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Dr. L. Essen, F.R.S., pioneer of the Atomic Clock, the standard for timekeeping in the
modern world.
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FOREWORD

From the dawn of civilization until a few years ago the standard used
for measuring the passage of time was the rotation of the earth on its axis,
and the unit the astronomical second, was a fraction of the time of rotation.
We now have a new standard in the form of a spectral line of the caesium
atom and a new unit which is defined as a certain number of cycles of the

radio wave transmitted from this atom.

The atomic clock is the culmination of a gradual transition from
mechanical clocks to electrical clocks. The first step, a small step it is true,
was made by Alexander Bain who died 100 years ago: and at every stage of
the transition England has taken a leading role. It is appropriate, therefore,
that the world’s first exhibition devoted to this revolution in timekeeping
should be held at the Science Museum. The Museum authorities and the
Antiquarian Horological Society are to be warmly congratulated on their
initiative.

L. Essen, F.R.S.
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PREFACE

When in 1970 a few enthusiasts gathered in the Science Museum and founded the
Electrical Horology Group within the framework of the Antiquarian Horological Society
it is doubt‘ul if they envisaged any national recognit'on of their studies of the application
of electricity to t'mekeeping within ther lifetimes. The decision of the Science Museum
to stage an exhibtion commemorating the centenary of the death of Alexander Bain
following an approach by the first Chairman of the Electrical Horology Group was,
therefore, received with satisfaction. It is the first exh’bition in the world showing the
evolution of the application of electricity to t'mekeeping from its first successful use in
1842 by Alexander Bain, the Father of Electrical Timekeeping, through to the use of quartz
crystal in modern timepieces. Although the Science Museum have many excellent examples
of electrical timekeepers in the Time Measurement Gallery, and is in fact the largest of its
type in the world, this exhibition provides an opportunity for seeing for the first and
perhaps the only time, further unique examples from other museums and private collections.
It is a marvellous chance for the collector and researcher alike to see and study these
clocks at first hand. It is to be hoped that the exhibition will stimulate interest in this
little-explored field of horology and perhaps encourage the investigation of the history
of firms who made and marketed the early examples, as well as evaluating the mechanical
differences. These clocks were manufactured in highly competitive days when few makers
kept records, thus the Organizing Committee has had a monumental task to perform in
providing the necessary information to make this exhibition the total success it deserves
to be.

On behalf of the Electrical Horology Group of the Antiquarian Horological Society
I wish to thank the staff of the Science Museum for their unfal'ng co-operation and the
Director, Miss Margaret Weston, for the opportunity of participating in this event.

F. G. Alan Shenton,
Chairman Electrical Horology Group.
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INTRODUCTION

Electrifying Time is an exhibition for the layman, enthusiast, and expert horologist
alike. For the first time many examples of electric clocks and watches are brought
together in an exhibition devoted entirely to electrical timekeeping. The Director of the
Science Museum, Miss Margaret Weston, has shown great fa‘th in sponsoring the
exhibition under the financial and other restrictions that are being experienced today.
Encouragement has also been given by the Council of the Antiquarian Horological Society,
together with financial support in the product’on of this catalogue.

Credit too must be given to the Electrical Horology Group of the Antiquarian
Horological Society which in its existence of only five years has done much to further
historical research into developments a!l but forgotten until quite recently. W thout the
great efforts made by the Electrical Horology Group the present exhibition could not have
been presented.

Grateful appreciation is expressed to all those individuals and firms who have so
generously loaned exhibits. Personal acknowledgements cannot, unfortunately, be made
to individuals because of security; acknowledgements to firms and public bodies are
given elsewhere in the catalogue.

We must not forget that the exhibition is being held to commemorate the centenary
of the death of Alexander Bain, a lone genius of vision who, like so many other inventors,
was not recognised in his time. He laid the foundations of electrical timekeeping,
recorded for us in his Patent No. 8783 dated 1841, and made the first electro-magnetically
operated pendulum clock in the world in 1842. Only in recent times has Alexander Bain
received any of the credit due to him for his single-handed achievements in the sphere of
electrical timekeeping.

Complementary to the exhibition may be found the extensive electrical horology
displays in the Time Gallery on the first floor of the Science Museum. The exhibits are
mainly the result of the perspicacity and far-sightedness of Frank Hope-Jones, another
early pioneer of electrical horology, who donated a large number of the electrical time-
keeping exhibits before his death in 1950. Here again the Science Museum must be
congratulated for the acumen displayed in forming such a collection at a time when old
electrical timekeepers were regarded as fit only for the rubbish dump. It was to prevent
the constant loss of valuable examples of the art of electrical horology that the Electrical
Horology Group was formed, alerting collectors to the danger of unique examples being
lost for ever. An awareness now exists throughout the horological world that electrical
timekeepers are no longer to be despised, they are fascinating examples in their own right.

Should you, as a visitor, possess some electrical timekeeper of uncertain vintage;
perhaps you might like to consider donating it to the Science Museum to help build up the
collection. Although it is the largest in the world, nevertheless there are gaps which
require to be filled to make the collection fully representative of the art and science that
inventors in England did so much to bring to perfection.

Charles K. Aked.
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ELECTRIFYING TIME

A Short History of Electrical Timekeeping

Electrical horology has its origins PEr7T T -_—
much earlier than is realised by most £ |1cE S v —— |
horologists and before discussing electric |gA&s Ei’%‘ : e =
clocks it is desirable first to review the PRS- |HES =S =—
early history of electricity and magnetism. - E )3 ;

Electrical effects in the form of lightning X | Z
have been known to man from the earliest [y )
times but he was, of course, completely Vs ~

unaware of the natural force involved.
The first man-made electricity was dis-
covered by the rubbing of amber, a pale
yellow translucent fossil resin of ancient
pine trees found in many parts of the
world and regarded as a precious stone at
one time. Amber has the power to attract
light objects to it after it has been rubbed.
Thales of Miletus, 640-546 B.C., father of |
"Greek philosophy, ascribed the effect to Fig. 1. Diagram from Gilbert’s De Magnete,
the presence of a soul in amber. 1600 — forming a magnet by hammering a piece
Thales knew too of the power of attrac- of iron in the earth’s magnetic field.

tion of lodestone on small pieces of iron.

Lodestone is a magnetic oxide of iron which occurs naturally in certain parts of the world.
Thales also ascribed a soul to lodestone to explain its curious power. Long before the
Greeks, the Chinese were aware of the power of the lodestone and it was called by them
the love-stone or thsu-chy, and the stone which snatches iron, or ny-thy-chy. There is
a legend, now discounted, that the great Emperor Hoang-Ti, in the year 2635 B.C., had
a chariot constructed incorporating the lodestone and which indicated the cardinal points.
However the Chinese appear to be the first to have made use of the lodestone for
indicating the North pole of the earth and finding their way across the featureless tracts
of China. Although the knowledge of the use of the lodestone for navigational purposes
was lost and found many times thereafter, it was from these beginnings that the mariners’
compass was later evolved. The Greeks and Romans of Thales’ time did not know of
the direction-indicating property of the lodestone and it was left to Peter Peregrinus to
record the knowledge of magnetism, such at it was, in the thirteenth century A.D. under
the title of Enistola de Magnete.

Dr. William Gilbert, 1540-1603, physician to Queen Elizabeth I, was the first to explain
the nature of magnetism in his classical treatise De Magnete published in 1600, see Fig. 1.
He turned a globe from lodestone and called it terrella, or little earth, and showed that
it caused effects similar to those of the earth’s magnetic field, thus demonstrating that the
earth is a huge magnet. Amongst other things he showed that magnets have two poles
and that steel retains magnetism whereas soft iron will not. He further showed that the
north-seeking pole of a magnet repels a similar pole but is attracted by a South-seeking
pole. In like manner a south-seeking pole repels a similar pole but is attracted by a
north-seeking pole.

Dr. Gilbert also performed experiments with amber and found that whilst iron could
only be magnetised by a lodestone or other magnet, many substances could be electrified.
He called this mysterious force “electrics” from the Greek word signifying amber. He
also classified substances into two groups, those which could be electrified and those which
could not. William Gilbert therefore was the founder of the science of electricity and
magnetism.

Baron Otto von Guericke, 1602-1686, of the famous Madgeburg hemispheres
experiment, made the first “ frictional machine ” for producing electricity. He used a
globe of sulphur mounted on a spindle and rotated the globz against the friction of his
hands or silk pads. His device produced electricity in greater quantity than had been
previously possible but it was what we now refer to as “static electricity ”, i.e. high

1
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voltage, extremely small currents, and hence very little power although capable of many
spectacular effects. Sir Isaac Newton replaced von Guericke's globe of sulphur by a globe
of glass and improved the working of the machine but beyond that seems to have made
little contribution to the science. The discovery of the Leyden jar by Mus-chenbroek,
1692-1761, and his pupil Cuneus about 1745, (and independently by von Kleist, Bishop of
Pomerania), wh'ch allowed charges of electricity to be stored and enabled even more
spectacular effects to be demonstrated, caused great excitement in the scientific c¢'rcles of
Europe and America. Musschenbroek was the first man to experience the effect of the
discharge of a Leyden jar through the human body and had no desire to repeat it,
however there were others more foolhardy and it became a common parlour trick to
discharge a Leyden jar through many people, sometimes up to a thousand, in order to
enjoy the spectacle of seeing so many a'l jump at once.

Stephen Gray, 1696-1736, discovered that the substances which Dr. Gilbert was unable
to electrify, nevertheless could conduct charges of electricity. Working with Granvil
Wheler he found that charges of electricity could be conveyed several hundred yards
along pack thread providing it was supported on silk cords to avoid contact with any
object. His work is fully reported in Philosophical Transactions for 1731, volume xxxvii,
p. 18. J. T. Desagu'iers, 1683-1738, showed that the charge was conveyed more effectively
by moistened pack thread although the supports had to be kept dry to prevent the charge
leaking away.

In 1678 Swammerdam demonstrated to the Duke of Tuscany the contraction of a
frog's muscle hanging by a thread of nerve bound by a silver wire and held over a copper .
support. When the silver wire touched the copper support the muscle twitched as though
alive. More than a century later, in 1786, the Italian physician Luigi Galvani, 1737-1798,
noticed that dissected frogs’ legs twitched in the vicinity of electrical machines when in
operation and also that when two dissimilar metals were placed in contact with the nerve
and muscle of a frog’s leg, the muscle twitched when the metals were touched together,
see Fig. 2. He attributed the effect to the production of electricity in the frog leg. However
a fellow-Ital’an, Allesandro Volta, 1745-1827, demonstrated that the electricity was
generated by the two dissimilar metals s
when immersed in a salty fluid. Further he
produced the first practical source of
current electricity by inventing the famous
Volta’s pile. Another battery invented by
Velta was his famous “ Crown of Cups ” or
“Couronne de Tas<es”. Volta reported
his findings to the Royal Society and they
were printed in Philosovhical Transactions,
1800, volume XC pp. 403-431. A diagram
from this report is shown in Fig. 3.

Shortly afterwards, in 1802, Romagnosi
of Trente found that a wire carrying an
electric current caused a compass needle to
move. He did not publish his findings and
his discovery dropped into oblivion.
Professor Hans Christian Oerstedt, 1770-
1852, rediscovered the effect almost by
accident in 1819. Further effects due to
electric currents in conductors were
demonstrated by Andre M. Ampere, 1775-
1836. His theories of the electric current
were  formulated into  his  * Electro-
dynamics ” to distinguish it from the
earl’er electrical effects known as ““ Electro-
statics”.  Ampere also discovered the
solenoid, or spiral coil of wire, which
behaves like a bar magnet when an electric
current flows through it. Dominique

Arago, 1786-1853, another Frenchman, Fig. 2. I%uigi (];alvagi shovxis the contraction of
found in 1820 that the solenoid’s magnetic o RS e O e t\Nni(l:liacn? rlflgil;lyg;nan Lid.
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field could be considerably increased by
inserting a soft iron bar within it, a dis-
covery also made independently by
Humphrey Davy, 1778-1829. When the
current ceased to flow through the solenoid
the soft iron lost its magnetism completely.
Will'am Sturgeon, 1783-1850, used these
discoveries to make the first electro-
magnets in 1825. He improved the effect
by bending the soft iron bar into a U-shape
and winding many turns of bare copper
wire on the limbs. It is said that he used
his wife’s silk wedding dress to provide
the insulation of the bare copper wire from
the iron core. If so her remarks have not
been recorded ! When Sturgeon passed an
electric current through the copper wire ) , , o
he found the bar to behave exactly like a Fig. 3. Dlagraqtrhfrom Volta’s communication to
e Royal Society.
strong permanent magnet but when the By courtesy of The Royal Society.
current ceased the iron bar returned to its
original unmagnetised state. These effects could not be displayed for very long for the
primitive cells that were then in uce could supply current for short periods only. It was
not until John F. Daniell, 1790-1845, invented his famous two-fluid Daniell cell in 1838
that a reliable steady current source became available.

The scene is now set to consider electrical horology. One of the first allusions in
writing is made by Alexander Cummings in h's account of the “ Properties of the Magick
Alarm: by means of which many pleasing and surprising Tricks may be played, in the
manner of Comus, like playing an organ or ringing a bell at fixed time . Whilst the writer
had not discovered the actual account of the appara‘us used, it is obviously electrically
operated since item six of his account states, after an initial deletion,

If a Stranger attempts to remove it from its place : it will instantly Electrify him. This may

be very useful to frighten Thieves or House breakers. Or to drive away Rats that have got
possession of Granaries.

Item one states that

It will Play an Organ, Ring bells etc. at any desired time within Ten days and begin without
fail, within a few moments of the hour of Night or day appointed : without any immediate com-
munication with its owner for several days before its performance.

Cumming apparently anticipated electric clock alarms and radios for arousing sleepers
by one and a half centuries !

About the same time James Ferguson, in his treatise An Introduct'on to Electricity,
Ist Edition publiched 1770, pages 26-30, described a clock and an orrery driven by
electrostatic motors. Fig. 4 shows the plate from his book which illustrates the devices.
In the preamble on page 25 Ferguson writes,

It must be confessed they do not properly beiong to the class of electrical experiments
because they might properly be put into motion by water, wind or weights. Yet, as it is not
unpleasing to see them move by electricity . . . All the wheels and trundle-heads are made of
card-paper, the axles of common knitting wires, the trundle-staves of wood, the frames (in which
the ends of the axles turn round) of thick brass wire and the supporting foot of wood. The
biggest wheel, which resembles the water-wheel of a common breast-mill, is five inches in
d'ameter; and all the rest of the wheels much in the same proportion thereto, as the figures
represent them. The whole work is made so free, easy and light, that a force equal to one grain
weight, acting on the great wheel, will put all the rest in motion.

The clock and orrery described and illustrated by Ferguson were only demonstration
models as he states on page 25, “. .. and, for the amusement of those who attend my
lectures, I set these models in motion by a stream of electric fire ”. As Ferguson’s models
were driven by static electricity and since the only source available at that time was the
electrostatic machine turned by hand, it was hardly a practical proposition, nor could
timekeepers be made using this principle.

Circa 1809 J. A. De Luc invented an electrical device to which he gave the name
electric column. It consisted of a very large number of pairs of silver and zinc discs
separated by paper, mounted within a glass tube or within three glass rods to keep them
in position. Connections were taken to the outer extremities of the column and De Luc

3
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Fig. 4.
Ferzuson’s
electrically
dr.ven clock
and orrery.

I Fovg

found that he couid show static electricity effects by means of his column. He devised
an_electrically driven pendulum working from his column consisting of a gilt-coated pith
ball suspended by a silk thread which oscillated between two brass balls or two bells
connected to the column. The electrostatic forces of attraction and repulsion of the
charges on the bells and gilt ball caused the ball to oscillate rapidly between the bells.
De Luc was not interested in an electrical timekeeper but rather in trying to find the
relationship between atmospherical electricity and the weather. In fact he called his
pendulum and column the “ Aerial Electroscope”. However another experimenter,
F. Ronalds of Hammersmith, London, succeeded in 1814 in constructing a “ Galvanic
Clock ” which made use of a modified De Luc’s pendulum. About the same time workers
on the Continent were also engaged towards the same end.

In the summer of 1815 an electrically operated clock was displayed in the window of
the store belonging to J. G. Zeller in the Rosengasse, Munich, Germany. It was the work
of Professor Ramis and was for sale at 30 Carolin or 600 Gulden, a price evidently regarded
as high. The clock was driven by two electric columns containing two thousand elements
enclosed in glass tubes. In spite of the high voltage of the columns they were quite safe
to touch since the voltage collapsed if the connections were contacted. Professor
Ramis’s clock appears to have had a compound pendulum fitted with an upper extension
carrying a small hammer which was alternately attracted and repelled by the potential of
some four thousand volts existing between the two bells mounted on the top of the
columns. As the hammers struck the bells in turn it gave a fine ringing sound according
to accounts of the time. Although actual details of the clock’s construction have not
come to light Fig. 5 illustrates the outward appearance of Professor Ramis’s clock.

De Luc’s electric columns are now known as Zamboni piles and still have applications
today, e.g. night vision binoculars and telescopes. Zamboni himself demonstrated a similar
clock to that of Professor Ramis to the Art Society of Geneva many years later in 1832.
He must have been aware of the applications of De Luc’s pendulum and Professor Ramis’s
clock. It is also of interest to note that at the Clarendon Laboratory at Oxford there is a

4
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Zamboni pile connected to two bells between which hangs a brass ball suspended on a silk
thread. The pendulum has been working continuously and ringing the bells for over
one hundred and thirty years !

Francis Ronalds also made use of static electricity with clocks when he constructed
his telegraph in the grounds of his house in Hammersmith. Clocks were used at both
transmitting and receiving positions to allow synchronisation and identfication of the
letters passed over the telegraph. Ronalds also made use of the pendulum of an ordinary
spring driven clock to generate the static electricity required for the operation of his
telegraph by means of his ingenious “ Pendulum Doubler of Electricity ”. The modus
operandi of his device is too complex to descr’be here. This was one of the last attempts
to harness static electricity with telegraphs and clocks, and whilst the description used by
the writer is dated 1823, it is certain that Ronalds used his device as a modification of
the revolving doubler which Nicholson or Bennet invented earlier. Thus we must leave
the field of static electricity with the observation that no acceptable practical time-
measuring device resulted from its employment as the motive power.

We have aiready seen that the magnetic effects of a current were known by 1819-20
as a result of the work of Ampére and Arago. To give some idea of the great step
forward as a result of these discoveries, the prize question set in Natural Philosophy for
1810 reads: “Philosophers have long bestowed great value on seeking to discover the
connexion that subsisted between electricity and magnetism, which exhibit phenomena so
similar and so different . . . The Royal Society, thinking that this part of experimental
philosophy may be considerably improved, offers a prize to the writer, who, taking
experience for his guide and support, shall give the best exposition of the material
connexion between electricity and magnetism ”. Henceforth, with the discovery of the
connection between electricity and magnetism, inventors always made use of magnetic fields
created by electric currents to provide the motive power for electro-mechanical devices.

In 1826 Georg Simon Ohm, 1787-1854,
propounded his now famous law connect-
ing voltage, resistance and current in an
electrical circuit. The basis of his law was
contained in his paper published in 1827 in
Berlin, Die Galvanische Kette mathematisch
bearbeitat. Also in 1826 a young man
called Carl August Steinheil, 1801-1870,
built an observatory and workshop at
Perluch near Munich. He was a member
of the Scientific Acadamy of Bavaria and
became a Professor of Munich University
in 1835. Steinheil erected a telegraph
system about this time which made use of
the principle of the two bells first used by
De Luc. He had already studied time
measurement and realised that just as
mescages could be sent by telegraph, a
good clock could be arranged to report its
time to any other place or to any number
of other clocks by employing the agency of
galvanic currents. He was granted a o
privilege by the King of Bavaria on the
2nd October, 1839, and built a master e
clock fitted with contacts which he placed :
in the Educational Institute in Munich. g w
The master clock sent out current pulses T{w e
to simple clocks fitted with a magnet pass- :
ing through a solenoid which moved an

anchor escapement in reverse thus driving T

the hands of the clock. Daniell cells from '

England were used to provide the power : - ;

for the current pulses. Steinheil used Fig. 5. Professor Cilig:lllsgsls.electrostatlc clock,
either a rocking contact, developed by Dr. Loher — Privatarchiv Ste'nheil.
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STEINHEIL'S SECONDARY CLOCK

Fig. 6. Steinheil’s rocking contact and secondary Fig. 7. Drawing of Alexander Bain, from an old
clock. photograph.

Gauss, or a similar type invented by himself but where the contacts dipped into mercury,
operated directly by the pendulum as shown in Fig. 6. His improved type of contact was
supposed to take only one hundredth part of the impulse given to the pendulum in the
master clock. Another method he used was the closing of contacts every half-minute by
one of the wheels in the train of the master clock. The half-minute current pulses were
used to drive a secondary clock of a type different from that for the pendulum contact.
How successful the systems used by Steinheil were in practice is yet to be discovered.

In the early 1800’s great interest was shown in the development of electrical science
and applications of electricity to telegraphic communication, particularly in England
although there were very few who understood the fundamental laws governing the
behaviour of electrical circuits. Even quite br.lliant men of science were unable to explain
phenomena which could now be elucidated by a ten year old schoolboy. Popular lectures
and demonstrations on scientific subjects were the order of the day. A young Scotsman
named Alexander Bain, a nineteen year old apprentice to Mr. Sellar, watchmaker, of Wick,
attended such a lecture on light, heat, and electricity at Thurso in 1830. He may not
have known it at the time but it was to be the turning point of his life. Bain was
completely fascinated by the lecture and lingered afterwards listening to the remarks of
the lecturer to some of the audience who remained behind. He then returned to his
father’s farm at Watten thirteen miles away, fo'lowed by a walk to Wick next morning of
eight miles | Many years later Bain, see Fig. 7, wrote in his book A Treatise on Numerous
Applications of Electrical Science to the Useful Arts, published in Edinburgh, circa 1870,
“The listening lad was cold too, for it was a bitterly cold night, so he made his way home
as fast as he could; but he never forgot the lecture, nor the subsequent conversation ”.
He goes on to say: “ He had but little opportunity to learn much unt’l he came to London,
ear'y in 1837, when he began to attend lectures at the Adelaide Gallery and Polytechnic
Institution; and seeing the beautiful electro-magnetic apparatus in act'on at these places,
his attention was drawn to consider how they could be applied to useful purposes. The
application of this mysterious power to the mechanism of his own business (clockwork)
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