metal G are there­
fore connected with the positive pole + of the battery. 

"The negative pole - is connected to the framework E. 

" The rod of the pendul um K carries the current to the coil 
A, and then the rod L takes the cu rrent up to the pin D, which 
is insulated from the pendulum rod K. The rod K is connected 
to the framework E by a fl exible wire M. Thus one of the 
ends of the coil is continually connected to the negative pole 
- of the battery, while the other end is only connected to 
the positive pole + of the battery when the pin D touches 
the conducting metal c, which completes the ci rcuit and 
maintains the swing of the pendulum. ' 

"The electric circuit is shown diagrammatically on F ig. 3· 
"The pivoting fork F controls the mechanism actuating the 

hands by means of a pawl R, which pushes the ratchet wheel s 
forward one tooth every second, the wheel transmitting its 
movement to the hands by means of a worm screw T and a 
central wheel u." 

In concluding this work we may re~ark that electricity 
is a most sensitive, but at the same ttme powerful agent, 

11 
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and the day may not be .far distant wh~n the watches of the 
populace will be deprived of their intricate mechanism, and 
the hands of the watches propelled by energy supplied by a 
small pocket battery; and, as far as futurity is concer~ed, 
perhaps by wireless impulses transmitted at predetermmed 
intervals. Who knows? 

At the Science Museum, South Kensington, is a permanent 
historical exhibition of the applications of Electricity to 
H orology; Mr F. H ope) ones,. M. I.KE., ha~ assisted in the 
collection of these htstonc and mterestmg devtces. 

CHAPTER IX 

RECENT DEVELOPMENTS IN ELECTRICAL 
CLOCKS 

The Princeps Electrical Clocks 
The year '924 marks an important era in the history of 

electrical clocks ; as well as being the year of the British 
Empire Exhibition, visitors to the Exhibition had the oppor­
tunity of examining the construction and operation of the 
Princeps electrical clock system. 

This system of electrical clocks is quite a new departure 
as far as the application of electricity to time-keeping is 
concerned, involving entirely new principles possessing many 
desirable advantages. 

Many of the difficulties that led to failure in the older types 
of electrical clocks have been surmounted, and the great 
ingenuity displayed, coupled with the novel nature of the simple 
mechanisms used, renders the system highly reliable for all 
requirements of time-keeping and transmission. 

Major C. E. Prince, O.B.E., M.I.E.E., the inventor of 
the system, by following up an original line of thought, applied 
an entirely new principle for maintaining the swing of the 
pendulum, so that it might be relieved of as much interference 
as possible. 

Interference must inadvertently take place when the 
pendulum is either mechanically connected to a clock movec 
ment, or is caused to release some mechanism from which 
it will receive an impulse to maintain its vibra tion. 

In the Princeps master clock the vibration of the pendulum 
is sustained by the impulses imparted to the rod by one of 
the side contact springs. The springs are lightly mounted 
one on either side of the pendulum rod, so that as the latter 
vibrates the springs are alternately slightly deflected to one 
side. Suitable contacts are mounted on ei t h~r side of the rod, 
the la tter forming part of the electrica l circuit. 

•63 
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T he left-hand contact spring normally rests against a 
fix.ed stop until engaged and displaced by the pendulum rod, 
bemg arrested by the stop on the return of the pendulum. 

The second contact spring situated on the right of the 
pendulum rod is identical to the first spring. However 
instead of a! ways coming to rest against a fixed stop near th~ 
zero po3ition of the pendulum's swing, it may be arrested earlier 
by a movable stop, so that it remains in a bent or deflected 
condition until picked up by the pendulum, and further 
deflected by being carried to the right. 

During the period of engagement of the pendulum rod 
a nd the contact spring the current has been allowed to pass 
through a " reverser," which is in effect a polarised electro­
m agnet with a spring blade attached to the centrally pivoted 
armature. The upper portion of the spring blade contacts 
alternately with suitably d isposed contact points. 

Since the reverser is situated near the suspension head of 
the pendulum, a projection or tail-piece on the centrally 
pivoted armature of the reverser serves as the movable stop 
for the spring. 

Reconsidering now the contacting of the right spring and 
t he pendulum rod, the current passing through the reverser 
instantaneously throws the armature over, the spring blade 
breaking the circuit just established by the contacting of the 
spring and pendulum ; but, however, simultaneously the blade 
re-establishes contact with a second contact point included 
in the second circuit. By the withdrawal of the movable stop 
by the movement of the armature, the spring contact is now 
free to follow up and impart an impulse to the pendulum 
until arrested by a · fixed stop situated near the zero position 
of the pendulum's -swing. 

The pendulum passing the zero position picks up and 
deflects the left-hand spring contact; again the circuit is closed 
and the current flows through the reverser. 

Excitation of the reverser coil throws the armature over, 
the spring blade suddenly breakinif th.e ci~cui~, re~ewing 
contact with the second contact pomt m c1rcu1t w1th the 
right-hand pendulum spring. . . 

I t will be evident that the movable stop mtegral w1th the 
armature has again slightly deflected the spring to the right 
of the pendulum prior to imparting an impulse to the pendulum 
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when it is picked up by the latter. Thus it will be seen that 
the spring in returning through a greater distance than i ~ i~ 
carried by the pendulum, supplies the energy for driving the 
pendulum. This, then, is a brief outline of the ingenious 
principle by which the pendulum is kept vibrating. 

The current operating the reverser also pulsates through 
the external clock circuit, the duration of contact being about 
.os second ; this natura lly results in the current consumption 
being extremely low. 

Another noteworthy feature is the breaking of the circuit 
by the reverser at its contact points and not between the 
pendulum and side springs. 

The dials working in conjunction with the master clock 
are called " slave clocks," and contain extremely simple 
step-by-step movements. The orthodox ratchet and pawl 
propelling mechanisms have been abandoned and recourse 
made to the use of toothed wheels propelled by a specially 
shaped pallet fixed at the end of an arm. The latter is 
attracted by an electro-magnet and returned on the waning 
of the electrical impulses by a spring. By the attraction of 
the arm the pallet drives a small wheel half a tooth· the latter 
however, since it gears into a larger toothed whee'l will caus~ 
the la rger . wheel to move sufficiently forward for the pallet 
to engage 1t on 1ts return. 

The strong spring now briskly returns the arm and the 
wheel is driven forward; so that by two combined movements 
the larger wheel moves forward one tooth. Mounted on 
the a rbor of the larger wheel is the seconds hand the movement 
of the arbor beipg transmitted to the hands ~f the clock by 
suitable gearing . · 

NormallY: the s!ave clocks are operated at intervals of one 
sec~nd, but 1f des.1red by the introduction of a relay and an 
aux1hary reverser mto the clock circuit, impulses are sent out 
to the clocks at half-minute intervals. To actuate the reverser 
it is of course essential to provide two sets of spring contacts 
for the express purpose of controlling the current to throw the 
reverser armature over (lt the precise instant. The spring con­
tacts are operated from a " snail " carried on the centre arbor 
of the ':"ast.er dial! so that the " snail " makes one complete 
revolu~on m a .m~nut~. The spring contacts being disposed 
at 18o apart, 1t IS ev1dent that on the " snail" making one 
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revol11_tion, each pair of contacts will be closed once for a 
ce1tain period. 

When either of the contacts close the circuit the instan­
t aneous action of the reverser transmits a momentary current 
through the relay. The latter in turn on becoming energised 
closes for an instant the clock circuit, in wh ich is included an 
auxiliary battery for supplying the requisite current for the 
propulsion of the hands of the slave clocks. 

This practice is in strict accordance with the views of the 
inventor of the system, that it is advantageous .to remove 
all extraneous work to an extraneous circuit, thereby relieving 
the master clock of unnecessary work. 

The " cottage system " of Princeps clocks is a modification 
of the larger system, and consists of a special type of master 
clock in which no relaying mechanism is necessary. 

The clock is very compact and contains its own dry battery 
for maintaining the oscillation of the half-seconds pendulum, 
as well as for the driving of the slave clocks. 

Advantage is taken of the flowing of the momentary 
currents through two distinct circuits to drive the slave clocks. 
The circuits are completed at every alternate swing of the 
pendulum, so that by the inclusion of a balanced number of 
slave clocks in the circuits, each set of clocks will receive an 
impulse alternately ; hence the slave clocks are propelled 
a t one second intervals. 

The Princeps Company have also incorporated the 
reverser scheme for the dual purpose of maintaining the swing 
o f the pendulum, and for propelling the mechanism of solo 
clocks. 

Turret clocks are also capable of being driven and operated 
b y this new and revolutionary principle. 

1n'1:eresting Data. 
Voltage required 4 to 4! volts. 
Current per clock so milliamperes. 
Duration of contact .os second per impulse. 
Master clock 2 1 ampere hours per· annum. 
H alf-minute slave d ock (About r ampere hour pe r 

systems \ annum per clock. 
. { About 30 ampere hours per 

Seconds 1mpulse slave clocks annum per clock. 

I N DE X 
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" Captain Watts is to be congratulated on his ability to put 
in writing methodically and concisely the results of a life-time 
of experience."-fairp/au. 180 pp. ll!ustrated. 
By R. H. CLAPPERTON • • • • • • . . • • 1/6 
T he accepted Text~book on Paper.making, with Illustrations 
of fibres from Microphotographs and Plates. 3rd' Edition. 
Revised and Enlarged. 230 pp. ' 
By P. N. HAS LUCK " .. .. .. .. .. 2J .. 
A Practical Manual on the Construction of Patterns. 144 pp. 
Crown 8vo. With I 00 Illustrations. 

~YL~~~~Bo~kN:n~~actical i ~struci:i.on in 'the l ea~t.kno~~ a5~d 
most Beautiful o£ all Branches of Applied PhotoQraphy. 
140 pp. Profusely Illustrated. 

.~).~; ~·o~~~~ht t~·be in 't'he ha~ds of ~il mini~i stud~nt~~;. 
-Science and Art of Mining. 
5th Edition, Enlarfled. 248 pp. Illustrated. 

2Y P~~c~~alHM:~uai . expl~i.ning how t~· mak~· Mod~ls 6~{ 
Buildin~s. 196 pp. 130 lll ustrations. • 

~). ~-P~· b?e~d~E:s a.~d feed~rs th~ .treali~: is on·e· of th~· m~s~ 
desirable of recent issues dealinR' with the indust ry."- Norlh 
British Aariculturist. 96 pp. Illustrated . 

~~ '!~e!~~~~o deal' ~n pr~~ti c11l \incs ~ith a~ 'ancie~~ a
3!d 

important craft, containing information on both Plain and 
Ornamental Plaster Work. 190 pp. 
By E. G. B LAKE .. .. .. • • .. (each) 6/-
A T ext~book to the Practice of the Art or Craft of the Plumber. 
Each Vol. 180 pp., Illustrated. (Sold separately.) 
Vol. I. LEAD L AYING, &c. Vol. 2. SANITARY APPLIANCES, &e. 

~~~o'u~· feA~~~~~rul vade ·~ecum 'i'or.Jad·i~s int~;ested ·i·n .~~~ 
wants and welfare of plants under 1he1r own mana(l'ement; -
Farmer's Gazelle. New Edition. 176 pp. 65 Illustrat ions. 

~)t~·t:n:~;~h~v~:te .. of ve;~city th~oug'h~·ut, a~d a pur~· fr!~ 
beinv an exposit ion of the modern principles of poultry farm~ 
ing, it is full of practical hints that every poultry keeper can 
utilise with profit." - Poullry. 4th Ed n., Enlarged. 160 pp. lllus. 

¥bi;bo~k ~~~~jd su~~ly a i~nv·feit' need: for it d~s.crib~~ P~~: 
vcntive measures as well as t he means o£ dest roying rats and 
other pests. 90 pp. 
By E. T. L ARNER • • .. .. .. ,". • • 2/G 
A Manual for Wireless Stud~nts. ,tho~e quat.fym r f?r the 
P.M.G.'s. Certificate, Transmitters L1cence, etc. Second 
Edition. Enlar~ed 64 pp. 
By A. A. G. DossoN .. .. .. .. . .. 6/­
T he Diagrams in this book are intended for the Eng1neer or 

~r~~~:~~~~ne;;~0f~rn~ia~~~':~e~:ll:t~nd~~d ~~:erse~:~~~!11b: 
used. 96 pp. I 00 Illustrations. 
By G. CoLLJ NGS . . . . . . .. .. .. 2/6 
A useful little work designed to help the workman who. hns 
little knowled~e of mathematics or the theory of t he subJect . 

By E. F. SMITH .. .. .. .. ·: £ R 7/6 

t~~~~~~~::. 0!~~o:;h~hde~r;ee ~o ~~~~~~,:~~~:it:l~~~~! 0witl~1:h~ 
principlet involved in the1r operation. 248 pp. Illustrated . 
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LUTON 

PUBLIC LIBRARIES. 

LENDING LIBRARIES. 

Abstract of Rules & Regulations. 

The Central Lending Library is open daily from 
11 a.m. to 9 p.m. 

The Lee Ward Branch Library is open on 
Monday, Tuesday, Thursday and F riday from 
5 p.m. to 9 p.m.; and on Wednesday and Saturday 
from 2 p.m. to 9 p.m. 

Persons resident in Luton may obtain a ticket 
entitling them to borrow books. Borrowers 
requiring more than one book, other than Fiction, 
may obtain an extra ticket on application. 

Books must be returned within 14 days of the 
day of issue, otherwise a fine of one penny per 
week or portion of a week will be charged. Books 
may be renewed tor another fortnight if not 
required by another reader. 

Borrowers unable to o~tain a particular book 
may have an intimation that it is available for issue 
on payment of Id. to cover postage, &c. No person 
shall take a book into, nor return a book from, a 
house in which there is infectious disease. 

· Borrowers are reguested to keep the books 
clean, not to turn down the leaves, and generally 
to take the greatest possible care of the books. 

~:===============================;~ 




