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SINCE the appearance of the first edition of this work, 
considerable development has taken place in Electrical 
Horology, particularly in the realm of the synchronous 
motor clock, and an attempt has been made to include 
the more interesting of these developments. 

At the same time, some systems described in the First 
Edition have been rendered obsolete, and have been 
withdrawn where not considered of permanent value. 
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PREFACE 
PRESENT-DAY literature on the subject of Electric Clocks 
mostly falls into two classes—one dealing with the 
subject from an historical viewpoint, and the other written 
for the amateur constructor of such clocks. 

In the present work the writer has aimed at giving an 
outline of the principles, construction, and installation of 
typical modern electric clock systems. 

I t is, of course, impossible to deal with every system 
and make of clock, not only for want of space but for the 
fact that these are being added to daily. 

The writer would here like to acknowledge his indebted-
ness to the many firms and individuals who have placed 
information and illustrations at his disposal in compiling 
this work. 

S. F. PHILPOTT. 
B A N B U R Y , 1 9 3 2 . 



PRINCIPLES OF ELECTRICITY 9 

The conditions prevailing in the electric circuit conform 
fairly closely to the hydraulic circuit as given above, but the 
analogy must not be taken as being an exact one. 

Electrical pressure is measured in "volts." The pressure 
obtained from a battery is 1 to 2 volts per cell, depending on 
the type. Country house lighting plants usually work on 25, 
50, or 100 volts, 50 being the most common. The pressure of 
commercial electricity ranges from 100 to 250 in this country— 
220 and 230 volts being the most general. 

The rate of flow of electricity, corresponding to the gallons 
per minute in our hydraulic analogy, is known as the " ampere," 
named after an illustrious pioneer in electrical science. 

Opposition to the flow of current, termed resistance, is 
measured in "ohms." 

Now referring back to Fig. 1 the voltage across the battery 
terminals, sometimes called the electro-motive force or simply 
E.M.F., is measured by voltmeter Vv On closing switch C1 
the full pressure is also indicated by F3. I t should be noted 
that there is no pressure drop in the circuit until the current 
flows by closing switch C2. 

When the current flows, the voltage of the battery or 
generator falls a little, the ampere-meter indicates the amount of 
current, and a drop of pressure occurs over each clock/)! and D2. 

Similar to the water circuit, the amount of current can be 
increased by increasing the battery pressure or by reducing 
the resistance of the circuit so that it may be said that the 
current produced is directly proportional to the pressure (or 
electro-motive force) and inversely proportional to the resis-
tance of the circuit. 

I t would be very convenient if it were possible in the above 
expression to write "is equal t o " instead of "proportional to," 
and the electrical units mentioned,^bove have been chosen 
with this object so that we come to the fundamental formula 
of all electrical engineering, known as Ohms Law, thus— 

A volts Amperes = — . ohms. 
Thus by simple conversion we get— 

Volts = amperes X ohms and 
volts Ohms = amperes 
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resistance of one centimetre cube of the metal is known as the 
'' specific resistance.'' 

Knowing the specific resistance of a conductor, the actual 
resistance can be calculated from the formula. 

. , . _ . length (cm.) X sp. res. Resistance (ohms) = — 2 r v area (sq. cm.) 
Before passing to a more practical aspect of the subject it 

is necessary to consider the question of resistances in series and 
parallel. 

If two or more resistances are joined in series, as Fig. 5, the 
resultant resistance will equal the sum of the separate resis-
tances, or generally— 

_Rt = R-l -1- -f- -R3 
The volt drop across each will be in proportion to its resis-

tance : thus if the coils in the figure had resistance of 3,5, and 
4 ohms, and a six volt battery were applied as shown, the volt 
drops would be 1-5, 2-5, and 2 volts respectively. 

The current flowing would be, by Ohms Law— 

6
 K = = 1 2 i ~ ' 5 amperes. 

The calculation of the resistance of two or more circuits in 
parallel is not quite so simple. 

The rule is, add together the reciprocals of the resistances, 
and the reciprocal of the answer gives the resultant resistance, 

-Rj 
In the circuit shown in Fig. 6 the reciprocal of the resis-

tances A, B, and Care J, and 1 respectively, which added 
together give If or The resultant resistance is, therefore, 
f ohm. 

A term met with frequently in electrical work is the watt. 
This is the unit of electrical power. 746 watts are equivalent 
to one horse-power. 

1,000 watts are called a kilowatt. In direct current circuits 



28 ' MODERN ELECTRIC CLOCKS 

Fig. 19 gives a side elevation of the mechanism of this 
portion of the clock. A is the 'scape wheel, B the pal Jet, C the 
pendulum crutch (a strip or wire bent to engage with the 
pendulum rod as shown), and D is the pendulum rod sup-
ported at E. 

As the pendulum swings to the left, Fig. 18, left-hand pallet 
F rises and allows the tooth of the 'scape wheel to travel 

forward, an impulse being imparted to the pendulum in so 
doing. At the same time the right-hand pallet G falls and 
arrests any further motion of the 'scape wheel. As the pen-
dulum comes to the end of its travel the cycle is repeated. 

If a clock having one of these escapements be examined it 
will be seen that for a fraction of each stroke the pendulum 
is called upon to drive against the spring. Thus the pendulum 
cannot be considered "free," but for domestic clocks this is 
not important. 

High-class weight-driven clocks or "regulators" are often 
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fitted with an escapement known as the dead beat type, in 
which this "recoil" action does not take place. 

Clocks with dead beat escapements require very careful 
levelling, and a substantial mounting to work properly. This 
is one of the reasons why domestic clocks are almost always 
fitted with the recoil type of escapement. 

Mechanical turret clocks are usually fitted with another 
form of escapement, known as the gravity type, invented by 
the late Lord Grimthorpe. In this the pendulum is driven by 
a pair of gravity arms raised by the train at each beat, but 
falling on the pendulum rod by their own weight only. The 
power used in lifting the arms is not taken from the pendulum, 
and the weight applied to the pendulum is always constant. 

THE BALANCE. There are many instances where it is im-
practicable to employ a pendulum, as for example in portable 
clocks, watches, and ships' clocks. In these cases a balance 
wheel and spring is used. 

The vibration of the pendulum is replaced by the to and 
fro motion of the balance wheel under the influence of its 
control spring, the escapement being operated by a suitable 
link motion. As with pendulum control, the balance is kept 
in motion by an impulse taken from the spring. 

Having now briefly outlined the principles and construc-
tional features of mechanical clocks, we may briefly consider 
the various types of electric clocks to be found. 

These may be divided into five groups, viz. (1) impulse 
clocks, electrically driven and arranged to operate any 
number of subsidiary dials, (2) self-contained clocks driven 
by a battery, (3) mechanical clocks, wound electrically, (4) 
synchronous motor clocks operated from and controlled by 
the electricity supply mains (the time-keeping of these is 
really dependent on an impulse clo^k covered by class (1)), 
and (5) synchronized clocks which may have any form of 
driving power, and can only be called electric as their time is 
electrically corrected at hourly or other intervals. 

Electric clocks possess the following principal advantages: 
no attention as there is no winding to be done, accurate 
time-keeping (the pendulum can be relieved of practically all 
work and has merely to keep time), all the dials in the building 
can be operated from one master clock, and every clock will 
show the same time. 



CHAPTER IV 

IMPULSE CLOCKS 

Introduction 
THE most used and undoubtedly the most familiar type of 
electric clock is that operated on the impulse system, which 
is met with in all large factories, railway stations, schools, and 
other institutions where accurate time is required throughout. 
Tremendous loss of time is a regular occurrence in places 
where independent or unreliable clocks are in vogue. Employees 
are never certain when the cease work signal will sound, and 
consequently prepare to leave sometimes as much as five 
minutes before time. A saving of even two minutes twice a 
day in this manner represents two hundred hours per week in 
a factory employing a thousand men. 

On tramway and railway undertakings uniform time all over 
the system is, of course, an essential, and can only be obtained 
by electrical means. 

The dials of impulse clocks are characterized by the fact 
that the hands usually move forward in jumps of a half minute 
at a time, although in some systems jumps of a full minute 
are made. 

In most systems it is possible for the hands to be arranged 
to advance in steps of a second at a time when necessary, such 
as in clocks used for testing purposes, telegraph timing, or the 
accurate time regulation of industrial processes. 

Slow advancement is also desirable for public clocks at 
railway termini. A "minute jumper," as this type of clock is 
termed in America, may show a prospective traveller that he 
has a minute to join a train. An instant later the hands 
might advance to the departure time and the train leave with-
out him. 

Numerous systems of impulse clocks have been invented 
from time to time, many of which have dropped into disuse. 
There are, however, several systems giving good service in 
this country to-day. 

All impulse clock systems comprise three essentials. 
30 
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1. A master clock arranged to transmit electrical impulses 
at regular intervals to the clock dials. 

2. The dials or secondary clocks. 
3. The battery or other source of power. 
Other refinements, such as battery warning indicators, pro-

gramme controllers, etc., are often included, but do not concern 
us at this juncture. 

The master clock is invariably a very high-class time-keeper, 
and may be a mechanically wound clock fitted with suitable 
contacts which close at half-minute intervals, or it may be 
electrically driven. The latter is almost universal practice 
to-day. 

While spring- and weight-driven clocks require weekly 
attention, electrically driven master clocks work, of course, 
without any attention being necessary except very occasional 
lubrication, and even less occasional renewal of the driving 
battery. 

Incidentally, electrically driven master clocks represent the 
simplest and, therefore, most accurate type of clock. Modern 
designs rarely have more than one wheel in their mechanism— 
in fact, one commercial type has been evolved which has 
no wheel at all—and the pendulum is as nearly as possible 
free. 

It has been shown in a previous chapter that to obtain 
absolutely accurate time-keeping the pendulum must swing 
freely, that is to say, it must not be called upon to do mechan-
ical work such as the driving of a clock mechanism, nor must 
its swing be interfered with in any way. 

In a mechanical clock the pendulum is bound up with the 
escapement mechanism, from which it receives an impulse at 
every stroke. 

In the electrical clock, the master p&idulum is not concerned 
with the driving of the dial mechanism—this is done by 
electric power—and it is only given a very gentle impulse when 
required, usually twice a minute. For the rest of the time, the 
escapement is held clear of the pendulum. 

In the ordinary commercial electric master clock the only 
work the pendulum is called upon to do is to turn a light 
"count wheel " one tooth at a time to enable a contact to be 
made once per revolution. The closing of this contact causes 
the dial hands to move forward one step, and at the same 
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time the pendulum is given a gentle impulse to keep it in 
motion. 

It may be mentioned here that commercial forms of impulse 
clocks are capable of being regulated to keep accurate time to 
within a second a week. 

Special forms for observatory work have been found to 
keep within a second a year—a truly remarkable performance. 

The standard time-keepers at Greenwich observatory are 
electric impulse clocks, and the familiar six-dot-seconds time 
signal transmitted by the B.B.C. is obtained from one of 
these clocks. 

The clock dials themselves call for little mention. They are 
exceedingly simple in construction. Assuming that the im-
pulses are received at half-minute intervals, the minute hand 
spindle is fitted with a 120-tooth ratchet wheel, and the neces-
sary train of gears to drive the other hand at one revolution per 
twelve hours. This represents all the gearing. Adjacent to the 
120-tooth ratchet wheel is an armature operated by an electro-
magnet so arranged that each impulse advances the ratchet 
through one tooth, and with it the long hand through one 
half-minute. 

The dials are usually connected in series with the master 
clock and battery, and there is no limit to the number which 
can be operated from the same master clock. Installations of 
100 clocks or more are quite common. 

In practice, of course, such a big number of dials would be 
split into groups to ensure that a breakdown of one dial would 
not stop the whole system. This will be discussed later. 

The power for impulse clock systems is generally derived 
from batteries—either primary cells or accumulators—the 
latter often being arranged to be "trickle charged" from the 
electric supply mains. 

The current consumption and voltage per dial varies with 
different systems, but it is very small, 0-2 amperes and one 
volt respectively being about the average. 

Dry batteries are eminently suitable for supplying the 
current for driving the clocks. A good make of battery will 
work an installation for two or three years continuously 
without attention. 

Direct drive from the ordinary power supply mains is not 
usually desirable, as complications are introduced into the 
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various components and their wiring, besides which a failure 
of the supply will cause the clock to stop. A battery failure, 
on the other hand, takes place gradually, and the need for 
renewal is apparent long before actual failure takes place. 

Accumulators are useful when they can be "trickle charged " 
from A.C. mains through a transformer and rectifier. Trickle 
charging from D.C. mains is not practicable without first 
disconnecting the accumulator from the clock circuit, which 
calls for a reserve battery and special arrangements for quick 
change-over to ensure that a beat is not missed in the process. 

The question of power supply and wiring of impulse clocks 
will be discussed at some length in a later chapter. 

We have now seen that the electric impulse system is capable 
of giving absolutely accurate time at as many points as 
wanted with practically no maintenance. 

Impulse clocks cost little to buy and install, and the wiring 
is of the simplest nature. 

The master clock is generally provided with an advance 
and retard device by which all the clocks on the system can be 
adjusted together at the change-over from Greenwich to 
summer time and vice, versa. 

Besides being used to actuate clock dials the time impulses 
can be used to operate workmen's time recorders, and to 
control industrial processes. The number of applications of 
this nature is legion. 

Impulse clocks are eminently suitable for home use, and are 
much used in large residences. 

In smaller houses, however, they have not come into favour, 
mainly because one or two good clocks are all that are required 
in the ordinary household, and broadcasting provides a fre-
quent and accurate means of checking the time-keeping of 
domestic mechanical clocks. ' * 

The master clock is the greatest single item of expense in 
an impulse system, and would thus represent a large propor-
tion of the total cost of a domestic installation, whereas it 
would be insignificant in that employing several hundred dials. 
Incidentally there is usually no difference between the con-
struction of a master clock controlling two or three dials only, 
and one controlling a whole community. 

The additional wiring is often an objection as far as private 
houses are concerned. Generally speaking, one of the other 
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systems to be described in later chapters is to be recommended 
for home use. 

It is now proposed to describe in detail some typical exam-
ples of the impulse clock systems used in this country. Space 
does not permit of a description of all of them. It should be 
remembered, too, that every large installation has some 
special feature requiring individual treatment by the manu-
facturers. 

For instance, a factory may be equipped with a half-minute 
impulse installation, and require seconds indicating dials in 
certain departments, or again it may desire to have its work-
men's time recorders brought into line with the other clocks 
without upsetting their maker's guarantee. 

The Synchronome System. 
The Synchronome is one of the best known systems of elec-

tric clocks, and enjoys a world-wide reputation, not only for 
commercial time-keepers, but also for very high-class instru-
ments such as are used in observatories. 

I t is also the oldest of present-day electric clock systems, 
dating from 1895, the patent for which was the first of a long 
series of inventions on which British practice is now largely 
founded. 

Space does not permit of a detailed exposition of its develop-
ment, and for this the reader is referred elsewhere.1 

Suffice to say that the aim of the inventors, of whom Mr. 
F. Hope-Jones is the principal, has been to produce a commer-
cial clock approaching as near as possible to the performance 
of a free pendulum. 

Step by step the clock mechanism has been simplified in 
order to relieve the pendulum of any duties liable to influence 
its free performance until master clocks are available having 
no wheels at all in them, and a Synchronome free pendulum 
clock installed at Greenwich Observatory has proved so 
accurate and regular in its time-keeping, that it is actually 
used to check the inconsistencies of the periodic motions of the 
heavenly bodies such as the rotation of the earth. The maxi-
mum discrepancy of this time-keeper is of the order of 0-75 
second in a year. 

Like other impulse clocks, the Synchronome comprises three 
1 See Electric Clocks by F. Hope-Jones. 
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essentials, viz. the master clock, the 
dials, and the battery. It is proposed \ 
first of all to describe the more common 
type of Synchronome clock and its 
associated equipment, then to follow 
with a description of the special free 
pendulum model. I t will be seen that 
even the commercial model master 
clock, such as installed in factories and 
similar places, has only one wheel. 

Fig. 20 shows a typical master clock. 
The dial does not form part of the clock 
mechanism, but is controlled electrically 
in the same way as any other dial in 
the circuit. 

The pendulum is of seconds length, 
the bob weighing 16 lb., and impulses 
are transmitted every half-minute. A 
lever is provided enabling the dials to 
be advanced and retarded as desired. 

Fig. 21 shows the master clock move-
ment, the lower part of the pendulum 
and also its suspension being omitted. 

A is the base plate of cast iron, and 
B the pendulum rod of "Invar," a nickel 
steel alloy having a negligible coeffici-
ent of expansion, supported on a light, 
flexible spring in the usual manner of 
high-class clocks. 

The switch motion, which performs 
the dual function of closing the dial 
circuit every half-minute, and givWg 
the pendulum a gentle impulse to keep 
it in motion at the same time, consists 
of two parts: (1) the right-angled lever 
or gravity arm G pivoted at D and 
normally resting with its longer arm on i 
a projecting catch E, which is pivoted J 
at F. (2) The armature G pivoted at ' 
its lower end at H. FIG. 20. SYNCHRONOME 

The pendulum carries a small hook M A S T E R CLOCK 
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or gathering jewel I which engages with the ratchet wheel J, 
drawing it one tooth forward for every complete swing of the 
pendulum, i.e. every two seconds. 

in half a minute. 
Attached to the ratchet wheel is the vane K, so arranged 

that once in every revolution it pushes catch E aside, letting 
the gravity arm fall by its own weight. 
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The roller L on the gravity arm drops on the pallet M 
fixed on the pendulum, and rolls down its curved surface, 
giving the pendulum a driving impulse sufficient to maintain 
its swing. 

At the same time the contact N also fixed to the gravity 
arm touches contact 0 on the armature of the electro-magnet. 

This completes the circuit through the dials and through the 
magnet coils which are in series with them. The immediate 
effect of this is to advance the hands of the various clocks one 
step, and to cause the armature to be drawn to the magnet 
core. This latter action lifts the gravity arm and replaces it 
on its catch E ready for the next cycle of operations. 

An important claim for this system is that the impulse to 
the dials is not an instantaneous one (which might cause 
sluggish dials to miss occasionally), due to the fact that the 
current grows to its maximum gradually, owing to the self-
induction of the circuit. 

The back stop catch P prevents the ratchet wheel being 
pushed back as the next tooth is being gathered. 

The stops Q and R limit the travel of the armature. The 
former are so set that the gravity arm is not taken right home 
by the armature, but completes the journey under its own 
momentum, thus ensuring a clean break of the contact 
points. 

The action of the advance and retard lever is interesting. 
When in the upper or "normal" position the clock acts pre-
cisely as described above. In the lower or "accelerate" posi-
tion the wire T is lifted so that the gathering jewel trips the 
gravity arm catch at every stroke, therefore the dials are 
rapidly advanced. 

In the centre position (retard) the gathering jewel is held 
out of engagement with the ratchet*wheel, and thus the dial 
circuit is not operated. The pendulum meanwhile swings free, 
and for long stoppages, such as at the change from summer to 
winter time, it is generally necessary to restart it by hand. 

It may be noted with interest that by this means any num-
ber of clocks can be advanced the one hour necessary at the 
commencement of summer time in a little over four minutes. 
The time this operation would take if, say, 100 dials had to 
be attended to individually is better imagined than described. 

Fig. 22 illustrates the standard dial movement in which A 
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is the main ratchet wheel having 120 teeth, B the electro-
magnet connected in series with all other clocks, G the arma-
ture, D the armature lever, E the driving click which pushes 
the ratchet wheel one tooth forward every time the magnet is 
energized, F is the driving spring holding the armature away 

F I G . 2 2 . SYNCHRONOME D I A L MOVEMENT 

from the magnet normally, G the back stop lever whose func-
tion it is to prevent the ratchet wheel from running backwards, 
as might be possible when undue pressure is applied to the 
hands by wind or snow. H is called the momentum stop, its 
object being to prevent the ratchet wheel being impelled more 
than one tooth per impulse, and I the stroke limit stop which 
limits the travel of the armature. 

The action is as follows. When the electro-magnet is ener-
gized by an impulse from the master clock the armature C is 
attracted. This causes lever E to be propelled to the right 
against the pressure spring F, and to drop into the tooth 
behind that which it formerly occupied. 
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Immediately the current ceases, the electro-magnet becomes 
de-energized, and spring F drives the armature lover forward 
causing the ratchet wheel to turn through a distance of one 
tooth equivalent to half a minute on the dial. 

The ratchet wheel is fixed to the hour hand spindle, a train 
Turret Clock 

and Pilot Dial 
F I G . 2 3 . TYPICAL SYNCHRONO$T£ T I M E CIRCUIT 

of gears having a 1: 12 ratio being provided for driving the 
hour hand. 

The maximum current taken by the coil is -25 ampere. 
Any source of electrical energy can be used, but the use of 

mains electricity supply is not advocated. Accumulators of 
small capacity are recommended for large time circuits and 
dry cells of good quality in smaller installations. 

With the Synchronome system, a battery warning device 
is not necessary because a weakening battery is immediately 

4—(5743) 
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noticeable by the sluggish movement 
of the hands of the clock dials. It 
should be noted that the time-keeping 
is not affected—that is the hands "get 
there" every time, but take longer 
than when the battery is fully charged. 

The sluggish movement of the hands 
is due to the fact that with a weak 
battery the magnet is unable to throw 
up the gravity lever, and the pendu-
lum on its return to the left assists 
it. The duration of contact is thus 
prolonged, and is apparent on the 
clock dials. 

An installation will continue to work 
perfectly for some days in this weak 
battery condition. 

If the warning is neglected and the 
pendulum allowed to stop, the battery 
is automatically disconnected because 
the last act of the pendulum is to 
hold the contact points open by sup-
porting the gravity arm. 

Where a battery warning is specified, 
a carbon filament lamp mounted in a 
suitable case is included in the circuit. 
The time during which the current 
flows under normal conditions is in-
sufficient to allow the lamp to light up. 
When the longer impulses appear, the 
filament has time to reach full bril liancy. 

A typical Synchronome time circuit 
is shown diagrammatically in Fig. 23. 

Items such as programme controller, 
etc., will be dealt with in a later 
chapter. 

Turning now to some of the special-
ized forms of the Synchronome clock, 

~ ~ we will consider first the free pendu-
F I G . 2 4 . F R E E P E N D U L U M , , . „ . . , . F . 

T Y P E SYNCHRONOME type, a view of which is given in 
M A S T E R CLOCK F i g . 2 4 . 
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The inventor insists that this shall not be called a free 
pendulum, since it is not entirely relieved of duty. There is 
just a "trace" left as it has to close a small switch at every 

F I G . 2 5 . SYNCHRONOME F R E E P E N D U L U M T Y P E 
MASTER CLOCK 

swing, which is done by the attraction of a small permanent 
magnet attached to its pendulum. This represents such a 
small amount of work as to be practically negligible. 

The pendulum receives its impulses every half-minute by-
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the dropping of the gravity arm, but instead of being released 
by a mechanical device attached to the count wheel of the 
ordinary clock, it is operated electro-magnetically. Thus the 
pendulum is relieved of even having to turn the count wheel. 

The Synchronome master clock of this free pendulum type, 
transmits half-minute impulses in the usual way and, in addi-
tion, enables seconds to be indicated on one or more dials, a 
feature which was hitherto impossible on the Synchronome 
standard clock without special arrangements. 

Fig. 25 shows a diagrammatic view of this type of Synchro-
nome clock and a portion of the dial movement. 

A is the pendulum, B the pallet, and C the gravity arm as 
previously described in connection with the standard master 
clock movement. 

The gravity arm is held up by catch D, which is drawn away 
when electro-magnet E is energized. Contact with the arma-
ture F is then made, and the dials given an impulse as in the 
standard clock, the gravity arm being subsequently reset 
ready for the next release. G is a small permanent magnet 
attached to the pendulum swinging freely over a pair of con-
tact springs H, one of which is provided with an armature I . 

Thus every time the pendulum swings, i.e. every second, 
I is attracted and contacts J closed, thus completing the circuit 
through the battery and the magnet L, the armature of which 
is provided with a driving click operating a 60-tooth wheel 
—this being the seconds hand drive of one of the dials. 

On the same spindle is a cam M and contacts N, so arranged 
that the latter are closed for one second every thirty seconds, 
thus enabling every thirtieth impulse to energize magnet E in 
the master clock, giving the pendulum its driving impulse as 
previously described. 

The second hand mechanism of the first dial is not normally 
mechanically connected to that of the minute and hour hand, 
these being driven by half-minute impulses in the usual way. 

SECONDS INDICATION ON ALL DIALS. In special instances 
such as for testing purposes, timing telegraph and telephone 
messages and the like, it is necessary that all the dials of an 
installation indicate seconds. 

Owing to the extreme lightness of the contact in the free 
pendulum clock it is not desirable to operate more than one 
or two dials in the manner described above. 
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In such a case a standard clock is taken and fitted with 
another Synchronome switch released by the pendulum at 
every semi-vibration, thus the hard and fast rule which the 
Synchronome Co. have set themselves, to take no appreciable 
energy from the pendu-
lum for contact making 
purposes, is not violated. 
They actually employ a 
subsidiary Synchronome 
switch for the purpose 
of producing and trans-
mitting seconds impulses 
although it is not wanted 
as a Remontoir. 

In such cases, of course, 
the gearing of the dials is 
arranged to work from 
second impulses instead 
of half-minutes only. 

Observatory Clocks 
The time-keepers used 

in observatories are of 
necessity of an accuracy 
far above that of even 
the best ordinary clock, 
and the fact that electric 
clocks are invariably used 
nowadays is a striking 
example of the accuracy 
of these instruments. For 
instance, one of these 
installed at Greenwich 
Observatory has been 
found to have lost 5 
seconds in three years! 
No less than 55 "Shortt 

F I G . 2 6 . OBSERVATORY CLOCK 

clocks, designed by Mr. W. 
H. Shortt, M.Inst.C.E., in association with the Synchro-
nome Co., are in use in different observatories of the 
world. 

It is somewhat beyond the scope of this work to describe 
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observatory time installations in detail. The following notes 
give a brief outline. 

- - = — T h e free pendulum, Fig. 26, 
^ ^ H n m m m w m m r n is built on the Synchronome 

principle, and kept in motion 
by the falling of a gravity arm. 

The whole clock movement 
I l i l i B I is enclosed in an air-tight case 

and exhausted of air to obviate 
change in rate due to altera-
tions of barometric pressure. 

The gravity arm is released 
electro-magnetically from the 
circuit of a Synchronome free 
pendulum clock working in 
exact synchronism with it— 
called a slave clock—the 
arrangement being that the free 
pendulum measures the time 
and the slave clock does the 
work, keeping the free pendu-
lum in motion and operating 
the time-indi ating circuits. 

F I G . 2 6 A . G E N T MASTER 
TRANSMITTER 

The Pul-syn-etic System 
The PUL-SYN-ETIC system of 

Messrs. Gent & Co., Ltd., of 
Leicester, is one of the foremost 
of the present day, and its 
development is mainly due to 
the work of Messrs. Parsons 
and Ball, whose initial patents 
were applied for in 1904. 

A special feature of this 
system is the simplicity and 
robust construction of the 
various units. I t is also most 
flexible and can be adapted to 
all sorts of special requirements 
such as programme controls, 
workmen's t ime recorders , 
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turret clocks, the unification of existing spring or weight 
driven clocks, and marine purposes. 

The master clock or transmitter is illustrated in Fig. 26A. 
The movement is mounted in a teak case fitted with a glass 

front-panel. Fixing plates for attachment to the wall are 
provided, and also alignment studs to ensure its being fixed 
in a vertical position. If desired a dial is fitted in front of the 

F I G . 2 7 . DIAGRAM OF G E N T MASTER TRANSMITTER 

master movement, but this has not.swiy mechanical relation 
with it, being merely connected in the ordinary time circuit. 

The pendulum is arranged to beat seconds, i.e. the time taken 
to swing to and fro is two seconds, but time impulses are 
transmitted at half-minute intervals. 

The pendulum bob is of steel and weighs 10 lb. The pen-
dulum rod is made of a special non-expanding alloy known as 
Sinevar. The bob and the rod taken together compensate for 
any error due to variation of temperature. 

The transmitter can be regulated to keep time within one 
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second per day by means of the "rating" nut seen below the 
pendulum. This has a number of marks each representing one 
second per day gain or loss, according as to whether the 
weight is raised or lowered. (The shorter the effective length 
of a pendulum the quicker it swings.) Provision is also made 
for small weights to be placed above and below the pendulum 
for minute alterations to the rate. 

The transmitter is provided with an advance lever by which 
all the clocks in the circuit can be advanced one half-minute 
every two seconds when required, as, for instance, at the day-
light saving change. 

The movement of the transmitter is shown diagrammatically 
in Fig. 27. 

A is the pendulum crutch, a lever which is pivoted at the 
same centre as the pendulum suspension and coupled at its 
lower end to the pendulum, as more clearly seen in Fig. 26A. 
The crutch carries the operating mechanism instead of it 
being mounted directly on the pendulum. 

B is the gravity lever pivoted at G and provided with a 
weight D. I t is held in a horizontal position by the stirrup 
catch E engaging with the detent F. Also mounted on the 
gravity lever is the roller G, which is arranged to roll down 
the surface of the pallet H of the pendulum crutch when the 
gravity arm drops every half-minute, thereby giving the pen-
dulum a gentle impulse to keep it in motion. 

At the extreme end of the gravity lever is the contact I , 
which is opposite to, but normally not touching, the contact J 
on the armature K of the electro-magnet L. 

Mounted on the crutch is a lever M which engages with the 
teeth of the 'scape wheel N, advancing it one tooth forward 
for every complete swing of the pendulum. The wheel, 
therefore, makes one complete revolution every half-minute. 

Now one of the teeth of the wheel is cut extra deep so that 
when the pawl R of lever M engages with it, its end 0, instead 
of passing into the open stirrup P, makes contact above the 
opening. 

This pushes the stirrup lever aside and causes the gravity 
lever B to drop. The roller G runs down the pallet face giving 
the pendulum an impulse and the contacts I and J close. This 
closes the time circuit, and all the clocks advance half a minute. 
At the same time electro-magnet L is energized and attracts 
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armature K. This has the effect of lifting the gravity lever B 
back to the horizontal, in which position it is held by the 
stirrup catch (the pendulum having now swung away from it) 
until the pawl again meets the deep tooth when the cycle is 
repeated. 

When it is desired to advance all the clocks rapidly, the cord 
Q is held down which has the effect of making the lever M push 

F I G . 2 8 . G E N T STANDARD D I A L MOVEMENT 

the stirrup lever aside and advance the clocks every stroke 
instead of every half-minute. 

Two types of dial movement are supplied for use with these 
clocks—the standard simple type,* and the inaudible type. 
The latter is desirable for bedrooms, hospitals, libraries, and 
other places where the slight half-minute click of the standard 
movement may prove distracting. 

A back view of the simple movement is shown in Fig. 28. 
A is the ratchet wheel having 120 teeth mounted on the 

minute hand spindle. B is an electro-magnet which attracts 
armature C every time an impulse is received from the master 
clock, and in doing so advances the ratchet wheel one tooth 
by means of pawl D. 
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The stop E prevents the ratchet wheel slipping back as the 
pawl gathers the next tooth. The disc and associated mechan-
ism F is for the purpose of adjusting the stroke of the pawl 
lever so that the advance is only one tooth. If more than one 
tooth were picked up at a time the clock would, of course, 
rapidly gain. The gear wheels G Gx are driving train for the 
hour hand. 

F I G . 2 9 . G E N T I N A U D I B L E D I A L MOVEMENT 

Three sizes of dial mechanism are made according to the 
size of the clock. 

The "inaudible" movement is shown in Fig. 29, in which 
A and B are the coils of an electro-magnet, and C is an iron 
armature pivoted at D, normally held in the position shown 
by a spring. 

When an impulse arrives from the master clock, it is momen-
tarily attracted to the vertical position, and in so doing ad-
vances the ratchet wheel E by one tooth. Suitable gearing 
couples this to the hand mechanism. 

The movement owes its silence to the fact that the armature 
does not come against any metallic stop when attracted by 
the magnet. 
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The working current taken by the PUL-SYN-ETIC clocks is 
•22 ampere, and the voltage per dial approximately 1 volt. 

Leclanche batteries of either the wet or dry type can be 
used provided they are of a good quality, and will operate the 
clock system for two years or so without attention. 

Where alternating current electricity supply is available, 
however, the makers recommend the use of a battery of 

F I G . 3 0 . PRINCIPLE P U L - S Y N - E T I C B A T T E R Y W A R N I N G B E L L 

accumulators—this being continuously "trickle charged" 
from the mains. 

When primary cells are used, an audible weak battery signal 
can be fitted if required. This is of particularly ingenious con-
struction, and is shown diagrammatically in Fig. 30. 

A is an electro-magnet connected in series with the clock, 
and B an armature pivoted at C and provided at one end with 
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weight D, and at the other end with hammer E adjacent to 
gong F. 

The action is as follows. When the battery is up to normal 
strength, the duration of contact in the master clock is ex-
tremely short, but when the battery weakens it is longer, or, 
simply, more time is taken to raise the gravity arm on its 
catch. 

Now when the impulse reaches the electro-magnet shown 
in the figure the armature is momentarily attracted. Owing 
to the inertia of the weight D, the impulse is over before the 
striker E has time to hit the gong. When, however, the 
impulses become longer due to weakening of the battery, the 
armature is fully attracted, and causes the bell to ring at 
every stroke. The warning is so adjusted that the bell rings 
some time before the failing point of the battery. It may be 
mentioned here that should the warning be neglected and the 
clocks fail, the pendulum will hold the master clock contacts 
open to prevent further discharge, and consequent complete 
exhaustion of the battery. 

The battery warning device cannot be used where accu-
mulators are employed, because even when discharged their 
voltage is 1-8 per cell, which is still sufficient efficiently to 
work the clocks, although, of course, the accumulators would 
be damaged by any further discharge. 

In addition to the standard transmitter described in this 
chapter, special types are available for marine work, turret 
clocks, clocks which require synchronizing by time signal, etc., 
to which reference will be made in later chapters. 

The Octo System 
The Octo system is the product of Messrs. T. & F. Mercer, 

of St. Albans, who are well known as manufacturers of high 
grade chronometers, and whose business was established in 
.1858. 

Two forms of Octo impulse clock systems are available—one 
controlled by a standard master clock, and the other in which 
the secondary dials are controlled by contacts contained in a 
chronometer. The second system is particularly intended 
for ship installations, and will be dealt with in a later 
chapter. 

The principal features of the Octo master clock are as 
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follows. The pendulum rod is of full seconds length, and is 
compensated, being of Invar, whose coefficient of expansion 
has been certified by the National Physical Laboratory. 

F I G . 3 1 . PRINCIPLE OF " O C T O " MASTER CLOCK 

The pendulum bob is further fitted with a compensation 
tube and also a tray for weights, and a degree of accuracy to 
within one second per week is ordinarily obtainable. 

Impulses are given to the secondary dials every half-minute, 
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the duration of contact being regulated by a special arrange-
ment, according to the size of the circuit, to ensure that each 
dial receives its proper working current. 

F I G . 3 2 . " O C T O " MASTER CLOCK MECHANISM 

The principle of working of the master clock is shown in 
Fig. 31. 

(1) is the pendulum feed pawl which swings backwards and 
forwards rotating the count wheel (15) tooth by tooth. The 
count wheel has two deep notches which allow the feed pawl 
to drop a little deeper each half-minute, the feed pawl then 
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pushes the latch lever (6) forward, releasing gravity arm (14) 
allowing roller (3) to fall on impulse pallet (4), and giving 
impulse to the pendulum. 

F I G . 3 3 . " O C T O " D I A L MOVEMENT 

At the same time as (6) is releasing the gravity arm it is 
also pressing contact (12) on to contact (13) partly making 
circuit for resetting the gravity arm. 

As the gravity arm (14) is falling, contact point (10) makes 
contact with (10A) sending an impulse to the line. This con-
tact is adjustable to allow longer or shorter contacts as desired 
to be transmitted to the clocks. The gravity arm (14) still 
falling comes into contact with the reset lever (16). This sends 
a current through the coils (9), which immediately pull the 
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lever (16), resetting the gravity arm. These coils must remain 
energized until the gravity arm is properly latched, when 
latch (6) allows contacts (12) and (13) to break the circuit, 
lever (16) then returning to stop (17). This process is repeated 
each half-minute. 

An Octo master clock movement removed from its case is 
shown in Fig. 32. 

The Octo dial movement is shown in Fig. 33, its action being 
as follows— 

Coil (10) is energized each half-minute, pulling armature arm 
(4) towards it at the same time allowing click (5) to drop in 
the next tooth. Directly the coil is demagnetized, spring (8) 
pushes the armature and click forward, rotating action wheel 
(2) round one tooth. This action wheel is geared down 1 to 2 
on to the centre spindle (1), which in turn rotates the motion 
work and hands. When at rest the movement is locked against 
any hand pressure. 

Another feature is the cannon spring fitted to the centre 
spindle, which allows the hands to be set to the correct time very 
quickly, and is a great help when fitting up large installations. 

A comprehensive range of cases is available for all uses. 
About 50 ordinary sized clocks can be operated in series with 

one master clock, but for larger circuits relay is desirable. 
Where it is particularly required that all the secondary dials 
of a very large system be in series the master clock is arranged 
to operate a relay only—the clocks being controlled from its 
secondary contacts. 

The minimum working current is 175 milliamperes. This 
can be doubled without harming the system. 

Either primary or secondary batteries can be used for the 
operation of these clocks. Primary batteries are recom-
mended for small installations where the dials are all in series, 
and accumulators for larger installations where clocks are 
grouped in parallel circuits. 



CHAPTER V 
SELF-CONTAINED CLOCKS 

THE title of this chapter requires some little explanation. It 
is obvious that any of the master impulse transmitters des-
cribed in the previous chapter could be taken and mounted in 
a case with the necessary driving battery, and so constitute a 
self-contained clock—independent of electricity supply and 
free from external wiring. The result would be a very high-
class time-keeper, but it would be large and heavy, and require 
very rigid fixing. It would be expensive because the same 
transmitting mechanism would have to be provided for the 
one dial as would be necessary for hundreds of dials, and such 
clocks are rarely therefore met with in practice. 

Again, any of the electrically wound clocks to be described 
in Chapter VII could be arranged to be battery operated by 
suitable winding of the coils. 

The class of clock which it is proposed to consider here, 
however, is that which is sold as an independent clock, its 
motive power being derived from a small battery actuating 
the clockwork directly. 

Most clocks of this type are opposed to strict horological 
principle, in that the pendulum is made to drive the clockwork 
instead of merely to control its rate. As has already been 
explained, one of the principles of accurate time-keeping is to 
leave the pendulum as free as possible. 

Great care has, therefore, to be takeiwin the design of these 
clocks to render them good time-keepers, and though many 
types have been evolved since the early days of electricity only 
a few have survived. 

The principal advantage of the domestic self-contained clock 
is the fact that it does not require winding. It will usually go 
for two or three years on one dry cell. As mentioned above, 
time-keeping depends on design and construction, and in the 
case of well-made instruments compares most favourably with 
that of high-class spring clocks. 

The self-contained battery-driven clock possesses the merit 
5- (5743) 5 5 
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of portability, but it requires the same care and attention as 
regards regulating and levelling as would be afforded a spring-
driven clock. 

The self-contained battery-driven clock has a certain fas-

possesses the " t ick" of an ordinary clock. This is a point 
which seems to weigh with some buyers. 

The Bulle Clock 
One of the best known types of battery-driven clock is the 

" Bulle," of which a wide range of domestic models is available. 
The principle of working is briefly as follows— 
Referring to Fig. 34, A is a solenoid which together with the 
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adjustable weight B constitutes the pendulum bob and swings 
over the permanent magnet C. 

D is the pendulum rod supported at E, and F is a silver pin 

F I G . 3 5 . B U L L E CLOCK MOVEMENT 

which makes contact with plate G every time the pendulum 
swings to the right, thus completing the circuit through the 
electro-magnet and causing the pendulum to be repelled from 
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the middle pole of the magnet, giving it an impulse to the 
right. 

One of the features of this particular clock is the consequent 

F I G . 3 6 . ANOTHER V I E W OF THE B U L L E CLOCK 
MOVEMENT 

pole magnet adopted which is said considerably to increase 
the efficiency of the electro-magnet owing to the more favour-
able position of the lines of force in relation to the moving coil. 

The mechanism is ingeniously arranged so that contact with 
0 is not made on the return journey of the pendulum. The 
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drive to the clock hands is taken through suitable gearing 
from the to and fro motion of the plate to which contact plate 
G is secured, and it is claimed that with the pawl and ratchet 
crown wheel adopted, the clock does not need to be accurately 
levelled. 

The current consumption is infinitesimal, being of the order 
of -002 to -003 ampere at the contact moment, and a small 
l i volt dry cell will operate the clock for two to three years. 
The clock is regulated by raising or lowering the nut at the 
lower extremity of the pendulum. The pendulum is secured 
in position when the clock is moved from one place to another 
by means of a clip specially made for the purpose. This is a 
useful point, as all the user has to do is to take away the clip 
and the clock is ready for use. 

Figs. 35 and 36 give two views of the movement from which 
a general idea of the construction can be pbtained. 

It will be seen that the actual mechanism possesses many 
refinements to which reference has not been made. The 
driving battery is contained within the base of the clock. 

The pendulum clip referred to above is seen in position in 
Fig. 35. 



CHAPTER VI 

SYNCHRONOUS MOTOR CLOCKS 

Introductory 
THE synchronous motor type of clock is one of the latest 
developments in electrical horology. I t is entirely different in 
principle from any other class of electric clock, and possesses 
a number of advantages over older systems, also some dis-
advantages. I t can only be worked from alternating current 
supply mains. 

The hands of this form of clock are driven, through suitable 
gearing, from a very small electric motor whose speed is 
governed entirely by the frequency or number of cycles per 
second of the supply. 

This method of clock control was suggested as long ago as 
1895 in this country by Mr. F. Hope-Jones in an article in 
Lighting, and Warren, in America, first devised an instrument 
for controlling the frequency in 1918. 

Hitherto, electricity supply in this country has been from 
a large number of small or medium size generating stations— 
each district having its own, some generating direct current 
and others alternating current. There was no standard fre-
quency (or number of reversals of current per second) for the 
A.C. supplies, and thus one found all sorts of periodicity from 
25 to 100—50 being the most common. 

Further, the stated frequency was only nominal—a dis-
crepancy of one or two cycles above or below the correct number 
made little difference to the operation of motors, lamps, or 
other apparatus connected to the mains, and was quite com-
mon. The power stations were only called upon by the Board 
of Trade (which regulates such matters), to maintain the 
frequency within 2 \ per cent above or below the declared 
value, and little attention was paid to scientific accuracy of 
control. 

A synchronous motor-driven clock designed to work on a 
50 cycle main supply will lose nearly half an hour per day of 

60 
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twenty-four hours if the supply be only 49 cycles, an inaccuracy 
which could not be tolerated in any clock. 

All this has now been altered by the advent of the great 
National Electricity Grid scheme, by which the generation of 
current for the whole of the country is to be concentrated in 
a comparatively small number of super-stations—all connected 
together. Now it is one of the first principles of parallel work-
ing of generators, or of power stations, that the frequency of 
all the machines must be identical. This is comparatively 
simple where there are only one or two generators under the 
same roof, but not easy where stations are hundreds of miles 
apart. 

Thus two things have had to be done. The frequency of 
supply over the whole country has been standardized at 50 
cycles per second, and means devised to maintain this value 
to a high degree of accuracy. In actual practice, as will be 
described later, the frequency is measured by comparison with 
a high-grade master clock, and thus although only a by-pro-
duct as far as the power supply authorities are concerned, a 
source of accurate time control is available to all consumers 
of electricity within the grid scheme. 

It should be noted that the change from local to national 
supply must necessarily be a gradual one, and it is, therefore, 
essential to ensure that the supply is what is generally termed 
"time controlled" before connecting a synchronous clock to it. 

Having briefly dealt with the events which have made the 
synchronous motor clock possible, it is now proposed to discuss 
some of its advantages and disadvantages. 

Synchronous motor clocks are very simple in construction, 
and are, therefore, cheap—very much cheaper than any form 
of electric or mechanical clock of the same accuracy. 

Time-keeping properties are, of course, independent of the 
user, and rely entirely on the accuracy with which the supply 
frequency is maintained. This depends on two factors—viz. 
the accuracy of the master control clock at the power station, 
and the care with which the frequency, as represented by the 
speed of the generators, is maintained in accordance with its 
indications. As regards the first consideration: the clock is 
invariably of high-grade character arranged to be checked at 
intervals with time signals from Greenwich Observatory. The 
second consideration is not serious, as a discrepancy of only a 
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few seconds between Greenwich time and frequency time is 
clearly visible to the switchboard attendant, who can take the 
necessary steps to increase or reduce the generator speed. 

The writer has made continuous tests of one of these clocks 
over a period of six months on a controlled main, not yet, 
however, connected to the "Grid." Readings were taken each 
day by the B.B.C. 6.30 p.m. Greenwich time signal, and at no 
time did the indications of the clock vary more than 10 seconds 
from the previous day's reading and generally less. 

Over the whole period there was a constant gain of about 
3 seconds per week, which is accounted for by the master clock 
at the power station having a slight gaining rate. An error 
of less than one minute in six months is a good performance for 
any clock, and even this will no doubt be improved upon 
when the station in question is linked up with the Grid scheme. 
Check tests at other times failed to show any wider discrep-
ancy than that mentioned, though there is no doubt that this 
does occur occasionally. 

It is thus seen that the synchronous motor clock is capable 
of holding its own as a time-keeper. A disadvantage is that 
if the electricity supply fails, all the clocks stop, and have to 
be re-set when the supply is resumed. Modern power supply 
is nevertheless very reliable, and it is a rare occurrence for the 
power to be cut off. 

Synchronous motor clocks may be self-starting or non-
self-starting. The self-starting type has the disadvantage that 
if, as is quite conceivable, the supply is shut off for only a few 
minutes, all the clocks will be this amount slow, and may not 
be noticed. The non-self-starting type, on the other hand, 
will stop altogether in such a case, and is bound to be quickly 
noticed. Some makes of clocks are provided with an indicator to 
show if the supply has been interrupted or if the clock is stopped. 

The synchronous clock movement is exceedingly compact, 
and can be fitted to any type of case. There is no pendulum, 
consequently no regulating or levelling is necessary, and time-
keeping is not affected by temperature or climatic conditions. 
The moving parts are light, and in some makes sealed in an oil-
filled compartment. No oiling is, therefore, necessary, and 
the clocks are very quiet in running. The hands move steadily 
forward, a decided advantage over the half-minute jumps of the 
impulse type of electric clock, particularly for domestic clocks. 
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The power consumption is very small, varying from -65 
watts to 4 watts, according to make and voltage. Taking 1 
watt as an average a clock can be run for 1,000 hours for one 
unit of electricity, which works out at 8fd. per year with 
current costing Id. per unit. 

I t is, of course, necessary to connect these clocks to the 
supply. Clocks can be fitted with an ordinary lamp adaptor 
or plug, but to be of any use at all they must be permanently 
wired. Where private houses are concerned it is usually com-
paratively simple to provide a plug point at the side of the 

F I G . 3 7 . TYPICAL SYNCHRONOUS MOTOR CLOCK 

mantelshelf or to couple to the "live" side of an existing plug 
point, inserting a small fuse in the leads. 

Summing up, the principal advantages of the synchronous 
clock are—accurate time-keeping coupled with low capital and 
running cost and negligible maintenance. 

A typical synchronous clock, made by Smiths English Clocks 
Ltd., is shown in Fig. 37. Below the centre of the dial can be 
seen the small black and white sector which indicates seconds 
and shows that the clock is working. 

The Principle of the Synchronous Motor 
The synchronous electric motor is so called because it runs 

in synchronism with the supply frequency. Alternating current 
motors which do not run in step are called "asynchronous," 
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their speed varying with the load on the motor, but these 
are not used in electric clocks except in winding mechanisms. 

The power required to turn the hands of a clock is very 
small indeed, so that clock motors are invariably of small 
dimensions and simply constructed. They bear little resem-
blance either mechanically or in principle to the huge syn-
chronous motor met with in heavy electrical engineering 

practice, and motors from various makes of clocks often differ 
in construction to a surprising degree. 

Synchronous motors, although new to clocks, have been used 
for scientific purposes such as time marking, etc., for many 
years, and also for regulating the speed of automatic tele-
graphic equipment. In the latter connection they are usually 
called phonic wheels. 

In order to fully understand the principle of operation, let 
us first consider the simple D.C. motor shown in Fig. 38, a type 
which is also used to some extent in electrical apparatus, such 
as windscreen wipers for motor vehicles. A is an iron rotor 
shaped in the form of a cross, mounted on spindle B, the bear-
ings of which are not shown. C is an electric magnet in close 
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proximity to the rotor. D is a piece of brass having as many 
sides as there are poles of the rotor. E is a piece of spring 
brass having a contact F, and G a brass bracket having the 
adjustable contact screw H. The brass block is so positioned 
on the spindle that the contacts are open, i.e. not touching, 
when the rotor is in the position shown, but when it revolves 
through 45° they are closed. 

The contacts are connected in series with the magnet as 
shown. The action is such that when a rotor pole leaves the 
magnet pole, the current is switched on and the next rotor 
pole is attracted to it, but just as it arrives the current is again 

T U N I N G F O R K 

switched off and the pole passes the magnet owing to the 
momentum of the rotor, and so the cycle of operations is 
repeated. 

Thus it is seen that if the motor be given a start—in either 
direction—it will continue to rotate at a steady speed, but the 
speed will not be controlled in any 

Now if instead of the contacts F and H being operated by the 
rotation of the rotor they are attached to one arm of an elec-
trically maintained tuning fork, as shown in Fig. 39, the rotor 
will run, but now its speed, when once started, will depend on 
the frequency or note of the tuning fork, and as the latter is 
known accurately and is a constant, the motor can be used 
for time measuring purposes. 

Fig. 40 shows a simple motor of this form made by the 
Cambridge Instrument Co. for scientific time marking purposes, 
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and Fig. 41 the tuning fork for controlling the speed of the 
motor. 

FIG. 40 . SIMPLE ELECTRIC MOTOR, TUNING FORK 
CONTROLLED 

(Cambridge Instrument Co., Ltd.) 

Reverting now to the simple motor of Fig. 38, if instead of 
supplying the magnet with pulsating direct current we supply 
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it with alternating current almost similar conditions will 
obtain, and the rotor will still rotate—the speed now being 
controlled by the frequency of the supply, that is, the number 
of reversals per second. It should be noted that the motor 
will still require starting because there is no force whatever 
tending to produce rotation in the position shown in the 
illustration. 

In actual practice it would be necessary to modify the motor 
somewhat. The core of the electro-magnet would have to be 
laminated, that is, built up of a number of thin iron sheets, 

FIG. 41 . ELECTRICALLY-MAINTAINED TUNING FORK 
(<Cambridge Instrument Co., Ltd.) 

lightly insulated from each other, otherwise eddy currents 
would be generated in the core causing heat and unnecessary 
expenditure of power. It would not be necessary to modify 
the rotor, although considerably better results will be obtained 
if the poles be made of magnetic steel instead of soft iron. 
It will be found in clock practice that some makers favour 
the first method and others the second. 

The speed of the rotor will depend on the frequency of the 
electricity supply and on the number of poles in the rotor. It 
should be remembered that each cycle of current consists 
of two pulsations—one positive and one negative, so that 
two rotor poles are attracted to the magnet pole in every 
cycle. 

Thus the higher the frequency, the higher the speed will be, 
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and the more the number of rotor poles the lower the speed. 
The speed in revolutions per minute is given by the formula— 

2 x frequency x 60 r.p.m. = ^ f 
rotor poles 

In actual practice we shall find rotor speeds ranging from 
3,000, which is the speed of a two-pole rotor on a 50-cycle 
supply, to 120 or less according to the number of poles. 

In the slower speed motors, the rotor poles or teeth are very 
small, and the magnet poles are in consequence usually multi-
plied to pull several teeth together after the manner of Fig. 42. 

\ I 
F I G . 4 2 . SIMPLE FORM OP SYNCHRONOUS MOTOR 

It should be carefully noted that the number of stator (or 
magnet) teeth does not affect the speed of rotation. 

In starting these motors, they are spun rather faster than 
the normal running speed, and then allowed to fall into step 
with the magnetic pulsations. In order to do this readily it 
has been found generally necessary to provide some such 
device as a comparatively heavy flywheel loosely mounted on 
the rotor spindle, or to make the magnet capable of slight 
rotation against the action of a spring. 

I t will be realized that considerable reduction gearing is 
necessary to obtain the one revolution per hour by the minute 
hand of the clock from the fast running rotor. This gearing 
is of very light character, and is often contained in an oil-filled 
chamber—this serving the dual purpose of keeping the mechan-
ism oiled and absorbing all the gear noise. 
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Before going on to a description of some of the actual clocks 
on the market, we must consider the self-starting type of 
motor. This is shown diagrammatically in Fig. 43. 

A is the stator which in this instance has two poles, the rotor, 
shown dotted as B then running at 3,000 revolutions per 
minute. The stator poles C and D are each divided into two 

halves by the slots E and F respectively, and a copper ring D 
fitted over the half of each pole as shown. These small poles 
are termed "shaded" poles. 

The stator is magnetized by the coils on each pole (not 
shown). The effect of the copper rings is to retard the growth 
of the magnetic flux in the part of the pole they surround, 
due to the induction of electric currents within them; thus 
the maximum field is along the line XX, when the excit-
ing current in the coil is at a maximum. An instant later 
the shaded poles attain their full magnetic strength, the 
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flux in the unshaded parts meanwhile beginning to die down. 
The line of maximum magnetism, therefore, moves to YY, 
and this movement is sufficient to draw the rotor round, 
giving it the starting movement required. 

"Shaded pole" starting is very suitable for small motors 
such as clocks, gramophone motors, fans, etc., but owing to its 
inefficiency is never used in large electric motors. 

It will be noticed that the direction of the rotation is always 
from the plain to the shaded 
pole. Self - starting clocks, 
therefore, always run in the 
correct direction. Non-self-
starting mechanisms, on the 
other hand, will go in which-
ever direction they are 
started. 

A few of the many syn-
chronous motor clocks on 
the market will now be 
described in detail, in order 
to illustrate how the above 
principles are applied in 
actual practice. 

The Synclock 
The clock manufactured 

by Synclocks, Ltd., and 
sold under the trade name 

of "Synclock," represents the pioneer frequency controlled 
clock to be introduced into this country. I t is fitted with a 
motor invented by H. E. Warren in 1918, and sold in America 
as the Telechron, where it is immensely popular. 

Fig. 44 shows the motor unit. A is the field magnet, B the 
exciting coil, and C an oil-filled chamber containing the rotors 
and reduction gearing. The final speed of the spindle shown 
in the photograph is one revolution per minute. Further 
reduction gearing is carried in the clock movement. 

A diagrammatic representation of the motor is given in 
Fig. 45. 

A laminated electro-magnet A is provided with a winding 
B, connected to the alternating current supply mains. 
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This magnet has two poles, half of each of which is sur-
rounded by a copper shading coil C, the object being to retard 
the growth of the magnetic field in the part which it encloses, 
compared with that in the adjacent half. 

The effect of this is best understood by a consideration of 

• 
Fig. 46, the four positions of the poles being designated A, 
B, C, and D. 

Now taking one complete cycle of current as indicated 
, graphically in the left illustration, at point 0 the current is 
si zero, and there is no magnetic flux in the gap of the electro-
r magnet. The current gradually rises to a maximum in a 
I positive direction at 2, and the unshaded polepiece A becomes, 
i[ let us say, fully magnetized of north polarity. The current 
a now begins to die down, and with it the magnetism of pole A. 
H As explained, the presence of the shading coil retards the 

i 6—(5743) 
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growth of the magnetism in the pole it surrounds, so that pole 
B attains its maximum magnetism an instant after pole A. 
In other words, the point of maximum magnetization moves 
from A to B. 

Now the current reaches zero at 3, and begins to build up 

in the opposite direction, reaching a maximum at 4. Due to 
the reversal of the current, the north polarity is now on the 
opposite side of the magnet, and pole C becomes maximum 
north pole, to be superseded an instant later by pole D, after 
which the cycle is repeated. 

(2J t imes full size) 

F I G . 4 7 . T H E GEAR CASE AND ROTORS OF THE 
W A R R E N MOTOR 
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The effect of all this is that the magnetic field produced in 
the gap appears to rotate, making one revolution for every 
complete cycle of current. D, D (Fig. 45) are two light steel 
rotors mounted on a spindle, which owing to magnetic hyster-
esis are dragged round in exact step with the rotating magnetic 
flux, which in the case of 50 cycles supply, by the formula 
previously given, is 3,000 revolutions per minute. 

Suitable gearing F encased in an oil-filled container is fitted 
to reduce the rotor speed to one revolution per minute, and 
further gearing effects the reduction to one revolution per 
hour, and per twelve hours required by the minute and hour 
hands respectively. 

Fig. 47 gives an enlarged view of the gear case and the two 
rotors. 

The first gear in the train is made of fibre in order to mini-
mize noise. 

Despite the high rotor speed, the Warren motor is extremely 
serviceable, and many have been running continuously in the 
United States of America for ten years without exhibiting 
any signs of wear. Owing to the quality of the gearing and 
total enclosure in oil, the clocks are almost noiseless in 
operation. 

The Warren motor being self-starting, an indicator is fitted 
to all clocks to show when an interruption of supply has taken 
place. It is thus an easy matter to check if the interruption 
has been of sufficient duration to warrant the clocks being 
reset. I t sometimes happens that a circuit is opened for only 
a few seconds, such as when a fuse is inadvertently drawn out. 

The Synclock Striking Clock 
The principle underlying the design of this clock is as 

follows— 
The hands are driven in the usual way by a Warren self-

starting synchronous motor whose construction has just been 
described. 

The motor in turning the hands also winds a small spring, 
which is released at the hour and half-hour to drive the striking 
mechanism. 

Fig. 48 shows a complete movement in which A is the 
driving motor, B the spring barrel. The motor is coupled to 
the spring in such a manner that during twelve hours the 
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number of revolutions made by the driving end of the spring 
is exactly equal to the revolutions of the driven end, so that 
the only work the motor is called upon to do is to store some 
energy during the small hours to be given up again as midday 
or midnight is approached. 

F I G . 4 8 . T H E "SYNCLOCK:" STRIKING 
MOVEMENT 

The movement is ingeniously designed so that the setting 
of the hands also gives an initial wind to the spring. 

A slipping device is fitted inside the spring case to prevent 
damage should the spring be accidentally over-wound. 

Except for the small size of the spring, the design of the 
striking train follows usual practice. 

C is the star wheel which revolves when the train is released, 
and actuates the hammer lever spindle D. (The hammer and 
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gong are not shown.) E is the rack which, in conjunction with 
"snail" F, controls the number of strokes in striking, while 
the fly 0 controls the rate of striking. 

H is a continuity indicator, and consists of a disc having 
two segments, one white and the other red. 

A slot in the dial enables half of this disc to bo seen. Nor-
mally, only the white portion is visible, but in the event of a 
current failure the red portion comes into view. 

The Smith Synchronous Clock 
A range of synchronous clocks, which are entirely British 

in patents, design, and manufacture, is made by Smiths 
English Clocks Ltd., London. 

These clocks are not self-starting, but are provided with an 
ingenious arrangement by which the rotor is automatically 
given a starting impulse when the hands are set to correct 
time. 

The motor has fifteen pairs of poles, and therefore runs at a 
comparatively low speed of 200 revolutions per minute. The 
bearings are self-lubricating, and no oiling or maintenance is 
called for. The power consumption is approximately one watt. 

Fig. 49 gives a view of the movement, a portion of the casing, 
the dial and cover glass being removed to facilitate reference. 

A is the housing which is a bakelite moulding, B are the 
terminal pins which carry the connector socket (not shown), 
which is also of bakelite. D is the exterior of the stator of the 
small driving motor, the rotor being concealed within it. E is 
the hand-setting knob. When this is pushed in, wheel F is 
brought into engagement with wheel O, which is geared to 
the hands and so enables them to be set. At the same time 
cone H presses against the top portiqi^of lever J, drawing it 
back, and as it returns to its original position, the blade K on 
its lower extremity engages with the teeth of the ratchet 
wheel L mounted on the rotor shaft, and so gives the requisite 
spin to set it in motion. 

The first wheel of the gear train between the motor and the 
hands is made of bakelized fabric in order to ensure silent 
running. The sectors on disc M are visible through a slot 
in the dial, and indicate whether the clock is running or not. 

The construction of the stator is shown in Fig. 50, the upper 
half being removed. It will be seen that alternate north and 
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south poles are formed by the interleaving of the projections 
of the two portions. This construction besides being efficient 
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FIG. 5 2 . DIMENSIONS OF SMITH MOVEMENT FOR FITTING TO 
EXISTING CLOCKS 

magnetically affords complete protection to the coil. The 
construction of the rotor is shown in Fig. 51. 
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This consists of a star-shaped 6-pole cobalt steel magnet A, 
which is clamped between two brass discs B mounted on a 
suitable spindle. 

In addition to being supplied as complete clocks, separate 
movements are available for fitting to existing clock cases. 

F I G . 5 3 . SMITH ALARM CLOCK (FRONT V I E W ) 

The dimensions and manner of fixing are outlined in Fig. 52. 
Various finishes are available, and one winding serves for 

all voltages between 200 and 250. The standard clock is made 
for 50-cycle supplies, but models are also available for other 
frequencies. 

The Smith Alarm Clock 
The Smith Alarm Clock comprises a synchronous motor 

clock with the attachment of a cam, following spring alarm 
clock practice, which instead of releasing an alarm train, closes 
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a pair of contacts which in turn cause a buzzer contained in 
the clock case to operate, until the contacts are separated by 
pressing in a knob. , . 

The motor follows the general construction described in 
the previous section, but is made self-starting, on the principle 

that it is better for the alarm to operate late (if a temporary 
supply failure occurs during the night) than not at all. 

The frame is a neat and compact die casting, and instead 
of the train of spur gears, the speed reduction between motor 
and hands is effected by three pairs of worm gears. 

Fig. 53 shows a front view of the clock, and Fig. 54 a rear 
view with the cover removed. 

J. is the indicating window in case of supply failure, and 
consists of a red disc on the opposite end of a light pivoted 
lever B, which is attracted to the outside of the motor casing 

F I G . 5 4 . SMITH ALARM CLOCK (BACK V I E W ) 
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G when the latter is energized, and raises the red disc above 
the window of the dial and out of sight. Knobs D and E are 
for setting hands and time of alarm respectively. Knob F 
controls the alarm, being pushed in to stop the alarm. G is 
the coil of the buzzer, and H its spring armature, whose vibra-
tions under the influence of the alternating current in the coil 
sound the alarm. 

The self-starting motor is very similar to that of the standard 
clock, but a three-point iron star is fixed in position between 

F I G . 5 5 . G E N E R A L V I E W OF SANGAMO SYNCHRONOUS MOTOR 

the main poles of the rotor. These are attracted on switching 
on the current with sufficient power to start rotation, and a 
mechanical arrangement ensures that the rotor shall only run 
in one direction. 

The Sangamo Motor 
The British Sangamo Co. produce a small self-starting 

synchronous motor for clock and other instrument operation, 
as shown in Fig. 55. Actually it comprises an ingenious com-
bination of a simple synchronous motor, and an induction 
motor to give the starting motion. 

A is the driving pinion, B a toothed permanent magnet 
which passes over the poles of the stator. 
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The rotor magnet is mounted on the spindle which also 
carries the aluminium rotor C, but the fixing is such that a 

F I G . 5 7 . BACK V I E W OF STATOR OF SANGAMO MOTOR 

small amount of movement can take place between them for 
synchronizing. 

Fig. 56 shows the same motor with the rotor removed, from 
which it will be seen that the teeth are alternately integral 
with the top and bottom ends of the magnet, thus the necessary 
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alternations in polarity are produced and are followed by 
the revolving permanent magnet. 

It will be noticed that the aluminium drum runs in the 
space D between the synchronous motor stator and the outer 
casing. 

The magnetic circuit for the induction motor is from one 
pole, through the aluminium rotor to the casing, and back 
through the rotor to the opposite pole. 

The one pair of poles is actually split into two, one-half 
being separated from the other by a copper disc, which 
causes the growth of the magnetism to be retarded in this 
pole. 

Fig. 57 shows a back view of the stator removed from the 
casing, in which A is one of the top poles, B a bottom pole 
unshaded, C the copper shading disc, and E the shaded pole. 
The principle of shaded pole starting has been described in 
detail on page 69. 

The Temco Clock 
The Temco clock made by the Telephone Manufacturing 

Co., Ltd., represents an interesting and particularly robust 
construction. The movement is mounted on a bakelite base 

J 

F I G . 5 8 . T H E TEMCO CLOCK 
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and fitted with a bakelite cover. The mechanism, with cover 
removed, is shown in Fig. 58. 

In general, the clock consists of a non-self-starting syn-
chronous motor, driving the hands through the medium of 
three reduction gears. 

The stator A of the motor is made up of an iron pressing, 
which is built to enclose the coil. I t is formed with a circular 
hole B, internally notched to give the necessary pole pieces 
and in this hole runs the rotor C. 

On the top of the rotor is the brass flywheel D coupled to 
the shaft, on which it is loosely mounted, by spring E. The 
object of this wheel and method of mounting is to ensure ease 
of starting. 

The coil F is wound on a former, and the leads from it con-
nected to the pins 0 on which the external plug connector 
H fits. 

The starting arrangement is ingenious and comprises a knob 
J, normally held out in the position shown by means of a 
spring, and a rubber bush K which, when J is pressed in, 
makes close contact with the knurled portion L of the rotor 
spindle. When J is released the rubber is drawn back and, 
in leaving, gives the necessary impetus to the rotor. 

The reduction gear consists of three worm drives, and on 
the third of these is an indicator marking in seconds, which 
rotates to indicate that the clock is working. The indicator is 
visible through a window in the dial. 

The power consumption of the clock is | watt. 

The Ferranti Clock 
The Ferranti synchronous electric clock embodies a purely 

synchronous motor of the hand-starting type. The rotor is 
constructed from soft iron, and has clearly defined poles on 
its periphery, the number of poles being such as to give a 
rotor speed of 166§ r.p.m. The stator is similarly constructed 
of soft iron. The torque derived from the rotor shaft is 3 gr. cm. 
and the electrical energy taken by the clock is slightly less 
than 1 watt. 

In the design of the Ferranti electric clock close considera-
tion was given to the bearings to ensure long working life. 
It is known that, for a given speed, load, and torque, the wear 
which takes place is proportional to the diameter of the bearing 
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and inversely proportional to the length, so that for ideal 

conditions the ratio of bearing g^ould be great. 
diameter of bearing ® 

As in all cases of machinery design, the mechanical strength 
is the governing factor as to how small the diameter of the 

F I G . 5 9 . BEARINGS OF F E R R A N T I CLOCK 

shaft may be; the ratio in the case of the Ferranti clock is 
3-5—a high value. 

The material of the rotor shaft is a high carbon content steel, 
special care being exercised in the burnishing and polishing 
of the pivots. 

The bearings which incorporate a lubricant reservoir are 
constructed from phosphor bronze, a special acid-free lubricant 
being packed in the cavity provided, sufficient to last for 
many years. A further feature of the bearings is that they are 
so designed as to be self-aligning, thereby facilitating assembly, 
and allowing reasonable manufacturing tolerances in the 
assembling of the train plates. 
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Fig. 59, an enlarged model of' the actual bearings used 
in the clock, shows a greatly exaggerated out-of-truth view 
of the train plates. 

FIG. 6 0 . FERRANTI CLOCK MOTOR 

One plate, it will be seen, has intentionally been placed 
"askew," giving a deviation from the straight of about 20°. 
In spite of this the rotor still runs perfectly true. 

Fig. 60 shows the motor element of the clock, and in the 
forefront of the illustration will be seen one of the self-aligning 
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bearings with its holding down spring; also may be seen 
the notched rotor, and in the background the brass fly-
wheel, which is provided to give stable running and easy 
starting. 

The flywheel is elastically coupled by means of a spring 
to the spindle to start the motor, one of the shafts being 
extended through the plates and a knob fixed thereto. This 
knob is gently spun which imparts to the rotor a speed 

F I G . 6 1 . S I D E ELEVATION OF HAMMOND CLOCK MOVEMENT 

somewhat higher than synchronous speed, whence on the outside 
motion being withdrawn the rotor will commence to decelerate. 
The rate of deceleration is governed by the combined weights 
of the rotor and its flywheel, and when the rotor comes to 
synchronous speed it will have stored a definite amount of 
energy, which is generally too great to be offset by the pull 
from the stator poles. The effect of the spring, therefore, is 
that on the rotor reaching synchronous speed it will be pulled 
into step with the frequency, as the actual energy stored in the 
rotor itself is sufficiently small to enable this to be effected. 
The energy required then to pull the rotor out of step will be 
such as to be greater than the energy in the flywheel, which 
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consequently transmits its energy to the spring and dissipates 
it immediately after synchronizing. 

The Hammond Clock 
One of the most popular of American synchronous clocks is 

that made by the Hammond Clock Co. of Chicago. I t is of the 

non-self-starting type, and consumes only two watts. The cost 
of running is therefore negligible—500 hours for the cost of 
one unit of electricity. 

The rotor runs at the comparatively low speed of 187-5 
revolutions per minute on 50 cycles and is quiet in running. 
The rotor and the first stages of the reduction gearing are 
contained in an hermetically sealed oil-filled chamber. A 
window is provided in the dial, behind which a black and 
white sector revolves to indicate that the clock is running. 

I 7-(5 7A?) 

« t 
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Fig. 61 shows a side elevation of the movement removed 
from the case. 

A is the dial, B the hands, C and D are brass plates support-
ing the mechanism, E is the rotor casing, which, as previously 
mentioned, is oil tight, fixed against steel plates F. G is the 
exciting coil mounted in laminated core H. I is the twirling 
knob spindle. When it is pressed inwards against spring J , 
pinion K is pushed into mesh with the gear wheel L. As soon 
as the fingers are removed from the twirling knob, the pinion 

F I G . 6 3 . STATOR AND ROTOR (HAMMOND CLOCK) 

K flies out of gear. The gearing M is for the purpose of reduc-
ing the high speed of the rotor to that required by the hands. 
The first reduction gear (contained in the rotor chamber) is 
made of fibrous material to eliminate noise. 

Fig. 62 shows the rotor and magnetic circuit of the motor. 
A is the rotor of a steel disc having a number of teeth on its 

periphery. The stator B comprises two pole pieces made up 
of several thin steel plates, the shoes being notched to corre-
spond with the rotor teeth. The two pole pieces are mounted 
on a pair of larger plates C (F in Fig. 61) joined by the lam-
inated core D on which is mounted the coil E. 

A small brass flywheel, not shown, is mounted alongside 
the rotor, but loose on the spindle. This is to maintain the 
momentum and assists the rotor in dropping into step. 

Fig. 63 shows the stator and rotor removed from the casing. 
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A special model of the Hammond clock is fitted with a half-
minute contact device enabling it to be used as a master 
transmitter in an impulse clock system. Another model is 

F I G . 6 4 . MOTOR AND CHIMING ACTION OF THE 
GARRARD M A I N S ELECTRIC CLOCK 

fitted with an auxiliary spring clock movement which only 
comes into action in the event of a failure in the electricity 
supply, and another gives the date as well as the time. 

The Garrard Electric Chiming Clock 
The general desig n of the Garrard mains-driven chiming 

clock consists of a non-self-starting synchronous motor which 
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drives the hands, and at the same time stores power in two 
small springs which are arranged to drive the chiming and 
striking trains when released at the appropriate times. 

The motor is enclosed in a bakelite case. 

F I O . 6 5 . MOVEMENT OF THE GARRARD ELECTRIC CHIME 
CLOCK 

The stator coil is circular in form, and is enclosed in two 
pressed steel housings, which are interleaved to produce alter-
nate magnetic poles. 

The rotor runs at 200 r.p.m., and is completely surrounded 
by the stator. The motor is arranged for hand starting. 

A sectored disc on the rotor spindle can be viewed through 
a slot in the rear of the motor casing to indicate that the clock 
is in motion. 
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The first two stages of speed reduction are through worm 
gears, after which the gears are of the usual clock type. 

The general construction of the chiming and striking move-
ments follows that of the Garrard spring chiming clock. 

The setting of the hands is done from the rear, and a key is 
provided to give the chiming and striking springs an initial 
wind. 

Referring to Fig. 64, A is the motor, B the starting lever, 
and C the slot for the indicator disc. 

D is one of the two spring barrels. 
Five chiming rods E secured in the casting F are provided. 
The hammers G can be raised clear of the chiming rods by 

the lever H, so silencing the clock when required. 
J is the hand-setting lever. 
Referring now to Fig. 65, which gives a front view of the 

movement, A is the count wheel for the chimes, which operate 
every quarter of an hour. 

B is the striking snail, against which the tail end of rack C 
drops when released by the "warn," the depth of drop of which 
governs the number of strokes. 

D and E are the flies for the control of the chiming and 
striking speeds. 

The clocks are supplied in a range of cases and arranged for 
Westminster Chimes. 

A neat two-pin connector is fitted for attachment of the 
flexible connecting cord. 

The Garrard Timepiece 
The Garrard timepiece is shown in Fig. 66, and comprises a 

non-self-starting motor running at 200 r.p.m. The rotor shaft 
fittedm ° g b e a r i n S s and.% spur gear reduction is 

+ w S r ° n , d S , h a n d W i t h s e P a r a t e ^ a l l dial is fitted to indicate that the clock is running. 
A feature of the Garrard timepiece is the detachable electric 

unit, i.e. the coil and its core. This unit is held by two screws 
on y, so that it can be removed and replaced ^f necessarv 
S V f ^ t h C ^ ° f t h e c l o c k and without any 
electrica skill being necessary. As seen from the illustration 
the coil is enclosed in a bakelite casing ' 

The starting motion consists of a spring-loaded pawl, which 
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engages on a ratchet wheel mounted on the rotor spindle. 
This pawl is operated by a small lever projecting through the 
moulding, and a flick of this lever is all that is necessary to 
start the clock. 

STARTING LEVER 

BEARINCS 

ELECTRICAL 

TELESCOPIC 

FIG." 6 6 . GARRARD TIMEPIECE 

The Smith Bi-synchronous System 
The application of synchronous clocks to large buildings, 

such as offices, municipal buildings, hotels, etc., has one dis-
advantage in that, should a failure of current occur, the whole 
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of the clocks in the building will stop, and it may take hours 
or even days for them to be put correct again by the person 
responsible for their maintenance. 

To overcome this difficulty, Messrs. Smith's English Clocks, 
Ltd., have introduced their Bi-synchronous System, in which 
the dials throughout the building are of the step-by-step type, 
several makes of which have been described in the chapter on 
Impulse Clocks. 

The hands advance in half minute steps, but instead of 
being controlled by a pendulum clock, the impulses are trans-
mitted by a synchronous motor-driven contact maker. 

Should the current fail for any reason or length of time, 
the master clock or contact maker continues to run from 
interrupted direct current, derived from a battery, the num-
ber of interruptions being equal to the frequency of the sup-
ply, and so the clocks continue to function as before. 

As soon as the mains current is restored, the direct current 
is, of course, cut out. 

Fig. 67 is a photograph of the master clock and controller, 
while Fig. 68 shows the instrument with the front of the case 
swung open. 

The master clock A is provided with a special synchronous 
motor, which has two stators and two rotors, one for alter-
nating current (normal) operation, and the other for direct 
current operation during current failure. The two rotors are 
mounted on a common shaft. 

The motor closes a pair of contacts at half minute intervals, 
which causes the relay circuit to be energized and to advance 
the secondary dials by one-half minute. 

As seen in the photographs, the master clock has two dials, 
the one on the left B indicating the time shown by the sec-
ondary dials. 

Contacts are provided so that the time of the secondary 
dials can be advanced or retarded when required. 

A vibrating reed C tuned to coincide with the frequency of 
the supply is mounted in the base of the case, and the coil D 
which is energized by the A.C. supply keeps the reed in oscil-
lation. This coil is provided with a second winding, which is 
connected to the battery and to contacts on the vibrating 
reed on the other side. 

The change-over switch E is normally excited by the A.C. 
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supply, and is so arranged that when the supply fails the 
armature is released to close a pair of contacts in the battery 

F I G . 6 7 . SMITH BI-SYNCHRONOUS MASTER CLOCK 

circuit, and current then passes through the reed coil and the 
D.C. stator winding. 

A rectifier F is provided to pass a current through the reed 
coil and to the battery operating the slave dials. The charge 
rate can be varied to suit the operating conditions by moving 
resistance C up or down. 



FIG. 6 8 . SMITH BI-SYNCHRONOUS MASTER CLOCK 
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The relay is mounted in a separate housing not shown in 
the illustrations. I t takes 15 mA. on a 6-volt circuit. 

Fig. 69 gives a circuit diagram of the whole system, while 
Fig. 70 gives another view of the vibrating reed. 

Mains 
Transformer *• 

Battery 

Retard Contacts 

Half-minute impulse. 
Contacts 

Advance Contacts 

Slave Dials -
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The Smith Synfinity Clock 
The system described in the previous section is, of course, 

too elaborate for those cases where only a few clocks are in-
volved, such as in the home and in small offices, etc. 

To meet the demand for a continuously-operating syn-
chronous clock, Messrs. Smith's English Clocks, Ltd., have 
introduced a synchronous clock with a spring carry over— 
that is to say, in the event of a current failure, the clock con-
tinues to operate as a mechanical (spring-driven) clock. 

FIG. 7 0 . SMITH BI-SYNCHRONOUS SYSTEM VIBRATING R E E D 
CONTROLLER 

The mechanism comprises a spring-driven clock governed 
by an escapement. The mainspring is wound by a self-starting 
synchronous motor, and the latter also drives a synchronizing 
gear, which sets the clock to true time every 57-6 minutes. 
The synchronizing gear engages on to a 25-toothed star wheel 
in the train. 

These ratios have been chosen so that the synchronizing 
roller engages with all the teeth of the star wheel in turn, so 
that should any small wear take place, it is distributed evenly 
over the whole 25 teeth instead of being confined to one. 

The 25-tooth wheel is mounted directly on to the hour 
spindle, and is frictionally connected to the rest of the escape-
ment train; consequently, when the synchronous motor cor-
rects the hands every 57-6 minutes, the escapement is not 
affected. 
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The synchronous motor winds the main spring at a faster 
rate than it runs out, so that should the supply fail and the 
clock use part of its reserve spring power, the mainspring is 
gradually rewound to full strength as the supply is resumed. 
Actually one hour's run puts about one hour back into the 
reserve spring. 

When the spring is wound fully, the outer end slips slightly 
in its drum from time to time, but there is always sufficient 
power to drive the train. 

I t will be noticed that a feature of this clock is that the 
train and escapement run on continuously, and thus there is 
no danger of the spring clock failing to come into action when 
required, due to having been standing idle for long periods, 
as might conceivably happen in systems where the spring only 
comes into action when the supply fails. 

Frequency Control 
The foregoing description of the principle and construction 

of synchronous clocks has shown how entirely dependent is 
this class of clock on the accuracy with which the actual 
frequency of the electricity supply is maintained in relation 
to the standard or declared frequency, which in this country 
is 50 cycles per second. I t is now proposed to describe the 
method by which this control is effected. 

The frequency of an alternating current electricity supply 
represents the number of complete cycles of change which 
the voltage or current makes in a second; one cycle comprising 
the following steps, viz. start from zero, grow to a maximum 
in a positive direction, die down to zero, grow to a maximum 
in a negative direction, and again fall to zero. This has already 
been illustrated graphically in Fig. 46. 

The frequency depends on the speed and number of poles 
of the generators at the power station, thus— 

cycles per second = —t ^ —-7-577. J r pairs of poles X 60 
The number of poles, generally two in large alternators, 

cannot, of course, be varied, so that the frequency is dependent 
entirely on the speed of the generator, which in a two pole 
machine is 3,000 revs, per minute. 

As its name implies, a turbo-alternator consists of a steam 
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turbine directly coupled to an alternating current generator. 
The steam supply to the set is controlled partly by hand and 
partly by a centrifugal governor which keeps the speed con-
stant, admitting more or less steam as the load on the generator 
varies. The speed of the set is also influenced to some extent 
by any other generators which happen to be working in parallel 
with it—that is, feeding into the same network—and a gen-
erator which is tending to slow up will tend to be pulled into 
step with the others, or rather, the other generators will take 
some of its load and enable it to gather speed. 

It is thus seen that the control of frequency is not par-
ticularly easy, and is dependent partly on the human element. 
Recognizing this, the Board of Trade actually allows a limit 
of per cent above or below the declared periodicity. In the 
days when each locality had its own power station this was 
good enough. So long as the frequency was within the B.O.T. 
limits, all was well, and the consumer did not worry whether 
his supply was 49 or 51. Such a supply, however, is no use 
for controlling the time of a clock, because the 5 per cent 
overall variation allowed would permit a clock to vary 72 
minutes in twenty-four hours—an intolerable inaccuracy. 
Then came the Grid scheme of the Central Electricity Board, 
and power stations instead of serving their own district only 
were linked into a common network stretching all over the 
country. 

It was mentioned above that a fast running alternator will 
take the load from a slow one. The same applies to power 
stations; a slight opening of the steam valves of a station will 
cause it to take more than its share of the load—an occurrence 
often known as "load snatching." This would be followed by 
the other station's frequency increasingdue to its loss of load, 
and the load would transfer itself back to this station, and 
oscillation of load is set up. The only way to evenly distribute 
the load between stations is to ensure that their frequency is 
identical. 

The B.O.T. limits were hopelessly inadequate, as were the 
old frequency indicators, and an entirely new type of instru-
ment now to be described was developed by E. H. Warren. 
The frequency is still controlled by the power station operator, 
but the slightest deviation from standard is readily seen, and 
can be immediately corrected. The next stage in development 
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will undoubtedly be the fully automatic control of the gener-
ator speed by means of the frequency meter. 

The principle of the master frequency meter is indicated in 
Fig. 71. 

A is a high-grade master clock either mechanically or elec-
trically driven, which indicates Greenwich time. B is a syn-
chronous clock driven from the mains whose frequency it is 
desired to control. 

C is an extra dial having two hands working from the same 
centre (other constructions will be described later). One hand 

F I G . 7 1 . PRINCIPLE OF F R E Q U E N C Y CONTROL METER 

is connected by means of the spindle D to the master clock, 
and makes one revolution in three minutes. The other hand 
is connected to the synchronous clock through spindle E, and 
also makes one revolution in three minutes when the frequency 
is exactly 50 cycles. The two hands, therefore, rotate together. 
If, however, the frequency departs from the correct value the 
red hand will overrun or fall behind the other as the case may 
be. Thus the slightest discrepancy is readily apparent to the 
switchboard attendant. Any inaccuracy revealed by the master 
clock is, of course, reflected in the time-keeping of the clocks 
connected to the supply mains, but the act of correcting the 
frequency also brings the clocks back to the correct time. 

It will be seen, therefore, that although synchronous clocks 
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may depart slightly from absolute Greenwich time, the average 
time is correct, and in any case the deviation is never more than 
a few seconds. A deviation of one minute would represent 
one-third of the dial of the master frequency meter, and would 
compel attention. 

The time shown by the master clock at the power station is 
immaterial, but if it gains or loses, the clocks on the system 
will gain or lose the same amount. As a matter of fact it is 
difficult to regulate any clock, particularly a mechanical one, 
to keep dead time day in and day out, and it is, therefore, 
essential that the master clocks be synchronized frequently 
with time signals from Greenwich Observatory, and gradual 
correction of the pendulum effected, as described in a later 
chapter. From the point of view of time-keeping the ideal 
scheme would be for there to be one master clock for the whole 
of the country, and that the mean time clock at Greenwich 
Observatory. 

The business of the Central Electricity Board is, however, 
to supply electricity. The distribution of time is an incidental 
matter, and as at present arranged each important station 
will be provided with a master frequency meter. 

In addition, indicating frequency meters of specially high 
accuracy will be installed at certain selected stations in order 
to check the momentary variations in frequency. 

The pioneers of frequency control in this country were 
Synclocks, Ltd. Fig. 72 shows a typical master control clock. 

The lower right-hand dial indicates hours and minutes of 
"standard time." The dial on the left which shows "fre-
quency time " has a red seconds hand in addition to the others. 
The large central dial is the one by which the frequency is 
controlled. Instead of two pointers, raie black and one red, 
as shown in the illustration of the principle, the control dial 
has only one revolving pointer (connected to the master clock), 
and-instead of the red pointer, a revolving disc driven at 
synchronous speed, on which is engraved a red line. 

The disc and pointer rotate once in three minutes, the 
number of seconds discrepancy between the two clocks being 
shown by the difference in position of the pointer and red 
mark. 

The early master clocks were weight-driven regulators 
electrically wound. 
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The latest practice employs an electric impulse clock to 
maintain standard time, thus enabling the master control to 
be coupled into an existing impulse time circuit. 

Fig. 73 shows how the control dial is operated. The syn-
chronous motor drives both the black and red hands (or rather 
disc), the former through a slipping clutch. 

FREQUENCY METER 
Impulse pattern 

On the spindle on which the black hand is mounted is a 
, block having a number of vee-shaped depressions, into which 
a roller attached to the armature of an electro-magnet in the 

' impulse time circuit is drawn every half-minute. The action, 
therefore, is that while the red hand rotates in exact syn-

• chronism with the frequency, the black hand also rotates at 
; synchronous speed, but any advance or retardation, as com-
< pared with standard time, is corrected every half-minute by 
i the descent of the small roller into one of the vee-shaped 
il depressions. 

8—(5743) 
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The movement of both the black and the red hands is, there-
fore, perfectly smooth instead of being by jerks, as is the case 
if driven directly from the clock, and the pendulum and its 
contact maker can be installed in any convenient position, 
where it is free from vibration, etc., the indicating position, 
shown in the illustration, being installed in the control room. 

Willesden Grove Road Bow 

Master Frequency 
Meter 7 ^ 

© © •^-Frequency Time 

© © © •^Standard Time © 
ff) 

© 
( 7 ) ff) ( 7 ) 

Battersea Control Room Deptfor 
Westminster 

FIG. 74 . FREQUENCY CONTROL SCHEME 
(London Power Co.) 

Moreover, duplicate indicators can be fitted at various points 
if required. 

When once set the clocks of either the old or new patterns 
are capable of giving an accuracy of one or two seconds in 
twenty-four hours, or in other words, of indicating the fre-
quency correctly within 1/1000 to 1/500 per cent. 

Regarding the control of the frequency of a group of stations 
from one master control room, the following description of the 
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method adopted by the London Power Company is typical of 
modern practice. The problem in this case was that any one 
of the five existing power stations at Willesden, Grove Road, 
Deptford West, Bow, and Battersea, should be in a position 
at any moment to take over the frequency control of the entire 
system. Further, that each station should have a continuous 
indication of the mean frequency of the system, or if that 
system were temporarily disconnected therefrom, of its own 
mean frequency, so that it could be at any moment reconnected 
with the least possible delay. 

The system employs the Synclock master frequency 
meter in conjunction with the Synchronome impulse system. 
The master frequency meter is installed in the central control 
room of the London Power Co., Ltd., at Ergon House, 
Horseferry Road, Westminster, and has the usual three dials 
showing standard and frequency times, and difference. The 
master clock is a Synchronome transmitter, and each station 
is given a secondary dial which is an exact replica of the 
standard time dial at Ergon House. 

In addition, at each station there is a second dial having 
two pointers revolving once in five minutes, the one pointer 
being connected to the Synchronome dial, and the other 
driven by a Warren motor connected to the station bus bars. 

The lay-out of the system is shown in Fig. 74. 
It is thus assured that so long as a station is connected to 

the system, the readings on the two dials will agree exactly 
with the readings on the master frequency meter at Ergon 
House. Should any one of the generating stations be dis-
connected from the main system for any reason, and therefore 
compelled to control its own frequency, it can do so by means 
of the upper dial, since the standard time hand is synchronized 
from the control room. By this means the station is at any 
moment in a position to connect once more to the system 
without the delay of equalizing frequency. 



CHAPTER VII 

ELECTRICALLY-WOUND CLOCKS 

Introduction 
As their name implies, electrically-wound clocks rely for their 
time-keeping on a pendulum or escapement, and upon a spring 
or weight for their driving motion, electricity being called 
upon merely to wind up the spring or weight. An electrically-
wound clock consists, therefore, of an ordinary clock with the 
addition of a suitable winding motor. The winding is always 
done at fairly frequent intervals, and is generally quite auto-
matic in action. This enables the driving spring, or in the case 
of a weight-driven clock, the drop of the weight, to be smaller 
than would be necessary were the clock purely mechanicallj* 
wound at weekly intervals. Some electrically-wound clocks 
have sufficient storage of driving power in their springs to 
go for several days in the event of failure of the electric current, 
others will only run an hour or so. Winding motors can either 
be driven from the ordinary electricity supply, or from 
batteries, according to circumstances. 

The subject of electrically-wound clocks embraces a wide 
range and includes domestic clocks, time switches for operating 
street lamps and the control of shop window displays, motor-
car clocks, turret clocks, and the master transmitters of some 
electric impulse clock systems. 

The considerations which apply to one class of clock may 
not apply to the other, so each of the above will be considered 
separately. 

For domestic purposes, the electrically-wound clock has 
several advantages. Its principal point, of course, is that it 
requires no winding. I t is independent of interruptions of 
the electric power supply—which even of short duration are 
sufficient to upset the working of the synchronous type of 
clock. I t is reasonably portable, that is, it can be removed 
from one plug to another without stopping the clock. 

Being essentially a mechanical clock, it has a definite "tick," 
and the hands do not move in half-minute jumps as with the 
impulse type of clock. 

106 
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The electrically-wound clock can be made suitable for direct 
or alternating current, and, in the case of the latter, it is 
independent of whether the frequency is time controlled 
or not. 

The electrically-wound domestic clock, of course, has its 
disadvantages as well. Being both a mechanical clock and 
an electric motor, it is naturally more costly than either a 
mechanical clock of equal quality, or a synchronous motor 
clock. 

Synchronous motor clocks cannot, however, be used where 
the electricity supply is direct current, or on alternating cur-
rent if the frequency is not controlled. 

The time-keeping of electrically-wound clocks is entirely 
dependent on individual construction and regulation, and 
there is no guarantee that several clocks in the same house will 
indicate the same time. As time-keepers the impulse and 
synchronous clocks are superior. 

No special wiring is necessary for the electrically-wound 
clock. It can be plugged into any convenient point, and if it 
is desired to run any other appliance from the same point, the 
clock can be temporarily disconnected, and will carry on under 
its own power. 

Time switches, which are nothing more than electrically-
wound clocks without dials and hands, are used to a tremend-
ous extent nowadays to save labour. They are fitted to nearly 
all street lamps in order to switch off in the early hours of 
the morning. 

In business they enable shopkeepers to leave the windows 
lighted until late at night—a valuable form of publicity—and 
shut off the lights at a predetermined hour. 

In industry they are used for controlling all sorts of pro-
cesses. For instance, furnaces can be switched on in readiness 
for the operators to start work immediately they arrive, 
instead of having to switch on the furnace and wait for it to 
heat up. 

Time switches must be independent of interruptions in the 
electricity supply, and the electrically-wound movement is the 
only solution. Synchronous clock motions are not desirable, 
as in the event of an interruption they would stop until 
restarted manually, or if self-starting would be slow by the 
amount of the interruption. A half-hour shut down in the 
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daytime would mean all the lamps coming on half an hour 
late in the evening, or not at all. 

The impulse system is not an economical proposition for 
such purposes as street lighting, because of the additional 
wiring that would be necessary. Electrically-wound clocks 
can be connected to the same supply as the lamps which they 
control. 

Time switches must work in any position, and must be 
capable of working under the most severe weather conditions. 

Electrically-wound motor-car clocks are extensively used 
to-day. They usually consist of a spring-driven movement, 
which is periodically wound by energy derived from the 6- or 
12-volt lighting circuit of the car. A pendulum clock, of 
course, would be impossible owing to vibration. The clock 
should preferably be able to carry on without winding for a 
day or two, so that it does not have to be reset if the battery 
has been taken off for charging. 

I t is in the case of turret clocks that the electric winding 
motor is seen to the greatest advantage. The time and energy 
required to keep a large clock, with chimes, fully wound is 
very considerable, and may amount to several days labour a 
week, which can be saved by installing a small motor-driven 
winding gear for each train. The existing mechanical trains 
require little alteration, and the dropping distance of the 
weights can be reduced to a fraction of the original, as the 
motor can be made to wind up at frequent intervals. The 
winding motors need only be small, and their cost will quickly 
be repaid by the saving of labour effected. The addition of the 
electric wind in no way affects the time-keeping of the clock 
itself. 

The application of electric winding to master transmitters 
of impulse clock systems, when such are not electrically 
driven, requires a little consideration. The ideals of the 
electric impulse system such as reliability of service, accuracy 
of time-keeping, etc., would be utterly defeated if there was 
risk of the whole system stopping due to neglect of winding 
the master clock. 

That some makers should essay to use a mechanical master 
clock instead of the simpler and more accurate electric 
time-keeper is not within the province of this chapter to 
discuss. 
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Winding Methods 
In this section it is intended to give only a brief outline of 

the various principles which can be employed to perform the 
w'nding of spring or weight. Practical details will be reserved 
until actual makes are described. 

It should be noted that the power required to wind a clock 
spring is very little when exerted through a train of gearing, 
and, except for large turret clocks, the winding motor is very 
small. Cost of running is so small as to be unimportant, and 
the aim of the designer is to reproduce a winding mechanism 
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of low first cost and robust construction, rather than one which 
has a high theoretical efficiency of little practical value. 

The simplest winding motor is the electro-magnetically 
operated type seen in Fig. 75. 

A is an electro-magnet, B its coil, C the iron armature 
pivoted at D, and E a spring, F is a pawl mounted on the 
armature and engaging with ratchet wheel G, which is coupled 
to the going train, usually through a* spring which acts as 
storage. The spring E is really the driving spring of the clock, 
and as the armature is pulled up it causes the wheel G to rotate, 
its rate of travel being limited by the escapement or pendulum. 
When C rises to a certain height it closes the contacts H which 
complete the circuit and cause the armature to be drawn to 
the magnet poles, when the cycle is repeated. The reserve 
spring carries on with the driving of the clock hands during 
the brief instant that the armature is being attracted by the 
magnet and is not driving the ratchet wheel. 
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A somewhat similar principle is illustrated in Fig. 76. Here 
the armature is made to vibrate rapidly in the manner of an 
electric bell, and in doing so turns the ratchet wheel which is 
geared to the winding spindle of the main spring. 

No make and break contacts are required when the magnet 

Stop 

—Ratchet 
f * ^ \ or Friction 
( o ) Wheel 

V J Winding Mam 
Spring 

F I G . 7 6 . SIMPLE VIBRATORY W I N D I N G MOTOR FOR ALTERNATING 
CURRENT 

F I G . 7 7 . SIMPLE FERRARIS T Y P E INDUCTION MOTOR 

is energized by alternating current, the armature being 
attracted by each pulsation of current, i.e. twice per cycle. 
Suitable switching mechanism is, of course, fitted so that 
winding takes place only when necessary, and stops as soon 
as the spring is fully wound. These vibrating mechanisms 
are apt to be noisy in use unless great care is taken in the 
design. 
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Coming to motors, a number of types is in use dependent 
on the size of the clock. 

For the ordinary small domestic clock working from alter-
nating current mains, the Ferraris type of induction motor is 
frequently used. In its simplest form, shown in Fig. 77, it 
consists of a disc of copper or aluminium A pivoted at B, and 
mounted between the poles of an electro-magnet C made of 
laminated iron and energized by the coil 1), which is wound 
with a large number of turns of fine copper wire and connected 

to the supply mains. The poles are slotted and one half of 
each is surrounded with a copper shading coil in order to make 
the motor self-starting. 

The action is as follows. Magnetic lines of force pass across 
the air gap through the copper rotor and induce current in 
it, which in turn produces a rotor magnetic field. The mag-
netism in the shaded portion of the pole is an instant later in 
growing to the maximum than the unshaded half, so that as 
the magnetism in the unshaded half dies away, the magnetic 
pole in the rotor causes it to turn to the shaded portion. This 
happens with every cycle of current, so that continuous rota-
tion ensues. 

This type of motor has very small torque, and is little used 
except where only a small amount of power is required, as in 
the present instance. 
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The construction of the Ferraris type of motor is clearly 
illustrated in Figs. 82 and 83 (pages 116 and 117). 

Larger clocks such as master regulators employing weights, 
often have a small squirrel cage induction motor, the construc-
tion of which is shown in Fig. 78. 

A is a magnet built up of iron laminations, and provided 
with four internal poles B. Each pole has a shading coil C 
fitted over a portion of it, and a coil of wire D surrounding the 
centre pole. The rotor comprises a number of iron stampings 

F 

E mounted on a shaft F. In the stampings are punched a 
series of holes and slots G, and these are fitted with rods of 
copper, the ends of which are soldered into copper end rings 
H. The coils are connected in series with each other across 
the mains so that the magnet poles are alternately north and 
south. The principle is similar to the Ferraris motor, the 
rotor taking the place of the copper disc. 

This type of motor is used largely where small power is 
required, such as fans, phonograph motors, etc., but it is not 
made in large sizes owing to its inefficiency compared with 
some other types of motor. I t is, of course, only suitable for 
alternating current. Small synchronous motors of the self-
starting type are sometimes used for the winding of clocks. 

As regards motors for direct current clocks, these are usually 
made of the simplest possible construction. Fig. 79 shows a 
motor of this nature. 
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A is the armature core built of iron laminations pressed on 
spindle B, and having three poles on each of which is wound 
a coil of wire C. 

The ends of these coils are joined together, and their junc-
tions joined to the three segments of the commutator D, upon 
which brushes E bear. In this class of motor these brushes are 
usually of silver or silver alloy. The armature revolves within 
the pole pieces F, which are magnetized by the coil G. The 
armature is connected in series with the field coil, and also in 

FIG. 80 . PARTLY DISMANTLED DIRECT-CURRENT MOTOR 
(Crompton-ParJcinson, Ltd.) 

series with the resistance H, the object of which is to reduce the 
voltage across the motor. % 

Small direct current motors for larger clocks are of more 
orthodox construction, and Fig. 80 illustrates the components 
of such a motor. 

A is the armature and B the commutator both mounted on 
shaft C. The field magnet is integral with the casing D. E is 
one of the field coils. F, Fx are the brush tubes insulated from 
the casing by the bakelite mouldings G, Gv and H is one of the 
two carbon brushes which bear on the commutator under 
pressure of spring I. 
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For the winding of very large clocks and chimes standard 
D.C. or A.C. motors are used—usually of the compound type 
in the former case, and preferably of the repulsion-induction 
typa in the latter. Both of these have the characteristics of 
starting up easily with the load on, but preserving an even 
running speed. 

The simplest method of applying an electrical winding motor 
to an existing clock is shown in Fig. 81. 

T U R R E T CLOCK 

This employs the principle of the Huygens endless chain, 
which is often met with in 30-hour grandfather clocks. 

A is the driving weight, B an endless chain which passes 
around sprocket wheel C, which is driven by the motor D. 
E is a jockey pulley to keep the chain taut, and F a sprocket 
wheel fitted to one of the wheels in the "going" train, prefer-
ably the next, or next but one, to the 'scape wheel. The 
winding barrel and other wheels are, of course, dispensed with. 
A snap°switch 0 is arranged so that the motor is switched on 
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when the weight reaches the lower limit of its travel, and oft' 
when it reaches the top. 

It is easily seen that when the motor rotates the weight will 
be drawn up and the jockey pulley will fall. 

Meanwhile the pull of the driving weight remains on the 
driving sprocket. Sprocket C is prevented from turning back 
under the influence of the weight because of the worm drive 
between the motor and itself. 

We will now see how the principles outlined in the foregoing 
are carried out in practice. 

Landis and Gyr Domestic Clocks 
A range of electrically-wound domestic clocks is manufac-

tured by Landis & Gyr, Ltd. Separate models are supplied for 
A.C. and D.C. working. The clock movement is substantially 
the same in each case, and consists of a high-grade spring-
driven mechanism with a jewelled dead beat lever escape-
ment. The latter is compensated for temperature error by 
the use of "Elinvar" metal. The spring is wound at intervals 
by means of a small electric motor—a Ferraris disc induction 
type in the alternating current models, and a simple form of 
commutator motor in those for direct current use. 

This spring is capable of maintaining the clock for three 
days in the event of current failure. 

The winding gear is so arranged that the spring can never 
be overwound nor completely unwound, so that even torque 
is preserved and with careful regulation the clocks can 
be relied upon to keep time within one minute a month 
or less. 

The D.C. clock can be used on any voltage between 110 and 
132 and 200 and 250 volts, and the ^ C . model between 80 
and 280 (50 to 60 cycles). 

Fig. 82 shows a half-front view of the A.C. model, and Fig. 83 
a rear view of same. Both are lettered to correspond, and the 
principal features are as follows. 

A is the copper rotor of the winding motor, B the stator, 
C the coil, and D the copper shading coil to provide the start-
ing torque. E is the terminal block. The plug supplied with 
the clock is attached to two of the pins according to the voltage 
of the electricity supply. F is the regulator which projects 
through the dial. G is the main spring, and H, I, and J are 
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the two gears and the travelling weight respectively, which 
start and stop the ordinary motor, to be described later. 

The coil of the A.C. clock is in circuit continuously, the 

F I G . 8 2 . P A R T F R O N T V I E W OF L A N D I S & G Y R ELECTRICALLY-
WOUND CLOCK FOR A . C . 

winding motor being stopped by the application of a light brake 
to the rotor. The power consumption is exceedingly small, 
being approximately one watt, so that the cost of running is 
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negligible. The current of the D.C. model is switched off when 
the spring is fully wound. 

FIG. 8 3 . R E A R V I E W OF L A N D I S & G Y R ELECTRICALLY-WOUND 
A . C . CLOCK 

Fig. 84 shows the automatic control. A is the spindle having 
a screw thread B, C is a gear wheel loosely mounted on A, 
and driven from the winding train of the clock—i.e. as the 
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clock is wound C rotates, and D is a pin projecting from C. 
E is another gear wheel, fixed to spindle A, and coupled to the 
hand-driving train of the clock so that it rotates as the spring 
unwinds. F is a weight of the shape shown and G a spring 
attached to it. 

The action is as follows. During the winding, the wheel C 
turns and pin D comes into contact with weight F rotating 
it on the screw thread and causing it to travel to the left. 
When it reaches the limit of its travel, made to correspond 
with the spring being fully wound, pin H engages with a 
lever, not shown, which stops the winding motor as previously 

described. Owing to the shape of the weight, it falls suddenly 
forward once per revolution, and so ensures a quick break of 
the switch. Spring G acts as a buffer when it falls against 
pin D. 

During unwinding, gear F, and with it spindle A, turns. 
Weight F is prevented from rotating with it by its own weight 
and by pin D, so it is caused to travel along the thread to the 
right, eventually releasing the brake or switch and causing 
rewinding to start. A simple ratchet prevents the spring from 
driving the motor armature when the winding power is off. 
If the clock is allowed to run completely down, F will move 
to the extreme right of the spindle A. To prevent it jamming 
against gear E, stops J and K are provided. 



FIG. 8 5 . FRONT V I E W OF L A N D I S & G Y R ELECTRICALLY-WOUND 
CLOCK FOR D . C . 

9—(5743) 
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Fig. 85 gives a front view of the direct current movement. 
A is the tripolar armature, B the pole shoes of sheet iron, 

C the field magnets, D the brush support pillars, and E the 
brushes and commutator. The bobbins F are resistances for 
the purpose of reducing the voltage across the motor arma-
ture. The escapement is contained in casing G, and regulation 

F I G . 8 6 . L A N D I S & G Y R ELECTRICALLY-WOUND CLOCK 

of the clock is effected by rotating the knob H, which is 
arranged to project flush with the dial. The lever K locks the 
escapement in order to prevent damage to its delicate mechan-
ism when the clock is moved about. 

The clocks are manufactured in both wall and mantel 
patterns, and Fig. 86 shows one of the latter type. The small 
disc with the arrow and screw-driver slot seen above the centre 
of the hands is the regulator. 
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Motor-car Clocks 
A typical electrically-wound motor-car clock with cover 

removed is shown in Fig. 87, and is a product of Smith's 
English Clocks, Ltd. 

The movement is spring-driven, controlled by a lever 
escapement, and will continue to run for about one and a half 

F U S E HOLDER 

FIG. 8 7 . EMPIRE MOTOR-CAR CLOCK, GENERAL V I E W 

hours without the battery being connected, thus allowing 
minor repairs to the lighting system to be carried out. 

The winding action of the clock may be followed by reference 
to the diagram Fig. 88. 

A Ax are the coils of an electro-magnet having poles B Bv 
~C is an armature pivoted at D, E is a spiral spring which is 
-actually the main spring of the clock, F is a fixed contact, 
and G is a movable contact pivoted at H. On energizing the 

jmagnet coils, the armature C is attracted into line with the 
»(poles, and in doing so spring J which controls the movement 
bof the contact G passes over the pivotal centre, and so causes 
Ithe contacts to rapidly separate, the arm of the movable 
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contact coming to rest against stop K. The armature is then 
drawn back to its original position by spring C, and in so doing 
drives the clock through the medium of a ratchet and further 
spring, which provides the driving motion at the instant 
winding is taking place, and also when the battery is dis-
connected. When the spring has unwound a certain distance 
spring J again crosses the centre, closing the contacts and 
energizing the magnets, the cycle being repeated. The arma-
ture and contacts are clearly shown in the photograph Fig. 89. 

F I G . 8 8 . W I N D I N G ACTION OF E M P I R E MOTOR-CAR CLOCK 

The periodicity of winding is normally every four to six 
minutes. Owing to the frequent winding, the main spring is 
kept in very even tension, resulting in good time-keeping. 

A weakness which has been experienced in the past with 
motor-car electric clocks is that in the event of them stopping 
for any reason they would invariably do so with the contact 
points closed. In consequence the instrument would probably 
suffer damage due to overheating of the winding. This diffi-
culty has been overcome in this clock by the provision of a fuse 
which comes into operation should the clock stop on contact. 

The Venner Time Switch 
An excellent example of an electrically-wound clock as 

used for the operation of time switches for controlling the 
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lighting of street lamps, shop windows, and the like, is provided 
by the Venner movement, a general view, with the casing 
removed, being shown in Fig. 90. 

In its essentials, it consists of a high-class spring-driven 
clock movement which is arranged to be electrically-wound 
at intervals by an ingenious form of winding motor. The spring 

FIG. 8 9 . EMPIRE MOTOR-CAR CLOCK, SHOWING 
ARMATURE AND CONTACTS 

has a maintaining power of about three days in the event of 
supply failure. 

All the gear wheels are made of brass, while the pinions and 
spindles are of stainless steel. The movement is mounted on a 
substantial brass framework, and fitted with a brass cover, 
sliding windows being provided to permit of adjustment being 
made without removing the cover. 

Owing to the compactness of the whole unit, particularly 
the winding mechanism, it is somewhat difficult adequately to 
describe it in the space available. 
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F I G . 9 0 . G E N E R A L V I E W OF V E N N E R ELECTRIC 
T I M E SWITCH 

H 

F I G . 9 1 . V E N N E R TIME SWITCH 
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Referring to Fig. 91, A is the output pinion of the winding 
motor whose construction will be described later. B is an 
intermediate gear which transmits the motion to the wheel C 
mounted on the spindle D to which one end of the driving 
spring is attached. The other end of the driving spring is 
fastened to its housing E on which is driving gear F. Thus 
gear C rotates when the spring is being wound and gear F 
when it unwinds. Spindle D is threaded for a portion of its 
length, and has upon it a nut G anchored by the pin //fastened 
to gear F. The effect of this is that during winding, nut G is 
caused to travel up the threaded portion, and during unwind-
'ing, because of the rotation of gear F, it is made to travel doun. 

When the motor is winding the nut reaches a point in its 
upward travel where it comes into contact with a small roller 
coupled to a quick make-and-break switch action. The effect 
of this is to stop the winding motor, and so the nut commences 
its slow downward travel, due to the unwinding of the spring. 
Immediately the nut passes beyond range of the roller the 
motor is switched on again and the cycle repeats itself. 

The interval between the winds is approximately eight 
hours. Winding takes only a few seconds to accomplish so 
that the power consumption is infinitesimal. The driving gear 
F is coupled to the driving spindle J (which takes the place 
of the hands of this clock) by the usual train of gears, the rate 
being controlled by an escapement. 

The winding motor is shown in Fig. 92, and comprises an 
electro-magnet having poles A, A1 and coils B, Bx energized 
from alternating current mains. C is an armature mounted 
on the hollow spindle D, and is normally held a slight dis-
tance away from the magnet pole by tuning springs, which are 
so tensioned that the natural period of vibration of the arma-
ture and springs is that of the supplyfrequency. When the 
coils are energized, however, the armature vibrates rapidly 
owing to the reversals of the alternating current. Plate F 
is mounted on the same spindle as the armature, and carries 
a clutch which engages with the inside of the drum G, integral 
with the winding spindle A (Fig. 91) which passes through the 
centre of the spindle D. Plate H carries another clutch also 
engaging with the drum G, and in addition is anchored at J. 

The action is such that when the armature is attracted to 
the magnet poles, clutch F grips the winding spindle and turns 
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FIG. 9 2 . VENNER TIME SWITCH 
View showing winding motor 

FIG. 9 3 . VENNER TIME SWITCH 
Top view 
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it forward. When the current impulse ceases, the armature 
returns to its original position by virtue of the springs, and 
clutch H comes into action to prevent the winding spindle 
turning back. Thus the vibrating motion of the armature is 
converted into a rotary one in a most efficient manner. When 
the motor is required for D.C. operation a suitable make-and-
break is provided to give the necessary current impulse. 

Fig. 93 gives a top view of the complete movement, and 
includes several details not shown in the other views. 

A is the winding pinion, B the intermediate wheel, and G 
the winding gear. On this gear is mounted lever D which is 
part of the quick make-and-break mechanism. E is the switch, 
F a revolving graduated dial for setting the time of the clock, 
and G the escapement and regulator. H is the centre spindle 
to which the time switch mechanism is attached, J being a pin 
projecting from the vibrating magnet to which the tuning 
springs K are secured. 

In a later form of the Venner electrically-wound time 
switch, a self-starting synchronous motor is used for winding 
instead of the vibratory motor described above. 



CHAPTER VIII 
SYNCHRONIZED CLOCKS 

Introductory 
UNDER the heading of synchronized clocks is included all those 
clocks, whether electrically or mechanically propelled, which 
are arranged to be corrected at intervals by signals transmitted 
from a source of standard time, generally represented in this 
country by Greenwich Observatory. Synchronization is usu-
ally carried out once or twice daily, so that however bad a 
time-keeper a clock may be, it cannot deviate very much from 
correct time. 

Synchronized clocks are used only where it is essential that 
particularly accurate time be always maintained. The prin-
cipal application is to public clocks and those of public service 
undertakings, but even here it is by no means common, for 
the accuracy of modern electric clock installations is such that 
only very occasional correction is necessary, and this can be 
readily done manually by checking against the Greenwich 
time signals of the B.B.C., thereby saving the expense of the 
synchronizing service. 

The development of synchronized clocks is due in great 
measure to the fact that one of the conditions upon which 
clocks are permitted to be erected projecting over the public 
way in the City of London is that they shall be kept syn-
chronized with Greenwich mean time by means of a wire from 
the Post Office "or other approved method." 

Electrical synchronization is particularly applicable to 
mechanical clocks, as it enables an indifferent time-keeper to 
be transformed into a good one at little expense. A particular 
application of electrical synchronization is in connection with 
workmen's time recorders. 

When electric clocks are installed in a factory, it is particu-
larly necessary that the time recorders already in existence 
indicate the same time as the general clocks. It is not, how-
ever, generally possible, on economic grounds, to do away 
with the mechanical movement of these clocks and substitute 

128 
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an electrical one. The method generally adopted is to retain 
the clocks in their entirety, but control the swing of their 
pendulums by means of the half-minute impulses of the factory 
time circuit, so that their indications are similar to all the other 
clocks. 

It is, of course, necessary to continue with the weekly wind-
ing of these synchronized mechanical clocks. 

As is well known, the time standard so far as this country is 
concerned is Greenwich mean time, and this is available for 
the synchronization and checking of clocks in four ways, 
namely— 

1. By wire from the G.P.O. 
2. By radio from the B.B.C. stations. 
3. By radio from the G.P.O. Rugby station. 
4. In London only, from the mains of the Standard Time 

Company which was established in 1877 for the purpose of 
disseminating time signals. 

There are two broad systems of synchronization in use, both 
applicable to either electric or mechanical clocks, viz. forcible 
and gradual. 

There are two kinds of forcible correction: (1) in which the 
reception of the time signal causes the minute hand to be 
quickly drawn to the zero position, and (2) in which the hand 
is made to reach the zero position before the arrival of the 
signal, the movement being then held up until its reception, 
when the clock is restarted. 

Gradual correction, as its name implies, consists of the 
addition or subtraction of a small weight to or from the 
pendulum according to whether the clock is fast or slow when 
the signal is received, thus altering the effective length and 
time of swing of the pendulum. 

Before passing to a consideration of the various time ser-
vices and synchronizing systems, we will briefly consider the 
arrangements by which time is obtained and distributed from 
Greenwich Observatory. 

Greenwich Time 
Time is determined with reference to the rotation of the 

earth. The fundamental unit is the sidereal day—this being 
the time taken for the earth to make a complete revolution, or 
the time which elapses between the instant when a star is due 



130 ' MODERN ELECTRIC CLOCKS 

south at a place, and the instant when that star is next due 
south at the same place. The sidereal day is, therefore, the day 
as determined by observation of the stars. There are 366| 
sidereal days in a year. 

The solar day is taken from observation of the sun, and 
represents the length of time between two successive "south-
ings" of the sun. There are 365J solar days in a year, i.e. one 
less than the number of sidereal days, the difference of one day 
being due to earth's motion round the sun causing the sun 
to appear to make one revolution round the earth from west 
to east. As life in general is regulated by the sun and not by 
the stars, the solar day is taken as the basis of our system of 
time recording. 

The length of the solar day is not uniform throughout the 
year for two reasons. 

1. The speed of the earth round the sun is not constant, 
thus the time taken for the sun to appear due south on succes-
sive days varies. 2. The axis of the earth is inclined to the 
plane of its orbit, so that the sun does not appear to follow a 
path immediately above the earth's equator, but it is north 
of it from April to September, and south the remainder of 
the year. 

Thus the average length of a solar day is taken as the 
unit of time, and is called Mean Solar Time, or Greenwich 
Mean Time if the observatory in question happens to be 
Greenwich. 

Time observations are made by noting the exact time at 
which a star crosses a given point in the heavens—an electric 
signal being automatically transmitted as this occurs, which 
causes a mark to be made on a slowly moving chart. Obser-
vations are being constantly made so that the exact time at 
any instant can be readily determined. Means are also pro-
vided by which the beats of the observatory clocks are re-
corded, so that they can be accurately compared with the 
star time, and correction made if necessary. 

It is, of course, desirable that the clocks used be absolutely 
constant, and it is noteworthy that at Greenwich and most of 
the principal observatories of the world these are electric-
being a special form of the Synchronome clock, described in 
Chapter IV, designed by Mr. W. H. Shortt. 

An observatory clock of this type is shown in Fig. 26 (page 
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43), and space will only permit of a brief description of its 
construction and working here. I t is of the free pendulum 
type impelled by the fall of the gravity arm reset by a Syn-
chronome '' Remontoire.'' 

The release of this arm is effected by an adjacent "slave 
clock" which is kept in exact synchronization with the free 
pendulum. The impulses to the indicating dials are also 
dispatched by this slave clock, and the free pendulum has 
nothing to do but swing to keep time. The pendulum is of 
Invar, and the whole of the mechanism is enclosed in an air-
tight case—a copper cylinder with a glass bell cover—and 
exhausted of air to a pressure of 35 mm. or less. 

The performance of these clocks is remarkable, and they can 
be relied upon to keep time to within a second in a year. Their 
accuracy is such that with their aid it may be possible to carry 
out further research on various astronomical problems—the 
clock being considered as the constant quality, and the stars 
or other bodies the variable ones—a reversal of previous 
practice. 

There are three Shortt clocks at Greenwich Observatory, 
two used for determining sidereal time, and one measuring 
mean time, for transmitting the six dot seconds by wireless, 
and the Rugby rhythmic time signals. 

The mean time clock is checked with reference to the sidereal 
clocks which, as explained above, are constantly checked by 
stellar observations. It may be mentioned here that the actual 
time indicated by the sidereal clocks is immaterial so long as 
their rate of gain or loss is known, because the actual time at a 
given instant can be readily determined. The mean time clocks, 
however, must be correct to time, and thus means of adjust-
ment are provided, and the clocks checked before the dispatch 
of any important signal. 

The mean time clock at Greenwich controls several electrical 
circuits. A signal is sent once an hour to the Central Tele-
graph Office of the G.P.O., where it is distributed as required, 
and to the central station of the Standard Time Company. 
Another line is connected to the British Broadcasting Corpora-
tion, to which the last six seconds in every quarter of an hour 
are transmitted. These signals are, of course, only broadcast 
at certain times. 

The signals for broadcast from the Rugby station of the 
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G.P.O. are transmitted from a separate pendulum, length of 
beat of which is ££ of a second. 

The Rugby signals are intended for the checking of ships' 
chronometers, and are also used by surveyors and explorers in 
the determination of longitude. A fractional beat facilitates 
this work; the radio beats periodically coming into step with 
those of the chronometer or clock being checked. By noting 
the time shown by the chronometer and the number of the 
dot at which coincidence occurs, it is possible by easy calcula-
tion or by reference to tables, to ascertain the error of the 
chronometer, to an accuracy of of a second. 

At present Greenwich mean time is only available at certain 
hours by the various services mentioned, but it is hoped the 
time is not far off when a special wireless station will broadcast 
the beats of the Greenwich clock continuously day and night. 

The Post Office Time Service 
Two services of time signals for the synchronization of 

clocks are available by wire from the Post Office as follows. 
(a) Greenwich mean time signal transmitted at 9.0 a.m. and 
1.0 p.m. daily. This consists of a "do t " one second in length, 
sent by Greenwich Observatory exactly at the hour, and is 
available to subscribers in London and the provinces. (6) A 
similar service transmitted hourly from the Central Telegraph 
Office chronopher, and available in London only. 

The difference between the G.M.T. services and the hourly 
service is that the former is transmitted direct from the 
observatory, whereas the latter is transmitted by the local 
Post Office master clock which is automatically synchronized 
with Greenwich daily. The signal transmitted by the hourly 
service cannot, therefore, be regarded as absolute Greenwich 
mean time or correct to a fraction of a second, but the sub-
scribers' clock would be correct to a small fraction of a minute, 
which is generally all that is required. Where a greater 
accuracy is demanded the Greenwich mean time service must 
be taken. In this case synchronizing apparatus is more com-
plicated on account of the brief nature of the signal. 

Subscribers to the Post Office time service are required to 
provide their own synchronizing gear, which must be approved 
by the Engineer-in-Chief, and provision must also be made for 
the line to be earthed except for the short period preceding 
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and following the time at which the signal is received. The 
line coil of the receiving relay or other apparatus must have 
a resistance of not less than 200 ohms. 

The Post Office time service is generally the most convenient 
method of synchronization, particularly in the provinces, 
where it is the only "wired" system of synchronization avail-
able, but the rental charge for the use of the lines, etc., renders 
it fairly'expensive to use. 

The B.B.C. Time Service 
As has already been mentioned the British Broadcasting 

Corporation time signal consists of six dot seconds, the last 
of which marks the exact quarter hour. The times of trans-
mission of this signal, which takes place several times daily, 
are not definitely fixed, and the reader is referred to the current 
rissue of the Radio Times for up-to-date information on this 
point. The chimes of Big Ben and other public clocks are also 
broadcast at irregular intervals. 

The synchronization or correction of clocks by hand from 
ithe broadcast time signal is, of course, quite straightforward. 
All one has to do is either to bring the minute hands to zero 
is the signal is received, or bring it to zero previous to the 
time, stop the clock, and restart as the last dot is received, as 
as the more convenient. The simplest method of correcting or 
checking a number of domestic or other clocks from one time 
.signal is to use a stop watch, setting this going as the sixth dot 
-is received. The various clocks can then be visited in turn, the 
time shown by the watch being added to the actual time of 

[the signal. Thus if a signal is received at 6.30, the first clock 
Ksan be set at 6.31, the second at 6.32, and so on. 

To be of any use, however, particular]}^ if the clock which 
it is desired to synchronize is inherently a good time-keeper, 

rthe synchronization must be automatic, and here the utiliza-
tion of the B.B.C. signals presents some difficulty for two 
freasons, viz. (1) the times of transmission are not definitely 
?5xed, and thus there is always the risk that the programmes 
£nay be re-arranged, and any synchronizing gear rendered use-
ess. (2) The signals are often broadcast on top of another 

transmission, and are then useless for the working of any 
apparatus. 

Thus the use of these radio signals for automatic corrections 
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of clocks cannot become a practical proposition until their 
form and time of radiation are definitely fixed once and for all, 
and arrangements made that at least one of them shall be 
given free from any other transmission. A suitable interval of 
quiet must also be allowed before and after the reception of 
the time signals to enable the requisite radio receiver to be 
automatically switched on by the clock. 

Considerable research on the automatic synchronization of 
clocks by wireless has been carried out, particularly by the 
late Mr. A. E. Ball, a full account of whose work has been 
published in the Horological Journal, to which the reader is 
referred for details. 

Briefly the apparatus required for synchronization from the 
B.B.C. signals comprises— 

1. A switch controlled by the clock to switch on the radio 
set a short time before the time of the signal and switch off on 
completion. 

2. A radio set capable of giving strong signals. 
3. A sensitive relay used in place of the loud speaker, con-

nected to other relays to give the necessary current for 
synchronizing. 

4. A selector switch so that only the sixth dot is utilized. 
5. The necessary apparatus for synchronizing the clock.-

This depends largely on the form of correction, and upon the 
type and make of the clock. 

Steps must also be taken to ensure that the mechanism is 
not thrown out of gear by the reception of a false signal. 

The Rugby International Time Signals (Radio) 
This time service was established in 1927, and constitutes 

the highest grade of time distribution. It is mainly intended 
for the determination of longitude and the setting of ships' 
chronometers. Signals are broadcast at 10 a.m. and 6 p.m. 
(Greenwich mean solar time) on a wavelength of 18,750 metres. 
The signal consists of a series of dots 0-1 second in length, 
lasting from 9.55 to 10 a.m., and from 5.55 to 6 p.m. The 
intervals between the beginnings of the dots are f f seconds 
in length. The commencing signal, and also that at the end of 
each exact minute is sent in the form of a dash 0-4 seconds in 
length. 

Great care is taken in the accuracy of these signals, and the 
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time elapsing between the dispatch of each signal from Green-
wich and that of its reception there by radio is recorded and 
accurately measured. The monthly mean error is about -03 
second. These signals have the advantage over the B.B.C. 
signals in that they are free from the liability of speech inter-
ference, but there is more likelihood of stray Morse signals 
being picked up which might upset the whole synchronizing 
mechanism. Also, owing to their complex nature, the Rugby 
signals are somewhat difficult to adapt for automatic syn-
chronization of clocks. 

The Standard Time Company's Service 
The Standard Time Company was formed in 1877 for the 

purpose of transmitting time signals in London. 
Time signals are received hourly day and night from Green-

wich Observatory, and are relayed automatically from the 
Company's headquarters at Queen Victoria Street, over more 
than twenty lines radiating in all directions, covering the 
greater part of London. 

Signals are of two seconds duration, starting at the 60th 
second of the 60th minute of each hour, and lasting until two 
seconds after the hour. The current strength is about -4 of an 
ampere. Besides many hundreds of mechanical and electric 
clocks the circuit includes bells, needles, time balls, and other 
indicating devices. 

Methods of Forcible Correction 
Since the invention of the electric telegraph, many systems 

have bsen evolved for the purpose of forcibly bringing the 
hands of clocks to zero on the transmission of a suitable signal. 

One of the earliest inventions is that by Alexander Bain in 
1843, the principle of which is shown irf Fig. 94. 

A is a pin projecting from behind the minute hand B, which 
is only lightly spring tight on its arbor. C is a vee piece fixed 
to the armature of an electro-magnet, and normally resting in 
the lower position. On the reception of the synchronizing 
signal, the magnet raises the vee piece to the upper position, 
shown by the full lines, and in doing so catches the pin in 
the hand, and draws it to the centre of the vee which corre-
sponds to the hour position. 

Another early system is that of Lund, shown in Fig. 95. 
10—(5743) 
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In the dial A is a slot B through which projects two pins 
C\ C2 each mounted on a lever and connected by a link motion 
to the armature of an electro-magnet (not shown) in such a 
manner that the movement of the armature due to the recep-
tion of the time signal causes the pins to be drawn together, 
as shown in illustration (6). Should the long hand be late, it 
is drawn forward by pin Cv and if it is in advance of the zero 
])osition it is brought back by pin C t . 

SYNCHRONIZER STANDARD T I M E 
C o ' s SYNCHRO-
NIZING SYSTEM 

This system is sometimes known as the "finger and t h u m b " 
method—a very apt description. 

Yet another early svstem is that of Ritchie, illustrated in 
Fig. 96. 

A is the minute hand, B a pin fixed to it, C a block projecting 
from the dial, and arranged to be drawn downwards by an 
electro-magnet. The forward motion of the minute hand is 
arrested by the pin engaging with the block when in its normal 

;or upper position. The clock is arranged to gain slightly, and 
the hand is stopped at zero until the reception of the signal 
whence it starts exactly at the hour. 
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This system has two disadvantages: (1) no provision is made 
for correction of a possible loss, (2) if the signal fails to arrive 
at the hour, the clock is stopped. The system of synchroniza-
tion adopted by the Standard Time Company is a modification 
of the Bain's " V " method, as will be seen from Fig. 97. 

A is a tube to which the minute hand B is fixed, and having 

F I G . 9 8 . RITCHIE'S IMPROVED SYSTEM 

an open side C. D is an extension of the armature of an electro-
magnet, which when the magnet is energized is drawn down 
into engagement with the opening in the tube, and so compels 
the minute hand to assume a vertical position. 

Fig. 98 shows an improved system of synchronization due 
to Ritchie of Edinburgh. 

The clock to be operated on is caused to gain slightly—the 
amount being immaterial, and can vary from 1 second to 40 
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minutes per week. The minute hand will, therefore, arrive at 
the hour more or less too early, and the aim is then to arrest 
its progress until the arrival of the synchronizing signal. The 
electro-magnet A is excited 15 seconds before each hour by a 
master clock, and attracts armature B pivoted at C to which 
are attached levers D and E. F is a disc mounted on the minute 
hand spindle, and prevents the stop G engaging with the 'scape 
wheel H until the minute hand arrives at the 60th division 
of the dial when a notch in 
the periphery of the disc F 
corresponding to that division, 
allows the lever E to pass, 
and along with it the other arm 
D. The 'scape wheel remains 
stationary until the cessation 
of the current at the exact 
hour whence the magnet ceases 
to attract, the levers drop back 
to their normal position, and 
the clock restarts. 

The advantages claimed for 
this system are its simplicity, 
small current required for 
operation, the hand need not 
fit loosely in its arbor, and 
failure of the synchronizing 
current will not stop the clock. 

One other method of forcible 
correction requires mention. 
It is particularly applicable to 
the count wheels of electric impulse transmitters, and is shown 
in Fig. 99. 

A is the usual 15-tooth wheel of the impulse transmitter, 
and B a heart-shaped cam mounted on the same spindle. C 
is an electro-magnet connected to the time signal circuit. D is 
an armature pivoted at E and having at its other extremity 
a roller F. When the signal is received the roller makes con-
tact with the cam, and turns it either forward or backward 
according as to whether the clock is slow or fast, until the 
roller rests in the vee of the heart. 

The driving and back stop pawls are, of course, automatically 

HEART-SHAPED CAM 
SYNCHRONIZER 
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disconnected from the count wheel during this operation to 
enable the wheel to turn as required. This mechanism is not 
shown in the illustration. 

• The disadvantage of all methods of forcible correction is 
that no attempt is 
made to apply a per-
manent correction. For 
example, a clock which 
has a regular loss of 
one minute daily will 
need to have this made 
up every day until the 
regulation is improved. 

The sys tems of 
gradual correction now 
to be described aim at 
keeping the time-keep-
ing correct within fine 
limits by automatic 
regulation of the swing 
of the pendulum. 

Methods of Gradual 
Correction 

The basic principle of 
all methods of gradual 
correction of clocks is 
to add a small weight 
above the pendulum, 
thereby shortening its 
effective length, if the 
clock is slow when the 
synchronizing signal is 
received, and to take 
it away if the clock is 

"fast." The pendulum is normally regulated so that it loses 
slightly in the twenty-four hours without the auxiliary weight. 

Fig. 100 shows how this is accomplished. A is the pendulum 
bob, B the pendulum rod suspended at C. D is a tray for 
weights fixed to the pendulum rod. E is an iron armature 
pivoted at F, and joined to its end is a silk cord G supporting 

F I G . 1 0 0 . S E E - S A W METHOD OF G R A D U A L 
CORRECTION 
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a weight H. I and J are electro-magnets such that when I 
is energized the weight is lifted off the pendulum, and when J 
is energized it is dropped on to the tray. K is an arm fitted to 
the minute hand of one of the secondary dials in such a manner 
that it engages with contact L if the clock is slow, and 
with contact M if fast, thereby energizing the appropriate 
magnet. 

In addition to the fast and slow contacts shown, an addi-
tional contact is fitted so that the contact can only become 
effective for the minute preceding and following the time of 
the Observatory signal, thereby preventing any stray signals 
from interfering with the control. Any false currents which 
may come during the two minutes when the control circuit 
is effective can only delay the operation of the correcting 
control for that day. 

Workmen's Time Recorders 
An important application of synchronization is in connection 

with the electrical operation of Time Recorders, as used in 
factories to record the time at which employees start and 
cease work, etc. 

It is particularly necessary that these clocks correspond 
with the general factory time, but there are several considera-
tions against replacing the mechanical movement with which 
they are usually fitted with an electric drive. 

1. The recorders incorporate considerably more mechanism 
than an ordinary clock, and interference with the movement 
is not liked either by the maker of the instrument or by the 
owner. 

2. More driving power is required than with an ordinary 
clock, and this is a somewhat variably factor, as the type or 
mechanism may become stiff or clogged from time to time. 

3. Any stoppage of the recording clocks due to breakdown 
of the electric clock circuit would seriously upset the system 
of costing and payment of wages. 

For these reasons the time recorders are usually left as inde-
pendent units, wound weekly, and a scheme of synchronization 
applied to keep them in step with the general clocks. In this 
case the synchronizing signals comprise the half-minute 
impulses of the time circuit instead of a signal from an outside 
source, as in the systems previously mentioned. 
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In one method of synchronizing, the pendulum of the clock-
work is removed, and an electric escapement fitted which, 
operated every half-minute from the time circuit, allows the 
clock train to run on in half-minute intervals. This method 
does not fulfil the conditions (1) and (2) above, but is used to 
some extent, and is, therefore, worthy of mention. In the 
case of some types of recorder it is the only possible system. 

A popular and interesting method of time recorder syn-
chronization which reduces interference to a minimum is 
the " Reflex" system of Gent & Co. of Leicester, now to be 
described. 

(1) the vibrator, D and A, Fig. 101, which is merely clipped 
to the pendulum rod, and (2) the stator B and C in the figure, 
which is screwed to the woodwork or body of the recorder. 
The clock is given a losing rate of two to two and a half minutes 
a day, and the pendulum must be such that it swings an even 
number of beats per minute. Thus, supposing the pendulum 
seen in the figure beats 88 per minute, at every half-minute 
it will be performing its 44th swing, and being slow will yet 
be swinging to the left when the rack C is lifted by a half-
minute impulse of the time circuit passing through an electro-
magnet on stator B. The free end of the vibrator D will 
engage one of the teeth of the rack, sustaining the latter by 
its pressure to the left. The spring is deflected, which action 
terminates that particular beat sooner, and moreover, the 
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spring in giving back the energy stored in it, sends the pendu-
lum to the right more quickly, thus removing its loss. The 
Reflex action will control a losing rate up to 5 or 6 minutes 
a day. 

The on and off switch shown is necessary because the rate 
of the pendulum will have been altered by the addition of the 
vibrator, and also the clock must be given a definite losing 
rate by screwing down the rating nut, before the apparatus 
will operate satisfactorily. 

When the clock shows itself to be regularly losing two to 

four minutes in twenty-four hours, the Reflex switch can be 
turned to the "on" position. 

Synchronization of Mechanical Turret Clocks 
The Reflex system can be applied to synchronize an exist-

ing mechanical turret clock with an impulse time circuit, but 
as it stands it is not entirely suitable for this purpose, because 
a definite losing rate is demanded. If for any reason the clock 
control circuit is broken and not repaired immediately, the 
loss quickly accumulates, and, further, the Reflex system is 
incapable of dealing with a gaining clock. To overcome these 
difficulties, the "Duflex" system has been devised for turret 
clock control. 

In this case the pendulum is regulated to keep its best time, 

E G 

F I G . 1 0 2 . GENT'S " D U F L E X " CONTROL 
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and as long as there is no error, no controlling action takes 
place. If the pendulum tends to lose it is speeded up, and if 
fast is retarded. The action is best understood by reference 
to Fig. 102. 

When the pendulum is found to be late by the half-minute 
time impulse, the vibrator spring B will be moving to the left 
over the rack A which will be lifting, and one of its teeth will 
engage with the point of the vibrator spring so terminating 
the stroke early and giving the pendulum an impulse to the 
right, in the manner already described for the Reflex system. 
If the pendulum is correct as the impulse is received it will be 
at the end of its swing to the left and momentarily stationary. 
The rising rack will then touch it and recede without giving 
it an impulse. 

If the pendulum is fast, it will be travelling to the right, and 
the rising rack A will lift spring B which is attached to bar C 
pivotally mounted at D upon bracket E fixed to the pendulum 
rod F. This lifts screw G of bracket H also mounted on bar C, 
pivoted at I, causing the blade J to rotate clockwise, and 
engage with the teeth K of rack L. This rack is depressed 
against the pressure of a spring or weight, giving the pendulum 
work to do before it reaches zero, and consequently slowing it. 
When the pendulum passes zero the rack rises, and provides 
an impulse after zero, the tendency of which is also to slow 
the pendulum. On the return swing these motions are re-
peated, and the four slowing actions continue as long as the 
pendulum remains fast. Normally, of course, the actions take 
place at infrequent intervals, but a clock can be controlled 
by this means. 



CHAPTER IX 
TURRET CLOCKS AND CHIMING GEARS 

PRACTICALLY all electric clock installations of any size incor-
porate one or more public, or turret clocks as they are generally 
called, and these usually present a certain amount of difficulty 
owing to the various exacting conditions which have to be met. 

In the first place the dials and hands are very much larger 
than any indoor clock—the largest yet made has a 26 ft. 
diameter dial and a minute hand 15 ft. 6 in. long—so that 
considerable driving power is required. Further, it is generally 
impracticable to put a glass cover on the dial of an outside 
clock owing to the reflection of the sun's rays, and consequently 
the hands are exposed to, and must work in face of, all climatic 
conditions. The clock must go on and keep time, in the 
fiercest gale or when the hands are carrying a load of snow. 

It goes without saying that public clocks must be first-class 
time-keepers. In the City of London, as mentioned in the 
previous chapter, one of the conditions upon which clocks are 
permitted to be erected projecting over the public way is that 
the same shall be kept synchronized with Greenwich mean 
time by means of a wire from the Post Office or other approved 
method, and a company exists which supplies time signals for 
this purpose. 

More often than not, in addition to indicating time, turret 
clocks are required to strike the hours and chime the quarters, 
this being, of course, done electrically^in the case of electric 
clocks, but it entails more or less complicated motor-driven 
gear as the ordinary electrical time impulses are quite unsuited 
to work of this nature. Where it is desired to preserve the 
architectural features of a building, the striking and chiming 
may be relied upon to give the time and no dials are provided. 

It is standard practice to illuminate the dials of modern 
public clocks, so that they tell time by night as well as by day. 
The usual method is to form the dial of white opal glass mounted 
on an open framework, and illuminate it from behind, the 
hands and the figures then standing out boldly in black. A 

1 4 5 
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modern tendency is to illuminate the hands and figures them-
selves. The even illumination of the old-fashioned weight-
driven striking and chiming gear was often difficult by reason 
of the cumbersome machinery installed in the clock chamber. 
Electrically-driven clocks have a decided advantage in this 
respect, as their driving unit is comparatively small. 

In this connection it may be mentioned that clock rooms are 
often small, and considerable ingenuity has to be exercised in 
installing and erecting. A large room is, of course, preferable, 
as not only does it permit of adequate space for the lay-out, 
but maintenance is made much easier, and not so liable to be 
neglected as is often the case where "the works" are difficult 
of access. 

Turret clocks are often provided with four dials. These can 
be driven either from separate movements or from one only, 
depending on the size of the clock and local conditions. Some-
times it is more convenient to locate the movement in a 
chamber away from the dials, the hands being driven by suit-
able shafting. In such a case the outside hands cannot be 
seen, and a pilot dial must be provided on the movement. It 
is, of course, also necessary to be able to set easily the hands 
of the clock from the clock room. 

The advantages of electric turret clocks are numerous. They 
provide accurate time, and can be synchronized with any other 
public or other clocks connected to the same system. If con-
sidered desirable they can be synchronized daily with time 
signals sent out from Greenwich Observatory. This is not 
usually necessary, as a reliable time-keeper only requires 
occasional checking, and the signals broadcast by the British 
Broadcasting Corporation can be utilized with considerable 
saving in expense. 

They require no winding and little maintenance. The wind-
ing of a large turret clock which has striking and chiming gear 
in addition to the going train is a job which requires frequent 
attention, accompanied by much physical toil. The advantage 
of the small movement in allowing the dial to be illuminated 
has been referred to. I t requires little additional equipment to 
make time impulses themselves switch on the tower lights at 
the correct hour—alteration in the lighting up time being 
compensated for. Similarly, control of chiming gear such as 
switching it out of circuit after a certain hour in the evening 
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is easily arranged. The small size of the electrical movement 
often permits a clock to be placed in a position which would 
otherwise be impossible. A striking example of this is shown 
in Fig. 103. 

The clock tower, carrying also a mammoth barometer and 
thermometer, is in reality a factory chimney, and any clock 
chamber was, therefore, out of the question. The clock dials 
(three in all) are 6 ft. in diameter, and each movement is 
actually fitted in a space scooped out of the solid brickwork, 
the only means of access being to remove the centre panel of 
the dials which carry the hands and their movements. 

The cleaning of the dials of turret clocks is a frequent 
necessity, particularly in cities, and in old-fashioned clocks 
entails considerable trouble and expense, besides a certain 
amount of danger. It was essentially a job for the steeplejack. 

Fig. 104 shows the turret clock of Holborn Hall "having its 
face washed." The movement is fixed to the centre panel of 
the dial, which is hinged, and is swung inwards, permitting 
cleaning of the figures, etc., to be carried out from the inside 
of the clock tower; instead of scaffolding having to be erected 
for the purpose. The economy of such a method is apparent 
without further elaboration. 

Most of the remarks above apply to the purely electrical 
clocks. Electricity is also applied to turret clocks in two other 
ways as follows. 

(а) Existing clocks weight driven, with pendulums, which 
are electrically wound. 

(б) Weight-driven clocks which are required to be kept in 
synchronism with other clocks or with Greenwich time signals, 
but continue to work independently if the synchronizing 
system breaks down. ^ 

Electric winding is usually done by a small electric motor 
operated from the supply mains, and takes place at short 
intervals so that the weights fall only a short distance between 
winds. This gives a valuable advantage that space does not 
have to be provided in the towers of such clocks for the drop 
of weights. The cost of electric winding is negligible. The 
winding gear itself is not expensive, and its cost will rapidly 
be recovered by the saving in winding time. The application 
of an electric winding mechanism to an existing weight-driven 
clock affords considerable economy, although, of course, the 
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accuracy or otherwise of the time-keeping is not affected. The 
amount of labour to keep a large mechanical clock running 
depends on its size, but twice weekly winding is quite common, 
and even then hard work. 

The winding of the world-famous "BIG BEN" clock at 
Westminster used to 
take two men a whole 
day twice weekly. It is 
now done by an electric 
motor. 

Having regard to the 
advantages of electric 
clocks set out above, 
the reader may be 
tempted to inquire in 
passing why such an 
important clock as "BIG 
BEN" is still actuated 
by weight and pendu-
lum. The reason is that 
it was designed by the 
late Lord Grimthorpe, 
who was recognized as 
the world's foremost 
authority on clock con-
struction, and whose 
book Clocks, Watches, 
and Bells is a classic. It 
is natural, therefore, 
that the Westminster 
clock should be retained 
in its original form as a F J Q 1 0 4 W A S H I N G F A C E O F H O L B O R N 

national memorial to his H A L L CLOCK 

genius. Incidentally it 
has the reputation of being the finest mechanical time-keeper 
in the world. 

The great advantage of adapting a public clock whose 
time-keeping may or may not be good, so that it is periodically 

: synchronized with standard time signals, is self-evident. The 
! synchronization may either be done by signals sent out from 
Greenwich Observatory over the G.P.O. telegraph wires, or 
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from a local time circuit. The apparatus required to enable 
this to be done is quite simple, and should the synchronizing 
fail for any reason, such as the blowing down of overhead 
wires, the clock will carry on keeping its own time. 

Where a number of public clocks in different parts of a 

F I G . 1 0 5 . T H E W O R L D ' S LARGEST CLOCK 

town are to be connected to a time circuit, the cost of under-
ground cables is usually considerable. Overhead wires are 
much cheaper. Most of the public clocks at Chesterfield (Eng-
land) are synchronized in this manner, the master clock being 
located in one of the Corporation offices, and the various clock 
towers, including the parish church with its famous crooked 
spire, are connected up with the overhead telephone wires. 
The clocks themselves are not electric, and, therefore, if the 
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overhead wires are carried away by snow or any other cause 
the time system is not radically upset, and repairs can be 
effected at any convenient time. 

Before passing to a description of the various turret clock 
systems, a few typical clock installations of this type will be 

FIG. 1 0 6 . O N E OF THE DIALS OF THE SINGER CLOCK 

illustrated in order that the reader may have some idea of 
their magnitude. Fig. 105 shows the largest electric clock in 
the world, at the Singer works, Glasgow. It has four faces, 
each 26 ft. in diameter, and is operated by the Pul-syn-etic 
system of Gent & Co. Fig. 106 shows one of the dials of the 
Singer clock. The eight reflectors seen are for illuminating the 
dial. The height of the tower is 240 ft., and the length of the 

II—(5743) 
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hour hands 9 ft. 6 in. each, and that of the minute hands 
15 ft. 7 in. each. 

Fig. 107 gives an interior view of the clock chamber of the 
Royal Liver Building, Liverpool, and shows two of the four 
dials—each of which is operated by a separate driving move-
ment, all connected with a master clock fixed on the ground 
floor which is synchronized with signals from Greenwich. 
The 12 in. office clock shown over the left dial in the picture 
gives some idea of the proportion. The diameter of the dials 
is 25 ft., and the clock keeps time with an accuracy of approxi-
mately two seconds per week. It was erected in 1911. 

The Pul-syn-etic System 
Messrs. Gent & Co. have devoted considerable attention to 

the question of turret clocks, and have three alternative 
systems which are employed as circumstances require. 

1. The standard impulse clock movement, described in 
detail in Chapter IV. This is only recommended for small to 
medium sized clocks having glazed faces. 

2. The "Waiting Train" system by which the hands are 
driven by a motor pendulum but timed by impulses from the 
master clock. This system is always used for large or other 
dials having exposed hands. 

3. The Duflex system for synchronizing existing turret 
clock pendulums. 

THE WAITING TRAIN SYSTEM. AS mentioned above, the 
basic idea of this system is that the clock hands are driven by 
what is known as a motor pendulum—that is, a pendulum 
whose duty it is to drive, rather than to control. The pendulum 
is kspt in motion by electro-magnetic impulses, and the appar-
atus is so arranged that the number of driving impulses in a 
given time is regulated by the load on the clock hands. If 
need be, thirty times the normal power can be developed. Thus, 
however severe the climatic conditions, the clock cannot be 
stopped. 

The pendulum is proportioned so that the ratchet wheel, 
with which it engages, and to which the hands are connected, 
makes one revolution in about 27 seconds. This completed, 
the driving pawl is held up until a releasing impulse arrives 
lat the 30th second, from the master clock—hence the name 
'"waiting train." Any variation in the swing of the pendulum 
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itself makes no difference to the time-keeping of the clock. 
The fact that the hands travel through a half-minute in a few 
seconds less than the correct time and then stop, is not notice-
able. It is considered preferable to the hands moving forward 

F I G . 1 0 8 . P U L - S Y N - E T I C " W A I T I N G T R A I N " T U R R E T 
CLOCK MOVEMENT 

in half-minute jumps, as in a large clock with long hands this 
sudden movement forward must necessarily impose consider-
able strain on the mechanism. 

Fig. 108 shows a waiting train movement, and an illustration 
of the working parts is given in Fig. 109. 
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Referring to the former, A is the pendulum bob, B the pen-
dulum rod pivoted on ball bearings at C. On the pendulum 
rod is a gathering lever D pivoted at E carrying the driving 
pawl F which engages with the ratchet wheel 0 carrying it 

FIG. 1 0 9 . PUL-SYN-ETIC " W A I T I N G T R A I N " MOVEMENT 

forward one tooth for every complete swing of the pendulum. 
On the ratchet wheel is a pin H which as it comes round 
engages with masking pawl 7, which in turn lifts the gathering 
pawl clear of the ratchet and the pendulum swings idly. When 
lever I is lifted, the tail end J is held by detent K attached to 
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the armature of the electro-magnet L, which is in series with 
the master clock as shown. 

Thus the drive cannot commence again until the time 
impulse is received by L, thereby releasing levers J, I, and D. 
On the ratchet wheel is a worm which meshes with gear wheel 
M on one of the hand spindles N. 

The drive for the hands of the other dials is taken from the 
crown gear 0 through suitable couplings and rods. Where there 
is only one dial the waiting train movement is usually close 
behind it. Where there are four dials the movement is located 
near the centre of the clock chamber. 

One of the crown wheels has a small dial marked on it to 
assist in setting the hands, and for the same purpose a small 
handle is supplied on the ratchet wheel spindle. Both of these 
features are omitted from Fig. 108, but clearly seen in Fig. 109. 

The pendulum is kept in motion by impulses of current in 
magnet P attracting armature Q which pushes to the right the 
projection R attached to the pendulum rod. The driving 
magnet can either be energized from primary batteries or 
accumulators, or from the electricity supply mains. 

The number of impulses per minute is controlled by the 
arc of swing of the pandnlum. $ is a switch, normally open, 
the upper contact of which carries a notched block T. On the 
pendulum is a toggle U, which is normally drawn past the 
notched block. There comes a time, however, when the arc 
of the pendulum diminishes such that it is insufficient to draw 
the toggle right over the block, and its end drops into the 
notch. The pendulum now swings back and, due to the wedging 
action of the toggle in the notch, depresses the contact blade, 
and energizes the driving magnet. It will be readily apparent 
that with a heavy load on the hands, due to wind or snow, 
the swing of the pendulum will diminish quicker than in normal 
working, and thus there will be more driving impulses. 

The current consumption of the power magnet varies from 
•4 to -5 amperes, according to the size of the movement. 

The pendulum is usually enclosed in a wooden casing to 
minimize interference from draughts, etc. 

Fig. 110 shows a complete waiting train installation, and is 
self-explanatory. 

The construction of the waiting train movement is very 
robust. The frame is of cast iron and the arbors, or spindles, 
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are of toughened steel running in gun-metal bushes, which are 
detachable to enable parts to be removed for cleaning, etc., 
without disturbing the remainder. The gears are of hammered 
gun-metal accurately machine cut. The contacts of the motor 
pendulum are of heavy gold-silver alloy, and are shunted by 
a resistance to prevent sparking. 

Five standard sizes of waiting train movement are made, 
the largest capable of driving four dials 28 ft. in diameter. 

THE DUFLEX SYSTEM. The Duflex system is designed to 
control the heavy pendulums of existing mechanical clocks in 
such a manner that though the clockwork continues to func-
tion as an independent unit, it is subject to correcting impulses 
from a master time circuit. Should the correcting impulse fail 
to arrive for any reason, the clock continues at its own rate 
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until matters are put right. This system has been fully 
described in Chapter VIII on Synchronized Clocks. 

The Synchronome System 
Several examples of synchronome turret clocks have been 

illustrated. The movement employed is similar to that used 

in the ordinary class of clock, the construction of which has 
been described in detail in Chapter IV. It is, of course, made 
more robust in construction, but the principle remains the 
same, and the turret clocks will operate in series with the 
other clocks in the same circuit. 

The Synchronome turret clock movement is made in six 
sizes, the largest being suitable for dials up to 10 ft. in diam-
eter. Above this size a small rotary electro-motor is used, con-
tinuously or almost continuously running, being controlled by a 
chaser switch, the principle of which is illustrated in Fig. 111. 



TURRET CLOCKS AND CHIMING GEARS 159 

The arm A concentric with an impulse dial movement of 
half-minute periodicity is normally held against stop B by 
helical spring C, and against the contact pillar D on the large 
wheel E, to which the clock hands are connected. This latter 
completes the circuit of a power supply through the rotary 
motor M, with the result that, if the large wheel E gains on 

FIG. 1 1 2 . LARGE SYNCHRONOUS MOTOR T U R R E T 
CLOCK MOVEMENT (SYNCLOCKS, L T D . ) 

the dial movement, a break will occur at D, and A will con-
tinually chase it. If the power supply is cut off, the dial 
movement stores its half minutes into spring C, and the rotary 
motor will have an uninterrupted run until it has restored 
the turret clock hands to time. In actual practice, of course, 
steps are taken to make a clean and rapid make-and-break at 
contact D. A mercury switch is often used. 
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Synchronous Turret Clocks 
There is no limit whatever to the size and power which 

can be obtained from synchronous motors, thus driving of 
turret clock motion work presents no difficulty. The one 
driving motor if sufficiently powerful should suffice for both 
time-keeping and chiming. 

„ SKELETON D IA I TOWER HIOOK 
ROMAN TYPE 5 ' T O INC L. 

F I G . 1 1 3 . FITTING SYNCHRONOUS T U R R E T CLOCK MOVEMENT 

(SYNCLOCKS, L T D . ) 

A synchronous turret clock is cheaper than any other form. 
Like all other synchronous clocks, its time-keeping depends on 
the continuity of electricity supply and the accuracy with 
which its frequency is controlled. For semi-public clocks, e.g. 
those outside shops and factories where attention could be 
quickly given if need be, the synchronous clock is generally 
preferable to a mechanical clock. 

Fig. 112 shows a large synchronous movement suitable for 
dials up to 16 ft. in diameter. It will be noticed that there is 
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a tell-tale dial at the back which greatly facilitates setting. 
This particular movement is driven by a Warren motor. 

Fig. 113 shows the method of fitting to the wall, and is 
self-explanatory. Fig. 114 represents a movement suitable for 

FIG 114. SMALLER TYPE FIG. 115. SYNCHRONOUS PUBLIC 
OF "SYNCLOCK" TURRET CLOCK 

CLOCK MOVEMENT 18 in. dial 

smaller dials, and Fig. 115 a typical three-faced public clock 
having 18 in. dials. 

Turret Clock Construction 
The requirements of turret clocks have already been dealt 

with m the introductory portion of this chapter. 
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The principal features which call for consideration in the 
design, construction, and installation of a turret clock are 
that it must tell time accurately under all conditions of 
weather and temperature, and must be easily seen both by 
day and night. Further, externally the clock must blend 
harmoniously with other architectural features of the building, 
and internally probably have to fit in with other building 
considerations. 

Movement 
The clock movement must have sufficient power to drive 

the hands and to trip any chiming or striking gear attached, 
under the most severe weather conditions. It must be able to 
carry a load of snow on the hands for days on end if necessary, 
and must be unaffected by atmospheric conditions. Clock 
rooms are often damp, particularly in the case of chiming 
clocks, and danger of rust must be guarded against. For this 
reason gun-metal wheels are employed wherever possible, and 
all steel parts, not actually working surfaces, are painted. All 
spindles are, of course, of steel, and the bearing bushes in 
which they run are generally of gun-metal. Provision for oiling 
all bearings is made, and automatic or semi-automatic oiling 
can be used with advantage. 

Turret Clock Mounting 
A rigid mounting for the clock movement is essential, par-

ticularly in any movement employing a pendulum. No definite 
instructions can be laid down on this subject, however, as 
much depends on the circumstances—such as the number, 
size, and type of the dials, the movement used, and the general 
construction of the tower and disposition of other apparatus 
in the room. 

A stone bracket built into the wall of the tower provides 
the most rigid mounting, but it is not generally possible to do 
this when the movement is to be mounted behind an illu-
minated dial. Such an arrangement also makes maintenance 
difficult. A system which is much used is to mount the move-
ment on substantial iron girders, built into the tower. The 
mechanism can then be mounted in almost any convenient 
place in the tower without sacrificing rigidity. 

Mounting the clockwork on wooden joists or on a stool fixed 
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to a wooden floor is not recommended owing to the possibility 
of shrinkage and movement. The rigidity of the mounting 
of the movements in the clock chambers illustrated earlier 
in the chapter will be apparent. 

Dials 
Two considerations enter into the design or selection of a 

dial for a turret clock, viz. its height above the ground, and 

FIG. 116. ILLUMINATED TURRET CLOCK DIAL 
(John Smith & Sons, Derby) 

whether it is to be illuminated or not. Naturally the higher 
the clock is mounted, the smaller it will appear to the observer. 
If it is too small, time will be difficult to read. 

It may be mentioned in passing that an observer always 
takes time from the position of the hands of the clock, and 
numerals can be, and often are, omitted from a dial without 
the public being aware of it, and as a matter of fact actually 
increasing the efficiency of the clock by reason of the increased 
clarity of the hands. 
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As regards the size of the dial a simple rule exists by which 
this may be readily determined. The diameter of the dial must 
not be less than one-tenth of the height of its centre from the 
ground. That is, a clock to be placed 100 ft. high will require • 
a dial at least 10 ft . in diameter. This rule is followed very 
closely in turret clock practice. 

Dials which are not to be illuminated can be conveniently 
formed by painting on the brick or stonework of the tower 

FIG. 117 . DIAL FOR LIGHT BACKGROUNDS 
(John Smith & Sons, Derby) 

itself, otherwise they are usually made of sheet copper, or of 
cast iron or gun-metal framework, backed with copper sheets. 
Dials intended to be illuminated by electric light from the rear 
are generally made in the form of a cast-iron or gun-metal 
skeleton dial having the framework backed with white opal 
glass. Larger sized dials have an additional star framework 
in the centre to give extra support. 

Fig. 116 shows a dial for an illuminated turret clock. Very 
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large dials are generally made in four or more sections and 
bolted together on site. 

Fig. 117 shows a similar dial backed with sheets of copper 
which, with the framework painted black, blue, or Indian 
red, and the figures, minutes, and hands gilded, makes a fine 
dial, largely used for church towers where the background 
is of fairly light colour. 

Hands 
In older clocks, sheet copper was invariably used for the 

hands, and although this material is still used to a great 
extent, it has largely given place to aluminium in the case 
of electric clocks. The hands are always ribbed lengthwise, 
as can be easily seen in the illustrations, to add to their 
strength, and large hands are always balanced. 

Illumination of Dials 
Illumination of the dial is effected by one or more lamps at 

the back mounted in suitable reflectors, and the lighting is 
generally arranged to be switched on automatically by a con-
troller connected in the time circuit. If desired, it can be 
arranged for the illumination to switch off, say, at midnight, 
and come on again in the early hours of the morning during 
the winter months. 

Fig. 118 illustrates an automatic switch for this purpose 
made by Gent & Co., Ltd., The switch itself consists generally 
of a metal fork on the end of an arm, arranged to dip into two 
vessels containing mercury, thus completing the lighting 
circuit. Alternatively, simple mercury tube contacts may be 
used if current is not excessive. The latter type is seen in the 
illustration. 

The movement progresses in half-minute impulses, and at 
the given time the contacts close by means of the cam clearly 
shown in the illustration, and open again at a later hour by 
another cam. The time cams are adjustable by hand, so that 
changes may be made to suit the gradual changes of the 
seasons, and as the gear does not; require winding these changes 
may be made fortnightly or at other convenient intervals. 
This may also be arranged to be accomplished automatically. 

Another form of light control which is likely to be used in 
the future is the photoelectric cell, which is put outside the 
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dial. This cell generates an E.M.F. according to the light 
falling on it, and it can be readily arranged for a relay to be 
operated when the light falls below a certain value, thus 
switching on the clock illumination. 

An advertising sign is frequently attached to the turret 
clocks of stores, etc. 

A modern tendency is for the figures and hands of the clock 
to be themselves illuminated. This is done by lining them with 

F I G . 1 1 8 . G E N T & Co . SWITCH FOB AUTOMATICALLY 
ILLUMINATING CLOCK D I A L S 

Neon tubes which light up with a coloured effect when a 
current passes through them. When this method is adopted 
it is necessary to fit two slip rings on each hand spindle to 
lead the current in and out of the hands. A striking example 
of this class of clock can be seen at St. Giles Circus, Tottenham 
Court Road, London. This clock has several other features 
of interest, and the following is a brief description of its con-
struction, supplied by the Mag'neta Time Company, who were 
responsible for the clock portion of the sign. 

The length of the minute hand from the centre is 6 ft . 9 in., 
and the hour hand 4 ft . 7 in. The clock mechanism consists 
of heavy motion work with ball-bearings where necessary, 
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also the copper slip ring for carrying the high tension for 
illuminating the Neon tube. To this motion work there is a 
double angle drive consisting of a vertical driving rod approxi-
mately 10 ft. long at the lower end of which 10-in. right-angle 
bevels are used to couple up to a horizontal driving rod 12 ft. 
long. At the end of this rod is another angle bevel connecting 
to a horizontal rod at right angles. This rod is approximately 
3 ft. long, and is coupled to the main shaft of the differential 
driving mechanism. This differential driving mechanism is 

operated by the master clock, which in turn is synchronized 
hourly by the Standard Time Co.'s Greenwich mean time 
synchronizing service. The differential movement consists of 
a l/25th horse-power motor, which is automatically switched 
in and out every half-minute. There are two features in this 
movement, one the time feature, and one the power feature. 

The impulse from the master clock drives the first member 
of the differential which may be termed the time member, and 
closes the mercury contact which switches on the motor. This 
motor is worm-geared to the second member of the differential. 
This is the power member which drives the hands forward 
each half-minute. Immediately the power member has caught 

12—(5743) 
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up to the time member the current is switched off. The motor 
consequently only runs for a very short period each half-
minute. In the event of a fault in the current supply the 
clock stops, but the time member of the differential continues 

FIG. 1 2 0 . SIMPLE BELL-TOLLING MECHANISM 
(Gent & Co.) 

to operate leaving the mercury contact permanently closed, 
so that immediately the current is restored the motor operates, 
and continues to do so until the power member has caught 
up to the time member. By this means the clock is automatic-
ally corrected after any interruption in the current supply. 
The hands of the clock do not actually jump forward each half-
minute, as in the case of the impulse clocks, but are driven 
through locked gears, and move over a period of half a minute 
in about 5 seconds. 
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Chiming Gears 
Chiming and striking gears for electric clocks are generally 

FIG. 121 . MOTOR-DRIVEN STRIKING GEAR 

FIG. 122 . ELECTRICALLY-DRIVEN CHIMING GEAR FOR TURRET 
CLOCK 

(Gent & Co.) 

entirely separate movements from the clock itself, and are 
usually driven by one or more electric motors. 

The action of ringing the bells, which in the case of church 
chimes have to be arranged so that they can be rung manually 
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when required, is purely mechanical. Some clocks are required 
to strike the hours only, but most public clocks chime each 
quarter. 

There are several chimes in common use—the "ding dong" 
being the simplest and adaptable for two or three bells. Where 
four or more bells are available a wider selection is possible. 

One of the best known chimes is the Cambridge, composed 
by Dr. Crotch in 1793 for Great St. Mary's Church, Cambridge, 
often called the Westminster Chime because it was employed 
by the late Lord Grimthorpe in the well-known clock at the 
Houses of Parliament, familiarly known as "BIG BEN." The 
musical notation of these chimes is shown in Fig. 119. 

Fig. 120 shows a simple tolling mechanism, and serves to 
illustrate the general principle of the more complicated chiming 
and striking gears. 

A is an electric motor driven from the mains or an accu-
mulator and arranged to be switched on either by hand or by 
a time circuit impulse, according to circumstances; B is a 
lever which moves up and down through the action of a cam, 
raising the hammer by means of a wire connection, which 
then falls by its own weight and strikes the bell. A buffer 
spring lifts the hammer slightly to allow the bell to give forth 
its full volume of sound. This method of striking the bell by 
drop hammer is the best method, particularly in large sizes. 

Fig. 121 shows a motor-driven striking gear, the principle 
of which is as follows. Exactly at the hour, the incoming time 
impulse energizes magnet A and attracts armature B fixed 
to lever C. This has two effects. Catch D is pulled out of 
slot E of "count wheel" F, and at the same time the switch G 
is closed, starting up the motor. The rotation continues until 
the catch D drops up into the next slot (H) of the count 
wheel. I t will be noticed that the slots in this wheel are 
spaced at increasing distances, thus allowing the number of 
bell strokes to increase with the hours. The wire to the bell 
hammer is attached to lever I . 

Fig. 122 shows a typical chiming gear for four bells. The 
levers A are actuated in correct sequences by the series of 
cams B which are rotated by the motor, the amount of rotation 
being dependent on whether the quarter, half, three-quarter, or 
hour is to be chimed. This is effected by a count wheel. The 
chimes are released by impulse from the standard time circuit. 



CHAPTER XII 
MARINE CLOCKS 

PRACTICALLY all modern ships are fitted throughout with an 
electric clock system. The conditions which have to be ful-
filled in marine clock installations are somewhat different, and 
more exacting, than is the case with those for use on land. 
Any form of pendulum control is out of the question on board 
ship owing to the motion of the vessel, and all clocks need, 
therefore, to have a balance wheel escapement. Further, as 
a ship's longitude alters, so also does the local time, and it is, 
therefore, necessary to be able readily to advance and retard 
the clocks. When a ship sails eastward it is necessary to ad-
vance the clock hands, and when sailing westward to retard 
them. The clocks are usually corrected once daily, and pro-
vision must be made so that this can be done with as little 
trouble as possible from the master clock. 

The clocks and wiring are subject to the deleterious effect 
of sea air, and provision has to be made in their manufacture 
to withstand such effects. Clocks fitted to warships must also 
be so robust as not to be damaged by the effect of gunfire. 

Marine clocks are generally of the impulse type, the 
master clock having a balance wheel instead of a pendulum. 
Sometimes the ship's chronometer is also the master clock for 
the clock installation. Individually driven or electrically-
wound clocks are rarely used because of the daily necessity 
of correction referred to above, and the fact that many of 
this particular class are pendulum clocks. The application of 
synchronous clocks to ships is not so straightforward as on 
land because the electricity supply is usually direct current, 
which is useless for this class of clock, and A.C. has to be 
generated specially. 

A ship's electric clock installation, therefore comprises the 
following four units, viz. (a) the master clock usually arranged 
to send out half-minute impulses, (6) the secondary dials, (c) the 
battery, and (d) the control panel from which the dials are 
advanced or retarded as required to correspond with local 

1 7 1 
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time Power supply for ships' clocks is frequently taken from 
the lighting mains. 

The " Octo " Marine System 
One of the best known systems of ships' clocks is that of 

T. & F. Mercer, of St. Albans, who are world famous for their 
marine chronometers. 

In the Octo system the ship's navigating chronometer is 

used as the master clock, contacts being fitted to enable an 
impulse to be sent out every half-minute. The contact gear 
can be fitted to any modern marine chronometer without in 
the least affecting its time-keeping. The impulse sent out by 
the chronometer actuates a relay in the control panel, which 
in turn operates the entire circuit of ships' clocks. 

Two types of control panel are manufactured, styled hand 
operated and automatic. The hand-operated panel is shown 
in Fig. 123. 

In addition to the clock dial there are two push bu t tons -
located in the lower corners. 

F I G . 1 2 3 . " O C T O " H A N D - O P E R A T E D MASTER 
CONTROL P A N E L 
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FIG. 1 2 4 . " O C T O " AUTOMATIC 
CONTROL P A N E L 
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To advance the ship's clocks the "Advance" button is 
depressed once for each half-minute of advance required. To 
retard the clocks the "Retard" button is pressed right home, 
and the hands of the pilot dial set back the required amount, 
and the button is released. Then only the pilot dial is actuated 
by the chronometer until it agrees with the rest of the installa-
tion, which is then automatically put in circuit again. 

The "Automatic" control panel is illustrated in Fig. 124, 
and is similar in operation except that the advancing is carried 

F I G . 1 2 5 . CHRONOMETER CONTACT, " O C T O " SYSTEM 

out automatically, it being only necessary to set the hands of 
the pilot dial forward the required amount, then to depress 
the "Advance" push button, when the entire system of clocks 
will advance automatically to the time set by the pilot dial. 

Two types of secondary dial movement are available—the 
standard and the special silent pattern. The standard move-
ment is recommended in all but special cases, as it is more 
robust, and is practically inaudible under ordinary conditions. 

Special attention has been given to the prevention of corro-
sion by sea air. All the spindles, clock screws, etc., are of stain-
less steel, and the springs are specially treated. 

The same size of movement is used in all ships' clocks, and 
watertight cases are supplied where necessary. 

Fig. 125 illustrates the manner in which the half-minute 
impulses are taken from the chronometer. 

B 

F 
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The wheel A makes one revolution per minute, and has on 
its periphery two projections B and C. D and E are platinum 
contacts mounted 011 springs F and G respectively, and 
normally "open." As the wheel rotates, one of the projections 
wipes against catch H on spring F, and raises the platinum 

FIG. 1 2 6 . " PUL-SYN-ETIC " MARINE TRANSMITTER 

points into contact, thereby completing the circuit to the 
clock operating relay. Parts B, C, and H are shaped so as to 
give a quick break. The normal current to be broken is only 
•1 ampere. The contacts are adjusted by means of screws 
J and K. 

The Pul-syn-etic Marine System. 
The principal differences between the Pul-syn-etic impulse 

clocks for marine use and those for land use, as described in 
Chapter IV, are— 
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1. The transmitter is operated by a balance wheel, the 
ordinary pendulum-driven master clock being obviously 
impossible. 

2. The clock fittings are made more robust so as to enable 
them to be operated from the ship's electric supply main 

TRANSMITTER 

through a potentiometer. For this reason the operating cur-
rent of marine dials is standardized at -38 ampere instead of 
•22 ampere of the land type. 

3. The transmitter is fitted with an automatic advance and 
retard mechanism. 

Fig. 126 shows a Pul-syn-etic marine transmitter. 
In the left-hand compartment is the half-minute impulse 

mechanism mounted on a cast-iron base, and controlled by a 
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jewelled lever escapement with chronometer balance. The 
right-hand compartment contains the automatic advance and 
retard mechanism, while the pilot dial at the top indicates the 
time shown by the ship's clocks. 

Fig. 127 shows the essential parts of the impulse mechanism. 
A is the driving lever, pivoted at B and provided with driving 
weight C, and balance weight D. 

Attached to lever A is the pawl E, which engages with the 
ratchet F of the escapement mechanism G. On A is also the 

FIG. 1 2 8 . ESCAPEMENT OF " PUL-SYN-ETIC " M A R I N E 
TRANSMITTER 

contact plate H, whose contact / is in proximity to contact J 
mounted on armature K pivoted at L. 

The sequence of operation is as follows. Due to the pulling 
effect of gravity and of the spring M, and restrained by the 
action of the escapement, lever A gradually falls. When it 
gets "down" contact is made between I and J , electro-magnet 
N is energized, and attracts armature K, thereby throwing 
lever A up and causing the pawl E to haul on to the next tooth 
of the ratchet wheel F, and then the cycle is repeated. 

! 
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The upward travel of A is limited by the stop 0, made of 
felt to deaden the sound. The downward travel is limited by 
the adjustment of the contacts. The escapement is so set that 
the lever takes just thirty seconds to fall. The secondary dials 
are connected in series with the contacts and electro-magnet, 
thus the hands advance one half-minute every time contact 
is made. 

The function of screw D is to act as a fulcrum as lever A 
is thrown up, thus causing contacts I and J to separate rapidly, 
making a clean break. Owing to its importance and delicacy 

F I G . 1 2 9 . OPERATING ELECTRIC CLOCKS FROM SHIP'S M A I N S 

the escapement movement is made detachable, enabling a 
spare to be readily inserted should any trouble arise. Fig. 128 
shows the escapement fitting. 

The automatic advance and retard is operated as follows. 
To advance the clocks, the pointer on the setting dial (Fig. 126) 
is turned to the figure indicating the requisite number of 
minutes. The "advance" lever is then pressed, and double 
this number of contacts is automatically made (i.e. one contact 
for each half-minute) in rapid succession, and the pilot dial 
and the impulse clocks are thus set to the required time. 

To retard the ship's clocks it is only necessary to set the 
pointer to the desired number of minutes, press the "retard" 
lever, when all the dials will remain "held" until the desired 
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number of minutes have passed, when the clocks throughout 
the ship will automatically restart. 

When the "advance" mechanism operates, the pawl E 
(Fig. 127) is thrown back, the escapement stops, and a fan 
moves quickly instead of the balance wheel. When the "re-
tard" mechanism is operated, pawl E still hauls the escape-
ment, but the impulse clocks are cut out of circuit, and their 
place taken by an equivalent resistance. The transmitter then 

Potentiometers 
(Connected to Ships Mams) 

FIG. 1 3 0 . SHIP'S CLOCKS IN GROUPS, ALL OPERATED FROM 
MAIN ELECTRICITY SUPPLY 

operates for the given number of half-minutes without driving 
either the pilot dial or the ship's clocks. A hand advance 
transmitter is also supplied where required. 

The dial movements are similar in design and construction 
to those of the standard Pul-syn-etic system mentioned in 
Chapter IV, and require no further description. 

Clocks made for insertion in panelling are fitted with two 
unobtrusive pin terminals by which clocks can be set to time 
by means of a dry cell in case adjustment is required owing to 
stoppage or interference with the system. Watertight clocks 
in cast-iron cases are fitted in exposed positions, engine rooms, 
etc. 
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Current for operating the clocks may be derived from the 
ship's electric light mains, dry batteries, or from accumulators. 

F I G . 1 3 1 . " P U L - S Y N - E T I C " AUTOMATIC SHIP'S POSITION INDICATOR 

The first is the most general. The voltage required by the 
clock system depends on the number of clocks in circuit and 
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is best reduced from the ship's mains by the potentiometer 
method shown in Fig. 129, the position of the slider being 
adjusted so that the current passing round the clock circuit is 
•38 ampere. 

Another system of wiring is shown in Fig. 130. Here the 
clocks are arranged in three or more groups, each group receiv-
ing its impulse from a relay actuated from the master trans-
mitter B. The primary circuit and each group of dials has its 
own potentiometer C. 

The advantage of this system is that a failure of one clock 
circuit only affects its own particular group of clocks, and does 
not upset the whole ship. In cases where dynamo current is 
sometimes cut off, accumulators must be used. These can be 
trickle charged from the ship's mains. 

As indicating the uses to which the ship's time impulses 
can be put, Fig. 131 shows a Pul-syn-etic automatic ship's 
progress indicator. 

The indicator is made in the form of a large, coloured relief 
map in a heavy, ornamental frame. The map covers the recog-
nized route that the vessel is in the habit of taking, that 
illustrated relating to a ship sailing from England to Buenos 
Aires, touching at various ports of call. A model ship repre-
senting the liner is moved along the route by concealed electric 
clockwork, operated by the time system of the ship, and the 
rate of travel of the model is arranged proportionate to the 
actual speed of the vessel so that its position on the ocean can 
be seen by passengers at any time. By means of a simple 
switch moved at the commencement of the return journey, 
the model automatically reverses and indicates the return 
journey. Such an indicator is, of course, only possible where 
a liner follows a regular route. The driving mechanism is 
contained in the cabinet below the model. 

The "Harlandic Synclock" System 
The synchronous electric clock is particularly well suited 

for use on board ship, since, by slightly altering the frequency, 
all the clocks in the ship can be caused to gain or lose the 
required number of minutes in the day to compensate for the 
easterly or westerly travel of the ship, with the advantage 
that the change is gradual instead of being made at stated 
intervals only. 
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The underlying principles of the "Harlandic Synclock" 
patented system of time control will be clear from Fig. 132. 
The direct current motor M drives the alternator A at a speed 
which, by a special construction, is practically independent of 
the ship's voltage, and the synchronous ship's clocks are con-
nected in parallel in the ordinary way. 

The dial marked "Ship's Time" indicates synchronous 
time, that is, the time shown by all the clocks in the ship, 
whilst the "Greenwich Time" dial is kept at Greenwich time 
throughout the voyage. The dial on the right shows the 
difference between these two, that is, the number of minutes 
which the clocks have gained or lost since this hand was last 
set to zero. The lower dial incorporates an electrical frequency 
meter, which indicates the instantaneous frequency of the 
alternator, but instead of being scaled in cycles per second, 
is scaled in the corresponding number of minutes gained or 
lost per 24 hours. The hand wheel seen on the right serves to 
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adjust the speed by means of the rheostat in the field of the 
motor, as shown in the figure. 

Amongst the advantages of this arrangement is that the 
operator can instantly set the speed of the alternator to give 
the frequency necessary for the desired gain or loss during 
the ensuing 24 hours, and that under actual running conditions. 

By this means, the effects of temperature, state of the 
motor commutator, abnormal ship's voltage, and so forth, are 
automatically allowed for, and a glance at the indicator will 
at any time show whether the frequency is being correctly 
maintained. A rheostat having settings marked off in minutes 
gained or lost was at one time tried, but was found to be un-
reliable, owing to the changing conditions already alluded to. 

As a further check upon the operation, the "gain or loss" 
dial enables the time which has actually been gained or lost by 
the ship's clocks since the previous day to be at once seen. 

Thus, not only is the system entirely automatic when once 
set, but the operator can at any time satisfy himself that the 
schedule is being correctly carried out. Arrangements are, 
moreover, made whereby the frequency can be increased by 
a large amount, say, 20 per cent or more, so that all the clocks 
in the ship can be rapidly advanced, as may be required, for 
example, for setting to summer time. In the same way, the 
clocks can be simultaneously stopped on reversion to winter 
time. 

13—(5743) 



CHAPTER XI 
MISCELLANEOUS APPLICATIONS 

IN this chapter it is proposed to deal with some of the many 
uses to which electric time circuits can be put, apart from the 
actual indication of time. Some of these miscellaneous appli-
cations have already been described, as, for example, the 
ship's position indicator, illustrated in the previous chapter. 

Almost any process or appar-
atus where time is one of the 
guiding factors can be arranged 
for automatic operation. 

The start and cease work 
signals of a factory may be 
arranged to be entirely con-
trolled by the electric clock 
system. 

Again calendars, which are 
really clocks showing days in-
stead of hours, may be readily 
adapted to be worked from 
the time circuit or from the 
A.C. mains. 

The control of shop window 
lighting is another use for 
which the time circuits can be 
usefully employed. Modern 
business practice is to leave 

the shop window lights on for some hours after the closing 
hour, an automatic switch being provided for the purpose of 
switching off at a given time. The electrically-operated time 
switch does away with the trouble of winding the clock, and 
at the same time will take entire control of the lighting—both 
switching on and switching off, on early closing days and 
Sundays. 

The apparatus for most of these special applications has 
to be designed to suit each individual set of circumstances, and 

1 8 4 

F I G . 1 3 3 . SYNCHRONOME B E L L 
CONTROLLER 
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it is, therefore, not proposed to enter into any great detail 
in the typical examples now to be described. 
Programme Controls 

This is by far the largest application of electrical time prin-
ciples outside of actual time indication. Almost every business, 
factory, and institution has a series of bell or whistle signals 
which lend themselves to automatic operating by electricity. 

A typical Synchronome Bell Controller is illustrated in 
Fig. 133, and its principle of working is shown in Fig. 134. 

B E L L CONTROLLER 

The wheel X is rotated once per hour by impulses from the 
time circuit in exactly the same manner as the minute hands 
of the secondary clocks in the same circuit. Wheel Y is geared 
to rotate once in twelve hours, and wheel Z once a week. A 
pair of contact springs engages with each of these wheels 
X, Y, and Z, and since all are in series the bell or other circuit 
which it is desired to operate, will not be completed unless all 
contacts are closed simultaneously. 

In the example shown, wheel X makes contact for half a 
minute every fifteen minutes, but nothing will happen unless 
some particular fifteen minutes is selected by wheel Y. Then 
if wheel Z is making contact, as it does during working hours, 
opening it every night, on Saturday afternoons and Sunday, 
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FIG. 1 3 5 . STROMBERG PROGRAMME CONTROLLER 
(Magneta Time Co.) 
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the secondary circuit will be completed and the bells will ring 
for half a minute. The programme can be varied at will 
within the limits of the instrument by inserting pins in wheel 
Y in appropriate positions. The setting in the diagram shows 
the bells ringing at 5.30 p.m. on Tuesday. The controller 

can be arranged to suit any desired programme, and to give 
any desired length of ring. In some instances the control 
contacts can be fitted to a clock dial. 

Another form of programme controller is the Stromberg 
instrument illustrated in Fig. 135. The principal component 
of this apparatus is the tape A made of a specially prepared 
celluloid material, which passes over the pulleys shown, and 
is moved progressively forward either by half-minute or minute 
impulses from a master clock, or by a synchronous motor. 

The degrees of the tape are marked with divisions of time, 

F I G . 1 3 6 . " P U L - S Y N - E T I C " ELECTRIC CALENDAR 
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and holes are punched in the tape at any point where it is 
desired to operate any signal or other instrument. When such 
a perforation passes under one of the contact fingers B, the 
circuit is completed. A further selector C enables the signals to 
become inoperative on certain days of the week as required. 
To change a schedule of signals it is only necessary to substitute 
a new tape, punched for the new schedule—the work of a 
few minutes. 

The Electric Calendar 
The electric calendar illustrated in Fig. 136 represents 

another interesting and useful application of the electrical 
time circuit impulses. 

The mechanism is advanced step by step, and at midnight 
both the date and the day are automatically changed. The 
names of the month are changed by hand. 



CHAPTER XII 

CHOOSING AN ELECTRIC CLOCK 

HAVING now described in some detail the various types of 
clocks on the market, we are in a position to review the merits 
of each, and to discuss the factors governing the choice of an 
electric clock for a given purpose. 

There are three considerations, viz. cost, the accuracy and 
reliability of time-keeping required, and the system of elec-
tricity supply available. 

Commercial Installations 
For institutions, railway stations, factories, etc., where 

accurate time is of supreme importance, the impulse clock 
system takes first place. It is comparatively cheap in capital 
cost, as only one master transmitter is wanted no matter how 
many dials are connected in circuit. The cost of installation 
can be very low, as an elaborate system of wiring, such as is 
necessary with mains-driven clocks, is not required. The cost 
of running and maintenance is negligible, and there is the 
additional advantage of being able to couple in existing 
clocks, workmen's time recorders, and also automatically 
operate any desired programme of signals. The mechanism 
of both the master clock and secondary dial is very simple, 
and there is little to go wrong. Their time-keeping is superior 
to any form of mechanical clock, and if extreme accuracy is 
demanded only a simple addition is necessary to enable the 
master clock to be periodically synchronized by time signals 
sent out from Greenwich Observatory. Generally this latter 
refinement is quite unnecessary. I t is a very simple matter 
to check the master clock from time to time against the time 
signals now so frequently broadcast. 

Objection is sometimes raised to impulse clock systems on 
account of the fact that the hands move forward in half-minute 
jumps. Where a steady forward motion is necessary, this can 
be arranged with all makes of clocks. 

Another point in favour of the impulse clock system is the 
1 8 9 
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fact that all dials can be altered from winter to summer time, 
and vice, versa, by manipulation of the master clock. This is 
of considerable importance in large installations, particularly 
in hotels. 

The only competitor of the impulse clock for the uses under 
consideration is the synchronous motor clock. This can, of 
course, only be used where time-controlled frequency alter-
nating current is available. The principal disadvantage is the 
fact that the accuracy of its time-keeping is entirely in the 
hands of the power station authorities. 

If the supply fails, the clocks stop, and except in the case 
of self-starting clocks, each individual clock must be restarted 
and reset on the resumption of the supply. If the supply 
people fail to keep the frequency accurately under control the 
time-keeping suffers, and the user has little redress. 

As regards cost of installation, synchronous clocks are con-
nected to the ordinary lighting or power circuits, and do not, 
therefore, require special wiring. In capital cost of dials there 
is little to choose between the two systems. Cost of running 
is an item to be reckoned with in large installations. Five 
hundred synchronous motor clocks, each taking one watt, 
will consume one unit of electricity every two hours. With 
electricity at Id. per unit this represents one shilling a day— 
a considerable item of expense in the course of a year. The 
cost of current of the impulse clock is negligible. The life of 
an impulse clock is likely to be longer than that of a syn-
chronous motor clock owing to the smaller number of moving 
parts. Synchronous motor clocks are not so readily adaptable 
to the operation of time recorders, etc., as are impulse clocks. 

Domestic Clocks 
For domestic use conditions are not so exacting, and a wider 

choice can be given. For large residences the impulse clock 
system with its advantages as set out in the previous section 
can be advantageously employed, but for smaller houses the 
high cost of the master clock for the few dials necessary, to-
gether with the special wiring, makes the system prohibitive. 

Where time-controlled alternating current is available the 
synchronous motor clock is the best proposition for domestic 
time-keeping. Accurate time within a few seconds of Green-
wich is assured, and all the clocks indicate alike. An occasional 
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failure of the electricity supply is not likely to cause serious 
inconvenience. 

The synchronous motor clock is cheap to buy, and five 
clocks can be run for 200 hours or more for one electrical unit 
—say, 3s. 6d. per annum. To obtain satisfactory service the 
clocks must be permanently wired to the supply mains. This, 
however, is not costly, and should not amount to more than 
a few shillings per clock. 

If a mains-operated clock is wanted, and alternating current 
is not available, the only choice left is the electrically-wound 
clock. This is in reality only a spring clock with an elec-
tric winding motor attached. The time-keeping, therefore, 
depends only on the clockwork, and is not likely to be better 
than a spring clock. The majority of such clocks on the 
market which the author has seen are all well made and good 
time-keepers, but are expensive, because one really buys both 
a clock and an electric motor. The cost of current is negligible 
as the motor is only switched on for a few moments at long 
intervals. Special wiring can usually be dispensed with, the 
clock being connected to an existing plug point. Disconnec-
tion during the use of any other piece of apparatus will not 
affect the clock, as the spring enables it to carry on for a 
long period, and it will fully wind as soon as the plug is 
replaced. 

The most economical domestic clock is undoubtedly the 
self-contained battery-driven clock such as described in 
Chapter V. These clocks require no wiring whatever, and cost 
little to run—a battery costing a shilling or so will last two 
or three years. They are cheap to buy, and when once regu-
lated and set they keep very good time. Generally, their time-
keeping compares more than favourably with spring-driven 
clocks of similar price. This type of clock possesses a pendulum 
and retains a " t ick" which appears to be a point in its favour. 

Synchronized Clocks 
There remains the case as to what can be done with the 

existing mechanical clock whose mechanism is in good order, 
but whose time-keeping is perhaps not up to present-day 
standards. There are two ways in which such a clock can be 
electrified. It can be fitted with an electric winding motor, and 
can be synchronized either by impulses from an existing time 
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circuit or by synchronizing signals from Greenwich Obser-
vatory, sent over the G.P.O. telegraph lines, or if in London 
by the Standard Time Company's synchronizing service. In 
the event of the failure of the synchronizing signal, the clock 
simply goes on at its own rate. 

As far as the winding motor is concerned, this will not affect 
the time-keeping, but it will effect considerable saving in 
labour. The winding motor may be automatic or manually 
controlled. In the former case the winding is done auto-
matically at regular intervals. In the latter case it is still 
necessary for a man regularly to visit the clock tower, but all 
he has to do is to switch on the winding motor. 

Public Clocks 
The conditions which have to be fulfilled by a public clock 

worthy of the name are very exacting. 
1. I t must give Greenwich time correct to within a few 

seconds. 
2. I t must keep time under all sorts of conditions—even 

when the hands are heavily loaded with snow. 
3. I t must never stop. 
Further, it must generally be arranged to chime quarters 

and strike at the hour. 
There are two cases which require consideration, viz. a new 

clock, and electrification of existing clocks to give improved 
time-keeping. As far as new clocks are concerned, an adaptation 
of the impulse system is the only reliable scheme, and fulfils 
all the conditions set down above. 

Where, as is generally the case, the public clock is erected 
over a group of offices, it simply forms one unit of the office 
time system, and although its hands may be driven by a 
separate motor or other mechanism, the actual time-keeping 
is controlled by the master clock in the building below, which 
in turn may be synchronized with signals from Greenwich 
Observatory. Even when no time circuit exists, the installa-
tion of a special master transmitter to control the one turret 
clock does not add much to the total cost, and is to be recom-
mended in preference to a mechanical clock with its tedious 
winding and possible vagaries of time-keeping. 

Synchronous public clocks are used to some extent, but the 
same objection holds that the clock is at the mercy of the 
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electricity supply, which may fail, and they cannot be recom-
mended where absolutely accurate and reliable time-keeping 
is required. 

There is no difficulty in providing a synchronous motor to 
develop as much power as required. The synchronous motor 
turret clock has the merit of cheapness compared with the 
cost of a corresponding electric impulse clock or a mechanical 
clock. 

Privately Owned Outside Clocks 
For semi-public clocks, i.e. outside shops and in the windows, 

in cinemas, etc., synchronous motor clocks are ideal. Here the 
accuracy of time-keeping is not quite as important as in the 
case of the large turret clock. An occasional stoppage is not 
important, as the shopkeeper is on the spot to set the clock 
going as soon as the power comes on again. These slight risks 
would more than compensate for the advantage of having all 
the public clocks in a street indicating the same time, and that 
only a few seconds from Greenwich mean time. The differences 
in time exhibited by various mechanical clocks in the same 
street is too well known to require further mention. 



CHAPTER XIII 
INSTALLATION AND MAINTENANCE 

As with any other piece of apparatus, to get the best results 
an electric clock must be carefully installed and properly 
maintained. The amount of work and care that must be taken 
in installing depends to a great extent on the type of clock. 
For instance, the self-contained battery-driven type simply 
requires its battery to be attached and its pendulum released 
when it is ready for use. Synchronous motor and electrically-
wound clocks require wiring to the mains in a similar manner 
to any other piece of electrical apparatus. 

Impulse clocks, because of their greater accuracy and the 
fact that their circuit is independent of any existing electricity 
supply wiring, and the superior accuracy of performance which 
is required from them, demand the greatest amount of atten-
tion in installation and after care, and it is with this type of 
clock that the present chapter is principally concerned. Much 
of the information, however, applies equally to all types of 
electric clock, and special notes regarding other types have 
been inserted where necessary. 

I t should be carefully noted that it is impossible in a work 
of this description to give details of installation which cover 
any and every type of clock, and any manufacturer's instruc-
tion should be carefully read and rigidly adhered to. 

Clock Circuits 
The principles of the electric circuit have already been 

dealt with in Chapter II. I t is now proposed to give a few 
typical wiring diagrams of clock circuits. 

Fig. 137 shows the simplest type of impulse clock circuit. 
Here all the dials are in series and the current to operate is 
derived from a battery of primary cells or accumulators. The 
voltage of this battery is governed by the number of dials in 
circuit, and differs with various makes of clock. As a rough 
approximation, one cell per dial can be allowed, and the 
voltage across each dial is then the same as the voltage of 
one cell of the battery. 

194 
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The battery warning device is also connected in series, and 
gives a visible signal of a weakening battery some days before 
total failure occurs. It will be observed that in the series 
system shown there is only one wire running round the build-
ing, making a complete circuit linking up each dial in turn. 

F I G . 1 3 8 . DIALS IN SERIES BUT SHUNTED BY RESISTANCES 

In some systems a resistance is connected in parallel with 
each dial, the ohmic value depending on the size of the dial 
movement, in which case each group of dial and resistance is 
connected in series with the next, as shown in Fig. 138. 

Synchronous motor and other clocks worked from service 
mains are wired in parallel, as shown in Fig. 139, and in con-
sequence have the full voltage across their terminals. Their 
insulation and wiring must, therefore, be capable of with-
standing this pressure. The mains wires shown in the diagram 
are, of course, the existing lighting circuit wires in the house. 

Impulse clocks may be worked off the supply mains, but this 
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is not generally recommended, as there is less liability of 
breakdown with the lower (battery) voltage, beside which the 
clocks operate more satisfactorily and the cost of installation 
is lower. 

Fig. 140, however, illustrates a method of working from 
direct current mains. 

D is a resistance connected across the mains and perma-
nently taking a small current. The voltage drop across any 

F I G . 1 3 9 . CLOCKS CONNECTED I N PARALLEL ACROSS M A I N S 

D . C . M A I N S 

section of it is exactly proportional to its resistance. That is, 
if the total length of the coil is 6 in., and the main voltage 600, 
there will be a drop of 100 volts for every inch. The one 
terminal of the clock circuit is connected to one end of the 
resistance, and the other end is connected to the slider S, the 
position of which is so adjusted that the voltage V is equivalent 
to the required battery voltage, or, in other words, the current 
indicated by ammeter A represents the normal working current 
of the dials. When a resistance is used in this manner, it is 
called a potentiometer. 
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It should be noted that one side of all commercial electric 
supply mains is connected to earth, as shown by the dotted 
lines, and a person touching any live part of the clock move-
ment is liable to receive a shock, even though the voltage as 
set by the potentiometer is low. For. the same reason the 
insulation of clocks and wiring must be capable of withstanding 
the full mains voltage. 

Fig. 141 represents a method of driving an installation from 
alternating current supply mains. Here the voltage of the 

iJIIJK ® 
Low Voltage 

F I G . 1 4 1 . OPERATION OF IMPULSE CLOCKS FROM A . C . . M A I N S 

F I G . 1 4 2 . OPERATION OF IMPULSE CLOCKS B Y ACCUMULATORS 
TRICKLE-CHARGED FROM A . C . MAINS 

mains is reduced to that required by the clocks by means of 
the transformer T. There is no connection between the two 
windings of the latter, and so there is no necessity to guard 
against insulation breakdown and shock as in the case of direct 
current mains mentioned above. It is, however, necessary to 
convert the low voltage alternating current to direct current to 
make it suitable for operating the clocks. This is done by an 
apparatus known as a rectifier shown at R. There are no mov-
ing or liquid parts in either the transformer or the rectifier, 
so they require no maintenance. 

The disadvantage of mains operated systems is, that if the 
supply fails for any reason all the clocks stop. This can be 
overcome very simply and very successfully in the case of 
A.C. mains by adding an accumulator, as shown in Fig. 142. 
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The clocks now operate from the battery as in an ordinary 
installation, the accumulators being constantly charged at a 
very low rate—technically known as trickle-charged—from the 
mains. In the event of the electricity supply being cut off 
for any reason, the battery will continue to run the clocks for 
several days, if necessary. Supply breakdowns are, of course, 
comparatively rare, and are generally only of short duration. 

F I G . 1 4 3 . OPERATION OF CLOCKS FROM D . C . M A I N S USING 
T w o BATTERIES 

Where alternating current supply is available, this trickle-
charged battery method of operating the clock installation is 
undoubtedly the best to employ. 

In the case of direct current mains a similar method is not 
desirable for the reason that the full pressure of the mains is 
impressed on the clock circuit. I t is not possible to transform 
high voltage direct current to low voltage with totally inde-
pendent windings, as is the case with the alternating current 
transformer. The best that can be done in the case of direct 
current supply is to employ two batteries or accumulators, so 
that one set is working the clocks while the other is being 
charged. Fig. 143 illustrates such an arrangement. 

"D.C. 
Mains 

m 
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A and B are the batteries. C is the main D.C. switch, and 
D D1 the fuses. The ammeter E indicates the charging rate 
which is controlled by variable resistance F. Sometimes one 
or more lamps in series are used instead of a resistance. G G1 
are the terminals of the clock circuit. Hv H2, Hz, HA are four 
two-way tumbler switches coupled to operate together. An 
inspection of the circuit will show that in the position shown, 
battery A is working the clocks, and battery B is on charge, 
when switch C is closed. Moving over switches H puts battery 
A on charge and B on the clocks. The change over from one 
battery to the other should be done between impulses, other-
wise all the dials may lose half a minute. Programme con-
trols, synchronizers, relays, and similar devices are wired in 
series with the standard clock dials. The circuit to the bells, 
hooter, or other signals is entirely separate from the clock 
wiring, and is operated Ijy a separate source of current. 

Having discussed the various circuit arrangements, we will 
proceed to a consideration of the installation of the various 
units. 

Installation of the Master Clock 
Before proceeding further it should be pointed out that 

although primarily referring to the master clocks of impulse 
systems, most of the following remarks apply equally to other 
clocks where it is possible to apply them. Generally, however, 
the other types are confined to domestic use, and considerations 
other than that of accurate time-keeping enter into the choice 
of site, etc. Synchronous motor clocks are in a class by them-
selves, as their time-keeping depends entirely on an outside 
agency, and they will work under almost any conditions. 

One of the essentials of accurate and regular time-keeping 
of a master clock is that it must be rigidly fixed and level. 
The pendulum alone often weighs 16 lb. or so, thus there is 
considerable weight to support. Where possible, the master 
clock should be mounted against a thick masonry wall which 
is free from all vibration. The wall chosen should preferably 
be in the lower part of the building, a basement wall being 
ideal. A wood partition should on no account be employed. 
The room should be one which is dry, and free from dust 
and injurious vapours, and the clock should not be subjected 
to extremes of temperature, or draughts. The clock should 

*4—(5743) 20 pp. 
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be fixed so that the centre of the dial is approximately at 
eye level. This allows the mechanism to be inspected and 
adjusted with a minimum of trouble. 

All makers supply some device to indicate when the clock 
is vertical, such as a mark on the top and bottom of the case. 
A plumb line is held against the upper mark and the case 
moved until the bob comes in line with the lower mark. In 
fixing a clock the best method is to securely fasten two or three 
wooden battens about in. wide to the wall, and mount the 
clock case on these. Put in one fixing screw first, level the 
case, and put in the remainder of the screws. 

Clocks are invariably delivered with the pendulum, and 
sometimes other parts detached, and the makers' instructions 
in the fitting of these should be scrupulously followed. 

Battery Position 
Some care is necessary in selecting a place for the battery, 

whether it be composed of accumulators, primary cells, or 
dry cells. The room should be cool and well ventilated. The 
cells themselves should be mounted on a shelf or cupboard, 
or in a box with a ventilated and easily removable lid. A 
battery mounted in a hot and dry position will require fre-
quent attention owing to loss of electrolyte by evaporation. 
All terminals should be coated with vaseline to prevent 
corrosion, and great care should be taken to make all connec-
tions tight. 

In the case of accumulators charged from service mains a 
rubber floor mat should be provided adjacent to the battery 
and charging board to prevent accidental electric shock. The 
battery warning indicator if provided, need not necessarily 
be near the battery. I t should be placed somewhere in the 
building where its warning will be quickly noticed. It may be 
mentioned in passing that a bad contact between cells of the 
battery may cause the warning to operate, even if the cells 
are fully charged. 

Clock Mounting 
Owing to the variety of size, shape, and patterns of clock 

dials available there is little that can be said. The fixing in any 
case is quite straightforward. Due to the small size of the move-
ment and the fact that no further attention is necessary after 
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installation, it is often possible to put an electric clock where 
it would be impossible to place a mechanical one. 

Clocks for use in damp or steamy atmospheres should be 
mounted in cast-iron or bakelite casings. Where the noise of 
the ordinary movement is objected to, a silent movement 
should be fitted. Portable clocks, either battery-driven or 
electrically-wound, should be kept as far as possible in a 
position free from extremes of temperature. Too often the 
domestic clock stands on the mantel shelf, and is heated from 
the fire during the day, and subjected to an extremely low 
temperature during the night hours. There seems little possi-
bility of these conditions being altered at present, and designers 
of the clocks and those responsible for the installation and 
maintenance have to make the best of circumstances. 

Wiring Systems 
From the purely electrical point of view, clock circuits are 

of the simplest possible character. The current, too, is invari-
ably very small, and only a small size of cable is required, 
so that at first sight it would seem that there is little to warrant 
consideration here. The subject of wiring is nevertheless 
important. In addition to carrying the current to operate our 
clocks, the wiring must be insulated so as to prevent leakage 
and short circuits; it must be protected to withstand ordinary 
wear and tear, and if it is in any way connected to a public 
supply of electricity, it must comply with the regulations and 
pass the tests of the supply authority concerned. 

It has already been mentioned that more often than not 
impulse clocks are operated from comparatively low voltage 
batteries, whereas synchronous motor and electrically-wound 
clocks are always driven from the supply mains. Thus a 
system of wiring may be quite suitable for a low voltage sys-
tem but quite impossible for mains-operated clocks. We will 
now consider the various wiring systems in use. 

Copper wire is invariably used for wiring. Small cables 
have a single conductor, while larger cables have several such 
wires stranded together, and flexible cable is made up of a 
large number of very fine wires bound together. Cables may 
be insulated with cotton, rubber, paper, paraffin wax—a 
combination of several being used according to requirements. 
Bare copper wire is never used except for outdoor lines. 
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The simplest form of wiring, which is only applicable in some 
cases, is to use single bell wire without further protection, 
securing it as necessary with insulated staples. 

This comprises a tinned copper conductor, No. 18 s.w.g., 
insulated with rubber sleeving and two layers of cotton, and 

F I G . 1 4 5 . SINGLE CABLE CABBIED IN CLEAT 

impregnated with paraffin wax. I t is cheap and easily run, 
and is unobtrusive, but liable to be damaged. I t is generally 
suitable for small installations in private houses. It should 
not be used in damp situations. 

A similar but more reliable method is to use electric lighting 
cable, size 3/036 in. Besides being a heavier conductor and, 
therefore, not so likely to break, it has considerably more 
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strength of insulation. It is insulated with several layers of 
vulcanized india-rubber, which is a good insulator, does not 
absorb moisture from the atmosphere, and is waterproof when 
new, and will remain so for a number of years, in favourable 

situations. I t is further protected with a layer of tape and a 
serving of waxed braiding. It can be obtained coloured black 
or red, which is often an advantage as it permits easy iden-
tification of cables. It can be used in almost all situations 
where it is not likely to suffer severe mechanical damage, and 
can either be fixed by insulated staples directly against the 
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walls or joists, or can be carried on porcelain cleats in the 
manner shown in Fig. 144. 

If, as is usually the case, only one cable runs from clock to 
clock, a short length of similar cable should be put in each 
unoccupied side of the cleat to keep the top level, as shown 
in Fig. 145. Flexible lighting cord should never be used for 
permanent wiring. 

These unprotected wiring systems must only be used on 
low voltage installations, not exceeding, say, 50 volts. For 
pressures above this, or in cases where more mechanical pro-
tection is desired, one of the following systems may be used. 

These are suitable for high voltages, and from this point 
onwards the information is applicable to both impulse and 
mains-driven clocks. 

The simplest mains wiring system is that employing a 
conductor which is sheathed in a tube of lead alloy. It is 
obtainable having one, two, or three conductors. This class 
of wiring possesses the merit of being quickly run, requires 
little space, and is inconspicuous when fixed. The lead cover-
ing affords fair mechanical protection to the conductors, but 
is not, of course, proof against piercing by nails. Several lead-
covered wiring systems are on the market, and each has its 
own method of securing the wiring and effecting joints and 
tappings. I t is essential that the lead covering of the com-
pleted installation be electrically continuous, thus, where the 

F I G . 1 4 8 . PORCELAIN CONNECTOR 
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sheath is cut away, as, for example, when a joint or connection 
is made, it is necessary to join the finish of the covering of one 
run of tube to the start of the next one. The casing is con-
nected to earth in one or more places. If for any reason the 
casing becomes "alive" the fuses will then blow and prevent 
further trouble. 

Fig. 146 shows how the cable is secured to walls, etc., in the 

F i o . 1 4 9 . CLOCK INSTALLATION W I R E D IN CONDUIT 

Henley wiring system. The clip A is first fixed by means of a 
screw or nail inserted through hole B. The cable is then rested 
upon it and the sides of the clip bent up as shown at C. Loop 
D is then threaded on to the bent up ends, pressed right down, 
and the ends bent back as shown at E. 

Fig. 147 shows a bonding ring securing three cables. The 
box on which it is mounted is not shown. The joints in the 
wiring are subsequently made by small porcelain connectors, 
such as shown in Fig. 148. 

The most reliable method of wiring and the one which should 
always be used in high-class work, is the Conduit system, in 
which the cable is drawn into steel tubing. This is naturally 

Master 
Clock 

0 
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more expensive than the systems previously described, and 
unless put in during the erection of buildings is liable to be 
rather unsightly, although in factories this is not a serious 
objection. 

For the wiring of clocks using a single 1/-048 diameter 
cable (i.e. a cable, the conductor of which comprises one con-
ductor only -048 in. diameter) \ in. conduit is satisfactory, but 
where two or three cables of this size have to pass through 
one tube it is preferable to use § in. diameter tubing. 

Various fittings are available such as bends, tees, and junc-
tion boxes to facilitate erection and wiring. There are two 
varieties of conduit—"screwed" and "grip fix." The former 
type is the better but is more expensive. In this system the 
lengths of tube are screwed into the joint boxes, bends, etc. 
In the cheaper method the piping is secured by grub screws. 
I t is essential that electrical continuity be preserved through-
out the length of the tubing, which is connected to earth. 
Conduit is supplied in lengths of 10 to 15 ft., and is cut up as 
required. For straight runs of greater length than this it is 
necessary to insert a coupling piece. In carrying out an installa-
tion of clocks in conduit the tubing is first erected completely, 
but not secured to the walls. The cable is 'then drawn in as 
required, this being done one section at a time, and a fish wire 
used to draw the cable through. When the wires are complete 
the tubing can be fixed in position and all the grub screws 
tightened. 

Fig. 149 shows a simple clock installation carried out in 
conduit. 

Where wiring has to be run across open spaces the bare 
cable can be used fixed to porcelain insulators in a similar 
manner to telephone wires, but it is generally advisable to 
use insulated wire, to obviate risk of the wires swinging 
together and causing short circuits. 

Wiring of Synchronous Clocks 
Owing to its popularity the synchronous clock requires 

special mention. To be of any use as time-keepers these clocks 
must be permanently wired to the mains, an expense to which 
the average purchaser of a cheap clock is not inclined to go. 

Power points are not so plentiful in the modern house as 
to enable one in each room to be monopolized for working 
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the clock. Further, the fuses in the power circuit are usually 
about 15 or 30 ampere, and a clock developing a fault would 
be badly damaged before a heavy fuse like this could clear it. 

The simplest way of wiring is to connect the clock to the 
live side of one of the power points, and insert a very fine fuse 
between it and the clock. George H. Scholes & Co., Ltd., of 
Manchester, have produced the little accessory shown in the 
illustration, Fig. 150, known as the 
WYLEX FUSED CLOCK CONNECTOR. 
It consists of a bakelite casing in 
which are two | ampere fuses. A 
lead is taken from the supply to 
one section of the device, the lead 
to the clock being taken from the 
other. 

Joints in wires should always 
be soldered using only resin as a 
flux. The use of any other flux 
is liable to give trouble sooner or 
later owing to electrolytic action 
in the presence of moisture. 

The Maintenance of Primary 
Batteries 

LECLANCHE CELLS. T h e 
Leclanche cell when fully charged 
gives an E.M.F. of 1-5 volts per 
cell. The size generally recom-
mended for a clock installation 
is the "heavy duty" or three-
pint size. The Leclanche cell is 
capable of supplying current inter-
mittently for a long period per charge, and given a suitable 
position a battery should last for twelve months or two 
years. 

The construction of the cell has already been described. As 
delivered, the porous pot is received with the carbon plate 
and surrounding mixture of carbon and manganese peroxide 
sealed in position. This material does not require renewing 
throughout the life of the battery. To set the battery in opera* 
tion, the porous pots and zinc rods are placed in the glass jars. 

14a—(5743) 4 PP-
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The cells are connected in series, so that the wire from each zinc 
rod is secured under the terminal nut of the carbon on the 
adjacent-cell. 

To charge the cell about 4J oz. of sal-ammoniac is placed 
in the bottom of each (3-pint) cell, and rain water added, to 
bring the level of the liquid about 2 in. from the top. The 
cells should never be filled right up, and great care must be 
taken not to spill the water on the tops of the jars, porous pots, 
or battery shelves, or "creeping " of the solution will take place. 
After charging, the tops of the outer jar, zinc rod, porous pot, 
carbon plate, and its terminal should be given a good coating 
of vaseline to prevent corrosion taking place. Great care must 
be taken that all terminals are tightly screwed down. This 
liability of the solution to "creep" over the sides of the cell 
is the one disadvantage of the Leclanche cell, and too much 
care cannot be taken to prevent it. Once creeping starts, 
it is very difficult to stop, and impossible to keep the battery 
shelf or cupboard clean and tidy, besides which the efficiency 
of the battery deteriorates. 

RECHARGING THE LECLANCHE CELL. AS mentioned above, 
the Leclanche battery may be expected to last two years or 
more. I t is a good plan to inspect the battery once every 
three months, and to recharge, whether it appears to want it 
or not, every two years. 

At the three months' inspection the general condition of the 
battery should be noted. Any cell showing signs of creeping 
should be taken out and overhauled. The voltage of each cell 
should be checked and any loss of electrolyte due to evapora-
tion made good by addition of distilled or rain water. If the 
zinc rods appear to be of a deep black colour, it is an indication 
that the battery is being overworked, possibly through leakage. 
This can be detected by inserting a milliammeter in series 
with the battery. If the solution has a milky appearance it 
indicates that it is too weak, and more sal-ammoniac should 
be added. When completely recharging the battery proceed 
as follows. Dismantle all the cells and throw away all the old 
solution. Fill all the outer jars with clean water, and put about 
a tablespoonful of spirits of salts (hydrochloric acid) into each 
and allow to stand for several hours. Meanwhile, scrub the 
porous cells and zinc rods thoroughly to remove all adhering 
crystals. Any zincs badly worn should be discarded and 
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replaced by new ones. Next, stand the porous cells in water 
to which has been added some spirits of salts. After standing, 
rinse out all the cells, drain surplus liquid from the porous 
pots (by inverting them), thoroughly clean all the terminals, 
reassemble the battery, and proceed to charge as directed 
above. The battery cupboard should meanwhile have been 
scrubbed out and allowed to dry. 

To overhaul the battery as described above takes some 
little time, and necessarily puts the clocks out of action. It can 
generally be done during a week-end without causing incon-
venience, but in cases where the clocks must be kept going the 
writer substitutes a radio high tension dry battery costing a 
few shillings. The charging of any other type of primary 
battery can be carried out in a similar manner, using the 
appropriate solutions. The golden rules of successful battery 
maintenance are regular attention and cleanliness. 

Dry cells cannot, of course, be recharged. When they show 
signs of weakening they are discarded and replaced by new 
ones. A dry battery of the normal electric bell size and of 
good make can be expected to work a clock installation for 
three years or more without attention. It will fail earlier if 
housed in a warm place, owing to the drying up of its constitu-
ent chemicals. Replacement batteries should preferably be 
obtained from the manufacturers to ensure their freshness. 
Batteries obtained from local electricians have sometimes 
been in stock for a long period, and soon fail when put to 
work. 

Accumulator Charging and Maintenance 
The correct charging and treatment of accumulators is 

very important. Even a little neglect will quickly ruin a good 
battery. Makers' instructions which differ slightly one from 
the other should be followed to the letter. 

The first charge of an accumulator is very important, and 
should be carried out as follows. Fill each cell with dilute 
sulphuric acid 1-180 specific gravity, and charge for at least 
twenty-four hours continuously at two-thirds the normal 
charging rate, as stated by the makers. Pure brimstone 
sulphuric acid should only be used, and not the ordinary 
"commercial" variety, and for diluting it use distilled water. 
Acid ready diluted is obtainable, or it may be made up, 
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checking the specific gravity with a hydrometer. Pour the 
acid slowly into the water, stirring continuously. 

Certain types of accumulators are known as dry first charged, 
and only need the addition of electrolyte to make them ready 
for use. Even with these, however, a long initial charge does 
no harm. 

Only direct current can be used for charging accumulators, 
and the positive pole of the supply must be connected to the 

+ + 

Battery 
on Charge' 

F I G . 1 5 1 . CHARGING ACCUMULATORS FROM D . C . MAINS 

positive terminal of the accumulator. Each cell when fully 
charged should have a voltage of 2-4. This quickly drops to 
about 2-0 when in service at which it remains steady until 
nearly discharged, when it drops to 1-8. Any attempt to 
discharge the battery below 1-8 volts per cell will cause irre-
parable damage to the plates. 

During charging the specific gravity of the electrolyte will 
rise to about 1-25. Ordinary charging should take about eight 
hours, the charging current Varying with the size of the cell, 
and is always stated by the maker. Charging above the normal 
rate causes harmful heating and gassing. Charging is complete 
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when the voltage and the specific gravity have attained steady 
values, and the plates are gassing freely. 

During charging the vents of the cells must be removed, 
and no naked light brought near as the gases evolved are 
highly explosive. 

Apart from the regular charging, accumulators require little 
maintenance to keep them in good order. The electrolyte 
should reach to about £ in. above the level of the plates. Loss 
of electrolyte should be made good by adding distilled water 
only—not acid—as it is only the water which evaporates. The 
accumulator should never be allowed to stand for any length 
of time in a discharged condition as sulphation of the plates 
will quickly set in and ruin them. Smear all the terminals with 
vaseline to prevent corrosion. 

Fig. 151 shows two methods of charging accumulators from 
direct current mains. The current is regulated by the resist-
ance of the number of lamps required to give the charging 
current recommended by the makers, as shown by the am-
meter. When charging is done from A.C. mains it is necessary 
to include a transformer (to reduce the voltage), and a rectifier 
to convert to direct current, as has already been described in 
a previous section of this chapter. 

Clock Maintenance 
The only attention required by clocks of all kinds is occa-

sional lubrication of working parts. Newly-installed pendulum 
clocks also require regulating. 

Oiling 
Only the finest clock oil should be used for lubricating. 

Ordinary oil is fatal. Even the correct oil should be used very 
sparingly. A piece of wire about 18 gauge, flattened at the 
end, forms the best oiler. 

All pivots of the mechanism must be oiled, one drop only 
for each. The oiling should be carried out methodically so as 
not to miss any of the points requiring lubrication, and any 
dirt or fluff seen anywhere in the mechanism must be removed 
before oiling. Dirty oil should also be wiped away, using a 
clean duster free from fluff. In impulse clocks it is important 
not to oil the face of the pallet down which the impulse roller 
runs, as such oil is likely to retard the fall of the arm. 
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Regulating 
Regulation of pendulum clocks is carried out in raising or 

lowering the bob by rotating the milled nut on which it rests. 
The rating nut is usually graduated. A movement of one 
division causes the clock to gain or lose one second per day 
according to the direction in which the nut is turned. 

Another method of regulation, and one which should be used 
for all fine adjustments, as it does not involve stopping the 
clock, is to add a small weight to the pendulum. Adding the 
weight above the bob raises the centre of gravity, and so causes 
the pendulum to swing faster and the clock to gain. The 
addition of the weight below the bob lowers the centre of 
gravity, thus slowing the pendulum. Most high-class clocks 
are provided with a tray for the purpose of carrying these fine 
weights, but domestic clocks rely on the adjustment of the 
rating nuts. Accumulation of dust on the top of a pendulum 
is sometimes sufficient to cause a clock to gain. 

Synchronous motor clocks cannot be regulated by the user, 
and all that can be done in the case of faulty time-keeping is 
to communicate with the electricity supply authority. 

Faults 
Owing to the number of makes of clocks available all having 

different constructions and working principles, it is impossible 
to give any definite information regarding the location of 
faults. The best advice that can be given to the reader is to 
make himself acquainted with every detail of the installation 
under his care, and in case of trouble, the cause of which is not 
immediately apparent, the makers should be communicated 
with at once. Do not attempt to adjust the mechanism unless 
certain of the cause of the breakdown. In the case of stoppage, 
ascertain that the battery or electricity supply has not failed. 
If this proves in order look for a breakage in the circuit, short-
circuiting each dial and section of wiring in turn. If a break 
has occurred in the windings of a clock, short-circuiting its 
terminals will allow the rest to go on working. A faulty 
connection between cells sometimes causes trouble. The 
stoppage of synchronous motor clocks may be due to a break in 
the windings, or the blowing of a fuse in the house circuit; or a 
momentary drop in voltage such as caused by a "short" in some 
other circuit in the house may be sufficient to stop the clocks. 
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HAND-LOOM WEAVING. B y L u t h e r H o o p e r . . . ! 10 6 
H E R A L D R Y . B y S i r W . H . S t . J o h n H o p e , L i t t . D . , D . C . L . . 12 6 
SILVERWORK AND JEWELLERY. B y H . W i l s o n . S e c o n d 

E d i t i o n . . . . . . . , . 1 0 6 
STAINED GLASS W O R K . B y C. W . W h a l l . . . . 10 6 
WOOD-BLOCK PRINTING. B y F . M o r l e y F l e t c h e r . . . 8 6 
WOODCARVING DESIGN AND WORKMANSHIP. B y G e o r g e J a c k . 

S e c o n d E d i t i o n . . . . . . . . 8 6 
WRITING AND ILLUMINATING AND LETTERING. B y E d w a r d 

J o h n s t o n . S e v e n t e e n t h I m p r e s s i o n . . . . . 8 6 

ART AND CRAFT WORK, ETC. 
BLOCK-CUTTING AND PRINT-MAKING BY H A N D . B y M a r g a r e t 

D o b s o n , A . R . E 
CABINET-MAKING, T H E ART AND CRAFT OF. B y D . D e n n i n g 
D R A W LOOM, T H E N E W . B y L u t h e r H o o p e r . 
H A N D - B L O C K PRINTING ON FABRICS. B y T . J . C o r b i n , A . R . C . A 
LEATHER CRAFT. ARTISTIC. B y H e r b e r t T u r n e r . 
LEATHER W O R K : STAMPED, MOULDED, CUT, CUIR-BOUILLI 

SEWN, ETC. B y C h a r l e s G . L e l a n d . T h i r d E d i t i o n . 
LETTERING, DECORATIVE WRITING AND ARRANGEMENT OF. B y 

P r o f . A . E r d m a n n a n d A . A . B r a u n . S e c o n d E d i t i o n 
LETTERING FROM A TO Z , MODERN. B y A . C e c i l W a d e 
LETTERING, PLAIN AND ORNAMENTAL. B y E d w i n G . F o o k s 
MANUSCRIPT AND INSCRIPTION LETTERS. B y E d w a r d J o h n s t o n 
MANUSCRIPT WRITING AND LETTERING. B y a n E d u c a t i o n a l 

E x p e r t . . . . . • • • • • 
PLYWOOD AND GLUE, MANUFACTURE AND U S E OF. B y B . C 

B o u l t o n , B . S c 
POTTERY, HANDCRAFT. B y H . a n d D . W r e n 
STENCIL-CRAFT. B y H e n r y C a d n e s s , F . S . A . M . 
W E A V I N G FOR BEGINNERS. B y L u t h e r H o o p e r 
W E A V I N G WITH SMALL A P P L I A N C E S — 

T H E W E A V I N G BOARD. B y L u t h e r H o o p e r 
TABLE LOOM WEAVING. B y L u t h e r H o o p e r . 
TABLET WEAVING. B y L u t h e r H o o p e r . 

W O O D CARVING. B y C h a r l e s G . L e l a n d . R e v i s e d b y J o h n J 
H o l t z a p f f e l 

WOODCARVING, HANDICRAFT OF. B y J a m e s J a c k s o n . 
W O O D ENGRAVING SINCE E I G H T E E N - N I N E T Y . B y B e r n a r d 

S l e i g h , R . B . S . A . . . • • 
WOODWORK D E S I G N . B y E . H . A r n o l d 
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TEXTILE MANUFACTURE, ETC. s d 

ARTIFICIAL SILK AND ITS MANUFACTURE. B y J o s e p h F o l t z e r . 
T r a n s l a t e d i n t o E n g l i s h b y T . W o o d h o u s e . F o u r t h E d i t i o n 21 0 

ARTIFICIAL SILK. B y D r . V . H o t t e n r o t h . T r a n s l a t e d f r o m t h e 
G e r m a n b y D r . E . F y l e m a n , B . S c 3 0 0 

ARTIFICIAL SILK. B y D r . O. F a u s t 10 6 
BLEACHING, DYEING, PRINTING, AND FINISHING FOR THE MAN-

CHESTER TRADE. B y J . W . M c M y n , F . C . S . , a n d J . W . 
B a r d s l e y . S e c o n d E d i t i o n 6 0 

COTTON, FROM THE RAW MATERIAL TO THE FINISHED PRODUCT. 
B y R . J . P e a k e , R e v i s e d a n d E n l a r g e d b y H . P . Curt i s , 
F . T . I 5 0 

COTTON SPINNER'S POCKET BOOK, THE. B y J . F . I n n e s . 3 r d E d . 3 6 
•COTTON SPINNING COURSE, A FIRST YEAR. B y H . A . J . 

D u n c a n , A . T . I . . 3 6 
FLAX AND JUTE, SPINNING, WEAVING, AND FINISHING OF. B y 

T . W o o d h o u s e , F . T . I 10 6 
FLAX CULTURE AND PREPARATION. B y F . B r a d b u r y . 2 n d E d . 10 6 
FUR. B y M a x B a c h r a c h , B . C . S 2 1 0 
HOSIERY MANUFACTURE. B y P r o f e s s o r W i l l i a m D a v i s , M A . 

S e c o n d E d i t i o n . . . . . . . . 5 0 
KNITTED FABRICS, CALCULATIONS AND COSTINGS FOR. B y P r o -

f e s s o r W i l l i a m D a v i s , M . A 10 6 
LOOM, THEORY AND ELECTRICAL DRIVE OF THE. B y R . H . 

W i l m o t , M . S c . , A . M . I . E . E . , A s s o c . A . I . E . E . . . . 8 6 
MEN'S CLOTHING, ORGANIZATION, MANAGEMENT, AND TECH-

NOLOGY IN THE MANUFACTURE OF. B y M. E . P o p k i n . 2 5 0 
PATTERN CONSTRUCTION, THE SCIENCE OF. F o r G a r m e n t 

M a k e r s . B y B . W . P o o l e 4 5 0 
TAILORING, PRACTICAL. B y J . E . L i b e r t y , U . K . A . F . . . 7 6 
TEXTILE EDUCATOR, PITMAN'S. E d i t e d b y L. J . Mi l l s . 3 V o l s . 6 3 0 
•TEXTILES, INTRODUCTION TO. B y A . E . L e w i s , A . M . C . T . . 3 6 
TEXTILES STUDENT'S MANUAL, THE. B y T . W e l f o r d . . 7 6 
TEXTILES FOR SALESMEN. B y E . O s t i c k , M . A . , L . C . P . 2 n d E d . . 5 0 
TOWELS AND TOWELLING, THE DESIGN AND MANUFACTURE OF. 

B y T . W o o d h o u s e , F . T . I . , a n d A . B r a n d , A . T . I . . . 12 6 
WEAVING AND MANUFACTURING, HANDBOOK OF. B y H . 

G r e e n w o o d , F . T . I . , M . R . S . T 5 0 
WOOL, THE MARKETING OF. B y A . F . D u P l e s s i s , M . A . . . 12 6 
WOOLLEN YARN PRODUCTION. B y T . L a w s o n . . . 3 6 
WOOL SUBSTITUTES. B y R o b e r t s B e a u m o n t , M . S c . . 10 6 
WORSTED CARDING AND COMBING. B y J . R . H i n d , M . R . S . T . 7 6 
WORSTED OPEN DRAWING. B y S . K e r s h a w , F . T . I . . . 5 0 
YARNS AND FABRICS, THE TESTING OF. B y H . P . Curt i s , F . T . I . 

S e c o n d E d i t i o n . 5 0 
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D R A U G H T S M A N S H I P d. 
DRAWING AND DESIGNING. B y C h a r l e s G . L e l a n d , M . A . 4 t h E d . 3 6 
DRAWING OFFICE PRACTICE. B y H . P i l k i n g t o n W a r d , M S c 

A . M . I n s t . C . E 7 6 
ENGINEER DRAUGHTSMEN'S WORK. B y A P r a c t i c a l D r a u g h t s m a n 2 6 
ENGINEERING DESIGN, EXAMPLES IN. B y G. W . B i r d , B . S c . 

S e c o n d E d i t i o n 6 0 
•ENGINEERING DRAWING, A FIRST YEAR. B y A . C. P a r k i n s o n , 

A . C . P . ( H o n s . ) , F . C o l l . H . S e c o n d E d i t i o n . . . 5 0 
ENGINEERING H A N D SKETCHING AND SCALE DRAWING. B y T h o s . 

J a c k s o n , M . I . M e c h . E . , a n d P e r c y B e n t l e y , A . M . I . M e c h . E . 3 0 
•ENGINEERING WORKSHOP DRAWING, B y A . C. P a r k i n s o n , 

A . C . P . ( H o n s . ) , F . C o l l . H . T h i r d E d i t i o n . . . 4 0 
•MACHINE DRAWING, A PREPARATORY COURSE TO. B y P . W . 

S c o t t 2 0 
PLAN COPYING IN BLACK LINES. B y B . J . H a l l , M . I . M e c h . E . . 2 6 

PHYSICS, CHEMISTRY, ETC. 
ARTIFICIAL RESINS. B y J . S c h e i b e r , P h . D . T r a n s l a t e d b y E r n e s t 

F y l e m a n , B . S c . , P h . D . , F . I . C . . . . . 
BIOLOGY, INTRODUCTION TO PRACTICAL. B y N . W a l k e r 
• B O T A N Y , TEST PAPERS IN. B y E . D r a b b l e , D . S c . 
CHEMICAL ENGINEERING A N INTRODUCTION TO. B y A . F . A l l e n 

B . S c . ( H o n s . ) , F . C . S . , L L . B 
•CHEMISTRY, A FIRST BOOK OF. B y A C o u l t h a r d , B . S c . ( H o n s . 

P h . D . , F . I . C 
CHEMISTRY COURSE FOR PAINTERS AND DECORATORS. B y 

P . F . R . V e n a b l e s , P h . D . , B . S c . , a n d H . C. U t l e y , F . I . B . D . 
•CHEMISTRY, DEFINITIONS AND FORMULAE FOR STUDENTS. B y 

W . G. C a r e y , F . I C 
•CHEMISTRY, HIGHER TEST PAPERS IN. B y E . J . H o l m y a r d , M . A . 

1. I n o r g a n i c . 2 . O r g a n i c E a c h 
CHEMISTRY, PRACTICAL PHARMACEUTICAL. B y J . W . C o o p e r , 

P h . C . , a n d F . N . A p p l e y a r d , B . S c . S e c o n d E d i t i o n . 
•CHEMISTRY, TEST PAPERS IN. B y E . J . H o l m y a r d , M . A . 

W i t h P o i n t s E s s e n t i a l t o A n s w e r s . . . . 
DISPENSING FOR PHARMACEUTICAL STUDENTS. B y J . W . C o o p e r 

a n d F . J . D y e r . F o u r t h E d i t i o n , R e v i s e d a n d R e - w r i t t e n b y 
J . W . C o o p e r ___ • 

ELECTRICITY AND MAGNETISM, FIRST BOOK OF. B y W . P e r r e n 
M a y c o c k , M . I . E . E . F o u r t h E d i t i o n . . . • 

ENGINEERING PRINCIPLES, ELEMENTARY. B y G . E . H a l l , B . S C 
• L A T I N FOR PHARMACEUTICAL STUDENTS. B y J . W . C o o p e r a n d 

A . C. M c L a r e n . S e c o n d E d i t i o n . 
•LIGHT AND SOUND, DEFINITIONS AND FORMULAE FOR STU 

DENTS. B y P . K . B o w e s , M . A . , B . S c . • 
•MAGNETISM AND ELECTRICITY, HIGHER TEST PAPERS IN. B y 

P . J . L a n c e l o t S m i t h , M . A 
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Physics, Chemistry, etc.—contd. s. d. 
MAGNETISM AND ELECTRICITY, QUESTIONS AND SOLUTIONS IN. 

Solutions by W. J. White, A.M.I .E.E. Third Edit ion . 5 0 
ORGANIC PIGMENTS, ARTIFICIAL. B y Dr. C. A. Curtis. Trans-

lated b y Ernest Fyleman, B.Sc. , Ph .D. , F.I.C. . . . 2 1 0 
PHARMACOGNOSY, TEXTBOOK OF. Part I—PRACTICAL. B y 

J. W. Cooper, Ph.C., T. C. Denston, B .Pharm. , Ph.C., and 
M. Riley, A.M.C 10 6 

PHARMACY, A COURSE IN PRACTICAL. B y J. W. Cooper, Ph.C., 
and F. N . Appleyard, B.Sc. , F.I.C.. Ph.C. Second Edit ion 7 6 

•PHYSICAL SCIENCE, PRIMARY. B y W. R. Bower, B.Sc. . 3 6 
•PHYSICS, TEST PAPERS IN. B y P. J. Lancelot-Smith, M.A. . 2 0 

Points Essential t o Answers, 4s. In one book . . . 5 6 
TUTORIAL PHARMACY (Being Second Edit ion of Pharmacy, 

General and Official). B y J. W. Cooper, Ph .D . . . . 10 6 
VOLUMETRIC ANALYSIS. B y J. B. M. Coppock, Ph .D. , B.Sc. , 

A.I.C., and J. B. Coppock, B.Sc. (Lond.), F.I.C., F.C.S. 
Third Edit ion 3 6 

•VOLUMETRIC WORK, A COURSE OF. B y E. Clark, B.Sc. . 4 6 

FOUNDRYWORK AND METALLURGY 
ALUMINIUM AND ITS ALLOYS. B y N. F. Budgen, Ph .D. , M.Sc., 

B.Sc. (Hons.) 
BALL AND ROLLER BEARINGS, HANDBOOK OF. B y A. W. 

Macaulay, A.M.I.Mech.E. . . . . . . 
•DEFINITIONS AND FORMULAE FOR STUDENTS—METALLURGY 

B y E. R. Taylor, A.R.S.M., F.I.C., D.I.C. 
ELECTROPLATING. B y S. Field and A. Dudley Weil l 
ELECTROPLATING WITH CHROMIUM, COPPER, AND NICKEL. B y 

Benjamin Freeman, Ph .D. , and Frederick G. H o p p e . 
ENGINEERING MATERIALS. B y A. W. Judge, Wh.Sc. , A.R.C.S. 

In three vo lumes— 
Vol. I. FERROUS . . . . . . . 
Vol. II . NON-FERROUS . . . . . . 
Vol. I II . THEORY AND TESTING OF MATERIALS 

ENGINEERING WORKSHOP EXERCISES. B y Ernest Pull, 
A.M.I.Mech.E., M.I.Mar.E. Second Edition, Revised 

FILES AND FILING. B y Ch. Fremont. Translated into English 
under the supervision of George Taylor . . . . 

FOUNDRYWORK AND METALLURGY. Edited by R. T. Rolfe, 
F.I.C. In six volumes . . . . . . Each 

IRONFOUNDING, PRACTICAL. B y J. Horner, A.M.I .M.E. Fif th 
Edition. Revised b y Walter J. May . . . . 

IRON ROLLS, THE MANUFACTURE OF CHILLED. B y A. Allison . 
METAL TURNING. B y J. Horner, A.M.I.M.E. Fourth Edition 
METAL WORK FOR CRAFTSMEN. B y G. H . Hart and Golden 

Keeley, A.M.Inst .B.E. , M.CoU.H 
METAL WORK, PRACTICAL SHEET AND PLATE. B y E. A. Atkins, 

A.M.I.M.E. Third Edition, Revised and Enlarged . 

15 0 

7 6 

- 6 
5 0 

21 0 

30 0 
40 0 
21 0 

3 6 

21 0 

6 0 

10 0 
8 6 
6 0 

7 6 

7 6 
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Foundry work and Metallurgy—contd. d. 
METALLOGRAPHERS' HANDBOOK OF ETCHING. Compi l ed b y 

T o r k e l B e r g l u n d . T r a n s l a t e d f r o m t h e S w e d i s h b y W . H . 
D e a r d e n , M.Sc . , A . I . C 12 6 

METALLURGY OF BRONZE. B y H . C. D e w s . . . ! 12 6 
METALLURGY OF CAST IRON. B y J. E . H u r s t . . . 15 0 
PATTERN MAKING. THE PRINCIPLES OF. B y J. Horner , 

A . M . I . M . E . F i f t h E d i t i o n 4 0 
PIPE AND TUBE BENDING AND JOINTING. B y S. P . Marks 

M . S . I . A . . 6 0 
PYROMETERS. B y E . Griff i ths , D . S c 7 6 
SPECIAL STEELS. Chie f ly f o u n d e d o n t h e R e s e a r c h e s regard-

i n g A l l o y S t e e l s of Sir R o b e r t H a d f i e l d , B t „ D . S c . , e tc . 
S e c o n d E d i t i o n . B y T. H . B u r n h a m , B . S c . H o n s . (Lond.) , 
A . M . I . M e c h . E . , M . I . M a r . E 12 6 

STEEL WORKS ANALYSIS. B y J. O. Arnold , F . R . S . , and F. 
I b b o t s o n . F o u r t h E d i t i o n , t h o r o u g h l y rev i sed . . 12 6 

WELDING, ELECTRIC. B y L. B . W i l s o n . . . . 5 0 
WELDING, ELECTRIC ARC AND OXY-ACETYLENE. B y E. A. 

A t k i n s , M . I . M e c h . E . , e tc . S e c o n d E d i t i o n . . . 7 6 
WELDING, ELECTRIC, THE PRINCIPLES OF. B y R . C. S t o c k t o n , 

A . I . M . M . , A . M . C . T e c h . 7 6 
WORKSHOP GAUGES AND MEASURING APPLIANCES. B y L. Burn, 

A . M . I . M e c h . E . , A . M . I . E . E 5 0 

MINERALOGY AND MINING 
BLASTING WITH HIGH EXPLOSIVES. B y W . Gerard B o u l t o n . 
COAL CARBONIZATION. B y J o h n R o b e r t s , D . I .C . , M.I .Min.E. , 

F . G . S 
COAL CARBONIZATION, INTERNATIONAL. B y J o h n R o b e r t s , 

D . I . C . , M . I . M i n . E . , F .G .S . , a n d Dr. Adol f J e n k n e r 
•COAL MINING, DEFINITIONS AND FORMULAE FOR STUDENTS. 

B y M. D . W i l l i a m s , F . G . S 
COLLIERY ELECTRICAL ENGINEERING. B y G. M. H a r v e y . 

S e c o n d E d i t i o n 
ELECTRICAL ENGINEERING FOR MINING STUDENTS. B y G. M. 

H a r v e y , M.Sc . , B . E n g . , A . M . I . E . E . . . • • 
ELECTRICITY APPLIED TO MINING. B y H . Cot ton , M . B E . , 

D . S c . , A . M . I . E . E • 
ELECTRIC MINING MACHINERY. B y S y d n e y F . W a l k e r , M . I . E . E . 

M . I . M . E . , A . M . I . C . E . , A . A m e r . I E . E . . . 
L o w TEMPERATURE DISTILLATION. B y S. N o r t h a n d J. B . 

G a r b e • • • 
MINING CERTIFICATE SERIES, PITMAN S. E d i t e d b y J o h n 

R o b e r t s , D . I . C . , M . I . M i n . E . , F . G . S . 
MINING LAW AND MINE MANAGEMENT. B y A l e x a n d e r 

W a t s o n , A . R . S . M • 
MINE VENTILATION AND LIGHTING. B y C. D . M o t t r a m , 

B . S c 
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Mineralogy and Mining— contd. s. d. 
MINING CERTIFICATE SERIES—contd. 

COLLIERY EXPLOSIONS AND RECOVERY WORK. B y J. W. 
Whitaker, Ph.D. (Eng.), B.Sc., F.I.C., M.I.Min.E. . 8 6 

ARITHMETIC AND SURVEYING. B y R. M. Evans , B.Sc., 
F.G.S., M.I.Min.E 8 6 

MINING MACHINERY. By T. Bryson, A.R.T.C., M.I.Min.E. 12 6 
WINNING AND WORKING. By Prof. Ira C. F. Stratham, 

B.Eng. , F.G.S., M.I.Min.E 21 0 
MINING SCIENCE, A JUNIOR COURSE IN. B y Henry G. B i shop . 2 6 
TIN MINING. B y C. G. Moor, M.A 8 6 

CIVIL ENGINEERING, BUILDING, ETC. 

ARCHITECTURAL HYGIENE ; OR, SANITARY SCIENCE AS 
APPLIED TO BUILDINGS. B y Sir Bannister Fletcher, 
M.Arch. (Ireland), F.S.I . , Barrister-at-Law, and Major 
H. Phillips Fletcher, D.S.O., F .R . I .B .A . , F.S.I . , etc. 
Sixth Edit ion 10 6 

ARCHITECTURAL PRACTICE AND ADMINISTRATION. B y H. Ingham 
Ashworth, B.A. , A . R . I . B . A 12 6 

AUDEL'S MASONS' AND BUILDERS' GUIDES. In four volumes 
Each 7 6 

AUDEL'S PLUMBERS' AND STEAM FITTERS' GUIDES. Practical 
Handbooks in four volumes . . . . Each 7 6 

BRICKWORK, CONCRETE, AND MASONRY. Edited by T. Corkhill, 
M.I.Struct.E. In eight volumes . . . Each 6 0 

•BUILDING, DEFINITIONS AND FORMULAE FOR STUDENTS. By T. 
Corkhill, F.B.I.C.C., M.I .Struct .E - 6 

BUILDING EDUCATOR, PITMAN'S. Edited b y R. Greenhalgh, 
A.I .Struct .E. In three volumes. Second Edit ion . 72 0 

BUILDING ENCYCLOPAEDIA, A CONCISE. Compiled by T. 
Corkhill, M.I .Struct .E 7 6 

BUILDING, MECHANICS OF. B y Arthur D. Turner, A.C.G.I., 
A.M.I.C. E 5 0 

ENGINEERING EQUIPMENT OF BUILDINGS. B y A. C. Pallot, 
B.Sc. (Eng.) 15 0 

GEOMETRY, CONTOUR. B y Alex. H. Jameson, M.Sc., M.Inst.C.E. 7 6 
HYDRAULICS. B y E. H. Lewitt , B.Sc. (Lond.), A.M.I.M.E. 

Fourth Edition 10 6 
JOINERY & CARPENTRY. Edited by R. Greenhalgh, A.I .Struct .E. 

In six volumes . . . . . . Each 6 0 
PAINTING AND DECORATING. Edited by C. H. Eaton, F . I .B .D. 

In six volumes . . . . . . Each 7 6 
PLASTERING. (Reprinted from Brickwork, Concrete, and 

Masonry). B y W. Verrall, C .R.P 2 0 
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Civil Engineering, Building, etc.—contd. <*. 
PLUMBING AND GASFITXING. E d i t e d b y P e r c y M a n s e r , R . P . , 

A . R . S . I . I n s e v e n v o l u m e s . . . Each 6 0 
REINFORCED CONCRETE, CONSTRUCTION IN. B y G. P . M a n n i n g , 

M . E n g . , A . M . I . C . E 7 6 
REINFORCED CONCRETE. B y W . N o b l e T w e l v e t r e e s , M . I . M . E . , 

A . M . I . E . E 21 0 
REINFORCED CONCRETE MEMBERS, SIMPLIFIED METHODS OF 

CALCULATING. B y W . N o b l e T w e l v e t r e e s . S e c o n d E d i t i o n , 5 0 
SPECIFICATIONS FOR BUILDING WORKS. B y W . L . E v e r s h e d , 

F . S . I 5 0 
STRUCTURES, T H E THEORY OF. B y H . W . C o u l t a s , M . S c . , 

A . M . I . S t r u c t . E . , A . I . M e c h . E 15 0 
SURVEYING, ADVANCED. B y A l e x . H . J a m e s o n , M . S c . , 

M . I n s t . C . E 12 6 
SURVEYING, TUTORIAL LAND AND MINE. B y T h o m a s B r y s o n 10 6 
WATER MAINS, LAY-OUT OF SMALL. B y H . H . H e l l i n s , 

M . I n s t . C . E 7 6 
W A T E R SUPPLY PROBLEMS AND DEVELOPMENTS. B y W . H . 

M a x w e l l , A . M . I n s t . C . E 2 1 0 
WATERWORKS FOR URBAN AND RURAL DISTRICTS. B y H . C. 

A d a m s , M . I n s t . C . E . , M . I . M . E . , F . S . I . S e c o n d E d i t i o n . 15 0 

MECHANICAL ENGINEERING 
AUTOMATIC PROTECTIVE GEAR FOR A . C . SUPPLY SYSTEMS. B y 

J . H e n d e r s o n , M . C . , B . S c . , A . M . I . E . E . . 
CONDENSING PLANT. B y R . J . K a u l a , M . I . E . E . , a n d I . V 

R o b i n s o n , M . I . E . E 
•DEFINITIONS AND FORMULAE FOR STUDENTS—APPLIED M E 

CHANICS. B y E . H . L e w i t t , B . S c . , A . M . I . M e c h . E . 
•DEFINITIONS AND FORMULAE FOR STUDENTS—HEAT ENGINES 

B y A . R i m m e r , B . E n g . S e c o n d E d i t i o n . 
•DEFINITIONS AND FORMULAE FOR STUDENTS, MARINE ENGI 

NEERING. B y E . W o o d , B . S c . . . . . 
DIESEL ENGINES : MARINE, LOCOMOTIVE, AND STATIONARY. B y 

D a v i d L o u i s J o n e s . . • , • • 
ENGINEERING EDUCATOR, PITMAN'S. E d i t e d b y W . 

K e a r t o n , M . E n g . , A . M . I . M e c h . E . , A . M . I n s t . N . A . I n t h r e e 
v o l u m e s . S e c o n d E d i t i o n 

•ENGINEERING, INTRODUCTION TO. B y R . W . J . P r y e r , B . S c . 
( E n g . ) , A . M . I . M e c h . E . , A . M . I . A . E . . . * * 

• E N G I N E E R I N G SCIENCE, EXPERIMENTAL. B y N e l s o n H a r w o o d 
B . S c . , A . M . I . M e c h . E 

FIRST Y E AR ENGINEERING SCIENCE, MECHANICAL AND I.LEC 
TRICAL. B y G . W . B i r d , W h . E x . , A . M . I . M e c h . E . , e t c . 

FRICTION CLUTCHES. B y R . W a r i n g - B r o w n , A . M . I . A . 
F . R . S . A . . M . I . P . E . • • • • • • 

F U E L ECONOMY IN STEAM PLANTS. B y A . G r o u n d s , B . S c 
A . I . C . , F . I n s t . P . 
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Mechanical Engineering—contd. s. d. 
FUEL OILS AND THEIR APPLICATIONS. B y H. V. Mitchell, 

F.C.S., M.Inst .P.Tech. Second Edit ion Revised by Arthur 
Grounds, B.Sc., A.I.C., F . Ins t .P 5 0 

MECHANICAL ENGINEERING DETAIL TABLES. B y J. P. Ross . 7 6 
MECHANICAL ENGINEERS, ESTIMATING FOR. B y L. E. Bunnet t , 

A.M.I .P .E 10 6 
MECHANICAL ENGINEER'S POCKET BOOK, WHITTAKER'S. Third 

Edition, entirely rewritten and edited by W. E. Dommett , 
A.F.Ae.S. , A.M.I .A.E 12 6 

MECHANICS' AND DRAUGHTSMEN'S POCKET BOOK. B y W. E. 
Dommett , Wh.Ex . , A.M.I .A.E 2 6 

MECHANICS OF MATERIALS, EXPERIMENTAL. B y H. Carrington, 
M.Sc. (Tech.), D.Sc. , M.Inst.Met., A.M.I.Mech.E. . . 3 6 

•MECHANICS FOR ENGINEERING STUDENTS. By G. W. Bird, 
B.Sc., A.M.I.Mech.E. Second Edit ion . . . . 5 0 

MOLLTER STEAM TABLES AND DIAGRAMS, THE. English Edition 
adapted and amplified from the Third German Edition by 
H. Moss, D.SC., A.R.C.S., D.I .C 7 6 

MOLLIER STEAM DIAGRAMS. Separately in envelope . . 2 0 
MOTIVE POWER ENGINEERING. B y Henry C. Harris, B.Sc. . 10 6 
PULVERIZED FUEL FIRING. B y Sydney H. North, M.Inst .F . . 7 6 
SECOND YEAR ENGINEERING SCIENCE, MECHANICAL. B y G. W. 

Bird, Wh.Ex . , B.Sc. , A.M.I.Mech.E., etc 5 0 
STEAM CONDENSING PLANT. By John Evans , M.Eng., etc. . 7 6 
STEAM PLANT, THE CARE AND MAINTENANCE OF. B y J. E. 

Braham, B.Sc., A.C.G.I. 5 0 
STEAM TURBINE OPERATION. B y W. J. Kearton, M.Eng. , 

A.M.I.Mech.E., A.M.Inst .N.A 12 6 
STEAM TURBINE THEORY AND PRACTICE. B y W. J. Kearton, 

M.Eng., A.M.I.M.E., A.M.Inst .N.A. Third Edit ion . 15 0 
STRENGTH OF MATERIALS. By F. V. Warnock, Ph.D. , B.Sc. 

(Lond.), F.R.C.Sc.I. , A.M.I.Mech.E 12 6 
TEXTILE MECHANICS AND HEAT ENGINES. B y Arthur Riley, 

M.Sc.(Tech.), B.Sc., A.M.I.Mech.E., and Edward Dunkerley 15 0 
THEORY OF MACHINES. B y Louis Toft, M.Sc.Tech., and A. T. J. 

Kersey, A.R.C.Sc. Second Edit ion 12 6 
THERMODYNAMICS, APPLIED. B y Prof. W. Robinson, M.E., 

M.Inst .C.E 18 0 
THERMODYNAMICS APPLIED TO HEAT ENGINES. B y E. H . 

Lcwitt, B.Sc., A.M.I.Mech.E 12 6 
TURBO-BLOWERS AND COMPRESSORS. By W. J. Kearton, 

M.Eng., A.M.I.M.E., A.M.Inst .N.A 21 0 
TWO-CYCLE ENGINE, THE. B y C. F. Caunter . . . 15 0 
UNIFLOW, BACK-PRESSURE, AND STEAM EXTRACTION ENGINES. 

By Eng. Lieut.-Com. T. Allen, R.N.(S.R.) , M.Eng., etc. . 42 0 
WORKSHOP PRACTICE. Edited by E. A. Atkins, M.I.Mech.E., 

M.I.W.E. In eight volumes . . . . Each 6 0 
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AVIATION 
AN INTRODUCTION TO AERONAUTICAL ENGINEERING. 

Vol . I . Mechanics of Fl ight . B y A. C. Kermode. 
A . F . R . A e . S . Second Edi t ion 

Vol . I I . Structures. B y J. D . Haddon , B.Sc . , A .F .R .Ae .S . 
Second Edi t ion . . . . . . 

Vol . I I I . Propert ies and Strength of Materials. B y J. D . 
H a d d o n , B.Sc . , A . F . R . A e . S 

AEROBATICS. B y Major O. Stewart , M.C., A.F.C. . 
AERONAUTICS, THE HANDBOOK OF. Publ ished under the 

A u t h o r i t y of t h e Council of the R o y a l Aeronautical Society 
Vol . I. Second Edi t ion . . . . . . 
Vol . II . Aero-Engines , Des ign and Practice. B y Andrew 

Swan, B.Sc . , A.M.I .C.E. , A .F .R .Ae .S . Second 
Edi t ion . . . . . . 

•AERONAUTICS, DEFINITIONS AND FORMULAE FOR STUDENTS 
B y J. D . Frier, A.R.C.Sc. , D . I .C 

AIR ANNUAL OF THE BRITISH EMPIRE, 1934-35. Edi ted b y 
Squadron-Leader Burge, O.B .E . , A .R.Ae .S . I . , A.Inst .T. 
V o l u m e V I . . . . . . . 

AIRCRAFT PERFORMANCE TESTING. B y S. Scot t Hal l , M.Sc. 
D.I .C. , etc . , and T. H . England, D.S.C. , A.F.C. , etc. . 

AIR LICENCES. B y T. S tanhope Sprigg 
AIRMAN'S YEAR BOOK, 1934-35, THE. Edited b y Squadron 

Leader C. G. Burge, O .B .E . , A .R.Ae .S . I . , A .Inst .T . . 
AIR NAVIGATION FOR THE PRIVATE OWNER. B y Frank A 

Swofier , M . B . E . Rev i sed Edi t ion . . . . 
AIRCRAFT CONSTRUCTION, METAL. B y M. Langley , A .M.I .N .A 

etc . Second Edi t ion . . . . . . 
AIRMANSHIP. B y John McDonough , A.M.I .Mech.E. 
AIRSENSE. B y W . O. Manning, F .R .Ae .S . 
AUTOGIRO, AND HOW TO FLY IT. B y Reginald Brie. Second 

Edit ion . 
FLYING AS A CAREER. B y Major Oliver Stewart , M.C., A.F.C. 
GROUND ENGINEER'S TEXTBOOKS 

Vol . I. Aero Eng ines " C " and " D " Licences. B y R. F 
B a r l o w and A. N. Barrett 

Vol . II . Ins truments . " X " Licence. B y R. W . Sloley, M.A 
(Camb.) B .Sc . (Lond.) . • • • 

Vol . I I I . The Rigging, Maintenance and Inspect ion of Air 
craft " A " Licence. B y W . J. C. Speller . . . 

Vo l I V Inspect ion of Aircraft after Overhauls. " B 
Licence. B y S. J. Norton, Assoc.M.Inst .C.E. , A . F . R . A e . S 

Vol. V. Electrical a n d Wireless E q u i p m e n t of Aircraft 
" X " Licence. B y S. G. W y b r o w , A.M.I .E .E. , A.M.I .M.E 

LEARNING TO FLY. B y F. A. Swoffer, M.B.E. Third Edi t ion 
LIGHT AERO ENGINES. B y C. F. Caunter . . • • 
•PILOT'S " A " LICENCE. Compiled b y John F Leemmg Royal 

Aero Club Observer for Pilot's Certificates. S ix th Edit ion 



OPTICS AND PHOTOGRAPHY 11 

MOTOR ENGINEERING, ETC. 
AUTOMOBILE AND AIRCRAFT ENGINES. B y A . W . J u d g e , s. d. 

A . R . C . S . , A . M . I . A . E . S e c o n d E d i t i o n . . . . 4 2 0 
AUTOMOBILE ENGINEERING. E d i t e d b y H . K e r r T h o m a s , 

M . I . M e c h . E . , e t c . I n s e v e n v o l u m e s . V o l u m e s I - V I Each 7 6 
V o l u m e V I I 2 6 

GARAGE WORKERS' HANDBOOKS. E d i t e d b y J . R . S t u a r t . I n 
s e v e n v o l u m e s . . . . . . . Each 7 6 

S u p p l e m e n t t o V o l . V I I 1 6 
TRAFFIC DRIVING TECHNIQUE. B y O l i v e r S t e w a r t . . . 5 0 
GAS AND OIL ENGINE OPERATION. B y J . Oki l l , M . I . A . E . . 5 0 
PITMAN'S MOTOR-CYCLISTS LIBRARY . . . . Each 2 0 

A . J . S . , THE BOOK OF THE. B y W . C. H a y c r a f t 
ARIEL, THE BOOK OF THE. B y W . C. H a y c r a f t 
B . S . A . , THE BOOK OF THE. B y " W a y s i d e r " (F . J . C a m m ) 
DOUGLAS, THE BOOK OF THE. B y F e r g u s A n d e r s o n 
NEW IMPERIAL, BOOK OF THE. B y F . J . C a m m 
MATCHLESS, THE BOOK OF THE. B y W . C. H a y c r a f t 
NORTON, THE BOOK OF THE. B y W . C. H a y c r a f t 
ROYAL ENFIELD, THE BOOK OF THE. B y R . E . R y d e r 
RUDGE, THE BOOK OF THE. B y L. H . C a d e a n d F . A n s t e y 
SUNBEAM, THE BOOK OF THE. B y L . K . H e a t h c o t e 
TRIUMPH, THE BOOK OF THE. B y E . T . B r o w n 
VILLIERS ENGINE, BOOK OF THE. B y C. G r a n g e 

PITMAN'S MOTORISTS LIBRARY. 
AUSTIN, THE BOOK OF THE. B y B u r g e s s G a r b u t t . R e v i s e d 

b y E . H . R o w . T h i r d E d i t i o n 3 6 
BOOK OF THE B . S . A . THREE WHEELER. B y H a r o l d J e l l e y 2 6 
MORGAN, THE BOOK OF THE. B y G. T . W a l t o n . . 2 6 
MORRIS MINOR, THE BOOK OF THE. B y H a r o l d J e l l e y a n d 2 6 

E r i c G. E a s t w o o d . . . . . . . 
RILEY NINE, THE BOOK OF THE. B y R . A . B l a k e . 2 6 
SINGER JUNIOR, BOOK OF THE. B y G. S . D a v i s o n . 2 6 
SINGER NINE, THE BOOK OF THE. B y R . A . B i s h o p . . 2 6 
STANDARD NINE, THE BOOK OF THE. B y J . S p e e d w e l l . 2 6 
MOTORIST'S ELECTRICAL GUIDE, THE. B y A . H . A v e r y , 

A . M . I . E . E 3 6 
CARAVANNING AND CAMPING. B y A . H . M. W a r d , M . A . . 2 6 

OPTICS AND PHOTOGRAPHY 
AMATEUR CINEMATOGRAPHY. B y C a p t . O. W h e e l e r , F . R . P . S . . 6 0 
APPLIED OPTICS, INTRODUCTION TO. B y L . C. M a r t i n , D . S c . , 

A . R . C . S . , D . I . C . I n t w o v o l u m e s . 
V o l . I . GENERAL AND PHYSIOLOGICAL . . . . 21 0 
V o l . I I . THEORY AND CONSTRUCTION OF INSTRUMENTS . 21 0 

BROMOIL AND TRANSFER. B y L . G. G a b r i e l , B . S c . , H o n s . . 7 6 
CAMERA LENSES. B y A . W . L o c k e t t 2 6 
COLOUR PHOTOGRAPHY. B y C a p t . O. W h e e l e r , F . R . P . S . . . 12 6 
COMMERCIAL CINEMATOGRAPHY. B y G. H . S e w e l l , F . A . C . I . . 7 6 
COMMERCIAL PHOTOGRAPHY. B y D . Char les . S e c o n d E d i t i o n 10 6 
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6 0 
21 0 

4 0 
15 0 
12 6 

Optics and Photography—contd. 
COMPLETE PRESS PHOTOGRAPHER, THE. B y B e l l R . B e l l 
INDUSTRIAL MICROSCOPY. B y W a l t e r G a r n e r , M . S c . , F . R . M . S 
LENS WORK FOR AMATEURS. B y H . O r f o r d . F i f t h E d i t i o n 

R e v i s e d b y A . L o c k e t t . . . . . . . . 
PHOTOGRAPHIC CHEMICALS AND CHEMISTRY. B y J . S o u t h w o r t h 

a n d T . L . J . B e n t l e y , D . I . C . , A . R . C . S c . , B . S c . . 
PHOTOGRAPHIC PRINTING. B y R . R . R a w k i n s 
PHOTOGRAPHY AS A BUSINESS. B y A . G. W i l l i s . • 
PHOTOGRAPHY THEORY AND PRACTICE. B y L . P . C lerc a n d 

G . E . B r o w n 
RETOUCHING AND FINISHING FOR PHOTOGRAPHERS. B y J . S 

A d a m s o n . T h i r d E d i t i o n . . . . . 
STUDIO PORTRAIT LIGHTING. B y H . L a m b e r t , F . R . P . S . 
TALKING PICTURES. B y B . B r o w n , B . S c . S e c o n d E d i t i o n 
TALKING PICTURES AND RECORDING, AMATEUR. B y B . B r o w n . 7 

ELECTRICAL ENGINEERING, ETC. 
ACOUSTICAL ENGINEERING. B y W . W e s t , B . A . A . M . I . E . E . . 15 0 
ACCUMULATOR CHARGING, MAINTENANCE, AND REPAIR. B y 

W . S. I b b e t s o n , F o u r t h E d i t i o n . . . . 3 6 
ALTERNATING CURRENT BRIDGE METHODS. B y B . H a g u e , 

D . S c . T h i r d E d i t i o n . 15 0 
ALTERNATING CURRENT CIRCUIT. B y P h i l i p K e m p , M . I . E . E . . 2 6 
ALTERNATING CURRENT POWER MEASUREMENT. B y G. F . T a g g 3 6 
ALTERNATING CURRENT WORK. B y W . P e r r e n M a y c o c k , 

M . I . E . E . S e c o n d E d i t i o n 7 6 
ALTERNATING CURRENTS, T H E THEORY AND PRACTICE OF. B y 

A . T . D o v e r , M . I . E . E . S e c o n d E d i t i o n . . . . 18 0 
ARMATURE WINDING. PRACTICAL DIRECT CURRENT. B y L. 

W o l l i s o n , A . M . I . E . E 7 6 
AUTOMATIC STREET TRAFFIC SIGNALLING (APPARATUS AND 

METHODS). B y H . H . H a r r i s o n , M . E n g . , M . I . E . E . , 
M . I . R . S . E . , a n d T . B . P r e i s t 12 6 

AUTOMATIC PROTECTIVE GEAR FOR A . C . SUPPLY SYSTEMS. B y 
J . H e n d e r s o n , M . C . , B . S c . , A . M . I . E . E 7 6 

CABLES, HIGH VOLTAGE. B y P . D u n s h e a t h . O . B . E . , M . A . , B . S c . , 
M . I . E . E . 

CONTINUOUS CURRENT MOTORS AND CONTROL APPARATUS B y 
W . P e r r e n M a y c o c k , M . I . E . E 

•DEFINITIONS AND FORMULAE FOR STUDENTS—ELECTRICAL. B y 
P . K e m p , M . S c . , M . I . E . E . , A s s o c . A . I . E . E . . . . - 6 

•DEFINITIONS AND FORMULAE FOR STUDENTS—ELECTRICAL IN-
STALLATION WORK. B y F . P e a k e S e x t o n , A . R . C . S . , A . M . I . E . E . - 6 

DIRECT CURRENT ELECTRICAL ENGINEERING, ELEMENTS OF. 
B y H . F . T r e w m a n , M . A . , a n d C. E . C o n d l i f l e , B . S c . . 5 0 

DIRECT CURRENT ELECTRICAL ENGINEERING, PRINCIPLES OF. 
B y J a m e s R . B a r r , A . M . I . E . E . , a n d D . J . B o l t o n , M . S c . , 
M . I . E . E . S e c o n d E d i t i o n 

10 

7 

2 1 0 
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Electrical Engineering, etc.—contd. s. d. 
DIRECT CURRENT MACHINES, PERFORMANCE AND DESIGN OF. 

B y A . E . C l a y t o n , D . S c . , M . I . E . E 16 0 
DYNAMO, T H E : ITS THEORY, DESIGN, AND MANUFACTURE. B y 

C. C. H a w k i n s , M . A . , M . I . E . E . I n t h r e e v o l u m e s . S i x t h 
E d i t i o n — 

V o l . I '21 0 
V o l . I I 15 0 
V o l . ILL 3 0 0 

ELECTRIC AND MAGNETIC CIRCUITS—ALTERNATING AND 
DIRECT CURRENT, THE. B y E . N . P i n k , B . S c . , A . M . I . E . E . 3 6 

ELECTRIC CIRCUIT THEORY AND CALCULATIONS. B y W . P e r r e n 
M a y c o c k , M . I . E . E . T h i r d E d i t i o n , R e v i s e d b y P h i l i p K e m p , 
M.Sc . , M . I . E . E . , A . A . I . E . E 7 6 

ELECTRIC CLOCKS, MODERN. B y S t u a r t F . P h i l p o t t , A . M . I . E . E . 7 6 
ELECTRIC LIGHTING AND POWER DISTRIBUTION. B y W . 

P e r r e n M a y c o c k , M . I . E . E . N i n t h E d i t i o n , t h o r o u g h l y 
R e v i s e d b y C. H . Y e a m a n . I n t w o v o l u m e s . . Each 10 6 

ELECTRIC MACHINES, THEORY AND DESIGN OF. B y F . C r e e d y , 
M . A . I . E . E . , A . C . G . 1 3 0 0 

ELECTRIC MOTOR CONTROL GEAR, INDUSTRIAL. B y W . H . J . 
N o r b u r n , A . M . I . E . E . . 10 6 

ELECTRIC MOTORS AND CONTROL SYSTEMS. B y A . T . D o v e r . 15 0 
ELECTRIC MOTORS FOR CONTINUOUS AND ALTERNATING CUR-

RENTS, A SMALL BOOK ON. B y W . P e r r e n M a y c o c k , M . I . E . E . 6 0 
ELECTRIC TRACTION. B y A . T . D o v e r , M J . E . E . , A s s o c . A m e r . 

I . E . E . S e c o n d E d i t i o n . . 2 5 0 
ELECTRIC TROLLEY BUS, THE. B y R . A . B i s h o p . . . 12 6 
ELECTRIC WIRING, FITTINGS, SWITCHES, AND LAMPS. B y W . 

Perren M a y c o c k , M . I . E . E . S i x t h E d i t i o n . R e v i s e d b y 
P h i l i p K e m p , M.Sc . , M . I . E . E 10 6 

ELECTRIC WIRING OF BUILDINGS. B y F . C. R a p h a e l , M . I . E . E . 10 6 
ELECTRIC WIRING TABLES. B y W . P e r r e n M a y c o c k , M . I . E . E . , 

S i x t h E d i t i o n R e v i s e d b y F . C. R a p h a e l , M . I . E . E . . . 3 6 
ELECTRICAL APPARATUS, THE CALCULATION AND DESIGN OF. 

B y W . W i l s o n , M . S c . , B . E . , M . I . E . E . , A . A m e r . I . E . E . . . 10 6 
ELECTRICAL CONDENSERS. B y P h i l i p R . C o u r s e y , B . S c . , 

F . I n s t . P . , M . I . E . E 3 7 6 
•ELECTRICAL CONTRACTING, ORGANIZATION, AND ROUTINE. B y 

H . R . T a u n t o n 12 6 
ELECTRICAL EDUCATOR. B y S ir A m b r o s e F l e m i n g , M . A . , D . S c . , 

F . R . S . I n t h r e e v o l u m e s . S e c o n d E d i t i o n . . . 7 2 0 
ELECTRICAL ENGINEERING, CLASSIFIED EXAMPLES IN. B y S. 

G o r d o n M o n k , M.Sc . ( E n g . ) , B . S c . , A . M . I . E . E . I n t w o p a r t s 
• V o l . I . DIRECT CURRENT. T h i r d E d i t i o n . . . 2 6 
• V o l . I I . ALTERNATING CURRENT. T h i r d E d i t i o n . . 3 6 

ELECTRICAL ENGINEERING, EXPERIMENTAL. B y E . T . A . 
R a p s o n , A . C . G . I . , D . I . C . , A . M . I . E . E 3 6 

ELECTRICAL ENGINEER'S POCKET BOOK, WHITTAKER'S. Origi -
n a t e d b y K e n e l m E d g c u m b e , M . I . E . E . , A . M . I . C . E . S i x t h 
E d i t i o n . E d i t e d b y R . E . N e a l e . B . S c . ( H o n s . ) . . 10 6 
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Electrical Engineering, etc.—contd. a. 
ELECTRICAL GUIDES, HAWKINS'. I n t e n v o l u m e s Each 5 0 
ELECTRICAL MACHINERY AND APPARATUSMANUFACTURE. E d i t e d 

b y P h i l i p K e m p , M . S c . , M . I . E . E . , A s s o c . A . I . E . E . I n s e v e n 
v o l u m e s Each 6 0 

ELECTRICAL MACHINES, PRACTICAL TESTING OF. B y L . O u l t o n , 
A . M . I . E . E . , a n d N . J . W i l s o n , M . I . E . E . S e c o n d E d i t i o n . 6 0 

ELECTRICAL MEASURING INSTRUMENTS, COMMERCIAL. B y R . M. 
ARCHER, B . S c . ( L o n d . ) , A . R . C . S c . , M . I . E . E . . . . 10 6 

ELECTRICAL POWER, TRANSMISSION, AND INTERCONNECTION. 
B y C. D a n n a t t , B . S c . , a n d J . W . D a l g l e i s h , B . S c . . . 3 0 0 

ELECTRICAL TECHNOLOGY. B y H . C o t t o n , M . B . E . , D . S c . , 
A . M . I . E . E . S e c o n d E d i t i o n 12 6 

ELECTRICAL TERMS, A DICTIONARY OF. B y S. R . R o g e t , M . A . , 
A . M . I n s t . C . E . , A . M . I . E . E . S e c o n d E d i t i o n . . . 7 6 

ELECTRICAL TRANSFORMER THEORY. B y S . G o r d o n M o n k . 5 0 
ELECTRICAL TRANSMISSION AND DISTRIBUTION. E d i t e d b y 

R . O . K a p p , B . S c . I n e i g h t v o l u m e s . V o l s . I t o V I I Each 6 0 
V o l . V I I I 3 0 

ELECTRICAL WIRING AND CONTRACTING. E d i t e d b y H . M a r r y a t , 
M . I . E . E . , M . I . M e c h . E . I n s e v e n v o l u m e s . . Each 6 0 

ELECTRO-TECHNICS, ELEMENTS OF. B y A . P . Y o u n g , O . B . E . , 
M . I . E . E 5 0 

HORSE-POWER MOTORS, FRACTIONAL. B y A . H . A v e r y , 
A . M . I . E . E 7 6 

INDUCTION COIL, THEORY AND APPLICATIONS. B y E . T a y l o r 
J o n e s , D . S c 12 6 

INDUCTION MOTOR PRACTICE. B y R . E . H o p k i n s , B . S c . , 
A . M . I . E . E . , e t c 15 0 

INDUCTION MOTOR, THE. B y H . V i c k e r s , P h . D . , M . E n g . . 21 0 
METER ENGINEERING. B y J . L . F e r n s , B . S c . ( H o n s . ) , A . M . C . T . 10 6 
OSCILLOGRAPHS. B y J . T . I r w i n , A . M . I . E . E . . . . 7 6 
PHOTOELECTRIC CELLS. B y N o r m a n R o b e r t C a m p b e l l a n d 

D o r o t h y R i t c h i e . T h i r d E d i t i o n 12 6 
PHOTOELECTRIC CELLS APPLICATIONS. B y R . C. W a l k e r , B . S c . , 

( L o n d . ) , a n d T . M . C. L a n c e , A s s o c i a t e I . R . E . . . . 8 6 
POWER DISTRIBUTION AND ELECTRIC TRACTION, EXAMPLES IN. 

• B y A . T . D o v e r , M . I . E . E . , A . A . I . E . E 3 6 
POWER STATION EFFICIENCY CONTROL. B y J o h n B r u c e , 

A . M . I . E . E . 1 2 6 

POWER WIRING DIAGRAMS. B y A . T . D o v e r , M . I . E . E . , A . A m e r . 
I . E . E . S e c o n d E d i t i o n , R e v i s e d 6 0 

PRACTICAL PRIMARY CELLS. B y A . M o r t i m e r C o d d , F . P h . S . . 5 0 
RAILWAY ELECTRIFICATION. B y H . F . T r e w m a n , A . M . I . E . E . 21 0 
RAILWAY TRACK-CIRCUITS. B y D . C. G a l l . . . . 7 6 
SAGS AND TENSIONS IN OVERHEAD LINES. B y C. G . W a t s o n , 

M . I . E . E . 7 6 
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Electrical Engineering, etc.—contd. s. d. 
STEAM TURBO - ALTERNATOR, THE. B y L. C. G r a n t , 

A . M . I . E . E 15 0 
STORAGE BATTERIES: THEORY, MANUFACTURE, CARE, AND 

APPLICATION. B y M. A r e n d t , E . E . . . . . 18 0 
SWITCHGEAR DESIGN, ELEMENTS OF. B y D r . I n g . F r i t z K e s s e l -

r ing. T r a n s l a t e d b y S. R . M e l l o n i e ; A . M . I . E . E . , a n d J . S. 
S o l o m o n , B . S c . , A . M . I . E . E 7 6 

TRAIN-LIGHTING, ELECTRIC. B y C. C o p p o c k . . . 7 6 
TRANSFORMERS FOR SINGLE AND MULTIPHASE CURRENTS. B y 

Dr . G i s b e r t K a p p , M . I n s t . C . E . , M . I . E . E . T h i r d E d i t i o n , 
R e v i s e d b y R . O. K a p p , B . S c 15 0 

WORKED EXAMPLES FOR WIREMAN AND STUDENTS. B y H . 
R e e s , G r a d . I . E . E 3 6 

TELEGRAPHY, TELEPHONY, AND WIRELESS 
AUTOMATIC BRANCH EXCHANGES, PRIVATE. B y R . T . A. 

D e n n i s o n . . . . ' . . . 12 6 
AUTOMATIC TELEPHONY, RELAYS IN. B y R . W . P a l m e r , 

A . M . I . E . E 10 6 
CABLE AND WIRELESS COMMUNICATIONS OF THE WORLD, THE. 

B y F . J. B r o w n , C . B . , C . B . E . , M . A . . B . S c . (Lond . ) S e c o n d 
E d i t i o n 7 6 

RADIO COMMUNICATION, MODERN. B y J . R e y n e r . F o u r t h E d . 5 0 
RADIO RECEIVER SERVICING AND MAINTENANCE. B y E . J . G . 

L e w i s . . . . . . . . . . 7 6 
RADIO UPKEEP AND REPAIRS FOR AMATEURS. B y A l f r e d W i t t s , 

A . M . I . E . E 5 0 
SUBMARINE TELEGRAPHY. B y I n g . I t a l o d e Giul i . T r a n s l a t e d 

b y J . J . M c K i c h a n , O . B . E . , A . M . I . E . E 18 0 
TELEGRAPHY. B y T. E . H e r b e r t , M . I . E . E . F i f t h E d i t i o n . 2 0 0 
TELEGRAPHY, ELEMENTARY. B y H . W . P e n d r y . S e c o n d 

E d i t i o n , R e v i s e d . . . . . . . . 7 6 
TELEPHONE HANDBOOK AND GUIDE TO THE TELEPHONIC 

EXCHANGE, PRACTICAL. B y J o s e p h P o o l e , A . M . I . E . E . 
( W h . S c . ) . S e v e n t h E d i t i o n 18 0 

TELEPHONY, B y T . E . H e r b e r t , M . I . E . E . , a n d W . S. P r o c t e r , 
A . M . I . E . E . I n t w o v o l u m e s . S e c o n d E d i t i o n . 
V o l . I . MANUAL SWITCHING SYSTEMS AND LINE PLANT . 2 0 0 
Vo l . I I . AUTOMATIC TELEPHONY. (In the Press) 

TELEPHONY SIMPLIFIED, AUTOMATIC. B y C. W B r o w n 
A . M . I . E . E . S e c o n d E d i t i o n 6 9 

TELEPHONY, THE CALL INDICATOR SYSTEM IN AUTOMATIC. B y 
A . G. F r e e s t o n e , of the G.P.O., London . . . 6 0 

TELEPHONY, THE DIRECTOR SYSTEM OF AUTOMATIC. B y W . E, 
H u d s o n , B . S c . H o n s . ( L o n d o n ) . W h i t . S c h . . A . C . G . I . „ . 5 0 
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Telegraphy, Telephony, and Wireless—contd. s. a. 
TELEVISION FOR THE AMATEUR CONSTRUCTOR. B y H . J . B a r t o n 

C h a p p i e 1 2 6 
TELEVISION : TO-DAY AND TO-MORROW. B y S y d n e y A . M o s e l e y 

a n d H . J . B a r t o n C h a p p i e , W h . S c . , B . S c . F o u r t h E d i t i o n . 7 6 
WIRELESS MANUAL, THE. B y C a p t . J . F r o s t , I . A . ( R e t i r e d ) . 

R e v i s e d b y H . V . GIBBONS. T h i r d E d i t i o n . . . 5 0 
WIRELESS TELEGRAPHY AND TELEPHONY, INTRODUCTION TO. 

B y Sir A m b r o s e F l e m i n g , M . A . , D . S c . , F . R . S . . . 3 6 

MATHEMATICS AND CALCULATIONS 
FOR ENGINEERS 

ALTERNATING CURRENTS, ARITHMETIC OF. B y E. H . C r a p p e r , 
D . S c . , M . I . E . E 4 6 

CALCULUS FOR ENGINEERS AND STUDENTS OF SCIENCE. B y J o h n 
S t o n e y , B . S c . , A . M . I . M i n . E . , M . R . S a n . I . S e c o n d E d i t i o n . 8 6 

•DEFINITIONS AND FORMULAE FOR STUDENTS—PRACTICAL 
MATHEMATICS. B y L . T o f t , M . S c . S e c o n d E d i t i o n . - 6 

ELECTRICAL ENGINEERING, WHITTAKER'S ARITHMETIC OF. 
F o u r t h E d i t i o n , R e v i s e d b y A . T . S t a r r , M . A . , B . S c . , 
A . M . I . E . E 3 6 

EXPONENTIAL AND HYPERBOLIC FUNCTIONS. B y A . H . B e l l , 
B . S c 3 6 

•GEOMETRY, BUILDING. B y R i c h a r d G r e e n h a l g h , A . I . S t r u c t . E . 4 6 
GEOMETRY, EXERCISES IN BUILDING. B y W i l f r e d C h e w . 1 6 
•GEOMETRY, TEST PAPERS IN. B y W . E . P a t e r s o n , M . A . , B . S c . 2 0 

P o i n t s E s s e n t i a l t o A n s w e r s , I s . I n o n e b o o k . . 3 0 
GRAPHIC STATICS, ELEMENTARY. B y J . T . W i g h t . A . M . I . M e c h . E . 5 0 
GRAPHS OF STANDARD MATHEMATICAL FUNCTIONS. B y H . V . 

L o w r y , M . A 2 0 
LOGARITHMS FOR BEGINNERS. B y C. N . P i c k w o r t h . W h . S c . 

E i g h t h E d i t i o n 1 6 
LOGARITHMS, FIVE FIGURE, AND TRIGONOMETRICAL FUNCTIONS. 

B y W . E . D o m m e t t , A . M . I . A . E . , a n d H . C. H i r d , A . F . A e . S . 
( R e p r i n t e d f r o m Mathematical Tables) . . . . 1 0 

•LOGARITHMS SIMPLIFIED. B y E r n e s t C a r d , B . S c . , a n d A . C. 
P a r k i n s o n , A . C . P . S e c o n d E d i t i o n 2 0 

•MATHEMATICS AND DRAWING, PRACTICAL. B y D a l t o n G r a n g e . 2 0 
W i t h A n s w e r s . 2 6 

MATHEMATICS, BUILDING, FIRST YEAR. B y R . C. S m i t h , 
M . R . S . T 3 6 

MATHEMATICS, ELEMENTARY PRACTICAL. B o o k I . F i r s t Y e a r . 
B y E . W . G o l d i n g , B . S c . , T e c h . , A . M . I . E . E . , a n d H . G. 
G r e e n , M . A 5 0 

MATHEMATICS, ELEMENTARY PRACTICAL. B o o k I I . S e c o n d 
Y e a r . B y E . W . G o l d i n g a n d H . G. G r e e n . . . . 5 0 



MATHEMATICS FOR ENGINEERS 17 

Mathematics for Engineers—contd. «. d. 
MATHEMATICS, ENGINEERING, APPLICATION OF. B y W . C. 

B i c k l e y , M . S c 5 0 
MATHEMATICS, EXPERIMENTAL. B y G. R . V i n e , B . S c . — 

• B o o k I , w i t h A n s w e r s . . . . . . . 1 4 
• B o o k I I , w i t h A n s w e r s . . . . . . . 1 4 

MATHEMATICS FOR ENGINEERS. PRELIMINARY. B y W . S. 
I b b e t s o n , B . S c . , A . M . I . E . E . , M . I . M a r . E 3 6 

MATHEMATICS FOR TECHNICAL STUDENTS. B y G. E . H a l l , B . S c . 5 0 
MATHEMATICS, PRACTICAL. B y L o u i s T o f t , M . S c . ( T e c h . ) , a n d 

A . D . D . M c K a y , M . A 16 0 
•MATHEMATICS, INDUSTRIAL (PRELIMINARY), B y G. W . S t r i n g -

f e l l o w 2 0 
• W i t h A n s w e r s 2 6 

MEASURING AND MANURING LAND, AND THATCHERS' WORK, 
TABLES FOR. B y J . Cu l lyer . T w e n t i e t h I m p r e s s i o n . . 3 0 

MECHANICAL TABLES. B y J . F o d e n . . . . . 2 0 
MECHANICAL ENGINEERING DETAIL TABLES. B y J o h n P . 

R o s s 7 6 
METALWORKER'S PRACTICAL CALCULATOR, THE. B y J . M a t h e s o n 2 0 
•METRIC LENGTHS TO FEET AND INCHES, TABLE FOR THE CON-

VERSION OF. C o m p i l e d b y R e d v e r s E l d e r . . . 1 0 
•MINING MATHEMATICS (PRELIMINARY). B y G e o r g e W . S t r i n g -

f e l l o w 1 6 
• W i t h A n s w e r s 2 0 

NOMOGRAM, THE. B y A . J . A l l c o c k , B . S c . , A . M . I . E . E . , 
A . M . I . M e c h . E . , a n d J . R . J o n e s , M . A . , F . G . S . . . . 10 6 

REINFORCED CONCRETE MEMBERS, SIMPLIFIED METHODS OF 
CALCULATING. B y W . N . T w e l v e t r e e s , M . I . M . E . , A . M . I . E . E . 
S e c o n d E d i t i o n , R e v i s e d a n d E n l a r g e d . . . . 5 0 

SLIDE RULE, THE. B y C. N . P i c k w o r t h , W h . S c . S e v e n t e e n t h 
E d i t i o n , R e v i s e d . . . . . . . . 3 6 

SLIDE R U L E : ITS OPERATIONS; AND DIGIT RULES, THE. B y 
A . L o v a t H i g g i n s , A . M . I n s t . C . E - 6 

STEEL'S TABLES. C o m p i l e d b y J o s e p h S t e e l . . . 3 6 
TELEGRAPHY AND TELEPHONY, ARITHMETIC OF. B y T . E . 

H e r b e r t , M . I . E . E . , a n d R . G. d e W a r d t . . . . 5 0 
TRIGONOMETRY FOR ENGINEERS, A PRIMER OF. B y W . G. 

D u n k l e y , B . S c . ( H o n s . ) 5 0 
TRIGONOMETRY FOR NAVIGATING OFFICERS. B y W . P e r c y 

W i n t e r , B . S c . ( H o n s . ) , L o n d . . . . . . 10 6 
TRIGONOMETRY, PRACTICAL. B y H e n r y A d a m s , M . I . C . E . , 

M . I . M . E . , F . S . I . T h i r d E d i t i o n , R e v i s e d a n d E n l a r g e d . 5 0 
VENTILATION, PUMPING, AND HAULAGE, MATHEMATICS OF. B y 

F . B i r k s 5 0 
•WORKSHOP ARITHMETIC, FIRST STEPS IN. B y H . P . G r e e n . 1 0 
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MISCELLANEOUS TECHNICAL BOOKS 
BOOT AND SHOE MANUFACTURE. B y F r a n k P l u c k n e t t . 
BOWLS : H o w TO IMPROVE YOUR GAME. B y H . P . W e b b e r 

a n d J . W . F i s h e r 
BOWLS, T H E MODERN TECHNIQUE OF. B y H . P . W e b b e r a n d 

D r . J . W . F i s h e r 
BREWING AND MALTING. B y J . R o s s M a c k e n z i e , F . C . S 

F . R . M . S . T h i r d E d i t i o n 
BUILDER'S BUSINESS MANAGEMENT. B y J . H . B e n n e t t s , A . I . O . B 
CELLULOSE LACQUERS. B y S. S m i t h , O . B . E . , P h . D . 
CINEMA ORGAN, THE. B y R e g i n a l d F o o r t , F . R . C . O . 
COST ACCOUNTS IN RUBBER AND PLASTIC TRADES. B y T . W 

F a z a k e r l e y . . . . . . . . 
ELECTRICAL HOUSECRAFT. B y R . W . K e n n e d y 
•ENGINEERING ECONOMICS. B y T . H . B u r n h a m , B . S c . ( H o n s . ) 

B . C o m . , A . M . I . M e c h . E . S e c o n d E d i t i o n . 
ENGINEERING INQUIRIES, DATA FOR. B y J . C. C o n n a n , B . S c 

A . M . I . E . E . , O . B . E 
FARADAY, MICHAEL, AND SOME OF H I S CONTEMPORARIES. B y 

W i l l i a m C r a m p , D . S c . , M . I . E . E 
GLUE AND GELATINE. B y P . I . S m i t h 
GRAMOPHONE HANDBOOK, THE. B y W . S . R o g e r s . 
HAIRDRESSING, T H E ART AND CRAFT OF. E d i t e d b y G. A . F o a n 
H I K E R AND CAMPER, T H E COMPLETE. B y C. F . Carr 
H O U S E DECORATING, PRACTICAL. B y M i l l i c e n t V i n c e 
MOTOR BOATING. B y F . H . S n o x e l l . . . . 
PAPER TESTING AND CHEMISTRY FOR PRINTERS. B y G . 

J a h a n s , B . A . . . . . . . . 
PETROLEUM. B y A l b e r t L i d g e t t . T h i r d E d i t i o n . 
PLAN DRAWING FOR THE POLICE. B y J a m e s D . C o p e , P . A . S . 
POWER ECONOMY IN THE FACTORY. B y J . C. T o d m a n , F . C . W . A 
PRECIOUSANDSEMI-PRECIOUSSTONES. B y M . W e i n s t e i n . 2 n d E d 
PRINTING. B y H . A . M a d d o x . S e c o n d E d i t i o n 
PRINTING, T H E ART AND PRACTICE OF. E d i t e d b y W m , 

A t k i n s . I n s i x v o l u m e s . . . . . . Each 
REFRACTORIES FOR FURNACES, CRUCIBLES, ETC. B y A . E 

REFRIGERATION, MECHANICAL. B y H a l W i l l i a m s , M . I . M e c h . E 
M . I . E . E . , M . I . S t r u c t . E . F o u r t h E d i t i o n 

SEED TESTING. B y J . S t e w a r t R e m i n g t o n . 
SHOE REPAIRER'S HANDBOOKS. B y D . L a u r e n c e - L o r d . I n 

s e v e n v o l u m e s . . . . . • • • Each 
TEACHING METHODS FOR TECHNICAL TEACHERS. B y J . H . 

C u r r i e , M . A . , B . S c . , A . M . I . M e c h . E 
UPLAND RAMBLES IN SURREY AND SUSSEX. B y H a r o l d 

S h e l t o n , B . A 
W I T H THE WATCHMAKER AT THE BENCH. B y D o n a l d d e Car le , 

F . B . H . I 

s. d. 
3 5 0 

10 6 
10 6 

7 6 
2 6 

5 0 
2 6 

10 6 

12 6 

2 6 
8 6 
2 6 

60 0 
2 6 
3 6 
2 6 

12 6 
5 0 
2 0 
7 6 
7 6 
5 0 

7 6 

5 0 

20 0 
10 6 

3 6 

2 6 

3 6 

7 6 
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PITMAN'S TECHNICAL PRIMERS , d 
E a c h in f o o l s c a p 8 v o , c l o t h , a b o u t 120 p p . , i l l u s t r a t e d . . 2 6 

T h e T e c h n i c a l P r i m e r S e r i e s i s i n t e n d e d t o e n a b l e t h e 
reader t o o b t a i n a n i n t r o d u c t i o n t o w h a t e v e r t e c h n i c a l 
s u b j e c t h e des i res . 

ABRASIVE MATERIALS. B y A . B . Sear l e . 
A C . PROTECTIVE SYSTEMS AND GEARS. B y J . H e n d e r s o n , B . S c . , 

M.C., a n d C. W . Marsha l l , B . S c . , M . I . E . E . 
BELTS FOR POWER TRANSMISSION. B y W . G. D u n k l e y , B . S c . 
BOILER INSPECTION AND MAINTENANCE. B y R . C l a y t o n . 
CAPSTAN AND AUTOMATIC LATHES. B y P h i l i p G a t e s . 
CENTRAL STATIONS, MODERN. B y C. W . Marsha l l , B . S c . , 

M . I . E . E . S e c o n d E d i t i o n . 
CONTINUOUS CURRENT ARMATURE WINDING. B y F . M. D e n t o n , 

A . C . G . I . , A . A m e r . I . E . E . 
CONTINUOUS CURRENT MACHINES, THE TESTING OF. B y Ch a r l e s 

F . S m i t h , D . S c . , M . I . E . E . , A . M . I . C . E . 
COTTON SPINNING MACHINERY AND ITS USES. B y W m . S c o t t 

T a g g a r t , M . I . M e c h . E . 
DIESEL ENGINE. THE. B y A . O r t o n . 
DROP FORGING AND DROP STAMPING. B y H . H a y e s . 
ELECTRIC CABLES. B y F . W . Main , A . M . I . E . E . S e c o n d E d i t i o n . 
ELECTRIC CRANES AND HAULING MACHINES. B y F . E . C h i l t o n , 

A . M . I . E . E . 
ELECTRIC FURNACE, THE. B y F r a n k J . M o f f e t t , B . A . , M . I . E . E . 
ELECTRIC MOTORS, SMALL. B y E . T . P a i n t o n , B . S c . , A . M . I . E . E . 
ELECTRICAL INSULATION. B y W . S. F l i g h t , A . M . I . E . E . 
ELECTRICAL TRANSMISSION OF ENERGY. B y W . M. T h o r n t o n , 

O . B . E . , D . S c . , M . I . E . E . 
ELECTRICITY IN AGRICULTURE. B y A . H . A l l e n , M . I . E . E . 
ELECTRICITY IN STEEL WORKS. B y W m . M c F a r l a n e , B . S c . 
ELECTRIFICATION OF RAILWAYS. B y H . F . T r e w m a n , M . A . 
ELECTRO-DEPOSITION OF COPPER, THE. B y C. W . D e n n y . 
EXPLOSIVES, MANUFACTURE AND USES OF. B y R . C. F a r m e r , 

O . B . E . , D . S c . , P h . D . 
FILTRATION. B y T . R . W o l l a s t o n , M . I . M e c h . E . 
FOUNDRYWORK. B y B e n S h a w a n d J a m e s E d g a r . 
GRINDING MACHINES AND THEIR USES. B y T h o s . R . S h a w . 
HYDRO-ELECTRIC DEVELOPMENT. B y J . W . M e a r e s , F . R . A . S . 
INDUSTRIAL AND POWER ALCOHOL. B y R . C. F a r m e r , O . B . E . , 

D . S c . , P h . D . , F . I . C . 
INDUSTRIAL NITROGEN. B y P . H . S. K e m p t o n , B . S c . ( H o n s . ) . 
KINEMATOGRAPH STUDIO TECHNIQUE. B y L. C. M a c b e a n . 
LUBRICANTS AND LUBRICATION. B y J . H . H y d e . 
MECHANICAL HANDLING OF GOODS, THE. B y C. H . W o o d f i e l d . 
MECHANICAL STOKING. B y D . B r o w n l i e , B . S c . , A . M . I . M . E . 

( D o u b l e v o l u m e , p r i c e 5s . n e t . ) 
METALLURGY OF IRON AND STEEL. B a s e d o n N o t e s b y Sir 

R o b e r t H a d f i e l d . 
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P i tman' s Technical Primers—contd. s. d. 
MUNICIPAL ENGINEERING. B y H . P e r c y B o u l n o i s , M . I n s t . C . E . 2 6 
OILS, PIGMENTS, PAINTS, AND VARNISHES. B y R . H . T r u e l o v e . 
PATTERNMAKING. B y B e n S h a w a n d J a m e s E d g a r . 
PHOTOGRAPHIC TECHNIQUE. B y L . J . H i b b e r t , F . R . P . S . 

S e c o n d E d i t i o n . 

PNEUMATIC CONVEYING. B y E . G . P h i l l i p s , M . I . E . E . 

POWER FACTOR CORRECTION. B y A . E . C l a y t o n , B . S c . ( E n g . ) . 

S e c o n d E d i t i o n . 

RADIOACTIVITY AND RADIOACTIVE SUBSTANCES. B y J . 

C h a d w i c k , M . S c . , P h . D . F o u r t h E d i t i o n . 

RAILWAY SIGNALLING : AUTOMATIC. B y F . R a y n a r W i l s o n . 

SEWERS AND SEWERAGE. B y H . G i l b e r t W h y a t t , M . I . C . E . , 

F . R . S a n . I . T h i r d E d i t i o n . 

SPARKING PLUGS. B y A . P . Y o u n g a n d H . W a r r e n . 

STEAM LOCOMOTIVE, THE. B y E . L . A h r o n s . 

STEAM LOCOMOTIVE CONSTRUCTION AND MAINTENANCE. B y E . 

L . A h r o n s , M . I . M e c h . E . , M . I . L o c o . E . 

STEELWORK, STRUCTURAL. B y W m . H . B l a c k . 

STREETS, ROADS, AND PAVEMENTS. B y H . G i l b e r t W h y a t t , 

M . I n s t . C . E . , F . R . S a n . I . T h i r d E d i t i o n . 

SWITCHGEAR, HIGH TENSION. B y H e n r y E . P o o l e , B . S c . ( H o n s . ) . 

SWITCHING AND SWITCHGEAR. B y H e n r y E . P o o l e , B . S c . ( H o n s . ) . 

TELEPHONES, AUTOMATIC. B y F . A . E l l s o n , B . S c . , A . M . I . E . E . 

( D o u b l e v o l u m e , p r i c e 5s . ) 

TIDAL POWER. B y A . M . A . S t r u b e n , O . B . E . , A . M . I n s t . C . E . 

TOOL AND MACHINE SETTING. B y P h i l i p G a t e s . 

TRACTION MOTOR CONTROL (DIRECT CURRENT). B y A . T . 

D o v e r , M . I . E . E . 

TRANSFORMERS AND ALTERNATING CURRENT MACHINES, THE 

TESTING OF. B y C h a r l e s F . S m i t h , D . S c . , A . M . I n s t . C . E . 

TRANSFORMERS, HIGH VOLTAGE POWER. B y W m . T . T a y l o r . 

M . I n s t . C . E . , M . I . E . E . 

TRANSFORMERS, SMALL SINGLE-PHASE. B y E d g a r T . P a i n t o n , 

B . S c . E n g . ( H o n s . ) L o n d . , A . M . I . E . E . 

WATER POWER ENGINEERING. B y F . F . F e r g u s s o n , C . E . , 
F . G . S . , F . R . G . S . T h i r d E d i t i o n . 

WIRELESS TELEGRAPHY, CONTINUOUS WAVE. B y B . E . G . 
M i t t e l l , A . M . I . E . E . 

X - R A Y S , INDUSTRIAL APPLICATION OF. B y P . H . S . K e m p t o n , 
B . S c . ( H o n . ) . , A . R . C . S c . 
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COMMON COMMODITIES AND 
INDUSTRIES SERIES d. 

Each book is crown 8vo, cloth, with many illustrations, etc. . 3 0 
In each of the handbooks in this series a particular product 
or industry is treated by an expert writer and practical man 
of business. 

ASBESTOS. By A. Leonard Summers. 
BOOKBINDING CRAFT AND INDUSTRY, THE. B y T. Harrison. 
BOOKS: FROM THE MS. TO THE BOOKSELLER. By J. L. Young. 

Second Edit ion. 
BOOT AND SHOE INDUSTRY, THE. B y J. S. Harding, F .B .S . I . 

Second Edit ion. 
BRUSHMAKER. THE. B y W m . Kiddier. 
BUTTER AND CHEESE. B y C. W. Walker Tisdale, F.C.S., and 

Jean Jones, B .D.F .D. , N . D . D . Second Edit ion. 
CARPETS. B y Reginald S. Brinton. Second Edit ion. 
CLOCKS AND WATCHES. B y G. L. Overton. 
CLOTHS AND THE CLOTH TRADE. B y J. A. Hunter. 
CLOTHING INDUSTRY, THE. B y B. W. Poole. 
COAL. I ts Origin, Method of Working, and Preparation for the 

Market. B y Francis H. Wilson, M.Inst.M.E. Second Edit ion. 
COAL TAR. B y A. R. Warnes, F.I.C., A.Inst .P . , etc. 
COFFEE. From the Grower to Consumer. B y B. B. Keable. 

Revised b y C. J. Parham. 
CONCRETE AND REINFORCED CONCRETE. B y W. Noble Twelve-

trees, M.I.M.E., A.M.I .E.E. 
COPPER. From the Ore to the Metal. B y H. K. Picard, M.I.M.M. 
CORDAGE AND CORDAGE HEMP AND FIBRES. B y T. Woodhouse 

and P. Kilgour. 
CORN TRADE, THE BRITISH. By A. Barker. 
COTTON SPINNING. B y A. S. Wade. 
ENGRAVING. B y T. W. Lascelles. 
EXPLOSIVES, MODERN. B y S. I. Levy, B.A., B.Sc., F.I.C. 
FISHING INDUSTRY, THE. B y W. E. Gibbs, D.Sc. 
FURNITURE. B y H. E. Binstead. Second Edition. 
FURS AND THE FUR TRADE. B y J. C. Sachs. Third Edi t ion . 
GAS AND GAS MAKING. B y W. H. Y. Webber, C.E. 
GLASS AND GLASS MANUFACTURE. B y P. Marson. Second Edit ion 

Revised b y L. M. Angus-Butterworth, F.R.G.S. , F.Z.S. , etc. 
GLOVES AND THE GLOVE TRADE. B y B. E. Ellis. 
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Common Commodities Series—contd. s. d. 
GUMS AND RESINS. Their Occurrence, Properties, and Uses. 3 0 

B y Ernest J. Parry, B.Sc., F.I.C., F.C.S. 
IRON AND STEEL. Their Production and Manufacture. By C 

Hood. * 
IRONFOUNDING. B y B. Whiteley. 
JUTE INDUSTRY, THE. B y T. Woodhouse and P. Kilgour. 
KNITTED FABRICS. B y John Chamberlain and James H 

Quilter. 
LEATHER. From the R a w Material to the Finished Product. 

B y K. J. Adcock. Second Edit ion. 
LINEN. From the Field to the Finished Product. B y Alfred S. 

Moore. 
LOCKS AND LOCK MAKING. B y F. J. Butter. Second Edition. 
MATCH INDUSTRY, THE. B y W . H . D i x o n 

MEAT INDUSTRY, THE. B y Walter Wood. 
OILS. Animal , Vegetable , Essential, and Mineral. B y C. 

Ainsworth Mitchell, M.A., F.I.C. 
PAPER. I t s History, Sources, and Production. B y Harry A 

Maddox, Stiver Medallist Papermaking. Third Edition. 
PHOTOGRAPHY. B y Wil l iam Gamble, F .R.P .S . 
POTTERY. B y C. J. N o k e and H. J. Plant. 
RICE. B y C. E . Douglas , M.I.Mech.E. 
RUBBER. Production and Util ization of the R a w Product. 

B y H. P. Stevens , M.A., Ph.D. , F.I.C., and W. H. Stevens, 
A.R.C.Sc. , A.I.C. Third Edition. 

SALT. B y A. F . Calvert, F.C.S. 
SILK. I t s Product ion and Manufacture. B y Luther Hooper. 
SOAP. I t s Composit ion, Manufacture, and Properties. By 

Wil l iam H. Simmons, B.Sc. (Lond.), F.I.C., F.C.S. Third 
Edit ion. 

SPONGES. B y E. J. J. Cresswell. Second Edit ion. 
STONES AND QUARRIES. B y J. Allen Howe, O.B.E. , B.Sc. 

M.Inst . Min. and Met. 
SUGAR. Cane and Beet . B y the late Geo. Martineau, C.B., and 

Revised by F. C. East ick, M.A. S ix th Edition. 
SULPHUR AND THE SULPHUR INDUSTRY. B y H a r o l d A . A u d e n , 

M.Sc., D.Sc . , F.C.S. 
TEA. From Grower t o Consumer. B y A. Ibbetson. 
TEXTILE BLEACHING. B y Alex. B. Steven, B.Sc. (Lond.), F.I.C. 
TIMBER. From the Forest t o I ts Use in Commerce. By W. 

Bullock. Second Edition. 
TIN AND THE TIN INDUSTRY. B y A. H. Mundey. Second 

Edi t ion . 
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Common Commodities Series—contd. s. d. 
TOBACCO. From Grower to Smoker. By A. E. Tanner. Third 3 0 

Revised Edition. 
WEAVING. B y W. P. Crankshaw. 
WHEAT AND ITS PRODUCTS. B y Andrew Millar. 
WOOL. From the R a w Material to the Finished Product. By 

J. A. Hunter. 
WORSTED INDUSTRY, THE. By J. Dumvil le and S. Kershaw. 

Third Edition. 

R A W M A T E R I A L S O F C O M M E R C E 

Edited by J. H. VANSTONE, F .R.G.S . Assisted by 
Specialist Contributors. 

In two volumes, d e m y 4to, cloth gilt, 804 pp., with 
numerous illustrations. Complete 20s. net . 

A descriptive account of the vegetable, animal, 
mineral, and synthet ic products of the world and of 
their commercial uses. 

The following Catalogues will be sent post free on application 

Scientific and Technical, Educational, Commercial, Law, Shorthand, 
Foreign Languages, Arts and Crafts, and General 

P I T M A N ' S S H O R T H A N D 
INVALUABLE TO ALL BUSINESS AND PROFESSIONAL MEN 


