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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.

It 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

Baxsury, 1932,



MODERN
ELECTRIC CLOCKS

CHAPTER 1
INTRODUCTORY

THE subject of electric clocks is a very wide one, for they are
to-day found in every sphere of life—in industry, commerce,
at sea, and in the home, each application having its own
special requirements and problems.

Electric clocks are generally conceded to be superior to the
mechanical variety, and with the general growth of electrifica-
tion, together with the development of a greater appreciation
of correct time since the advent of bréadcasting, are likely to
supplant them altogether.

In the following chapters it is proposed to describe the prin-
ciples, working, and installation of the modern electric clock.

The Measurement of Time

Time, like other quantities, such as weight or length, is
measured by comparison with a standard. The setting of a
unit of weight or length is a fairly simple procedure, involving
the manufacture of a master which can be retained for
reference.

The unit of time, on the other hand, is not a concrete object,
consequently any permanent standard is out of the question,
and the best that can be accomplished is to measure it against
the movement of some body in steady motion.

The only practical object which can be taken for such a
standard is the rotation of the earth upon its axis. The deter-
mination of its speed is not, however, a simple procedure, and
in practice time is thus determined by astronomers and time
iindicators or clocks are made to indicate the actual time of

ay.

It is important to note that there is no connection between

1



2 MODERN ELECTRIC CLOCKS

the speed of the earth and the rate of the clocks, and thus the
essential feature of a clock is that its hands must always take
exactly the same time to cover a given distance on its dial. In
practice, of course, the accuracy of clocks varies with their
construction. The clock at the Houses of Parliament, for
instance, keeps correct time within a second a day. Clocks
used in observatories keep even more accurate time than this,
showing a variation of only a few seconds a year. The vagaries
of the time-keeping of cheap clocks is well known.

For everyday purposes the standard of time in England is
the Greenwich mean solar day, which is divided into twenty-
four hours. Each hour is further divided into sixty minutes,
and each minute into sixty seconds.

For astronomical purposes another unit called the Siderial
day is used. A description of this and of the methods of
measuring and distributing accurate time will be given in a
later chapter.

The earliest form of clock was the CLEPSYDRA or water
clock, which was known in 200 B.c., and has been used in
various forms ever since. It consists of a vessel containing
water which is arranged to drip out slowly. The vessel is filled
daily, and the drop in the level of the water indicates the
passage of time, the instrument being graduated in hours.

The BEgyptians divided the period between sunrise and
sunset into twelve equal hours, so that provision was made for
the rate of flow of the water to be adjusted as the length of
the day inereased or decreased.

Another ancient form of time recorder is the sand glass—
the use of which is still preserved for such domestic purposes
as timing the boiling of eggs.

The familiar sundial provides a link in the evolution of time
recording devices. It indicates solar time by means of the
shadow of a “style™ thrown across a suitably engraved dial.

Its obvious limitation is that it is of no use if the sun is not
shining. The process of accurately setting and marking the
dial is somewhat complicated, and a dial constructed for one
particular place is useless for a locality in a different latitude.

In the time of Alfred the Great, candles were used to indicate
the passage of time. The candles were of wax, 12 in. in length,
and graduated in inches. They burnt for four hours each.

The origin and early development of the mechanical clock
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is wrapped in obscurity. The earliest records of such clocks
in this country date back to the thirteenth century, but from
the details of construction available, it is evident that develop-
ment had been going on long before this time.

The earliest electric clock was that of Alexander Bain, who
took out a patent in 1840, and its development has proceeded
steadily since that date, both in this country and abroad.
Generally, the modern electric clock is a high-class instrument,
combining beauty of construction and design, wonderful
accuracy of time-keeping, and reasonable price.

It will be seen in later chapters that development has pro-
ceeded along several distinct lines, according as to the way in
which electricity has been applied to the clock.

For instance, apart from the purely electric clock, i.e. driven
entirely by electricity, mechanical clocks may be wound by
electrical means, or the time-keeping of existing clocks can
be controlled by electrical impulses from another master clock
or Greenwich Observatory.

Before proceeding to a description of electric clock systems,
it will be necessary to consider briefly the principles of elec-
tricity and magnetism, and of clock construction.



CHAPTER II
PRINCIPLES OF ELECTRICITY

THE study of electric clock installations demands a wide, even
though it be superficial, knowledge of two subjects, not nor-
mally connected, viz. that of the science of time and time-
keeping, and that of electricity.

The latter demands considerable attention, because not only
are we concerned in this volume with the principles of no less
than five different systems of electric clocks, and several
makes of each type, but also with their installation, mainten-
ance, and repair.

Thus the following brief survey of electrical and magnetic
principles should be read with care. All are closely related to
the main subject. ’

A natural starting point for a chapter devoted to elementary
principles is to define electricity, and here we are immediately
up against a difficulty, for although its properties are well
known, and it can be controlled and made to perform innum-
erable services for the community, no one has yet been able
to discover what electricity really is. Many theories have been
advanced, but the problem still remains to be solved.

For most practical purposes, electricity may be considered
as a fluid permeating all substances, which can be made to
flow when an electrical pressure is applied to the ends of what
is generally called the circnit.

A simple electric circuit is shown in Fig. 1. Here 4 is a

enerator of electricity, and may be a battery or dynamo,
, and (', are switches, D; and D, are_ glocks or other apparatus
to be operated by currentderived from the battery.

B is a meter to measure the current flow (usually called an
ammeter), and V,, V,, and V, are instruments (known as
voltmeters) to measure the electrical pressure across the points
to which they are connected. :

All the components are connected together by wire and, with
the exception of the voltmeters V,, V,, V, are said to be in
series because, assuming the switches to be closed, the current

4



PRINCIPLES OF ELECTRICITY 5

flows from the battery first through B, thence through C,
D,, D,, C,, and back to the battery. -

The opposite of a series circuit is called a “ parallel™ circuit,
as shown in _Fig. 2. .

Here_A isthe battery and C the switch as before, but the
clocks D are connected in such a manner that the current from
the battery flows partly through one clock and partly through
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Fia. 1. Stvrre Erecrric Circulr (SERIES)

the other. If the one clock is disconnected, the other is not
affected.

Circuits may, and often are, a combination of series and
parallel.

Fig. 3’shows such a circuit. Here 4 is a master clock, B the
batfery, C', D, E, F, each a group of several clocks in series.
In this case the current from the battery splits into four parts
so far as the secondary clocks are concerned, but all the
current flows through the master clock.

It may be mentioned here that materials differ considerably
in their powers of conducting electricity, and can generally be
split into two groups, viz. conductors and non-conductors.
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All the metals are conductors of electricity as also is earbon
and certain acid and alkaline solutions. Practically all other
materials are non-conductors. Very bad conductors of elec-
tricity are called insulators.

Tables I and 11 give a list of the principal conductors and in-
sulators met with in practice,

The conductors are classified in order of their conductivity,
e.g. silver being the best known conductor is placed at the head
of the list.

This practice cannot be followed with insulators because
other properties enter into the selection of an insulator for a
particular purpose.

TABLE 1
Coxpucrors or BrLecTrICITY
Silver . - 3 4 . A L
Copper . % z . . - . 94
Gold 5 5 . . : . P -
Aluminium . : i R . . Ob
Zine 5 5 . - 2 v .« 20D
Iron . . ’ . x i < 162
Tin 7 5 . v . ’ PO | £
Lead 1 . . - . . s 72
Mercury . - - - . < 5 1:56
Carbon ; = h : : h 019
Conductivity at 0° C, Silver taken as 100,
TABLE 11
SosmE CoMMON INSULATORS

 Bakelite " Micanite

Cotton Paper (compressed)

Ebonite Paraffin wax

Empire cloth Poreelain

Glass Press-Spahn

Leatheroid Shellae

Marble Silk

Mica Slate

Having outlined the principles of the simple electric circuit,
it is necessary to consider its properties in more detdil.

To do this, let us first of all look at the hydraulic circuit
shown in Fig. 4. In this diagram 4 is a centrifugal pump,
P,, P,, P, are pressure gauges, F'M is a meter to register the
rate of flow of the water, say, in gallons per minute. R is a
enil of piping or any consuming device, and all connected
together by piping shown. 7', and 7', are taps.
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The pipes are supposed to be full of water, the taps off, and
the pump stationary.

Now if the pump is started up, it creates a pressure which is
indicated, in pounds per square inch, by the pressure gauge
P,. If tap 7' be turned on the meter P, will indicate the same
pressure as P, but water will not flow through the pipes
because of tap 7', being “off.” When this is turned on the
path to the pump is open and a flow of water takes place. The

o, 2

Fia. 2. Swrre Pararrern Cmourr

rate of flow in gallons per minute is, of course, the same
throughout the circuit.

Several things are to be noticed. The pressure at P has
dropped a little, and the pressure indicated by P, is very small
indeed, and that of P, nil.

The flow meter indicates the rate of flow of the water, this
depending on several factors as follows: (1) The pressure
developed by the pump. If this is doubled, twice the former
amount of water is forced through the pipes. (2) The length of
the piping. If this is increased it is evident that more pressure
must be exerted to get the water through, or, the pressure
remaining the same, the flow will be less. (3) The sectional
area of the pipe. If the pipes shown are replaced by some of
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larger diameter it is obvious that they will be able to carry
more water than the smaller, and it will consequently requil:e
less pressure to get the same amount of water through. (4)
The flow of water is also influenced by the internal condition

%B
LT

A
F1a. 3. SeriEs.PARALLEL Crrovrr
v B
: 7

A = 1)

r S o
\J ;‘.",;
R
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of the pipes. For example, water will flow through a pipe
which has a smooth bore more easily than through one which
has in some way been roughened.

It is thus seen that with a given pump pressure the flow of
water is controlled by three factors, namely, length, diameter,
and internal condition of the piping.
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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
SEMF., is measured by voltmeter V,. On closing switch €,

the full pressure is also indicated by V,. It should be noted
that there is no pressure drop in the circuit until the current
flows by closing switch C,.

When the current flows, the voltage of the battery or
generator falls a little, the ampere-meter indicatestheamount of
current,and a drop of pressure occurs over each clock D, and D,.

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.

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

Rsiroaiing mm volts
wPOre8 = Chms.”
Thus by simple conversion we get—
Volts = amperes x ohms and
S—
volts
amperes

Ohms =

—-’
2—(5743)
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This law is so important that a few examples of its use will
be given.

Emmp{e 1. The resistance of an electric clock is 12 ohms,
and to it is connected a battery having an EMLF. of 4 volts.
Calculate the current flowing in the circuit.
volts

By Ohms Law, current = :
ohms

Substituting figures.
The current I = 4 = } ampere.
Ezample 2. The current in a time circuit is } ampere, and

Fig. 6. CaLcvrnaTioON oF RESISTANCES IN SERIES

the resistance of the wiring apart from the clocks themselves
is 2 ohms. Find the voltage lost in the circuit wires.

Volts = current X resistance
Volts = -5 % 2 = 1 volt.

The resistance of a conductor is directly proportional to its
length, and inversely proportional to its area.

In other words, a long piece of wire offers more resistance
to the passage of a current than a short length, and current
will flow more readily through a large diameter wire than a
small wire,

The actual volt drop in a cable can be caleulated by Ohms
Law as Example (2) above.

The resistance of a wire also depends on the material, and
as shown in Table I metals vary in their conductivity. The
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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 (em.) % sp. res.
area (sq. em.)

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—

R, = R, + Ry + R,

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—

I =

Resistance (ohms) —

1

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,

) SR
1 1 1
RTRTH

In the circuit shown in Fig. 6 the reciprocal of the resis-
tances 4, B, and C are }, }, and 1 respectively, which added
together give 1§ or {. The resultant resistance is, therefore,
4 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. i

;000 watts are called a kilowatt. In direct current circuits

e =it

= D amperes.

(8]

or R =
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the power being developed or used in watts is the product of
the_volts and amperes, or watts = volts x amperes,

In the case of alternating current circuits it is necessary to
multiply further by what is known as the power factor.

The Board of Trade unit by which electricity is sold by
supply undertakings represents one kilowatt hour.

That is, a B.O.T. unit is used when 1,000 watts'of electricity
are used for 1 bour, or.l _watt for 1,000 hours, or any other
combination of hours and watts giving a product of 1,000,

The power consumed by electric clocks when such are

A B8 c
- @ 2@ 2o

F16. 6. CarcurnaTioN oF RESISTANCES IN PARALLEL

operated from the supply mains is usually very small indeed,
often so small, in fact, that it is insufficient to work the supply
company’s meter when no other device is consuming current.

Batteries

So far as electric clocks are concerned there are two principal
sources of eurrent supply, viz. batteries and the public supply
mains. The first method will now be considered.

There are two types of battery—the primary battery, and
the secondary battery or accumulator.

Primary batteries produce current by chemical action.
Secondary batteries, as is well known, have to be first charged
with electricity by some outside source.

The simplest type of primary battery is that shown in Fig. 7.
A is a plate of copper, B a plate of zine, (" a dilute solution of
sulphuric acid, all contained in the earthenware jar D.
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When the plates are connected together by a wire, cur-
rent will flow from the copper to the zine in the external
circuit and from the zinc to the copper inside the cell. The
copper plate is termed the positive, the zinc the negative
electrode.

The simple cell has several disadvantages, and numerous
modifications have been devised. The principal ones met with

-+
£

B-\-‘\)/f/
%

Zn f%i—f{?‘g? =H—Cu
- esn (e c
= %‘W'G';‘ ==
4N
- .'%.:J.fl___v.

' '%2?:3 S\ 2 |

Fre. 7. SimPLE Primary CELL

in electric clock practice are the Daniell, the Leclanché, and
the dry cell. The first two are named after their inventors.
The dry cell is really a modified type of Leclanché cell.

It may be mentioned here that the terms cell and battery
are often used indiscriminately to mean the same thing. A
battery is the name given to a number of cells connected
together.

A sectional view of the so-called gravity type Daniell cell
is shown in Fig. 8.

It consists of an outer glass or stoneware jar 4 from the
top of which is suspended a heavy zine element B.
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In the bottom of the jar is a spiral of copper strip €', to
which a length of insulated cable D is soldered.

The copper is covered with a layer of crystals of copper
sulphate (), and the jar filled to just above the level of the
zine with a solution of zine sulphate F.

As in the simple cell, the copper plate constitutes the posi-
tive and the zine the negative. The EM.F. produced is 1 volt,

The Leclanché type of cell is probably the best known and
most, widely used of all where small currents are required

===l

|| ===\ -
v ~—A

o £

,E 3 o ‘; .

Fio. 8. Gravity Tyre Daxtern CeLn

intermittently, and is admirably suited to the operation of
electric clocks, bells, alarms, ete,

It consists of an outer glass jar 4, Fig. 9, containing a solu-
tion of ammonium chloride—popularly known as sal-ammoniac
—in water (B) and a rod of zinc C.

An inner “pot” of porous earthenware D, contains the
carbon plate K, which is tightly packed with a mixture of
carbon powder and manganese dioxide F. The top of the
porous jar is sealed with bitumen &, one or two small holes, #,
being left to allow for the escape of gases generated in the pot.

The carbon is the positive plate, and the E.M.F. generated
is 1-5 volts,
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Dry cells are only dry in the sense that they do not
spill. The chemical action and the chemicals used are sub.
stantially the same as that of the ordinary Leclanché cell.
The container is usually made of zine, this being the negative
pole. The “solution™ is in the form of a paste, and a linen bag
replaces the earthenware jar to contain the carbon rod. The
voltage per cell is 1-5.

It should be noted that the electro-motive force obtainable

. +

H

—A

m ™ O n

Fia. 9. Lecraxcuié CeLn

from a primary or secondary battery is independent of the
size. A simple cell made up in a thimble will show the same
voltage as one made up in a large tank.

The amount of electricity that can be taken from a cell is,
however, proportional to its size.

The larger cell has also the advantage that the volt drop in
the cell itself due to the passage of the current is less. In other
words, the voltage of the cell when giving current is more
nearly equal to that shown when not discharging.
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The open circuit volt reading is known as the electro-motive
force of .t.he battery, and the terminal voltage when deliverin
current is known as the potential difference (P.ID.) The P.D.

i i

U
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reading plus voltage lost inside the cell itself is equal to the

EM.F.

The voltage of all forms of primary and secondary cell is
very small. To increase the voltage cells can be connected in
series, as in Fig. 10. It will be seen that the positive plate of
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one cell is connected to the negative of the next, and the volt-
age across the outer plates of the battery equals the sum of
the individual voltages.

Cells can also be connected in parallel, as in Fig. 11. All the
positives are connected together, and all the negatives
likewise.

Here the terminal voltage remains the same as that of a

single cell, but the calpacit.y of -+ —
the battery is increased. in pro- 3
portion to the number of gells E% \\E"r
connected. B / \ =
% %
Accumulators g INE

A simple secondary battery or :% = §_ A
accumulator is shown in Fig. 12. }% T _'%:

A is a lead plate having a ._'%"_'__.'__'.?\ ]
number of interstices filled with || Aﬁ’_—-_- -;ﬁk\ B
a paste of lead monoxide (litharge) f?.'.“.“_‘_ = %;:
surrounded by sulphuric acid, ?% Tl \.‘.
this being subsequently reduced % - e &\Z c
to spongy lead during the first /- _'_'_'%’_‘
charge. B is a similar plate, the ;4‘_‘_ == :%;‘
paste in this instance being red || %, - :\i‘
lead and sulphuric acid, changing || /// ey : \f
to lead peroxi(}lo. Aisthe necg'ative 2 ? = §L’
plate and B the positive. isa [[PA - RN\
dilute solution of sulphuric acid Ié ''''''''''' &L
in water having a specific gravity : )
of about 1-200. Fra. 12. SiMPLE SECONDARY

. . . CeLL o ACCUMULATOR
During charging the chemical

composition of the plates is altered but returns to its original
form during discharge.

The E.M.F. of each cell is 2:4 volts when fully charged,
dropping quickly to 2 volts. This value is maintained until
the end of the discharge, when the voltage drops to 1:8. The
last figure is an important one to remember, as to discharge an
accumulator below this value will result in permanent damage
being done.

Accumulators are preferable in many ways to primary
batteries. Heavier currents can be taken than from a corre-
sponding size of primary cell, and maintenance is less. The
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characteristics and charging of accumulators will be fully
dealt with in a later chapter.

Magnetic Effect of the Current
One of the most important effects of the electric current is
that of electro-magnetism, and every electric clock employs

Fic. 13, ATrRACTION OF
MaaNETS

this principle in one way or another; in fact, there are few
electrical devices that do not.

Our power stations depend upon it, for it is by electro-mag-
netism that all commercial electric current is generated.

No doubt all readers are familiar with the simple magnet—
a bar or horseshoe of hardened steel which has the power of
attracting pieces of iron or steel to it. This is generally known
as a permanent magnet to distinguish from the temporary
magnets which may be produced by electrical means, and
which will be discussed later.

If a permanent magnet be suspended on a piece of fine cord
attached to its centre so that it is free to swing round, it will
settle in a definite direction—the one end pointing to the
earth’s North Pole, and the other to the south.

The ends of the magnet are called the poles, and the one
which points north is called the north pole.
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Every magnet, however large or small, has these two poles.
It is impossible to make a magnet with one pole only.

Now, considering the suspended magnet shown in Fig. 13, if
the north pole of the bar magnet be brought in close proximity
to the south pole of the horseshoe magnet, violent attraction
between the two takes place. -

If, on the other hand, the north pole of the bar magnet
be presented to the north pole of the other, the latter will im-
mediately gwing away.

Thus we come to a fundamental law of magnetism, viz.
.unlike magnetic poles attract, like poles repel one another.

It isvery important that. this be clearly understood.

A type of magnet which is rarely met with in general
practice, but is used in certain electric clocks, is the consequent
pole type, Fig. 14, so called because it is magnetized in two

N - N

Fira. 14. CoxseqQuent PorLe Bar MaoNeT

halves with similar poles of each section in the centre. Thus
the effect is produced of a magnet having similar poles at
both ends.

Iron and steel are the only commercial magnetic materials.
All others are non-magnetic.

Electro-magnets

If a coil of insulated wire be wound round a bar of iron or
steel, and an electric current passed through the coil, the bar
will become magnetized and have exactly similar properties
to the permanent magnet described above. If the direction
of the current through the coil be reversed, the polarity of the
magnet will be reversed also.

If the iron is hard it will remain a magnet when the current
is switched off. If the iron is very soft practically all trace of
magnetism will disappear. This is the condition usually
required in practice, and cores of electro-magnets are in con-
sequence generally made of annealed Swedish iron.

Now if the iron core be removed altogether from the coil
and a compass needle (which in effect is a pivoted bar magnet)
is brought near, it will be found that all the magnetic effects
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will still be exhibited so long as the current remains on. They
will, however, not be so strong as when the core is in position.

Such a coil, without a core, is termed a solenoid.

If a piece of iron is introduced into the end of a solenoid,
it will be immediately drawn into the centre. Solenoids are
used to a considerable extent in electric clocks.

The amount of magnetism produced by a given coil depends

[S]

Fio. 15, Erecrro-smacyemc
Ixnuerion

=z

A—>

on the product of the current, and the number of turns of
wire—or the “ampere turns.” e

Thus to produce a given magnetic effect, one may use either
a small current and a large number of turns or vice versa,
dependent on circumstances.

Another important magnetic effect is that illustrated in
<l£1§. !:i.

- Here A is a coil of wire, the ends of which are connected to
a galvanometer B —an instrument for indicating the presence
and direction of an electric current.

C is a permanent magnet.

If the one pole of the magnet be thrust into the centre of
the coil of wire, the needle of the galvanometer will be seen
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to deflect momentarily. When the magnet is removed from
the coil, the galvo. will again be deflected, but this time in the
opposite direction.

This is due to the lines of magnetic force which radiate from
the poles of the magnet cutting through the turns of the coil.
Whenever a conductor cuts through, or is cut by a magnetic
field, an_eleetro-motive force is produced within it.

The voltage produced depends on the strength of the
magnet, the number of turns in the coil, and the rate of
cutting.

This is the basic principle of all electrical generators or
dynamos.

Actually the coil in our simple illustration is replaced by

Fic. 16. WAVE ForM OF ALTERNATING CURRENT

a number of coils mounted on an “armature’ which rotates
in"a magnetic field, and the current as generated alternates
in direction and is thus called alternating current.

Many generators are, however, fitted with commutators,
which cause the current to flow in the same direction all the
time. This is known as direct current. Current produced by
primary batteries is, of course, direct current.

Direct and alternating current supplies have their respective
advantages and disadvantages.

Alternating current has been adopted as the standard supply
in this country, and existing direct current supplies are
changed over to alternating.

In dealing with alternating current, the term frequency or
periodicity is frequently met with, This represents the number
of reversals per second, and ranges from 25 to 100 in this
country, 50 being the most used. A graphical illustration of
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an alternating current cycle is shown in Fig. 16. It will be
seen that the current starts at zero, gradually builds up to a
maximum in one direction, dies down to zero, reverses, builds
up to a maximum in the other direction. and again goes to
zero—whence the cycle is repeated.

The reversals of the current are so quick as not to be nor-
mally perceptible when one looks at an electric lamp, for
instance, but as will be deseribed in detail later, these rapid
reversals have been made use of in an important form of electric
clock.




CHAPTER 111
TYPES OF CLOCK

THE subject of time and time measurement is a large and
complex one, and only broad principles will be touched upon
in this chapter. Some knowledge of mechanical clock prin-
ciples is a necessary prelude to the understanding of the work-
ing and maintenance of the electric clocks to be described later.

It will be found that certain classes of electric clocks are to
all intents and purposes mechanical clocks, and the electrical
portion is only subsidiary—being used, for example. to wind
the clock, or periodically to correct the time shown—while
other electric clocks have nothing in common with mechanical
clocks except perhaps the dial and hands.

A clock may conveniently be regarded as comprising three
separate units, viz. (1) the hands which indicate the time on
the dial, (2) the driving mechanism which keeps the hands in
motion, (3) the controlling unit which regulates the speed at
which the hands are driven and is responsible for the accuracy
of time-keeping of the clock.

The driving power of mechanical clocks in common use is
of two forms: the falling weight, and the uncoiling of a
previously wound spring.

The principal control methods are the pendulum and the
balance wheel, both used in conjunction with an “escape-
ment."” The best mechanical clocks are weight driven and
pendulum controlled, but these require to be permanently
and strongly fixed to work well.

Domestic clocks are frequently spring driven and pendulum
controlled, while portable clocks, watches, and chronometers
are invariably spring driven, and controlled by a balance
wheel escapement.

The various units will now be considered in a little more detail.

Dial and Hands

These call for little comment. The system of using two
hands, and graduating the dial into twelve hours is universal
ind familiar to everyone.

23



24 MODERN ELECTRIC CLOCKS
Weight Driving
The motive power of all the early clocks was a weight of

iron or lead, a method which had the advantage of simplicity
and constant pull. The weight is suspended on a rope, gut

Fra. 17. Huyoexs Express Crainy Dmive ror MEcHANICAL
CLOCKS

line, or chain, the upper end of which is wrapped round a
barrel. A ratchet is provided to enable the clock to be wound,
and the rate of fall of the weight is governed by the escapement.
A modification of the simple weight system is the Huygens
endless chain, introduced about 1670, and extensively used in
30-hour long case or grandfather clocks.
Fig. 17 represents this arrangement.
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A is the driving weight supported by an endless cord passing
over the pulley B, from which the clock is driven, and also
over the pulley €' which is provided with ratchet teeth as
shown. In a timepiece this pulley merely rotates on a stud.
In a striking clock the striking train is driven from a gear
attached to the ratchet wheel.

Counterweight F serves to keep the chain taut over the
pulleys.

To wind the clock the cord is pulled, the ratchet wheel run-
ning under the pawl £, which prevents its running back. It
will be seen that with this motion, driving continues even
during winding.

Sometimes a modification of the Huygens system is met
with in electrically wound turret clocks.

Spring Drivi

A clock spring consists of a long strip of special steel coiled
into what is known as a spring case or barrel. The inner end
of the spring is attached to the spindle or arbor on which the
barrel rotates, while the outer end is fastened to the barrel itself.

Usually the spring is wound by rotating the central arbor,
back motion of which is prevented by a ratchet and pawl.
During unwinding the arbor remains stationary, the barrel
rotating. Suitably cut teeth on its periphery enable its motion
to be communicated to the going train of the clock.

Methods of Control

Tre PENpULUM. A simple pendulum consists of a relatively
small heavy body suspended at the end of a light thread or
freely pivoted rod. When set in motion it will vibrate to and
fro at a certain definite rate, dependent entirely on its effective
length, i.e. distance from the pivot to the centre of gravity of
the weight or ““bob.”

The time of swing is not controlled in any way by the
weight of the pendulum, but a heavy pendulum is more satis-

actory than a light one, as its rate is less likely to be affected
by air resistance and climatic conditions.

The formula for ascertaining the time of one vibration is-—

3—{5743)
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in which ! = effective length of pendulum in inches.
{ = time to swing—from extreme left to extreme
right or vice versa.
g = acceleration due to gravity which may be taken
as 32-2 ft. per second, per second.

The length of the pendulum beating seconds in England is
about 39§ in.

The length of a half-second pendulum is 94 in., and of
one for two seconds beats, 156} in.

It should be noted that adding weight above the centre of
gravity of the bob shortens the effective length of the pen-
dulum, while adding weight to the bottom of the bob increases
the length and the time of swing, so this method is often used
in finely regulating a clock.

Another method of regulating frequently used in smaller
clocks, is actually to raise or lower the bob by rotating a nut
on which it rests.

Unless steps are taken to counteract such an effect, the time
of swing of a simple pendulum varies with its temperature.
This is because the pendulum expands on heating which, there-
fore, causes the effective length to increase and vice versa.

An increase of temperature will, therefore, cause an uncom-
pensated pendulum-controlled clock to lose.

The expansion of the rod is counteracted to a small extent
by the upward expansion of the pendulum bob, but unless the
metals are very dissimilar it is very difficult to secure accurate
compensation in this way.

The steel and mercury pendulum seen on old-fashioned
clocks is an example of a successful application of this
prineiple.

Almost all modern high-class pendulums have a cast-iron
or steel bob, and a rod of an alloy of steel and nickel known as
“Invar” which has the property of being practically unaffected
by heat. .

The upward expansion of the bob almost exactly compen-
sates for the slight downward expansion of the rod.

The most satisfactory pendulum for high-class regulator
clocks is one having a swing of one second, and nearly all
electric master clocks have such pendulums.

Mechanical turret clocks are usually fitted with pendulums
of two seconds length.
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Domestic mantel clocks have short, quick swinging pendu-
lums on account of the small space available.

EscapeMENT. The escapement provides the link whereby
the amount of power driving the clock hands is controlled by
the rate of swing of the pendulum.

The principle of working is that at each swing of the pen-

Fro. 18. AxcHor ESCAPEMENT

dulum the ’scape wheel is allowed to move forward the space
of one tooth, and the escapement is so designed that at the
same time the pendulum receives an impulse to keep it in
motion. It is essential that this impulse be gentle, or erratic
time-keeping will result.

There are several types of escapement. One of the most
common is the anchor type, shown in Fig. 18.

Here A is the scape wheel having 30 teeth, and B is known
as the pallet.
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Fig. 19 gives a side elevation of the mechanism of this
portion of the clock. A is the 'scape wheel, B the pallet, 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 £,

As the pendulum swings to the left, Fig. 18, left-hand pallet
F rises and allows the tooth of the 'scape wheel to travel
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forward, an impulse being imparted to the pendulum in so
doing. At the same time the right-hand pallet @ 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 usunally 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.

Tae Bavance. 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 or regulators, 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 clock 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 1V
IMPULSE CLOCKS

Introduction

Tue 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 throughont.
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 &' thousand men.

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

a0
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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, ete., 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 pendulum is not eoncerned
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. Fe

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 nof practicable without first
disconnecting the accumulator from the clock cireuit, 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 fime at as many points as
wanted with practlcally 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 deseribe 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.

It 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.!

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

18eo 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. It 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 1b., and impulses
are transmitted every half-minute. A
lever is provided enabling the dials to
be advanced and retarded as desived.

Fig. 21 shows the master clock move-
ment, the lower part of the pendulum
and algo 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 giving
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 (' pivoted at D and
normally resting with its longer arm on
a projecting catch £, which is pivoted
at F. (2) The armature  pivoted at
its lower end at H.

The pendulum carries a small hook

Fig. 20. SYNCHRONOME
MasTER 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.
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This wheel has 15 teeth and, therefore, makes one revolution
in half a minute.

Attached to the ratchet wheel is the vane K, so arranged
that once in every revolution it pushes catch £ aside, letting
the gravity arm fall by its own weight.
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The glass 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 O 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 eycle 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 @ 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 7" 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 4
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is the main ratchet wheel having 120 teeth, B the electro-
magnet connected in series with all other clocks, €' the arma-
ture, D the armature lever, £ 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
from the magnet normally, ¢ 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 7 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 € is
attracted. This causes lever £ to be propelled to the right
against the pressure spring F, and to drop into the tooth
behind that which it formally occupied.
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Immediately the current ceases, the electro-magnet becomes
de-energized, and spring F' drives the armature lever 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
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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
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Fia. 24, Free PexpuLum
TyreE SYNCHRONOME
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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 f ully 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 ease 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 hastimeto reachfull brilliancy.

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

Items such as programme controller,
ete.,, 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-
lum type, a view of which is given in
Fig. 24,
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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
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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

4—1(5743)
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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.

4 is the pendulum, B the pallet, and ' 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 # 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. (/ 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 /.

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 £ 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.

Seconps INDICATION ON ALL Diars. 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 |7 [*

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

2
of these instruments. For 1 ) 0

= a ]l
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instance, one of these
installed at Greenwich S |
Observatory has been . S ———
found to have lost 5 Fic. 26. OpservaTory CLock
seconds in three years!
No less than 45 “Shortt” 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
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FiG. 26A. GexT MASTER
TRANSMITTER

give a brief outline.

The free pendulum, Fig. 26,
is built on the Synchronome
principle, and kept in motion
by the falling of a gravity arm.

The whole clock movement
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-indicating circuits.

The Pul-syn-etic System

The PuL-sy~-uTIc gystem 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 filed in 1904.

A special feature of this
system is the simplicity and
robust construction of the
various units. It is also most
flexible and can be adapted to
all sorts of special requirements
such as programme controls,
workmen’s time 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

Fia. 27. Diacram oF GENT MASTER TRANSMITTER

master movement, but this has not any 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 1b. 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 cirenit 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.

4 is the pendulum crutch, a lever which is pivoted at the
same centre as the pendulum suspension and coupled at its
lowe- end to the pendulum, as more clearly seen in Fig. 264,
The crutch carries the operating mechanism instead of it
being mounted directly on the pendulum.

B is the gravity lever pivoted at €' and provided with a
weight D. It is held in a horizontal position by the stirrup
eatch E engaging with the detent F. Also mounted on the
gravity lever is the roller . 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 erutch 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 eut extra deep so that
when the pawl R of lever M engages with it, its end O, 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 @ runs down the pallet face giving
the pendulum an impulse and the contacts 7 and J close. This
closes the time cireuit, 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
¢ is held down which has the effect of making the lever M push

Fia. 28, GexTt Sranparp Dian MoveEMENT

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 (' 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 £ 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 ¢ (7, are driving train for the
hour hand.

Fia. 29. Gexr INavpisLe Dian MovemesT

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 € 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 7 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 Pur-syn-eric clocks is
-22 ampere, and the voltage per dial approximately 1 volt.

Leclanché 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,

(&)
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Fic. 30. PrincipLe Pur-syN-ETIC BATTERY WaARNING BELL

however, the makers recommend the use of a battery of
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 € and provided at one end with
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weight D, and at the other end with hammer £ 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,
siml;ly, 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 batteny.

The battery warning device cannot be used where aceu-
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, elocks which require synchronizing by time signal, ete.,
to which reference will be made in later chapters.

The Magneta System

Another popular impulse clock which has stood the test of
time is that of the Magneta Time Co., Ltd.

Strictly speaking, there are now two distinet Magneta sys.
tems, the magneto operated, and the battery operated.

TaE MAGNETO-OPERATED SystEM. The magneto-operated
system actually generates its own current for each impulse,
and there are consequently no contacts to open and close.
The system is, therefore, very reliable, and the current gener-
ated in this manner is sufficient to work a large number of
clock dials in series. Such instruments as programme con-
trollers, time recorders, and the like, which are a common



IMPULSE CLOCKS 5l

feature of time circuits to-day are, however, operated by
interposing a relay.

The master clock consists of a high grade pendulum con-
trolled, spring and weight driven regulator—hand or electri-
cally wound. The principle of the generator is shown in Fig. 31.

A4,, A, A, A, are the poles of two permanent magnets.
B is the armature which is given a rapid throw every minute,
taking up the position shown one minute, and the position
indicated by the dotted line the next. The coil ' is fixed and

Fic. 31. PrixcipLe oF “MAGNETA" MAGNETO-OPERATED
CLoCK

the ends are connected to the external time circuit. The arma-
ture is pivoted at D, and successively takes up the positions
shown ; thus every minute its position is changed from MN
to OP, or »vice versa. In so doing an electro-motive force,
sufficient to operate the secondary movements, is generated
in the coil, and a current flows through the circuit.

The dial mechanism is polarized to take care of the alter-
nating positive and negative currents.

The power necessary to turn the armature is not taken from
the master clock movement, but from a separately wound
motion which is released every minute.

Fig. 32 shows a front view of the mechanism of the Magneta
master clock.
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The magneto can be clearly seen on the left, and also its
operating lever,

THE BATTERY-OPERATED SysTEM. The Magneta battery-
operated system has several features different from the mag-
neto-operated system previously described.

The master clock is much smaller than usual, having a
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Fig. 32. “"Macenera™ Masrer Crock MecHANISM, MAGNETO-
oreraTED TypPr

View from Front, Dial Removed

pendulum of half seconds length, and is arranged to receive
a driving impulse every second, thereby maintaining it at a
constant amplitude. The impulses are given by a solenoid,
and there is, therefore, no physical contact with the pendulum.

The time circuit impulses can be sent out once per minute
or every half-minute.

The master clock is driven from a separate cell of the
Latimer Clark type, which will maintain the clock for about
three years without attention—the battery being contained
within the clock case,
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A feature of the Magneta master clock, whose appearance
is shown in Fig. 33, is the centre seconds hand which is me-
ohanically connected with the pendulum, and serves as an
independent check on the secondary clocks.

J D G H
F1o. 33, MAGNETA BATTERY-OPERATED T'yrE MasteEr CLOCK

Strictly speaking, this clock should be classified under the
heading of Self-contained Battery-driven Clocks.

4 is the pendulum, B the pendulum bob which can be raised
or lowered to afford coarse adjustment of the rate, and C is
a permanent magnet attached to the pendulum, the one limb
of which enters solenoid D. Contacts are so arranged that this
is energized just as the magnet enters, and so attraction takes
place, thereby maintaining the swing of the pendulum,
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A pivoted finger on the pendulum turns a count wheel a
tooth at a time, and by means of a cam action contacts are
closed in the time distribution cirenit.

The fine adjustment consists of lever € pivoted at H, one
end of which passes over a rating plate, and the other has two
branches spanning the sides of the coil, each carrying a small
piece of iron J. The position of this affects the degree of
attraction of the magnet to a slight extent, and therefore forms

~ Armature Armature

Permanent ]
Magnet ;

_________

Magnet

Fig. 34. MaeNETA SECONDARY MOVEMENT, BATTERY-OPERATED
SysTEM

a simple and reliable means of adjusting the rate of the clock
without touching or interfering with its pendulum,

The secondary clock movements are of a polarized type
fitted with wound armatures, and have no spring or gravity
replacement. They are, therefore, silent and economical in
current consumption.

Fig. 34 gives a detail drawing of the secondary clock move-
ment. )

The rocking motion of the armature is transformed into a
rotary one by means of the escapement shown which is pivoted
at P.

For small and medium sized installations (Iry_cells are
recommended for operating the secondary clock dials. The
current consumption is only about 55 milliamperes, and one
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cell will operate six secondary clocks. Ordinary bell size cells
will give twelve months service or more.

For large installations the use of dry cells would necessitate
a considerable capital outlay, and in such instances, accumu-
lators automatically charged are used instead.

A typical wiring diagram for a Magneta battery system time
circuit is given in Fig. 35.

It will be seen that the secondary clocks are not connected
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Fia. 35. MacneEra Time Circulr

directly in series with each other, but are in shunt with a
resistance connected in a porcelain container.

The value of the resistance depends on the size of the second-
ary movement, being 10 ohms for the small size and higher
for larger diameters of dial.

This system of wiring ensures that each clock gets the right
amount of current, and that the contacts of the master clock
are not injured by having to deal with excessive currents. A
break in the internal wiring of the clock does not affect the
re_si‘ri, and clocks can be removed or taken out of circuit at
will.

Up to 70 clocks can be run in one group. Above this number
a relay is desirable to deal with the second and subsequent
groups of dials.

The arrangements for operating programme controls, time
recorders, etc., by the Magneta system will be described in a
later chapter.
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The Octo System

le:e Octo system is the product of Messrs. T. & F. Mercer,
of St. Albans, who are well known as manufacturers of high

r‘
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Fte. 36. Prixcrrne oF “0Ocro"” Master CLOck

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
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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.

Fra. 37. “Ocro" Master Crock MECHANISM

The principal features of the Octo master clock are as
ollows. The pendulum rod is of full seconds length, and is
'ompensated, being of Invar whose coefficient of expansion
1as been certified by the National Physical Laboratory.

The pendulum bob is further fitted with a compensation

5={5743)
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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,

the duration of contact being regulated by a special arrange-

Fia. 38. “0cro" Dian MOVEMENT

ment, according to the size of the circuit, to ensure that each
dial receives its proper working current.

The principle of working of the master clock is shown in
Fig. 36.

(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 notehes 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.

Fic. 39. “Ocro” Impurse Crock, “Periop’ MobpEL
At the same time as (6) is releasing the gravity arm it is
Jso pressing contact (12) on to contact (13) partly making
ircuit for resetting the gravity arm.
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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
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. 37.

The Octo dial movement is shown in Fig. 38, 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,
Fig. 39 being a typical example of a period clock.

About 50 ordinary sized clocks can be operated in series with
one master clock, but for larger circuits a 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

Tue 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
snitable 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 taken in 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

il
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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-
cination of its own, in that it is obviously electric, and yet

Fic. 40. Prixcrene or Bunie Crock

possesses the “tick” 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 elock is the
“Bulle,” of which a wide range of domestic models is available.
The principle of working is briefly as follows—
Referring to Fig. 40, 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 ('
D is the pendulum rod supported at £, and F is a silver pin

Fic. 41. Buire Crock MovEMENT

which makes contact with plate G every time the pendulum
swings to the right, thus completing the cirenit through the
electro-magnet and causing the pendulum to be repelled from
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t!w middle pole of the magnet, giving it an impulse to the
right. :
One of the features of this particular clock is the consequent

Fie. 42, Axorner View or THE BuLre CLock
MoveEMENT

pole magnet adopted which is said considerably to incréase
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
¢/ 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
@ 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
1} 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 elip
and the clock is ready for use.

Figs. 41 and 42 give two views of the movement from which
a general idea of the construction can be obtained.

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. 41,
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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

Fra, 42. Axorner View or e Bunie CrLock
MovEMENT

pole magnet adopted which is said considerably to incréase
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
(7 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
@ 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
1} 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 elip 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. 41 and 42 give two views of the movement from which
a general idea of the construction can be obtained.

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. 41.
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CHAPTER VI
SYNCHRONOUS MOTOR CLOCKS

Introductory .

THE synchronous motor type of clock is one of the Jates
developments in electrical horology. It is entirely different i
principle from any other class of electric clock, and possesse
a number of advantages over older systems, also some dis
advantages. It can only be worked from alternating curren
supply mains.

The hands of this form of clock are driven, through suitabl:
gearing, from a very small electric motor whose g%eid,j
governed entirely by the frequency or number of cycles pe:

cond of the supply. e

This method of clock control was suggested as long ago a:
1895 in this country by Mr. F. Hope Jones in an article ir
Lighting, but it is only during the last few years that any atten.
tion has been paid to the accurate control of frequency, which
is, of course, paramount to success.

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-
erepancy 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 r 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

66
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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.

p'I'hus 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
showif 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, apd
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 'frnn.n___-ﬁﬁ- ~
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 8jd. per year with
current costing 1d. per unit.

Tt 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

Fic. 43, Tyrican SyscaroNovs Moror CLock

mantelshelf or to couple to the “live” side of an existing plug
soint, inserting a small fuse in the leads.

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

A typical synchronous clock, made by Smiths English Clocks
Ltd., is shown in Fig. 43. Below the centre of the dial can be
jeen the small black and white sector which indicates seconds
ind shows that the cloek is working.

fhe Principle of the Synchronous Motor

The synchronous electric motor is so called because it runs
n synchronism with the supply frequency. Alternating current
notors which do not run in step are called “asynchronous,”
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their speed varying with the load on the motor, but thes
are not used in electric clocks except in winding mechanisms

The power required to turn the hands of a clock is ver:

smallTindeed, so that clock motors are invariably of smal

imensions and simply constructed. They bear little resem
blance either mechanically or in principle to the huge syn
chronous motor met with in heavy electrical engineerin,
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Fic. 44. Smvere Form or Dmecr-corrext Motor

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, ete., 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. 44, 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 known. € is an electric magnet in close

-
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proximity to the rotor. ) is a piece of brass having as many
sides as there are poles of the rotor. K is a piece of spring
brass having a contact F, and ' 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

Fia. 45. Moror CONTROLLED BY ELECTRICALLY-MAINTAINED
Toxmwae Forg

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
lirection—it will continue to rotate at a steady speed, but the
speed will not be controlled in any way.

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-
rically maintained tuning fork, as shown in Fig. 45, the rotor
vill run, but now its speed, when once started, will depend on
he frequency or note of the tuning fork, and as the latter is
inown accurately and is a constant, the motor can be used
or time measuring purposes.

Fig. 46 shows a simple motor of this form made by the
‘ambridge Instrument Co. for scientific time marking purposes,

>
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and Fig. 47 the tuning fork for controlling the speed of t
motor,

Fic. 46. Smvrre Erectric Motor, Toving Forg
CONTROLLED
(Cambridge Instriment Co., Ltd.)

Reverting now to the simple motor of Fig. 44, if instead o
supplying the magnet with pulsating direct current we suppl:
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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 mfﬁ?fy the motor
’: somewhat. The core of the glectro-magnet would have to be

laminated, that is, built up of a number of thin iron sheets,

Fia. 47, ELECTRICALLY-MAINTAINED TuNine Fork
1 (Cambridge Instrument Co., Ltd.)
. lightly insulated from each other, otherwise eddy currens
‘s wouJd be generated in the L!:‘rh causing hieat and uml%cegga.!‘y
» ex}énditune of power. It would not bé hecessary to modify
the rotor, a.lth?mgh considerably better results,will be obtained
if t'h"m]i"rhe made of magnetic steel instgﬂd of soft iron.
2 It will be found in clock practice that some makers favour
= the first method and others the second.

\:}e'fhe speed of the rotor will depend on the fmqtgcncy of the
% tricity supply and on the number of poles in the rotor. It
“should be remembered that each cycle of current consists
5 of two pulsations—one positive and one negative, so that
Ftwo rotor poles are attracted to the magnet pole in every
*_cycle. y "

. Thus the higher the frequency, the higher the speed will be,
, b—{5743) - /) . .
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The speed in revolutions per minuté 15 given by the formul;
2 -
Epm, = x frequency x 60
rotor poles
In actual practice we shall find rotor speeds ranging fr

~.3,000, which is the speed of a two-pole rotor on a 50-cy
supply, to 120 or less according to the number of poles.

In the slowePspeed motors, the les or teeth arg v
e et poles are h%nca usually mu
1 together after the manner of Fig. !

Fro. 48, Sivrre Fors or SyxcuroNovs Moronr

It should be carefully noted that the number of stator (i

magnet) teeth does not affect the wqﬁaf_nm;o}g
vln_l&riill_lg_ﬁegg‘lp_otors, they are splin rather faster tha

the normal running speed, and then allowed to fall into ste
with the magnetic pulsations. In order to do this readily
has been found generally necessary to provide some suc
device as a comparatively heavy flywheel loosely mounted o
the rotor spindle, or to the magnet capable of sligh
rotation against the action of a spring. =

It will be realized that considerable reduction gearing
necessary to obtain the one revolution per hour by the minut
hand of the clock from the fast running rotor. This gearin
is of very light character, and is often contained in an oil-fille
chamber—this serving the dual purpose of keeping the mechar
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

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 (" and D are each divided into two

X
\ Y
. ,/ E
\ , G
e /
" M C

Fic. 49. PRINCIPLE OF BELF-STARTING SyNoHRONOUS MOTOR

halves by the slots £ and F respectively, and a copper ring D
fitted over the half of each pole as shown.

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 exciting current
in the coil is at a maximum. An instant later the shaded
portion of the poles attain their full magnetic strength, the
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flux in the unshaded parts meanwhile beginning to die dow;
The line of maximum magnetism, therefore, moves to Y )
and this movement is sufficient to draw the rotor rount
giving it the starting movement required.

*“Shaded pole ” starting is very suitable for small motm
such as clocks, gramophone motors, fans, etc., but owing to i
inefficiency is never used in large electric motors.

It will be noticed that the direction of the rotation is alway
fromtheplain to the shade
pole. Self-starting clock:
therefore, always run i
the correct direction. Non
self-starting mechanisms
on the other hand, will g
in whichever direction the:
are started.

A few of the many syn
chronous motor clocks o
the market will now I
deseribed in detail, in orde
to illustrate how the above
principles are applied i
actual practice.

The Synclock
Fic. 50. WarrexN SyNCHRONOUS The clock manufactured
Crock Moror by Everett Edgeumbe &

Co., and sold under the
trade name of “Synclock™ represents the pioneer frequency
controlled clock to be introduced into this country. It is fitted
with a motor invented by H. E. Warren in 1918, and =old in
America as the Telechron, where it is immensely popular.

Fig. 50 shows the motor unit., A is the field magnet, B the
exciting coil, and €' 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. 51.

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 €, 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

M A ]
M
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Fia. 51, Diacrammario View or THE WArreN MoTor

AN vy
0 3\/ ____*B ‘

Fi, 52, PrixcIiPLE OF STARTING IN THE WARREN MoTOR

]

Fig. 52, the four positions of the poles being designated 4,
B, C,and D.

Now taking one complete cycle of current as indicated
graphically in the left illustration, at point O the current is
zero, and there is no magnetic flux in the gap of the electro-
magnet. The current gradually rises to a maximum in a
positive direction at 2, and the unshaded polepiece 4 becomes,
let us say, fully magnetized of north polarity. The current
now begins to die down, and with it the magnetism of pole A.
As explained, the presence of the shading coil retards the
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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 4 to B.

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

Fia. 63. Tue Gear Casg AND ROTORS OF THE
Warrex MoTor
(2} times full sizo)

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 €' becomes maximum
north pole, to be superseded an instant later by pole D, after

which the cycle is repeated.
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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. 51) 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
fiix, 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. 53 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. It sometimes happens that a circuit is opened for only
a few seconds, such as when a fuse is inadvertently drawn out.

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.
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Fia. 5. MOVEMENT or ST Sy~NcanoNovs CLock

Fic. 55. CoxstrucTiox oy Stator (Symure Evecrric CLock)
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Fig. 54 gives a view of the movement, a portion of the casing,

the dial and cover glass being removed to facilitate reference.
Brass End Flates 8
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Fie. 56. Roror—Syrra's SyscHroNous CLock
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Fic. 57. Dmexsions oF Syara Movement ror FrrTineg 1o
ExisTive Crocks

A is the housing which is a bakelite moulding, B are the
terminal pins which carry the connector socket (not shown),
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which is also of bakelite. D is the exterior of the stator of the
small driving motor, the rotor being concealed within it. £ is
the hand-setting knob. When this is pushed in, wheel # is
brought into engagement with wheel (7, which is geared to
the hands and so enables them to be set. At the same time
cone I presses against the top portion 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 disec 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. 55, the upper
half being removed. It will be seen that alternate north and
south poles are formed by the interleaving of the projections
and the two portions. This construction besides being efficient
magnetically affords complete protection to the coil. The
construction of the rotor is shown in Fig. 56.

This consists of a star-shaped 6-pole cobalt steel magnet A,
which is clamped between two brass dises B mounted on a
suitable spindle.

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

The dimensions and manner of fixing are outlined in Fig, 57.

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 Sangamo Clock

Another popular range of synchronous clocks is produced
by the British Sangamo Co., Ltd., one of the standard models
being illustrated in Fig. 58.

The motor is of the slow speed non-self-starting type. The
clock is characterized by the short rotating seconds hand,
which provides second indication without the likelihood of
confusion in reading which sometimes happens when the
seconds hand is similar in form and length to the other two
hands, and rotates about the same centre.
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Fig. 59 illustrates a clock specially designed for kitchen use.
It has a white bakelite case with bold black figures, and as-
no cover glass is fitted, the dial may be readily cleaned by
wiping with a damp cloth,

The clock is started by moving the lever seen projecting
through the dial below, and the construction of the synchron-
ous driving motor is shown in Figs. 60 and 61, both being
lettered to correspond.

A is a coil of many turns of fine wire, surrounding the iron
core B which is mounted on plate €. The steel drum D sur-
rounding the coil and the top plate £ are each provided with

S
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Fie. 60, Secrtion or Saxcamo Crock Motor

19 pairs of poles, so positioned as to interlock, giving 38 poles
of alternate polarity, which gives a rotor speed of nearly 158
revolutions per minute.

This construction is clearly shown in Fig. 61. The rotor
consists of a permanent magnet F mounted on a brass disc
@ and pivoted at H, whence it is connected to the hands
through suitable gearing. The ends of the rotor magnet are
bifurcated and bent over as shown, so as to come into close
proximity to the poles of the stator.

When once started the rotor is kept in motion by the fact
that its poles are always attracted by those of opposite polarity
in the stator, and owing to the alternating nature of the cur-
rent each stator pole rapidly alternates in polarity.
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Fig. 62 shows a general view of the movement.
A is the starting lever, the operation of which causes a
toothed sector to be brought into engagement with a gear

Fio, 61. Saxcaymo Erecrnie Crock MoTor

F1a. 62, MoveMENT or Sancamo ELecorric CLOCK
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wheel on the rotor spindle. 1t is disengaged by the pull of a
spring, and the rate of travel is limited by a fan brake, thus
ensuring that the rotor receives a steady starting impulse at
the correct speed.

As with other types of synchronous clocks, the gear wheel
following the rotor spindle pinion is made of fibre to give silent
running. The power consumption is approximately one watt.
A self-starting type motor is also made. This starts as an
induction motor, and when the rotor reaches synchronous
speed it pulls into step, the motor then running due to both
the induction and synchronous torques.

No starting lever is, of course, necessary in this type of
motor. A red signal is provided to indicate any interrup-
tion in the electricity supply which may have taken place
unnoticed.

The Ferranti Clock

The Ferranti synchronous electric clock embodies a purely
synchronous motor bf the hand starting type. The rotor which
is constructed from soft iron, and therefore not liable to
demagnetization error has clearly defined poles on its peri-
phery, the number of poles being such as to give a rotor speed
of 1663 r.p.m. The stator is similarly constructed of soft iron,
and consequently a pull will be exerted on the rotor teeth
every half cycle. The torque derived from the rotor shaft
is 3 gr. em.

The electrical energy taken by the clock is slightly less than
one watt, so that with electricity at a penny per unit the cost
to the user is something less than ninepence per year.

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
and inversely proportional to the length, so that for ideal
conditions the ratio of flliil:::re:f)?e b:::ilsg should be great.

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

Fic. 63. Bearines orF Fernantt CLOCK

so designed as to be self-aligning, thereby facilitating assembly,
and allowing reasonable manufacturing tolerances in the
assembling of the train plates.

Fig. 63, an enlarged model of the actual bearings used
in the clock, shows a greatly exaggerated out-of-truth view
of the train plates. :

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

Fic. 64, Freraxt Crock Motor

The flywheel is elastically coupled by means of a spring
to the ﬁi)imllte to start the motor, one of the shafts |r('in_j.f
extended through the plates and a knob fixed thereto. This
knob is gently spun which imparts to the rotor a speed
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somewhat higher than synchronous speed, whenceon 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
consequently transmits its energy to the spring and dissipates
it immediately after synchronizing.

The clock movement is fitted for sale to the public in two
types of cases, namely—moulded “bakelite”” or *beatl,” and
ornamental wooden cases. In this construction the movement
is completely mechanically and electrically insulated from
the case. Rubber shock absorbers are fitted in between the
movement and the case; by this means any slight noise which
may possibly oceur is not transmitted to the case. In the
ornamental wooden-cased clocks, the movement is again
mechanically insulated from the dial, ete., by means of flexible
springs.

Fig. 65 illustrates a group of models, and on reference to
this it will be seen that a short delicate seconds hand is
included.

The Hammond Clock

One of the most popular of American synchronous clocks is
that made by the Hammond Clock Co. of Chicago. It 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 op 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.
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Fig. 66 shows a side elevation of the movement removed
from the case.

4 is the dial, B the hands, (' and D are brass plates support-
ing the mechanism, K is the rotor casing, which, as previously
mentioned, is oil tight, fixed against steel plates F. @ is the
exciting coil mounted in laminated core /. 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

Fic. 66. SipE EreEvaTioN oF Hasmoxp Crock MoOVEMENT

as the fingers are removed from the twirling knob, the pinion
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.

J,ﬁg_ii_’\ 7 shows) the rotor and magnetic cireuit of the motor.

A is the rotor of a steel dise 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 €'y (F in Fig. 66) joined by the lam-
inated core D) on which is nlounted the coil £,
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frequency of the electricity supply is maintained in relation
to the standard or declared frequency, which in this country
is 50 cycles per second. It 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

Fra. 68, Staror axp Roror (Hammoxn Crock)

in a negative direction, and again fall to zero. This has already
been illustrated graphically in Fig. 52.
The frequency depends on the speed and number of poles
of the generators at the power station, thus—
r.p.m.
pairs of poles » 60°

cycles per second =

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
turbine directly coupled to an alternating current generator.
The steam supply to the set is controlled partly by hand and
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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
%ﬁent above or below the declared periodicity. In the

y8 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 rise in the frequency 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 increasing due 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. The frequency is
still controlled by the power station operator, but the slightest
deviation from standard is readily seen, and can be immedi-
ately corrected. The next stage in development will undoubt-
edly be the fully automatic control of the generator speed by
means of the frequency meter.
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The principle of the master frequency meter is indicated in
Fig. 69.

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

(' is an extra dial having two hands working from the same
centre (other constructions will be described later). One hand
is connected by means of the spindle D to the master clock,
and makes one revolution in three minutes. The other hand

D / \ £
Os

Fi6. 69. Prixcrene or FrEQuENcY CoNTROL METER

is connected to the synchronous clock through spindle ¥, and
also makes one revolution in three minutes when the frequency
is exactly 50 eycles. 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
may depart slightly from absolute Greenwich time, the average
time is correct, and in any case the deviation is never more than
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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 & 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
Everett Edgeumbe & Co., Ltd. Fig. 70 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, one 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. o

The latest practice employs an electric impulse clock to
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F1a. 70. Evererr Epcounse Masrer Frequexcy METER
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maintain standard time, thus enabling the master control to
be coupled into an existing impulse time circuit.

Fig. 71 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.

On the spindle on which the black hand is mounted is a
block having a number of vee-shaped depressions, into which

Slipping Clutch To A.C. Mains

!
™

Fi16. 71. MovemexT or EveErerr Epcouvsmae MASTER
Frequexcy MeTER
Impulse pattern

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 exaet 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
the descent of the small roller into one of the vee-shaped
depressions.

The advantages of this arrangement are that the pendulum



SYNCHRONOUS MOTOR CLOCKS 99

is practically free, so that the time-keeping is beyond reproach.
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,

Villesden Grove Road Bow

@ @ <~ Sub-Frequency Meter @ '
@ @ < Standard Time @

@ < Master Frequency

eter

@ <-Frequency Time
@ @ <Standard Time @
@ @

Battersea Control Room Deptford
Westminster
Fic. 72. FreEQUENcY CONTROL SCHEME
(London Power Co.)

shown in the illustration, being installed in the control room.
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
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from one master control room, the following description of the
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 Everett Edgcumbe master fre-
quency 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. 72.

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 mechanically
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. It 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. Tt 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 ‘umps as with the
impulse type of clock.

101
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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 me-
cixat;:cal clock of equal quality, or a synchronous motor
clock.

Synchronous motor clocks eannot, 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 dther 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
daytime would mean all the lamps coming on half an hour
late in the evening, or not at all:
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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 lamp which it
controls. Battery-driven clocks are generally out of the
question for time switches as they are usually pendulum
controlled, requiring careful mounting and levelling.

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.

It 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
elecltfric 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
:ii_me-keeper is not within the province of this chapter to

iscuss.
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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
winding 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
Mains

Fia, 73. Smrre Erecrrio Winpinag MoTon

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. 73.

A is an electro-magnet, B its coil, ' the iron armature
pivoted at D, and £ a spring; F is a pawl mounted on the
armature and engaging with ratchet wheel 7, which is coupled
to the going train, usually through a spring which acts as
storage. The spring £ 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 (' 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
gpring 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. 74. 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

[e_ : 'P Ratchet

or Friction
Wheel
Winding Main
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is energized by alternating current, the armature being
attracted by each pulsation of current, ie. 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.

8—(5743)
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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. 75, it
consists of a disc of copper or aluminium A pivoted at B, and
mounted between the poles of an electro-magnet €' made of
laminated iron and energized by the coil D, which is wound
with a large number of turns of fine copper wire and connected

"h/t'nt)
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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. 81 and 82 (pages 113 and 114). .

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. 76. .

A is a magnet built up of iron laminations, and provided
with four internal poles B. Each pole has a shading coil €
fitted over a portion of it, and a coil of wire D) sprroundmg_the

" centre pole. The rotor comprises a number of iron stampings

F
A
H
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Mains

E mounted on a shaft F. In the stampings are punched a
series of holes and slots ¢, 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 dise.

This type of motor is used largely where small power is
required, such as fans, phonograph motors, ete., but it is not
made in large sizes owing to its inefficiency compared with
some other types of motor. It 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. 77 shows a
motor of this nature.

Fic. 77. Stmere Tyre or D.C. Winpine MoTor
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4 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 ',

_The ends of these coils are joined together, and their junc.
tions joined to the three segments of the commutator D, upon
which brushes £ 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 ¢. The
armature is connected in series with the field coil, and also in

I CEhaB

Fic. 78. I'arrey DisMaNTLED DIRECT-CURRENT MoOTOR
(Crompton-Parkinson, Lid.)

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. 78 illustrates the components
of such a motor.

A is the armature and B the commutator both mounted on
shaft €. The field magnet is integral with the casing D. FE is
one of the field coils. #, F| are the brush tubes insulated from
the casing by the bakelite mouldings @, (7,, and /{ is one of the
two carbon brushes which bear on the commutator under
pressure of spring /.
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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
type 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. 79,

e | e

Frc. 79. Smvrre Ergcernic Winping Gear For
Tvrrer CLock

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

4 is the driving weight, B an endless chain which passes
around sprocket wheel €, 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 @ is arranged so that the motor is switched on
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when the weight reaches the lower limit of its travel, and off
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 ' 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.

Tangent Domestic Clocks

The Tangent self-winding clock was produced by Gent &
Co. to meet the demand for a high-class clock electrically
operated from the mains, but independent of changes of
voltage and frequency, and capable of carrying on in the case
of the supply being cut off for any reason.

In its essentials, the clock consists of a high-grade mechan-
ical movement with a jewelled lever escapement and Breguet
over coil hair spring. There are two springs—one the main-
taining spring which normally remains fully wound, and comes
into action only in the event of electricity supply failure, and is
capable of driving the clock for nearly two hours. Supply
interruptions are generally only of a short duration, and it is
found in practice that the capacity of this spring is sufficient
to meet all but the most exceptional emergencies. The driving
spring is arranged to be wound by electro-magnetic means
every minute.

The clocks are made in two sizes—wall clocks with 12 in.
dials, and mantel clocks with 5 in. face diameter. For a given
clock size, the same movement with different windings serves
for either alternating or direct current supplies.

Fig. 80 shows the movement of one of these clocks with the
escapement cover removed,

The action is as follows. A is the driving spring and slowly
raises the driving lever B pivoted at (. The pawl D) (attached
to B) engages with the ratchet wheel E, to which the hand
motion work is connected, and drives it slowly forward, its
rate being controlled by the escapement F through suitable
gearing not visible in the illustration. Behind the ratchet
wheel, not shown, is the maintaining spring. The upward



ELECTRICALLY-WOUND CLOCKS 111

stroke of lever B is arrested by its contact plate ¢ meeting: ‘thc
contact H attached to the armature / pivoted at J. "This
completes the circuit through the electro-magnetic coil K,

Fic, 80, “TasceEnt" EreEcTrRICALLY-WoOUND Crock MovEMENT

as shown, and the armature is instantly drawn into line with
the poles L and M of the electro-magnet.

The travel of the armature is limited by the stop N made of
felt, in order to minimize noise, but, owing to its momentum,
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lever B travels on, and so breaks the circuit at contacts ¢ and
H. The armature then returns to its resting position, its travel
being limited by stop pin 0. The cyele is then repeated and
continues so long as the clock remains connected to the mains,

The stop P prevents the ratchet wheel from being drawn
back. The magnet coil K is wound on a bakelite former with
silk-covered wire, and is of such dimensions that any failure
in the clock switching mechanism will not cause it to overheat
and burn out. The possibility of such a breakdown is, of
course, most remote, but such provision adds to the efficiency
of the clock.

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 cbmpensated 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
over wound nor completely unwound, so that even torque is
preserved and with carveful 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 A.C. model between 80
and 280 (50 to 60 cyeles).

Fig. 81 shows a half-front view of the A.C. model, and Fig. §2
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,
' the coil, and D the copper shading coil to provide the start-
ing torque. £ 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. & is the main spring, and H, /, 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
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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,

i . e ©

Fio, 82. Rear ViEw or Laxpis & GyR ELECTRICALLY-WOUND
A.C. Crock

Fig. 83 shows the antomatic control. A is the spindle having
a screw thread B, €' 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 (' rotates, and D is a pin projecting from C'.
I is another gear wheel, fixed to spindle 4, 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 ' a spring
attached to it.

The action is as follows. During the winding, the wheel €'
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
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Fic. 83. Princirne orF ContiROL oF WINDING.
Landis & Gyr A.C, electrically-wound clock

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

During unwinding, gear F, and with it spindle A4, 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 4. To prevent it jamming
against gear ¥, stops J and K are provided.
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Fig. 84 gives a front view of the direct current movement.

A is the tripolar armature, B the pole shoes of sheet iron,
(' the field magnets, D the brush support pillars, and £ 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 /, and regulation
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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. 85 shows one of the latter type. The small
dise with the arrow and serew-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. 86, and is a product of English Watch
and Clock Manufacturers, Ltd., Coventry.

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

Fia. 86, Exrire Moror-car CrLock, GENERAL VIEW

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. 87.

A A, are the coils of an electro-magnet having poles B B,.
(' is an armature pivoted at D, £ is a spiral spring which is
actually the main spring of the clock, # is a fixed contact,
and @ is a movable contact pivoted at H. On energizing the
magnet coils, the armature ¢ is attracted into line with the
poles, and in doing so spring J which controls the movement
of the contact & passes over the pivotal centre, and so causes
the 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 ', 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. 88.

Fic. 87. Winping Action oF “Exmeme”™ Motonr-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, 89.

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

Fic. §8. Exmrire Mortor-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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Referring to Fig. 90, 4 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 '
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 & on which is driving gear F. Thus
gear (' rotates when the spring is being wound and gear ¥
when it unwinds. Spindle D is threaded for a portion of its
length, and has upon it a nut 7 anchored by the pin H fastened
to gear F'. The effect of this is that during winding, nut ¢ is
caused to travel up the threaded portion, and during unwind-
ing, because of the rotation of gear F', it is made to travel down.

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. 91, and comprises an
electro-magnet having poles 4, A, and coils B, B, energized
from alternating current mains. (' 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
s0 tensioned that the natural period of vibration of the arma-
ture and springs is that of the supply frequency. 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 @, integral
with the winding spindle 4 (Fig. 90) which passes through the
centre of the spindle D. Plate H carries another clutch also
engaging with the drum @, 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



ELECTRICALLY-WOUND CLOCKS 123

R e 0

Fia, 91, Vexnegr TiME Switcn
View showing winding motor

Fra. 92. Vexner Tive Switon
Top view



124 MODERN ELECTRIC CLOCKS

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. 92 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 ('
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 @ 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.



CHAPTER VIII

SYNCHRONIZED CLOCKS

Introductory

UxpEr 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

125
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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
tllmi:muit’ 50 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 brodd systems of synchronization in use both
applicable to either electric or mechanical clocks, viz. forcible
and gradual.

There are two kinds of foreible 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 sideral 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
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south at a place, and the instant when that star is next due
south at the same place. The sideral day is, therefore, the day
as determined by observation of the stars. There are 366}
sideral 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 365} solar days in a year, i.e. one
less than the number of sideral 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 antomatically 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-
orded, so that they can be accurately compared with the
itar time, and correction made if necessary.

It is, of course, desirable that the clocks used be absolutely
onstant, and it is noteworthy that at Greenwich and most of
he principal observatories of the world these are electric—
wing a special form of the Synchronome clock, described in
‘hapter 1V, 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. It 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 eylinder 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 yariable ones—a reversal of previous
practice.

There are three Shortt clocks at Greenwich Observatory,
two used for determining sideral 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 sideral
clocks which, as explained above, are constantly checked by
stellar observations. It may be mentioned here that the actual
time indicated by the sideral 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.0., 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



SYNCHRONIZED CLOCKS 129

G.P.O. are transmitted from a separate pendulum, length of
beat of which is §{ of a second. ; .

The Rughby 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 oceurs, it is possible by easy calcula-
tion or by reference to tables, to ascertain the error of the
chronometer, to an accuracy of )y 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 ““dot™ one second in length,
sent by Greenwich Observatory exactly at the hour, and is
available to subseribers in London and the provinces. (b) 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-
seribers’ clock would be correet 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
issue of the Radio T'imes for up-to-date information on this
point. The chimes of Big Ben and other public clocks are also
broadeast at irregular intervals.

The synchronization or correction of clocks by hand from
the broadcast time signal is, of course, quite straightforward.
All one has to do is either to bring the minute hands to zero
as 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
is 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
can be set at 6.31, the second at 6.32, and so on.

To be of any use, however, particularly if the clock which
it is desired to synchronize is inherently a good time-keeper,
the synchronization must be automatic, and here the utiliza-
tion of the B.B.C. signals presents some difficulty for two
reasons, viz. (1) the times of transmission are not definitely
fixed, and thus there is always the risk that the programmes
may be re-arranged, and any synchronizing gear rendered use-
less. (2) The signals are often broadcast on top of another
transmission, and are then useless for the working of any

apparatus. ) y
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
auntomatically 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 01 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 §{ 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 anc
accurately measured. The monthly mean error is about -0¢
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 Rughy
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 been 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 in Fig. 93.

A is a pin projecting from behind the minute hand B, which
is only lightly spring tight on its arbor. € 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. o

Another early system is that of Lund, shown in Fig. 94.
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Fia. 93. Bain's SyncuroNmizinag Systewm (1843)

(@) @ (5)

Fra. 94. LunNp's SYNCHRONIZING SYSTEM
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In the dial 4 is a slot B through which projects two pins
'y €' 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-
tign of the time signal causes the pins to be drawn together,
as shown in illustration (b). Should the long hand be late, it
is drawn forward by pin €, and if it is in advance of the zero
position it is brought back by pin C,.

Fia. 95. RircHIE'S EARLY Fia. 96.
SYNCHRONIZER Stanpanp Tive
(o's SYNCHRO-
NIZING SYSTEM

This system is sometimes known as the * finger and thumb™
method—a very apt deseription.

Yet another early system is that of Ritchie, illustrated in
Fig. 95.

A is the minute hand, B a pin fixed to it, €' 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. l
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This system has two disadvantages : (1) no provision is made
or correction of a possible loss, (2) if the signal fails to arrive
t the hour, the clock is stopped. The system of synchroniza-
ion adopted by the Standard Time Company is a modification
f the Bains “ V" method, as will be seen from Fig. 96.

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

Fic, 97. RircHie's IMPROVED SYSTEM

1open side C'. D is an extension of the armature of an electro-
agnet, which when the magnet is energized is drawn down
to engagement with the opening in the tube, and so compels
e minute hand to assume a vertical position.

Fig. 97 shows an improved system of synchronization due
Ritchie of Edinburgh.

The clock to be operated on is caused to gain slightly—the
nount 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 €' to which
are attached levers Dand E. F is a dise mounted on the minute
hand spindle, and prevents the stop / 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.

Fra, 98, HeArT-SHAFPED CAM One ,0 ther ‘met’_h(’d of forcihle

SYNCHRONIZER correction requires mention.

It is particularly applicable to

the count wheels of electric impulse transmitters, and is shown
in Fig. 98.

A is the usual 15-tooth wheel of the impulse transmitter,
and B a heart-shaped cam mounted on the same spindle.
is an electro-magnet connected to the time signal cireunit. D) is
an armature pivoted at £ and having at its other extremity
a roller #. 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
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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 disadvantages 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 systems of C

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
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Fia, 99, See.saw METHOD oF GRADUAL

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

Fig. 99 shows how this is accomplished. A4 is the pendulum
bob, B the pendulum rod suspended at C. D is a tray for
weights fixed to the pendulum rod. £ is an iron armature
pivoted at F, and joined to its end is a silk cord & supporting

10—{5743)



138 MODERN ELECTRIC CLOCKS

& weight /1. 1 and J are electro-magnets such that when /
15 energized the weight is lifted off the pendulum, and when ./
15 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 eperation of Time Recorders, as used in
factories to record the time at which employees start and
cease work, ete.

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 variable 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 geperal clocks. In this
case the synchronizing signals comprise the half-minute
impulses of the time circuit instead of a sig'mll from an outside
gource, 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.

The Reflex control apparatus consists of two main parts,

=

Fig. 100, Gext's “ReErcex” System or TimeE RECORDER
CoNTROL

(1) the vibrator, D and A, Fig. 100, which is merely clipped
to the pendulum rod, and (2) the stator B and €' in the figure,
which is secrewed 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
Rc:lﬂex 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

F-

Fra. 101. Gext's “DurLex” CoNTROL

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,
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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. 101.

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 '
pivotally mounted at ) upon bracket £ fixed to the pendulum
rod F. This lifts screw  of bracket H also mounted on bar (',
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

Pracrioanry 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 class mounted
on an open framework, and illuminate it from behind, the
hands and the figures then standing out boldly in black. A

142
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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. It 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. 102,

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. 103 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.

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

(b) 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 negligi!)le. 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 effected. 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 “Bic Bex" 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 *“ Bra
BEx" 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
Fic. 103. Wasumwo Face or Housors 11 1ts urlgnml fc-lrm As ,n"

HaLL Crock national memorial to his

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

\’ I T . . 1

Fig. 104. Teg WorLp's LarcgesT CLOCK

town are to be connected to a time circunit, 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
affected 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. 105. Oxg or THE Dians oF THE SiNGER CLOCK

illustrated in order that the reader may have some idea of
their magnitude. Fig. 104 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. 105 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
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hour hands 9 ft. 6in. each, and that of the minute hands
15 ft. 7 in. each.

Fig. 106 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 1V, 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,

Tue 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 kept 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. 1f
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
at 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. Tt is considered preferable to the hands moving forward

Time Circuit

Fia, 107. I'UL-H\'S-E‘I‘IC “Warrinag Tras ™ Turkrer
Crock 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. 107 shows a waiting train movement, and an illustration
of the working parts is given in Fig. 108,
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teferring to the former, 4 is the pendulum bob, B the pen-
tlululm rod pivoted on ball bearings at (. On the pendulum
rod is a gathering lever D pivoted at K carrying the driving
pawl F which engages with the ratchet wheel €/ carrving it

S s S

Fra. 108, PoL-syx.erie “Warmne Traix™ MovEMEST

forward one tooth for every complete swing of the pendulum.
On the ratchet wheel is a pin /f 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 7 is lifted, the tail end J is held by detent K attached to



TURRET CLOCKS AND CHIMING GEARS 153

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/, 1, 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 O 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. 107, but clearly seen in Fig. 108.

The pendulum is kept in motion by impulses of current in
magnet P attracting armature ¢ 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
are of swing of the pendulum. S is a switch, normally open,
the upper contact of which carries a notched block 7. 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, ete.

Fig. 109 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,

11—(5743)
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are of toughened steel running in gun-metal bushes, which a
dgtachnblg to enable parts to be removed for cleaning, et
without disturbing the remainder. The gears are of hammen
gun-metal accurately machine cut. The contacts of the mot
pendulum are of heavy gold-silver alloy, and are shunted |
a resistance to prevent sparking. .

WAITING TRAIN
TURRET MOVEMENT

TIME
= L
RANTMITTER [ TO BATTERY OR SUPPLY MAINS

SIMPLE PUL-SYN-ETIC
IMPULSE CLOCK CIRCUIT

1 -
Fra. 109. “Warrive Tramn" Cmeurr

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

TrE DurLEx SysTEM. The Duflex system is designed t
control the heavy pendulums of existing mechanical clocks i
such a manner that though the clockwork continues to func
tion as an independent unit, it is subject to correcting impulse
from a master time circuit. Should the correcting impulse fai
to arrive for any reason, the clock continues at its own rat
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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

Fia. 110. Syncuroxome Caaser SwitTcH ror Turrer CLocks

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 ecireunit.

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. 110.
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The arm A4 concentric with an impulse dial movement of
ha.l.f-mulut'e periodicity is normally held against stop B by
helical spring €', 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

Fie. 111. Larce Syncuroxovs Moror Turnur
Crock MovemMeNT (EvErerr Epaoumpe)

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 ', 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

The synchronous or mains driven clock is in its infancy as
far as this country is concerned, and has not yet been applied
to any extent to 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

K N DI WER CLOCK
ROMAN TYPE S TO 1&° INCL.
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Fia. 112, Frrrive SyNcaroNous Torrer Crock MoveEMENT

difficulty. The one driving motor if sufficiently powerful
should suffice for both time-keeping and chiming.

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. 111 shows a large synchronous movement suitable for
dials nup 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 settin

This particular movement is driven by a Warren motor.
Fig. 112 shows the method of fitting to the wall, and

self-explanatory. Fig. 113 represents a movement suitable f

Fic. 114. SynNcuroNovs Pupric
CLock
18 in, dial

Fic. 113. Smanier Tyre
or SyNouroNovus TURRET
Crock MovEMENT

smaller dials, and Fig. 114 a typical three-faced public clock
having 18 in. dials,
Turret Clock Construction

The requirements of turret clocks have already been deall
with in 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 casily 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

Fia, 115. Innommxaren Tourrer Crock DiAn
(John Smith & Sons, Derly)

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

Fie. 116. Dian ror Licut BACKGROUNDS
(Jokn 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
sketeton 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. 115 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. 116 shows a similar dial backed with sheets of copper
which, with the framework painted black, blue, or Indian
rqd, 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.

Tllumination 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. 117 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
cirenit. 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
gshown 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 inte:rvals.
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, ete.

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

Fra, 117. Gent & Co. SWITCH FOR AUTOMATICALLY
InLoswarvg Crock Iiars

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 Cireus, 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 Magneta Time Company, who were
responsible for the clock portion of the sign.

The length of the minutv hand from the centre is 6 ft. 9 in.,
and the hour hand 4 ft. 7in. 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
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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 1/25th 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
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up to the time member the current is switched {.lﬂ'. 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

Fia, 119, Smmrie BerLi.rornning MeEcHANISM
(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

e 253
Chiming and striking gears for electric clocks are generally

Fira, 120, MoTor-DRIVEN STrRIRING (JEAR
(Gient & C'o,)

Fia, 121, ELECTRICALLY-DRIVEN CHimiNG GeAr For Turrer
CLOCK
(Gent & ('a.)

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 “Bic Bex.” The
musical notation of these chimes is shown in Fig. 118.

Fig. 119 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. 120 shows a motor-driven striking gear, the principle
of which is as follows. Exactly at the hour, the incoming time
impulse energizes magnet 4 and attracts armature B fixed
to lever €. This has two effects. Catch D is pulled out of
slot £ of “count wheel” F, and at the same time the switch ¢/
is closed, starting up the motor. The rotation continues until
the catch D drops up into the next slot (H) of the count
wheel. It 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 1.

Fig. 121 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 X
MARINE CLOCKS

Praoricarry 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 almost always of the impulse type. the
master clock having a balance wheel instead of a pendulum.
Sometimes the ships 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 generally possible because
the electricity supply is usually direct current, which is useless
for this class of clock, and even if A.C. is available, it is not
controlled, as there is no need for it in a self-contained gener-
ating plant. .

A ship’s electric clock installation, therefore, comprises the
following four units, viz. (a) the master clock arranged to
send out half-minute impulses, (b) 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

168
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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

Fra. 122, “0Ocro” HAND-OPERATED MASTER
ContROL PANEL

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
yperated and automatic. The hand-operated panel is shown
in Fig. 122,

In addition to the clock dial there are two push buttons—

Mocated in the lower corners.

12—(5743)




170 MODERN ELECTRIC CLOCKS

Fra. 123, “0cro"” AUTOMATIC
ConTrOL PANEL
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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. 123,
and is similar in operation except that the advancing is carried

Fi1a. 124, CuroxoMeETER ConTaCT, “OcCT0" 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. 124 illustrates the manner in which the half-minute
impulses are taken from the chronometer.
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_ The wheel A4 makes one revolution per minute, and has on
its periphery two projections B and €. D and £ are platinum
contacts mounted on springs F and ¢ respectively, and
normally “open.” As the wheel rotates, one of the projections
wipes against catch H on spring F, and raises the platinum

Fia. 125. “ PuL.sy~N-ETIC " MARINE TRANSMITTER

points into contact, thereby completing the circuit to the
clock operating relay. Parts B, €, 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-etiec impulse

clocks for marine use and those for land use, as described in
Chapter 1V, 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

]
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Fia. 126. DiacraMm or PUurL-syN-ETiCc MARINE MASTER
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. 125 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. 126 shows the essential parts of the impulse mechanism.
A is the driving lever, pivoted at B and provided with driving
weight O, and balance weight D.

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

Fi1G. 127. EScAPEMENT oF PUL-SYN-ETIC MARINE
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 4 gradually falls. When it
gets “down " contact is made between / and J, electro-magnet
N is energized, and attracts armature K, thereby throwing
lever A up and causing the pawl Z to haul on to the next tooth
of the ratchet wheel ¥, and then the cycle is repeated.
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The upward travel of A is limited by the stop O, 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 fulerum as lever 4
is thrown up, thus causing contacts I and J to separate rapidly,
making a clean break. Owing to its importance and delicacy

u L) .
Ships Mains
@c)
Frc. 128. OperatinG Erecrric CLocks FroM SHIP'S MAINS

the escapement movement is made detachable, enabling a
spare to be readily inserted should any trouble arise. Fig. 127
shows the escapement fitting.

The automatic advance and retard is operated as follows.
To advance the clocks, the pointer on the setting dial (Fig. 125)
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 clock r
the ship will automatiea.lg' restart. ’ it
When the “advance” mechanism operates, the pawl E
(Fig. 126) 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 cireuit, and their
place taken by an equivalent resistance. The transmitter then
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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.
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Fhe 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. 128, 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. 129. 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 advantages 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. 130 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, ¢ouching 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.



CHAPTER XI
MISCELLANEOUS APPLICATIONS

IN this chapter it is proposed to deal with some of the many
uses to which electrie 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 factorscan bearranged
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 to
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
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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 leqd themselves to automatic operating by electricity.

A typical Synchronome Bell Controller is illustrated in
Fig. 131, and its principle of working is shown in Fig. 132.

—— 7o Bell Circurt ——

Fira, 132, DiAGRAMMATIC REPRESENTATION OF SYNCHRONOME
Bewn CosTROLLER

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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Fic. 133. 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

Fic. 134, “Pur-syx-Et1c" ELECTRIC CALENDAR

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. 133. The principal component
of this apparatus is the tape 4 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,
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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 €' 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. 134 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 XI1

CHOOSING AN ELECTRIC CLOCK

Havixe 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, ete., 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 a atically
operate any desired programme of signals. The mechanism
of both the master clock and gﬁryj&ry 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. It 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
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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 consymejone unit of electricity every two hours. With
electricit)z at'ld. per unit this represents one shilling a day—
a considerable item of expense in the course of a year. %hé
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, ete., 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 préevious 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 indicatéalike, An occasional

13—(5743)
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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_fiye
clocks can be run for 200 hours or more for one electrical unit
—say, 3s. 6d. per annunt. 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
tfme-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 deseribed 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 ““tick "' 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, sentb::wg;n fﬁa_QI'.g. 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. It must give Greenwich time correct to within a few
seconds.

2. It must keep time under all sorts of conditions—even
when the hands are heavily loaded with snow.

3. It 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 faras 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
c-last.kof 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 frqm 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.

It 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. It is now proposed to give a few
typical wiring diagrams of clock cireuits.

Fig. 135 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.

189
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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.

As has been seen in Chapter IV, some clocks generate their
own energy and no battery is necessary. Other makers put a
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Fia. 135. Simvrre Inmpunse Crock Circult

Fra. 136. Diars 18y SErIES BUT SHUNTED BY RESISTANCES

resistance 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. 136.

Synchronous motor and other clocks worked from service
mains are wired in parallel, as shown in Fig. 137, 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. 138, 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
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Fic. 138. OreraTioN oF IMPULSE CLOCKS DIRECT FROM
D.C. Mains

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 4 represents the normal working current
of the dials. When a resistance is nsed 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. 139 represents a method of driving an installation from
alternating current supply mains. Here the voltage of the
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Fi1c. 140, OreratioN oF IMPUuLsE CLOCKS BY ACCUMULATORS
TRICKLE-CHARGED FROM A.C. Maixs

mains is reduced to that required by the clocks by means of
the transformer 7'. 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. Tt 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. 140.
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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.

Fie. 141. OreraTiON oF CrLocks rrom D.C, MAINS USING
Two 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 cirenit. It is not possible to transform
high voltage direct current to low voltage with totally inde-
dendent 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. 141 illustrates such an arrangement.
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A and B are the batteries. C is the main D.C. switch, and
D D, 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. @ @,
are the terminals of the clock circuit. H,, H,, H,, H, are four
two-way tumbler switches coupled to operate together. An
inspection of the circuit will show that in the position shown,
battery A4 is working the clocks, and battery B is on charge,
when switch € is closed. Moving over switches H puts battery
4 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 loose 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 by a separate source of current.

Having discussed the various circuit arrangements, we will
proceed to a consideration of the installation of the various
umnits. .

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, ete. Synchronous motor clocﬁs 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 1b. 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
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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 @ clock the best method is to securely fasten two or three
wooden battens about 9} 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. It should be placed somewhere in the
building where its warning will be quickly noticed. Tt 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,
g0 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 cu.rent to operate our
clocks, the wiring must be insulated so as to prevent leakage
and short cirenits ; 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 qute 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

Short piece of
cable as packing

Fic. 143. Smwone CABLE CArRiED 1IN CLEAT

impregnated with paraffin wax. It is cheap and easily run,
and is unobtrusive, but liable to be damaged. It 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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strengt._h of ‘insula.tion. It is insulated with several layers of
vulcamzed‘ 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

Fic. 145. Boxbpixe Rine, LEAp-cOVERED WIRING SYSTEM

situations. Tt 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. 142,

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. 143. 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.

Fi1a. 146. Porcenaiy CONNECTOR

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. It is essential that the lead covering of the com-
pleted installation be electrically continuous, thus, where the
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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. 144 shows how the cable is secured to walls, ete., in the

ire @ .ﬁattery
or Mains
Master
Clock
=

Fic. 147, Crock InstannaTion Wirep v CoNpuir

Henley wiring system. The clip 4 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 €. Loop
D is then threaded on to the bent up ends, pressed right down,
and the ends bent back as shown at E.

Fig. 145 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. 146.

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

|
|
|
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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, ete.
In the cheaper method the piping is secured by grub screws.
It 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 fi.st 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 throngh. When the wires are complete
the tubing can be fixed in position and all the grub screws
tightened.

Fig. 147 shows a simple clock installation earried 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 cireunits.

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

14—(5743) 20 pp.
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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. 148, known as the

WyLEx Fusep CLock CoNNECTOR.

s It consists of a_bakelite casing in

which are two } ampere fuses. A

lead is taken from the supply to

J) 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—— =

LecLancaE Ceris. The
Leclanché cell when fully charged
gives an EM.F. of 1-5 volts per
cell. The size generally recom-
mended for a clock instal!;tion

i s is the “heavy duty” or three-

B é‘:&cx ‘évo‘;:;mi‘vnn pint size. The Leclanché 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

ears.

5 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 zine rods are placed in the glass jars.
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The cells are connected in series, so that the wire from gach zine
rod is secured under the terminal nut of the carbon on the
adjacent cell.

To charge the cell about 4} 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 2in. 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, zine 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 Leclanché 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 Leclanché battery may be expected to last two years or
more. It 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
zine 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, serub the
porous cells and zine rods thoroughly to remove all adhering
crystals. Any zines badly worn should be discarded and
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replac_ed 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 1s 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

- Variable
Resistance

Bank of
Lamps

FiG. 149. CuareIinG AcouMuLATORS FrROM D.C. MaAins

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-
pairable 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. 149 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-
gional 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 Jubrication, 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
a0t 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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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 thé 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 cmnm_buﬁeiby_them.
and all that can be done in the case of faulty time-keeping is
to communicate with the electricity supply authority.

Faults

. OWPi.ng_t—o 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-cireniting 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 circuitsor a
momentary drop in voltage such as caused by a “short " in some
other circuif in the house may be sufficient to stop the clocks.



CHAPTER X1V
LATEST DEVELOPMENTS

SixeE the writing of the previous chapters, the development of
electric clocks has proceeded apace—particularly with regard
to the Synchronous Motor Type, and many makes are now
available.

The principal developments have been in the direction of
domestic striking and chiming movements, an example of each
of which it is now proposed to deseribe. There have also been
developed alarm clocks, bichronous clocks which have a spring
movement to carry on, in case of supply failure, and new types
of control clocks.

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 been fully
described in Chapter VI

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. 150 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 num-
ber 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.

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.

(' is the star wheel which revolves when the train is released,
and actuates the hammer lever spindle D. (The hammer and

208
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gong are not shown.) £ is the rack which, in conjunction with
snail” F, controls the number of strokes in striking, while
the ﬂ‘\__-' (7 controls the rate of striking.
H is a continuity indicator, and consists of a disc having
two segments, one white and the other red.

Fra. 1562, MoveEMENT oF THE (Garrarp Lkrecrric Cmme
Crock

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

The Garrard Electric Chiming Clock. The general design
of the Garrard mains-driven chiming clock consists of a self-
starting synchronous motor which drives the hands, and at the
same time stores power in two small springs which are arranged
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to drive the chiming and striking trains when released at the
appropriate times.

The motor is enclosed in a bakelite case.

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.

Fie. 153, Garrarp Evrgcerric Cemaxe Crock

A sectored dise 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.

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. 151, A is the motor, B the starting lever,
and €' the slot for the indicator disc.
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D is one of the two spring barrels.

Five chiming rods, £ secured in the casting, F are provided.

The hammers @ 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. 152 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 €
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,

Fig. 153 gives an, external view of the Garrard Electrie
Chiming Clock. The improved appearance due to there being
n» winding key holes is marked.



Plug in to Greenwich time

You could wish for no higher authority on the quality of
Synchronous Electric Clocks than the author of this book.
Here 1s his considered judgment—

*1 have examined your Movement and consider it a beaufilul
piece of mechanism, far superior to any other synchronous
clock that I have yet seen. It is both ingenious in design
and robust in construetion.” —=. FF. PHILPOT.

Included in the very wide range of Synchronous Clocks
made throughout in England by Smiths are wall, hanging,
and mantel models in wood, metal, and bakelite. Chiming
and striking movements are supplied, as are illuminated
models for cinemas and exterior and turret clocks. Full
particulars gladly sent on request.

SMITH'S ENGLISH CLOCKS LTD.
179-185 Gt. Portland St., London, W.1

Telephone : Welbeck 7916
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THE “SYNCHRONOME” SYSTEM

was the first in 18¢5, and
has been foremost ever since.

It embodies those vital prin-
ciples which have established
Electrical Time Service as a
reputable branch of the
Electrical Engineering Pro-
fession, and is still the
last word in simplicity and
reliability.

This system has eclipsed all
records in precision time
measurement in Observa-
tories, and its famous FREE
PENDULUM, designed by Mr.,
W. H. Shortt, in association
with the Synchronome Com-
pany Ltd., has measured the
time of the world at Green-
wich since 1925.

Broadcasting House is
equipped throughout, and
thousands of installations
have been erected,! some
comprising over 600 dials
operated by one of these
Master Clocks, as illustrated.

Permission is granted to
Amateur Mechanics to make
a Master Clock for their own
use: castings and parts, with
instructions and drawings,
can be obtained from—

THE SYNCHRONOME COMPANY, LTD.
32 and 34 CLERKENWELL ROAD, LONDON, E.C.1
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TEXTILE MANUFACTURE 3
TEXTILE MANUFACTURE, ETC. , .
ARrTIFICIAL SiLk AND ITs ManuracTure. By Joseph Foltzer,
Translated into English by T. Woodhouse. Fourth Edition 21 0
ArTiFICIAL SiLk. By Dr, V. Hottenroth. Translated from the
German by Dr. E. Fyleman, B.Se. % 30 0
ArTIFICIAL SiLkx. By Dr. O. Faust | 10 6
ARTIFICIAL SILK OR Ravox, Pn;n.kulou Jmn an:ua
Tue. By T. Woodhouse, F.T.I. . - 10 6
BLEACHING, DYEING, PRINTING, AND FINISHING ron ‘run MAH-
cHesTER TRADE. By J. W, McMyn, F.CS, and J. W.
Bardsley. Second Edition . 6 0
Corour IN Woven Desigy, By Robert Beaumont, M.Sc.,
M.I.Mech.E. Second Edition, Revised and Enlarged 21 0
Corrton SPINNER'S POcKET Book, THE. By J.F.Innes. 3rdEd. 3 6
Corron SrinnNiNg Course, A Fmst YEar, By H. A. ].
Duncan, ATI . 50
Corron WorLp, THE. Comp:ied and Edited by J A. Todd,
MA., BL. . 50
Frax anp Jute, Svmnms, WBAVING AND Flmsmuo oF. By
T. Woodhouse, F.T.I. . 10 6
Frax CULTURE AND PREPARATION. By F. Bra.dbury 2nd Ed. 10 6
Fur. By Max Bachrach, B.CS. . 21 O
HostErRY MANUFACTURE. By Professor William Davm M.A.
Second Edition 5 0
K~1TTED FABRICS, Cu.cm.xnorzs AND Cosrmcs ron By Pro~
fessor William Davis, M.A. . 10 6
LooM, THEORY AND ELECTRICAL DRIVE OF THE. By R. H.
Wilmot, M.Sec., AM.ILE.E,, Assoc. A LE.E. 8 6
Mex's CLoTHING, Oncamz.vnon. MANAGEMENT, AND 'I‘:cn-
NOLOGY 1IN THE MANUFACTURE OF, By M. E. Popkin 25 0
PatTErNy CoxnsTrRUCTION, THE Sciexce oF. For Garment
Makers. By B. W, Poole. . . 45 0
Taroring, PracricaL. By J. E. L:berty U.KAF. 7 6
TextiLe CarLcuraTioNs. By J. H. Whitwam, B.Sc. (Lond.) . 25 0
TextiLe EpucaTor, Prtman’s, Edited by L, J. Mills. 3 Vols. 63 0
TexTiLES, INTRODUCTION TO. By A. E. Lewis, AM.C.T. 3 6
TexTiLes STUDENT'S MaNvaL, THe., By T. Welford 7 6
ToweLs AND TOWELLING, THE DESIGN AND MANUFACTURE OF
By T. Woodhouse, F.T.I,, and A. Brand, ATI. . 12 6
WEAVING AND MANUFACTURING, HanNpBOOK oF. By H.
Greenwood, A.T.I. ¥ : w B8
WooL, THE MARKETING OF, ByA F. DnPless:s M. A 12 6
WooLLeExn Yarx Propucrtion. By T. Lawson . 3 6
Woor SussTiTutes. By Roberts Beaumont, M.Sc. . 10 6
WorsTED CARDING AND ComBING. By J. R. Hind, M.R.S. ‘1' 7 6
WorsTED OPEN DrawING. By S. Kershaw, F.T.I. 50
YarNs anD Fasrics, Tue TESTING oF. By H.P. Curtis, F o I
Second Edition . . . . . - . S 0



4 PITMAN’S TECHNICAL BOOKS

DRAUGHTSMANSHIP

DrAwWING AND DESIGNING. By Charles G, Leland, M.A. 4th Ed.

Drawing OFFice Pracrice. By H. Pilkington Ward, M.Sc.
AMInst.CE, ‘

ENGINEER DRAUGHTSMEN'S Wo:u: By A Pract:cal Dmughtamau

ENGINEERING DEsioN, ExampLEs 1N, By G. W. Bird, B.Sc.
Second Edition .

ENGINEERING DRAWING, A Fms"r YEAR. By A. C Parkmson
A.C.P. (Hons.), F.Coll.H. ;

ENGINEERING HAND SKETCHING AND Sc.u.: anmc By Thos.
Jackson, M.I.Mech.E., and Percy Bentley, A.M.I.Mech.E.

ENGINEERING WORKSHOP DRAWING, ‘{ C. Parkinson,
A.C.P. (Hons.), F.Coll.Lli. Second Edmon z

M“é::mn Drawing, A PreraraTORY COURSE TO. By P. W,

oft .
PLAN COPYING 1N BLACK Lings. By B. i Hall M.I.Mech.E.

PHYSICS, CHEMISTRY, ETC.

ArTiFiciaL Resins, By .E, Scheiber, Ph.D. Translated by Ernest
Fyleman, B.Sc., Ph F.I.C.

BiorogGy, INTRODUCTION TO Pn.\cncn.a. By N. Walker

Botaxy, Test PAapErs 1N. By E. Drabble, D.Sc.

CHEMICAL ENGINEERING, AN INTRODUCTION TO. By A, F. Allen
B.Sc. (Hons.), F.C.S,, LL.B. .

CnemisTRY, A FIrsT BoOK OF. By A. Coulthard B.Sc. [Hons ),
Ph.D,, F.I.C. .

CHEMISTRY COURSE FOR PM\TERS mb chommns By
P. F. R. Venables, Ph.D., B.Sc., and H. C. Utley, F.ILB.D.

CHEMISTRY, DEFINITIONS AND FORMULAE FOR STUDENTS, By
W. G. Carey, F.I'C. »

Cummv HiGHER TEST PAPERS 1N, ByE j Hnlmyard M.A.

. Inorganic. 2. Organic - . Each

Cunmsrnv PRACTICAL PHARMACEUTICAL. B ‘W Cooper
Ph.C., and F. N, Appleyard, B.Sc. Second dition.

Cunnsrmr Test PaPERS IN. By E. J. Holmyard M.A.. -
With Points Essential to Answers .

Di1SPENSING FOR PHARMACEUTICAL Smnnm-s ByJ w. Cooper
and F. J. Dyer. Third Edition

ELECTRICITY AND MAGNETISM, FIrsT Book or By W. Perren
Maycock, M.ILE.E. Fourth Edition

ENGINEERING PRINCIPLES, ELEMENTARY. ByG E Hnli BSc

LATIN FOR PHARMACEUTICAL STUDENTS. By J. W. Coopcr and
A. C. McLaren. Second Edition.

LIGHT AND SounND, DEFINITIONS AND I‘onuu;..\n FOR S-m-
pENTS. By P. K. Bowes, M.A,, BSc. .

anz‘nsu AND ELECTRICITY, HiGHER TEST PAPERS m By

P. ]J. Lancelot Smith, M.A.

MAGNETISM AND ELECTRICITY, Qunsrtons AND So:.u‘noss .

Solutions by W. ]J. White, AM.LE.E. Third Edition
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FOUNDRYWORK AND METALLURGY

Physics, Chemistry, etc.—contd.

Orcanic PioMENTs, ArRTIFICIAL. By Dr, C. A, Curtis. Trans-
latedbyErnutFylema.n B.Sc., Ph.D., F.I.C. p

PaARMAcCOGNOSY, TEXTBOOK oF. Part I—PRACTICAL. By
J. W. Cooper, Ph.C., T. C. Denston, B.Pharm., Ph.C., and
M. Riley, AM.C. . r 5 . . .

PHARMACY, A COURSE IN PRACTICAL. By J. W. Cooper, Ph.C.,
and F. N. Appleyard, B.Sc., F.1.C., Ph.C. Second Edition

PrysICAL Science, Primary, By W. R. Bower, B.Sc. =

Pavysics, Test Parers 1N, By P. ]J. Lancelot-Smith, M.A.
Points Essential to Answers, 4s, In one book .

Tutoriar Puarmacy (Being Second Ed:hon of P&armu_},
General and Official). By J. W. :

VoLuMETRIC ANALYsIS. By J. B. Coppock 'B.Sc. [Lond) 'F. 1C.,
F.C.S. Second Edition . .

VorumeTric Work, A COURSE OF. By E. Cla.rk B. Sc .

FOUNDRYWORK AND METALLURGY

ALUMINIUM AND ITs ALLoys. By N. F. Budgen, Ph.D., M.Sc.,
B Hons.) . ]
BarL axp RoLLer Bnamc.s, HANDBOOK OF. By A W,
Macaulay, A M.I.Mech.E. .
DEFINITIONS AND FORMULAE POR STUDENTS—METALLURGY.
By E. R. Taylor, A.R.SM., F.1.C,, D.I.C. . :
ELECTROPLATING. By S. Field and A. Dudley Weill . .
ELECTROPLATING WiITH CHrOMIUM, COPPER, AND NICKEL. By
Benjamin Freeman, Ph.D., and Frederick G. Hoppe .
ENGINEERING MATERIALS, By A, W. Judge, Wh.Sc., A. RCS.
In three volumes—
Volume I. FERROUS .
II. No~x-FERROUS . .
III. THEORY AND TESTING OF MATERIALS .
ENGINEERING Worksnor EXERCISES. By Ernest Pull
A.M.1.Mech.E., M.I.Mar.E. Second Edition, Revised =
FiLes anp Fiuing. By Ch. Fremont. Translated into English
under the supervision of George Taylor .
FirTinG, THE PrINCIPLES OF. By J. Horner, A M. IM.E. Fifth
Edition, Revised and Enlarged ¥
FoUNDRYWORK AND METALLURGY. Editod by R i 1 Rolfe.
F.I.C. In six volumes .
IRONFOUNDING, PrACTICAL. By ] I-Iorner, A M. I M. E anth
Edition. Revised by Walter ]J. May
IroN RoLrrs, THE MANUFACTURE OF CHILLED, By A. Allison .
Joint WrriNG aNp LEap Work. By William Hutton. 3rd Ed.
MetaL TursiNg. By J. Horner, AM.ILM.E. Fourth Edition
MeTAL WORK FOR CRAFTSMEN, l;}r G. H. Hart and Golden
Keeley, A.M.Inst.B.E., M.Coll .
MeTAL Work, PRACTICAL 'SHEET AND P‘urrx By E A, Atkms,
AM.ILM.E. Third Edition, Revised and Enlarged
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6 PITMAN'S TECHNICAL BOOKS

Foundrywork and Metallurgy—contd.

METALLOGRAPHERS' HANDBOOK OF ETCHING. Compiled by
Torkel Berglund. Translated from the Swedish by W. H.
Dearden, M.Sc., A.LC. . .

METALLURGY OF BRONZE. By H. 'C. Dews

METALLURGY oF CasT IroN. By ]. E. Hurst . .

PATTERN MAKING. THE PRINCIPLES oF By | Horner,
AMIME. Fifth Edition v . -

Plphz{ gz:w[bATusn BENDING AND }om‘rmc B_v S P Marks,

PyroMETERS. By E. anﬁths, D, Sc . s

SPECIAL STEELS. Chiefly founded on the Researches regard-
ing Alloy Steels of Sir Robert Hadfield, Bt, D.Sc., etc.
Second Edition. By T. H. Burnham, B.Sc. Hons. (Lond!
AM.I.Mech.E,, M.I.Mar.E . 4 : 3 - :

StEEL WORKS ANALYSIS. By J. O. Amnold, F.R.S,, and F,
Ibbotson. Fourth Edition, thoroughly revised % .

WEeLbinG, ELecTric. By L. B. Wilson . 3

WeLping, ELECTRIC ARC AND Ox'{-AchYLENE By E. A,
Atkins, M.I.Mech.E. .

WeLpING, ELECTRIC, THE PRINCIPLES OF. By R. C. Stockton,
ALMM., AMC Tech. . 5

WorksHorp Gauazs AND MEASURING Arrumczs By L. Bum
AM.IMechE, AMILEE, . . 5 . .

MINERALOGY AND MINING

Brasting wite Hicun Exrrosives. By W. Gerard Boulton .
CoaL CarBoNizATION. By John Roberts, D.I.C., M.ILMin.E,,
F.G.S.
Coar Miving, Dnnm‘nous an FORMULAE ron S‘rvnznrs
By M. D. Williams, F.G.S. .
COLLIERY ELECTRICAL Enmmznma By G. M. Ha.rve\-
Second Edition
ELECTRICAL ENGINEERING ¥or MINING Sﬂznnms By .M.
Harvey, M.Sc., B.Eng., AM.LE.E.
ELECTRICITY APPLIED To MINING. By H, Cotton, MBE.,
D.Sc.,, AMIE.E. i
ELECTRIC MINING MACHINERY. By Sydney F. Walker M. I EE.
M.IM.E., AMICE, A Amerl E.E.
Low T:xrnlu'mnx DISTILLATION. By S. North and j B.
Garbe .
MINERALOGY. By F. H. Hatch OBE Ph. D. S:xth Edmou
MINING CERTIFICATE SERIES, PITMaN'S. Edited by John
Roberts, D.I1.C.,, M.IMin.E., F.G.S.
Mining LAw AND MiNe ManaceMmenT. By Alexander
Watson, A.R.S.M.
MiNE VENTILATION AND LIGHTING By €. D: Mottram,
B.Sc . :
CoLLIERY Exrms:ons AND chovnv Wonx By ]
Whitaker, Ph.D. (Eng.), B.Sc., F.I1.C., M.L. Mm E.
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CIVIL ENGINEERING, BUILDING, ETC.

7

Mineralogy and Mining —contd.

MiNING CERTIFICATE SERIES—conid.
ARITHMETIC AND SURVEYING. By R. M. Evans, B.Sc.,
FG.S. M.I.Min.E.
MiINING M \CHINERY. By T, Bryson. A. R T, C M.I. Mm E
WINNING AxD WoRrkING. By Prof. Ira C. F. Stratham,
B.Eng.. FGS, MIMinE . . &
Mining Epucator, Tue. Edited by J- Roberts D.IC,
M.I.Min.E., F.G.S,, In two vols. . 5 §
MiNiNG Scmncs, A ]muon CoursE IN. By Henry G. Bishop.
iy MiNiNGg. By C. G. Moor, M.A. . . . : .

mng

CIVIL ENGINEERING, BUILDING, ETC.

ARCHITECTURAL PRACTICE AND ADMINISTRATION. By H. Ingham

Ashworth, B.A., A RILBA. 5 . p

AupEeL’s Masons' aND BUILDERS' Guioes. In four vo!%me;
ac
Auper's PLumBers' AND StEaM FirrErs’ Guines. Practical
Handbooks in four volumes . Each
BrIcKwWORK, CONCRETE, AND MASONRY. Ednted by'l‘ Corkhill,
M.IStruct.E. In eight volumes . s Each

“ Toe BUILDER "' SERIES—

ARCHITECTURAL HYGIENE; OR, SANITARY SCIENCE AS
ArpLiep TO BuiLpings. By Sir Bannister Fletcher,
M.Arch. (Ireland), F.S.L., Bamsm-at-Latn and Major
H. Phillips Fletcher, DSO F.R.LLB.A., FS.I.,, etc.
Sixth Edition

CARPENTRY AND ]omsmr By Sir Bnnmster Fletcher and
Major H. Phillips Fletcher. Fifth Edition

QUANTITIES AND QUANTITY TAKING. By W, E. Davis.
Seventh Edition, Revised by P.T. Walters.F S.1.,F.LArb.

BUILDING, DEFINITIONS AND FORMULAE FOR STUDENTS. By T.

Corkhill, F.B.I.C.C., M.L.Struct.E. .

BuiLping Epucator, Prruax's. Edited hy R. Grcenhalgh

ALStruct.E In three volumes .

Bumwping ExcvcLoraEpia, A Coxcisk, Compded by T

Corkhill, M.I.Struct.E. .

BuiLbiNg, MEecuanNics or. By Arthur D, Turner, ACGI

AMICE.

ENGINEERING Egu:rmm-r or BuiLpINGs. By A "C. Pa.uot.

B.Sc. (Eng.) .

Hypravrics. By E H. Lemtt BSc (Lond) A.M[M!:

Fourth Edition .

Jomxnv& CARPENTRY. Edzted by R. Greenhs.!gh A | # Struct E

In six volumes . Each

PAINTING AND Dncon'nm Ed:ted hy C. H Fa.tnn, F.I.LB.D.

In six volumes . . Each

PLUMBING AND GASFITTING. Edited by Percy Manser, R.P,,
A.R.S.I. In seven volumes . . Each
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8 PITMAN'S TECHNICAL BOOKS

Civil Engineering, Building, etc.—contd. 4

REeINFORCED CONCRETE, CONSTRUCTION 1N, ByG P. Manning,
M.Eng., AM.1.C.E. a %

ReINFORCED CONCRETE, Dzr.m. DISIGN m By Ewart S.
Andrews, B.Sc. (Eng.) .

REINFORCED CONCRETE, By W. Noble Twelvetrccs M.IM. E
AMIEE. .

REINFORCED CONCRETE Msulns, SIMPLIFIED MeTHODS OF
Carcurating,. By W. Noble Twelvetrees. Second Edition,

Srn;lgxcanons ror BuiLping Works. By W. L. Evershed,

StruUcTURES, THE 'I‘nnonv OF. By H W. Cou.ltas htSc
A M.1.Struct.E., A.I.Mech.E. . E

SURVEYING, TUTORIAL LAND AND MiNE. By Thomas Bryson

Water Mains, Lav-our oF Smair. By H. H. Hellins,
M.Inst.C.E.

WATERWORKS mn Unm.n AND Runut. Dlsmu:rs Bv H. C.
Adams, M.Inst.C.E, M.ILME, FSI. Second Edition

MECHANICAL ENGINEERING

AupEL's ENGINEERS', AND MecuaNics' Gurpes. In eight
volumes, Vols. 1-7 . v . ” Each
Vol. 8 . g < . . : : .

ConpEnsiNG Prant. By R. J. Kaula, M\LEE, and 1. V.
Robinson, M.I.LE.E.

DEFINITIONS AND FORMULAE FOR Srunum—&rpusn Me-
cuanics, By E. H. Lewitt, B.Sc., A.M.I.Mech.E.

DEFINITIONS AND FORMULAE FOR Srunnw‘rs—Hur ENGN!S
By A. Rimmer, B.Eng. Second Edition .

DieseL ENGINES : MARINE, LOCOMOTIVE, AND Sn-nounv By
David Louis Jones, Instructor, Diesel Engine Department,
U.S. Navy Submarine Department . . v 5 5

ENGINEERING EpucaTor, PitMax’s. Edited by W. J.
Kearton, M.Eng., A. M.1.Mech E., AM.Inst.N.A. In three
volumes 3

ENGINEERING Scmncx. Exrxamuwr.u. By Nelson Harwood
B.Sc., AM.I.Mech.E. .

FRICTION CLUTCHES. By R. Wm-mg Brown A M. LA. E
F.RSA., MIPE. 5

Fuer EcoNoMy IN STEAM PLANTS. By A Grounds, 'B. Sc
A.IC, F.Inst.P.

FueL Oits AND THEIR Arruculous Bv H V. Mxtchell
F.C.S., M.Inst.P.Tech. Second Edition Revised by Arthur
GrOunds. B.Sc; AILC,FInstP. .

MECHANICAL ENGINEERING DETAIL TABLES. By j P. Ross

MEeCHANICAL ENGINEERS, ESTIMATING FOR. By L. E. Bunnett,
AMIPE. .

MECHANICAL Esc.lumm s POCKET Boox WHITTAKER'S. “Third
Edition, entirely rewritten and edited by W. E. Dommett,
AF.AeS, AMIAE. .
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AVIATION

Mechanical Engineering—contd.

MecHANICS' AND DraucursMen's Pocker Book. By W. E.
Dommett, Wh.Ex.,, AM.LAE.

MECHANICS OF MATIRIM.S, EXPERIMENTAL, By ;8 Carrmgton,
M.Sc. (Tech.), D.Sc., M.Inst.Met., A M.I.Mech.E. .

MECHANICS FOR ENGINEERING STUDENTS. By G. W. Bird,
B.Sc., AM.ILMech.E. Second Edition

Mou.un SteAM TABLES AND DiAGrRAMS, THE, Eughsh Edltlou
adapted and amplified from the Third German Ed:tmn by
H. Moss, D.Sc., A.R.CS., D.IC. i

MOLLIER STEAM DIAGRAMS. Separately in envelope . .

Motive Power EnxciNeEriNG. By Henry C. Harris, B.Sc. .

Purverizeop Fuer Firing. By Sydney H. North, M.Inst.F, .

StEAM CONDENSING PLANT, By John Evans, M.Eng,, etc. .

StEAM PLANT, TuE CARE AND MAINTENANCE OF, By ]J. E.
Braham, B.Sc., A.C.G.I. .

SteaM TurBINE OPERATION. By W 0 Kearton M Eng 5y
AM.I.Mech.E., A M.Inst.N.A,

StEAM TURBINE Tnmnv AND Pncncx By w. j Kea.rton.
M.Eng., AM.IM.E,, AM.Inst. N.A. Third Edition .

STRENGTH OF MATERIALS. By F. V. Wamnock, Ph.D., B.Sc.
(Lond.), F.R.C.Sc.l., AAM.I.Mech.E. .

TextiLe MeEcHANICS aND HEAT ENGiNes. By Arthur Ihley,
M.Sc (Tech.), B.Sc., A M.I.Mech.E., and Edward Dunkerley

Tueory oF MacHiNEs, By Louis Toft, 'M.Sc. Tech., and A. T. j
Kersey, A.R.C.Sc. Second Edition. 3

TrErRMODYNAMICS, APPLIED, By Prof. W, Robmwn M ]:
M.Inst.C.E. .

TURBO-BLOWERS AND COMPRESSORS. By W. j Kearton,
M.Eng.,, AM.LM.E., A.M.Inst.N.A, . - .

Two-CyCLE ENGINE, THE. By C. F. Caunter

Uxtrrow, BACK-PRESSURE, AND STEAM EXTRACTION ENGINES.
By Eng Lieut.-Com. T. Allen, R.N.(S.R.), M.Eng., etc. .

Worksuor Practice. Edited by E. A. Atkins, M.I.Mech E.,
M.I.W.E. In eight volumes . . ’ . Each

AVIATION

AN INTRODUCTION TO AERONAUTICAL ENGINEERING,
In three volumes—
Vol. I. Mechanics of Flight. By A. C. Kermode, A.F.R.Ae.S
Vol. II. Structures. By J. D. Haddon, B.Sc., A.E.R.Ae.S.
Vol. III. Properties and Strength of Materials. By j D.

Haddon, B.Sc., A.F.R.Ae.S. . .

AEROBATICS. By Ma]or O. Stewart, M.C., A. FC..

AERONAUTICS, THE HANDBOOK OF. Publishcd under the
Authority of the Council of the Royal Aeronautical Society,
with which is mcorporated the Institution of Aeronautical
Engineers . . . -

2

w

[
" NNoa

12
15
12
15
12
18

21
15

42

thhoe e

25

2 o © o o @& O o;Loeeco® (-]

e o oo

o o:m



10 PITMAN’S TECHNICAL BOOKS

Aviation—contd.

AeroNauTICS, DEFINITIONS AND FORMULAE FoR StU
By J. DFner.ARCSc DLC, . e

AEROPLANE STRUCTURES, THE STRESSES 1. By H.B. Howard
B.A., B.Sc., F.R.Ae.S. -

AlRr Amwu. OF THE Britisy EMPIRE, Founded and Edntedb
Squadron-Leader Burge, O.B.E., A.R.Ae.S.1,, A.M.Inst.
Volume five , B

AIRCRAFT CONSTRUCTION, THE Ma'rxmu.s oF. By F. T. Hill
F.R.AeS,, M.LAe.E. .

AIR AND AVIATION Law (CrviL Avurnon) By Wm. Marshall
Freeman, of the Middle Temple, Barrisier-al-Law i

AIR NAVIGATION FOR THE PRIVATE OwNER. By Frank A.
Swoffer, M.B.E. Revised Edition

AIRCRAFT, CrviLiaN, REGISTER oF. By W. O. Manning
F.R.Ae.S. and R. L. Preston

AIrcrarT ConNsTRUCTION, METAL. By M. I.angley, AMINA.,
etc.

AIRMANSHIP, &john McDonough AM.IMech E.

Amrsense. By W. O. Manning, F.R.Ae.S. .

Aurtociro, AND How 10 FLvy 11. By Reginald Brie .

Avrociro, C.19, Tne Booxk orF THE. By C. J. Sanders and
A. H. Rawson &

Britam's Air PErIL. By Ma]ort C. l"uruer. A.F.R.AesS. -

FLYING AS A Carger. By Major Oliver Stewart, M.C., A.F.C..

GripinGg AND MotorrLess Frigar. By L, Howard- Fla.ndern
A.F.R.AeS,, etc., and C. F. Carr. Second Edition .

LeArNING TO FLv. By F. A. Swoffer, MB.E. Third Edlhon

Licar Aero EncINes. By C. F. Caunter . 3

MARINE AIRCRAFT DEsicNy. By William Munro, AM.L Ae E

PAaracHuTES FOR AIRMEN. By Charles Dixon &

Piror’s “ A * Licence. Compiled by John F. baemmg, Roy al
Aero Club Observer for Pilotf's Ctmﬁcaux Fifth Echtmn &

RarraLes. By Charles B. Baker . : :

MARINE ENGINEERING
MArINE ENGINEERING, DEFINITIONS AND FORMULAE FOR STU-
peENTs. By E. Wood, BSc. .
lhamx ScrEw PROPELLERS, DETAIL DesioN or. By Douglas
H. Jackson, M.I.Mar.E., AMINA. . i

MOTOR ENGINEERING
AUTOMOBILE AND AIrcrAFT ExciNes. By A. W. Judge,
ARCS, AMIAE. Second Edition .
Au-rouonn.n EnGINEERING, Edited by H. Kerr 'Ihnmas
M.I.Mech.E., M.1. A E, In seven volumes—
Vols. 1-6 . : : - . . Each
Vol. 7 . -
GARAGE WORKERS' Hanpsooks. Edited by] R. Stuart. In
seven volumes s ’ . Each
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OPTICS AND PHOTOGRAPHY

Motor Engineering-—contd.

Gas AND O1L ENGINE OPERATION. Byé Okill, M.ILA.E. .
Motor Bopy BuiLDING, PRIVATE AND COMMERCIAL, By] H.
BuTLER

an-Cvc:.m; Lnunv. ‘I‘nn Each

A.].S., THe Boox oF THE. By W C. Haycmft
Arier, Tue Booxk ofr tHE. By G. 5. Davison

B.S.A., Tae Book or THE. By " Waysider "' (F. J. Camm)

Doucras, Tue Book oF THE. By Fergus Anderson
New ImpERrIAL, Book or THE. By F. ], Camm
MarcHLESS, THE BOOK OF THE. \l:::y . C. Haycraft
Norton, THE Book or THE. By C. Haycraft

P. anp M., Tue Book or THE. By W. C. Haycraft
Rareicen Hawopsook, Tue. By " Mentor ™

RovaL ExrieLp, THE Book or tHE. By R, E. Ryder

Rupce, Tue Book or tHE. By L. H. Cade and F. Anstey

SunseaM, THE Book or THE. By L. K. Heathcote
TrivmpH, THe Book oF THE. By E. T. Brown
ViLriers EnciNg, Book or THE. By C. Grange

MoTtorist’s LIBRARY.

AusTtiN, THE Book oF THE. By Burgess Garbutt. Revised
by E. H. Row. Third Edition . ‘ . .

MorGax, Tue Book or tTHE, By G. T, Walton . g

Mornris MiNor, THE Book or THE. By Harold Jelley and
Eric G. Eastwood . .

Ricey NiNg, Tae Book or THE. By R. A. Blake

SiNGER Junior, Book oF THE. By G. S, Davison .

STANDARD NINE, THE Book oF tHE. By J. Speedwell .

MotorisT's ELEcTRICAL GUIDE, THE. By A. H. Avcry
AMILEE

CARAVANNING AND CAMPING. ByA H. M. Ward, M.A..

OPTICS AND PHOTOGRAPHY

AMATEUR CINEMATOGRAPHY. By Capt. O. Wheeler, F.R.P.S. .
AprLiED OptIcs, INTRODUCTION TO. By L. C. Martin, D.Sc.,
ARCS, D.I.C. In two volumes,
Volume 1. GENERAL AND PHYSIOLOGICAL
Volume II. TaEoRY AND CONSTRUCTION OF INSTRUM?NTS
BromoIiL AND Transrer. By L. G. Gabriel, B.Sc., Hons.
Camera Lexses. By A. W. Lockett .
Corour ProtoGrapHy. By Capt. O. Wheeler, F.R.P.S..
CoMMERCIAL CINEMATOGRAPHY. By G. H. Sewell, F.A.C.L.
CoMMERCIAL PHOTOGRAPHY. By D, Charles. Second Edition
CompLETE PrESS PHOTOGRAPHER, THE. By Bell R, Bell .
INpUsSTRIAL Microscory. By Walter Garner, M.Sc., F.R.M.S.
Lexs Work For AMaTEUurs. By H. Orford. Fifth Edition,
Revised by A. Lockett. .
PHOTOGRAPHIC CHEMICALS AND Cnnuunv By i ‘Southworth
and T. L. J. Bentley, D.I.C.,, A R.C.Sc., B.Sc. . .
ProtograPHIC PRINTING, By R. R. Rawkins . : A
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12 PITMAN’S TECHNICAL BOOKS

Optics and Photography—contd.

PHOTOGRAPHY As A Business. By A. G. Willis .

PHotoGrAPHY THEORY AND Pracrice. By L. P, Clerc and
G. E. Brown -

RETOUCHING AND thsmuo FOR Puorooauuns By | @ S
Adamson. Third Edition

Stupio PorTtrAIT Licuting. By H, Lambert FRPS.

TaLkiNG Pictures. By B. Brown, B.Sc. Second Edition

TALKING PICTURES AND Rsconnmc AmaTEUuR. By B. Brown.

ASTRONOMY

AsTRONOMY FOR EvErysopy. By Professor Simon Newcomb,
LL.D. With an Introduction by Sir Robert Ball . 3

AsTroNOMY, PicToRrlAL. By G. F. Chambers, F.R.A.S.

GREAT AsTRONOMERS. By Sir Robert Ball, D.Sc., LL.D., F.R. S.

Hicn Heavens, IN THE. By Sir Robert Ball

StarrY ReaLms, In. By Sir Robert Ball, D.Sc,, LLD F.RS.

ELECTRICAL ENGINEERING, ETC.

AcousTiCAL ENGINEERING. By W. West, B.A. (Oxon),
AMIEE. . %

ACCUMULATOR Cunncmu Mumnnmcs Jum Rzmm By
W. S. Ibbetson, Third Edition - ;

ALTERNATING CURRENT BRIDGE Mmobs. By B. Hag\m
D.Se. Third Edition

ALTERNATING CURRENT CIRCUIT. By Ph:hp Kemp. M.LE.E.

ALTERNATING CURRENT Power MeasureMENT. By G, F. 'l‘agg

ALTERNATING CurrenT Work. By W. Perren Maycock,
M.LLE.E. Second Edition

ALTERNATING CURRENTS, THE Tﬂmav AND Pnac:‘ncn olr By
A. T. Dover, M.LE.E. Second Edition . .

ARMATURE WinDING, PracTicAL Direcr CURRENT. By L
Wollison .

Casres, Higu Vor.nan By P, Dunshe.ath 0 BE., M A., B Sc
M.L.E.E. :

ConTINUOUS Cunum’ Morons AND Comaou. A.Prnrrus By
W. Perren Maycock, M.LE.E.

DEFINITIONS AND FORMULAE FOR S'mnn.Nm—Euc-rmcn By
P. Kemp. M.Sc., MLEE, Assoc ALEE.

DEFINITIONS AND FORMULAE FOR STIJDBN"IS-—EI.ECTRICM. ]N-

STALLATION WoORK. By F, Peake Sexton, A R.C.S., AM.LE.E.

Direct CURRENT ELECTRICAL ENGINEERING, ELEMENTS OF,
By H. F. Trewman, M.A., and C. E. Condliffe, B.Se. i
Direct CURRENT ELECTRICAL ENGINEERING, PRINCIPLES OF.
By James R. Barr, AM.LE.E, . . .
Direct CURRENT MACHINES, Pnronumc: AND Duu:m OF,
By A. E. Clayton, D.Sc., M.LEE. . . 4 .
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ELECTRICAL ENGINEERING 13
Electrical Engineering, etc.—contd. 5. d.
Dynamo, THE: ITs THEORY, DESIGN, AND MANUFACTURE. By
C. C. Hawkins, M.A.,, M\LE.E. In three volumes. Sixth
Edition—
Volume I ; . . . . - ; « 21 0
11 i ; P , ; . i « /1% 0
I § . . o:n 'DOLYE
EvLecTriC AND MAGNETIC Cmcurrs—AL'rznhuma AND

Direcr CURRENT, TuE, By E. N. Pink, BSc, AMIEE. 3 6
Erectric CircUIT THEORY AND CALCULATIONS, By W. Perren

Ma cock, M.I.LE.E. Third Edition, Revised by Philip Kemp

, MLEE, AALE.E, 10 6
Et.xcrnlc Crocks, MoperN., By Stu.m: F. Plulpott AM. I E. E 78
ErLecTric LigHT FiTTING, PRACTICAL. By F. C, Allsop. Tenth

Edition, Revised and Enlarged . . . w ¢ 8
ELectric LIGHTING AND Power Dlsrnlnurlou By W.

Perren Maycock, M.ILEE Ninth Edition, thoroughly

Revised by C. H. Yeaman. In two volumes. . Each 10 6
ErLecTrIC MACHINES, THEORYeAND DESIGN OF. By F, Creedy

MAIEE,ACGIL . 30 0
ELecTRIC MOTOR CONTROL Gmn I«abusmm:. By W. H. J

Norburn, A M.LLE.E, 3 10 6
ELecTrIC MoTORS AND CONTROL Svsnms By A 31 Dover

M.ILLEEE., A Amer.LEE. 15 0
Erecrric MoTtors (Direcr Cunnu'r) Tnnn ‘I‘Hmnv AND

ConstRUCTION. By H. M. Hobart, M.LE.E., M.Inst.C.E.,

M.Amer.ILE.E. Third Edition, thoroughly Revised . . 15 0
Erectric Motors (PoLvpHasE): THEIR THeEorY AND Con-

sTrUuctioNn. By H. M. Hobart, M.Inst.C.E., M.LEE.,

M.Amer.LLE E. Third Edition, thoroughly Revised . . 15 0
Erectric MoTORS FOR CONTINUOUS AND ALTERNATING CUR-

RENTS, A SmaLL Book on. By W. Perren Maycock, MIEE. 6 0
ELectrIic TrACTION. By A. T. Dover, M.1.E.E,, Assoc. Amer,

LE.E. Second Edition . 25 0
Evectric TroLLEY Bus, THE. By R. A Bmho ; 12 G
Erecrric WIRING DiacraMs, By W. Perren Maycock M. I E. E 50
Evectric WiIRING, FITTINGS, SwiTCHES, AND LAaMpPs. By W.

Perren Maycock, M.ILE.E. Sixth Edition. Revised by

Philip Kemp, M.Sc., M.LE.E. i 10 6
Erectric WIRING oF BUILDINGS. By F.C. Ra.phaei M. I E. E 10 6
Evrectric WirinG TasLes. By W. Perren Maycock, M.ILE.E,,

Sixth Edition Revised by F. C. Raphael, MILE.E. « 38
ELECTRICAL Couususns By Philip R. Coursey, B.Sc.,

F.Inst.P,, M.LE 37 6
ELECTRICAL Cou‘rkacrmc, Oncauuaﬂon AND Rou‘nm: By

H. R. Taunton 12 6
ELecTRICAL EDUCATOR. By Sir Ambrose l?lemmg. M Ky D Sc

F.R.S. In three volumes, Second Edition . = 72 0



14 PITMAN’S TECHNICAL BOOKS

Electrical Engineering, etc.—contd.

ELECTRICAL ENGINEERING, CLasSIFIED ExXAMPLES IN. By S.
Gordon Monk, M.Sc. (Eng.), B.Sc., AM.LEE. In twoparts

Volume 1. DirEcT CURRENT. Third Edition .
II. ALTERNATING CURRENT. Second Edlﬁon.

ErecTricAL ENGINEERING, ELEMENTARY. By O. R. Randall,
Ph.D., B.Sc.,, Wh.Ex. . . ; .

Eu:c*ra:cu. Essmnnme Expzmuswnr. By E: 'T. A
Rapson, A.C.G.I, D.I.C, AM.LEE, .

ELECTRICAL Encmnnn s Pocm Book, Wmn':ucn s. Ong)-
nated by Kenelm Edgcumbe, M.I.E.E., AM.I.C.E. Sixth
Edition. Edited by R. E. Neale, B.Sc. (Hons.) . ¥

ELecTrIcAL Guripes, Hawkins', In ten volumes . Each

ELECTRICAL INSULATING MATERIALS. By A. Monkhouse, Junr.,
M.I.E.E., AM.I Mech E, ‘

ELECTRICAL MACHINERY AND APPARATUSMANUFACTURE, Edited
by Philip Kemp, M.Sc., M.LLE.E., Assoc.A.LLE.E. In seven
volumes . . Each

ELECTRICAL Mncnmzs PRACTICAL TESTING OF. By L. Onltcm
AM.IEE., and N. J. Wilson, M.LE.E. Second Edition .

ELECTRICAL MEASURING INSTRUMENTS, COMMERCIAL. By R. M.
Arcuer, B.Sc. (Lond.), A.R.C.Sc., M.LEE. . 5

ErLecTrRICAL POWER TRANSMISSION AND Iumnconuncnorr
By C. Dannatt, B.Sc, and J. W, Dalgleish, B.Sc. .

ELECTRICAL TECHNOLOGY. By H Cotton, M.B.E.,, D. Sc
AMIEE. Second Edition .

ELecTrICAL TERMS, A DICTIONARY OF. By S. R. Roget MA
AM.Inst.C.E, AM.LEE. Second Edition 3

ErecTricaL TraNSFORMER THEORY. By S. Gordon Monk

ELECTRICAL TRANSMISSION AND DistripuTionN. Edited by
R. O. Kapp, B.Sc. In eight volumes Vols. I to VII, .Each
Vol. VII :

ELecTRICAL WIRING AND ConrractinG, Edited by H. Ma
M.ILE.E., M.I.Mech.E. In seven volumes . aah

ErecTro-TECHNICS, ELEMENTS OF. By A. P. Young, 0.B. E.,
M.ILE.E. =

HORSE-POWER Morons, Faucnomu. By A, H Avery,
AMIER. .

Inpucrion Coir, THEORY AND Armcumus By E. Taylor
Jones, D.Sc.

INDUCTION Momn Pancncn By R. E. Hopkms ‘B, Sc
AMIEE, v

INDUCTION Mo-roa THE. By H. Vickers, Ph. D., M. Ens -

MERCURY-ARC RECTIFIERS AND Mnncumr-Vuoun Lamps. By
Sir Ambrose Fleming, M.A., D.Sc,, F.R.S.

MerErR ENGINEERING. By ]J. L. Ferns, B.Sc. (Hons) AMCT.

OsciLroGrapus, By J. T. Irwin, AM.LE.E

PuoToeLECTRIC CELLS, By Dr. N. R. Campbell and Domthy
Ritchie. Second Edition .

ProtoeLECTRIC CELL APPLICATIONS. By R. C. Walker, B.Sc.
(Lond.), and T. M. C. Lance, Associate L. R.E. "
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TELEGRAPHY, TELEPHONY, WIRELESS

15

Electrical Engineering, etc.—contd.

Powgr DisTRIBUTION AND ELECTRIC TRACTION, EXAMPLES IN.
By A. T. Dover, MILE.E., AALEE. . - 3 é

Power StaTion ErrFiciENcy ContrROL. By John Bruce,
AMIEE. . .

Power WIRING DIAGRAMS. By AT Dover. M.LE E A Amer.
LE.E. Second Edition, Revised .

PracticaL Primary CeLrs. By A, Mortimer Codd F. Ph S.

RAmLway ELecTrIFICATION. By H. F. Trewman, AM.LE. E

SaGs Arg: TensionNs 1IN OverHEAD Lings. By C. G. Watson,
MIEE. . ; . ~ . . .

Steam Tumso - Aa_rxnsuo:, Tue. By L. C. Grant,
AMIE.E. 3

STORAGE BATTERIES: Tuoav " MANUFACTURE, CARE, AND
ArpLicaTiON. By M. Arendt, E.E.

SwrtcHGEAR DEsIGN, ELEMENTS oF. By Dr. Ing Fritz Kessel-
ring, Translated by S. R. Mellonie, AMIEE. and _] S.
Solomon, B.Sc., AM.LEE. .

TRAIN-LIGHTING, ELECTRIC. By C. Coppock

TRANSFORMERS FOR SINGLE AND MULTIPHASE Cuunsm‘s By
Dr. Gisbert Kapp, M.Inst.C.E., M.LE.E. Third Edition,
Revised by R. O. Kapp, B.Sc.

Workep ExampLES rorR WIREMAN AND Srunzr-ts By H.
Rees, Grad.l.LE.E. ‘ . 3 g :

5.
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TELEGRAPHY, TELEPHONY, AND WIRELESS

AvutoMaTic Branca Excraxces, Private. By R. T. A
Dennison

AUTOMATIC Tnsraoxv. Rr.uws m By R. W Palmer
AMIEE. . . P

CaBLE AND WIRELESS Couuumcrnons oF THE Wom.n TuE.
By F. ]. Brown, C.B,, CBE, MA. B.Sc, (Lond) Second
Edition. ‘

Rapio Oouuumuﬂou. MommN By] Royner Fourth Ed

RADIO RECEIVER SERVICING AND MAINTENANCE., By E. J. G
Lewis . .

SUBMARINE Tzumnamv B In Italo da Gluh Translated
by J. J. McKichan, O.B. LBy = i

TeLeGcraruy. By T. E. Hbrbart M.LLE.E. Fifth Edition :

TeELEGRAPHY, ELEMENTARY. By H. W. Pendry. Second
Edition, Revised . . 5

TerepHONE HANDBOOK AND GUIDE TO THE TELEPHONIC
ExcHANGE, Practicar. By Joseph Poole, AMILEE,
(Wh.Sc.). Seventh Edition .

TeLerHony, By T. E. Herbert, MIEE and W. S. P‘mctor
AM.LEE. In two volumes. Second Edition.
Volume 1. MANUAL SWITCHING SYSTEMS AND LINE PLANT
Volume II. Avromatic TELEPHONY. (In the Press)
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16 PITMAN'S TECHNICAL BOOKS

Telegraphy, Telephony, and Wireless—contd. s
TELEPHONY SIMPLIFIED, AUTOMATIC. By C. W. Brown.
AM.ILE.E. Second Edition . i 6
TELEPHONY, THE CALL INDICATOR SySTEM 1N Am'ouu:c By
A G Freeatone of the G.P.O., London .
TELEPHONY, THE DIRECTOR SysTEM OF AUTOMATIC, By W. E.
Hudson, B.Se. Hons. (London), Whit.Sch, . AIC.G.L « b B
Tm.(l:tt\lnsmw FOR THE AMATEUR CONSTRUCTOR. By H. J. Barton
apple . ; 12
TELEVISION: To-DAY AND To- MorROW. B SydneyA Moseley
and H. ]. Barton Chapple, Wh.Sc., B.Sc. Third Edition . 7
WikeLESs MANUAL, THE. By Capt. J Frmt LLA. (Retired).
Revised by H. V. Giesons. Third Edition
WirELESS TELEGRAPHY AND TELEPHONY, Is‘mouucnou 10.
By Sir Ambrose Fleming, M.A., D.Sc., F.R.S.

MATHEMATICS AND CALCULATIONS
FOR ENGINEERS

ALTERNATING CURRENTS, ARITHMETIC OF, By E. H. Crapper,
D.Sc., MLEE. . .

CALCULUS FOR ENGINEERS AND Srunm\rs OF 'ucmm:n By John
Stoney, B.Sc., AM.L.Min.E., M.R.San.l. Second Edition .

DEFINITIONS AND FORMULAE FOR STUDENTS—PRACTICAL
Martuematics. By L. Toft, M.Sc. Second Edition .

ELECTRICAL ENGINEERING, WHITTAKER'S ARrITHMETIC OF,
Third Edition, Revised and Enlarged .

ExpoNENTIAL AND HypPERBoLIC FuNxcrions. By ‘A, H. Bell
B.Sc.

Gzom;rmr, Bun.mnc. By ‘Richard Greenhalgh. A.LStruct.E.

GroMETRY, EXERCISES IN BUILDING, B Wilfred Chew

GeoMETRY, TEST PAPERS IN. By W, terson, M.A., B.Sc.
Points Essential to Answers, 1s, In one book

Graraic StaTics, ELEMENTARY. By |. T. Wight, A M.1 Mech. E.

GRAPHS OF STANDARD MaTnEMATICAL Funcrions. By H. V.
Lowry, M.A. .

KiLograMs INTO Avoxnnurms. Tu:.n FOR -mu Couvns:on
or. Compiled by Redvers Elder. Or;“pal[:l .

LoGARITHMS FOR BEGINNERS. By C ckworth, Wh.Sc.
Eighth Edition

LogaritiaMs, Five Figure, nm Tmconanrrmc.u. Funmons
By W. E. Dommett, AM.ILA.E., and H. C. Hird, A.F.Ae.S.
(Reprinted from Mathematical Ta-b!cs) . 1

LoGariTHMS SivpLIFIED. By Ernest Card, BSc and A. C
Parkinson, A.C.P. Second Edition . .

MATHEMATICS AND DRAWING, PRACTICAL, By Dalton Grange
With Answers .

MATHEMATICS, l-:m:mnnmo. Arn.:crnoa OF. By W. C.
Bickley, M.Sc. . s 8 s . . . .
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MATHEMATICS FOR ENGINEERS 17
Mathematics for Engineers—contd. 5. d.
MATHEMATICS, EXPERIMENTAL. By G. R. Vine, B.5c.—

Book I, with Answers . . . . 1 4

Book II, with Answers . 1 4
MATHEMATICS FOR ENGINEERS, Pul.mmmv By w. s.

Ibbetson, B.Sc,, AM.ILE.E., M.I.Mar.E. . . 3 6
MATHEMATICS FOR TECHNICAL STUDENTS. ByG E. Hall, B. Sc 5 0
MATHEMATICS, PRACTICAL. By Louis Toft, M.Sc. (Tech.), and

A. D. D. McKay, M.A. . » . . . 16 0
MATHEMATICS, INDUSTRIAL (Pnnumanv} By G. W String-

fellow . . . 2 20

With Answers ’ 2 6
MEASURING AND MANURING LAHD, AND Tnucul:ns Won:

Tasres For. By ]. Cullyer. Twentieth Impression. 3 0
MecHANICAL TaBLEs. By J. Foden . . 20
MECHANICAL ENGINEERING DETAIL TABLES. By john P‘

Ross . . 7 8
METALWORKER'S Puacﬂcu. CALCULA‘I'OR Tun By 1 Matheson 2 0
MeTrIC LENGTHS TO FEET AND INcHES, TABLE FOR THE CoN-

verstoN oF. Compiled by Redvers Elder . : S
MINING MATHEMATICS {PRBLIHINARY) By George w. Stnng-

fellow . . - . 1 6

+ With Answers 20
NomograMm, Tue., By A I Allcock BSc A M. I E. E

AM.LMech.E., and J. RJnnes.M.A F.G.S. . 10 6
QuaxnTIiTIES AND QUANTITY TAKING. By W. E. D.:w:s Seventh

Edition. Revised by P. T. Walters, F.S.I., F.L.Arb.. il
Reixrorcenp CONCRETE MEMBERS, SIMPLIFIED METHODS OF

CarcuratinGg. By W. N. Twelvetrees, M.I.M.E.,, AM.LLE.E.

Second Edition, Revised and Enlarged 50
Stipe Ruik, Tue. By C. N. Pickworth, Wh.Sc. Seventeenth

Edition, Revised . 3 6
Suipe Rure: Its Onuﬂous AND chu' Ruuss. THn By

A. Lovat Higgins, A.M.Inst. CE. . . . " - 6
Steer's TasLes. Compiled by Joseph Steel 3 8
TELEGRAPHY AND TELEPHONY, ARITHMETIC OF. By T E

Herbert, M.ILE.E., and R. G. de Wardt . 3 50
TRIGONOMETRY FOR Encmsxns A PrIMER OF, By W G

Dunkley, B.Sc. (Hons.) . 5 0
TRIGONOMETRY FOR NAVIGATING Orrlcn:ns By w. Percy

Winter, B.Sc, (Hons.), Lond. o 10 6
TRIGONOMETRY, PRACTICAL. By Henry Adams M. I C. E

M.I.LM.E,, F.S5.1. Third Edition, Revised and Enlarged 50
VENTILATION, PuMPING, AND HAULAGE, MATHEMATICS OF. By

F. Birks . C i ISH0
WorksHOP ARITHMETIC, Flns'r Sr:n IN. By H. P Green =l N
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MISCELLANEOUS TECHNICAL BOOKS . 4

Boor AND SHOE MANUFACTURE, By Frank Plucknett . )
BowLs, THE MODERN TECHNIQUE OF By H. P. Webber and

Dr. J. W, Fisher . - ; : 5 : . .
BrEWING AND MALTING. By ]. Ross Mackenzie, F.CS.,

F.R.M.S. Second Edition : . . : - .
BUILDER'S BUSINESS MANAGEMENT. By |, H. Bennetts, A.1.0.B.
CineMA ORGAN, THE. By Reginald Foort, F.R.C.O. .
CosT Accounts IN RUBBER AND PrLasTic TRADES. By T. W.

Fazakerley . . - " . . s S
ELECTRICAL HoOUSECRAFT. By R. W. IKennedy . . .
EnciveeriNc Ecovomics, By T. H. Burnham, B.Sc, (Hons.),

B.Com., A M.I.Mech.E. Second Edition : s
ENGINEERING INQUIRIES, DATA For. By ]. C. Connan, B.Sc.,

AMILEE, OB.E. 5 . » G - . x
FARADAY, MiCHAEL, AND SoME OF H1s CONTEMPORARIES. By

William Cramp, D.Se., M.I.EE, . - . - A
Furntrure StyLes, Tue. By H. E. Binstead. Second Edition
GLUE AND GELATINE. By P. 1. Smith - i < g
GramorHONE HANDBOoK, THE. By W. S. Rogers. . .
HAIRDRESSING, THE ART AND CrA¥T oF. Edited by G. A. Foan
Hixer aNp CampER, THE CoMpPLETE. By C. F. Carr . -
House DECORATING, PracTicaL. By Millicent Vince :
House DEecoraTIONS AND REPAIRS. By W. Prebble. 2nd. Ed.
Motor Boating. By F. H. Snoxell . ; 5 - :
PAPER TESTING AND CHEMISTRY FOR PRINTERS. By G. A.

Jahans, B.A. g . 9 . . : 5 ;
PeTrROLEUM. By Albert Lidgett. Third Edition. i >
PLAN DRAWING FOR THE PoLrice. By James D. Cope, P.AS.I,
Power Economy IN THE Factory., By J.C. Todman, F.C.W.A,
PrRECIOUS AND SEMI-PRECIOUS STONES. By M. Weinstein. 2nd Ed.
PrinTiNG. By H. A. Maddox. Second Edition 5 i
PriNTING, THE ART AND PrAcTICE oF. Edited by Wm.

Atkins. In six volumes . ¥ - . : . Each
REFRACTORIES FOR FURNACES, CRUCIBLES, ETC. By A. B.

Searle . . 8 . . . . . .
REFRIGERATION, MECHANICAL. By Hal Williams, M.I.Mech.E,

M.LLE.E., M.I.Struct.E. Fourth Edition . 2
Seep TESTING. By ]. Stewart Remington . . .
Suoe Rerairer's Haxpreooks. By D. Laurence-Lord In

seven volumes, - . . . " . Each
TeacHING MerTHODS FOR TEcHNIcAL TeacHErs. By J. H.
Currie, M.A., B.Sc., AM.I.Mech.E. . :

TEXTILES FOR SALESMEN. By E. Ostick, M.A., L.C.P. 2nd Ed..

UpLAND RAMBLES IN SURREY AND Sussex. By Harold
Shelton, B.A. . , - . . : 7 .

WitH THE WATCHMAKER AT THE BENcH. By Donald de Carle,
F.B.H.I. 5 5 s : . a
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PITMAN'S TECHNICAL PRIMERS 19
PITMAN'S TECHNICAL PRIMERS s. d
Each in foolscap 8vo, cloth, about 120 pp., illustrated . ¥ 2 8

The Technical Primer Series is intended to enable the
reader to obtain an introduction to whatever technical
subject he desires.

ABRASIVE MATERIALS. By A. B. Searle.

A.C. PrOTECTIVE SYsTEMS AND GEARS. By J. Henderson, B.Sc.,
M.C., and C. W. Marshall, B.Sc., M.L.LE.E.

BeLts For Power TransmissioN. By W. G. Dunkley, B.Sc.

BoiLer INSPECTION AND MAINTENANCE, By R. Clayton,

CAPSTAN AND AuToMaTIiC LaTHES. By Philip Gates.

CENTRAL StaTiONS, MODERN, By g W. Marshall, B.Sc.,
M.ILEE. Second Edition,

Conrtinuous CURRENT ARMATURE WinNDING, By F. M. Denton,
A.CGI, A Amer.LE.E.

ConTiNuous CURRENT MacHINES, THE TESTING OF. By Charles
F. Smith, D.Sc., M.I1.E.E,, AM.IC.E.

Corron SPINNING MAcHINERY AND ITs Uses. By Wm, Scott
Taggart, M.I.Mech.E.

DieserL Encine. Tue. By A. Orton.

DroP ForRGING AND Dror STAMPING. By H. Hayes.

Erectric CaBres. By F. W. Main, AM.LLE.E. Second Edition.

ELECTRIC CRANES AND HAauLING MacHINES. By F. E. Chilton,
AMIEE.

ELECTRIC FURNACE, THE. By Frank ]J. Moffett, B.A.,, M.ILE.E.

ErLecTrIC MOTORS, SMALL, By E. T. Painton, B.Sc., AM.LE.E.

ErLectrIcAL INsuLATION. By W. S. Flight, A M.LE.E.

ErecTrICAL TRANSMISSION oF ENERGY. By W. M. Thornton,
0O.B.E, D.Sc.,, M.LE.E.

ELECTRICITY IN AGRICULTURE. By A. H. Allen, M.1LE.E.

ELecTRICITY IN STEEL WoRks. By Wm. McFarlane, B.Sc.

ELECTRIFICATION OF Ramways. By H. F. Trewman, M.A.

ELecTrRO-DEFOstTION OF CoPPER, THE. By C. W. Denny.

ExpLosivEs, MANUFACTURE AND Uses oF. By R. C. Farmer,
0.B.E, D.Sc., Ph.D.

FiLTraTION. By T. R. Wollaston, M.I.Mech.E,

Founprywork. By Ben Shaw and James Edgar.

GRINDING MAcHINES AND THEIR Uses. By Thos. R. Shaw.

Hypro-ELECTRIC DEVELOPMENT. By J. W. Meares, F. R.A.S.

INDUSTRIAL AND PowERr Arconor. By R. C. Farmer, O.B.E,,
D.Sc., Ph.D,, F.I.C.

InpusTrRIAL MoTOR ConTrROL (DIrREcT CURRENT). By A. T.
Dover, M.ILE.E.

INnpusTRIAL N1TROGEN. By P. H. S. Kempton, B.Sc. (Hons.).

KINEMATOGRAPH STuDIO TECHNIQUE. By L. C. Macbean,

LuBRICANTS AND LusricatioN. By J. H. Hyde.

MEecraNicAL HANDLING OF Goops, Tue. By C. H, Woodfield.

MecrANICAL STOKING, By D. Brownlie, B.Sc, AM.IME,
(Double volume, price 5s. net.)



20 PITMAN’'S TECHNICAL BOOKS

Pitman’s Technical Primers—contd.

MEeTALLURGY OF IrON AND STEEL. Based on Notes by Sir
Robert Hadfield,

MunicipaL ENGINEERING. By H. Percy Boulnois, M.Inst.C.E.

O1Ls, PIGMENTS, PAINTS, AND VARNISHES, By R. H. Truelove.

PATTERNMAKING. By Ben Shaw and James Edgar.

PerroL CARS AND Lorries. By F. Heap.

Puorocrarnic TechNigue. By L. ]J. Hibbert, F.R.P.S.
Second Edition.

Preumatic Conveving. By E. G. Phillips, M.LE.E.

Power Factor CorrecrioN. By A. E. Clayton, B.Sc. (Eng.).

RADIOACTIVITY AND RADIOACTIVE SuUBSTANCES. By J.
Chadwick, M.Sc., Ph.D. Fourth Edition.

RAILWAY SIGNALLING: AutoMaTic. By F. Raynar Wilson.

SEWERS AND SEWERAGE. By H. Gilbert Whyatt, M.I.CE,,
F.R.San.I. Second Edition.

SparkiNG Prucs. By A. P. Young and H. Warren.

STEAM ENGINE VALVES AND VALVE GEARs. By E. L. Ahrons,
M.I.Mech.E., M.I.Loco.E.

SteaMm Locomotive, THE, By E. L. Ahrons.

StEAM LocOMOTIVE CONSTRUCTION AND MAINTENANCE, By E.
L. Ahrons, M.I.Mech.E., M.1.Loco.E.

STEELWORK, STRUCTURAL. By Wm. H. Black.

STREETS, RoAps, ANp Pavemexts. By H. Gilbert Whyatt,
M.Inst.C.E., M.R.San.I. Second Edition.

SwircuBoARDS, Hicn Texsion. By Henry E. Poole, B.Sc.

Swircucear, Hica Tension. By Henry E. Poole, B.Sc.(Hons.).

SWITCHING AND SWITCHGEAR. By Henry E. Poole, B.Sc,(Hons.).

TeLEPHONES, AuToMATIC. By F. A. Ellson, B.Sc., AM.LE.E.
(Double volume, price 5s.)

Tipar Power. By A. M. A. Struben, O.B.E,, AM.Inst.C.E.

TooL AND MAcHINE SETTING. By Philip Gates.

TowN GAS MANUFACTURE. By Ralph Staley, M.C.

TracTioN MoTtor ControL (DirECT CURRENT). By A. T.
Dover, M.1LE.E.

TRANSFORMERS AND ALTERNATING CURRENT MACHINES, TaE
TestiNG OF. By Charles F. Smith, D.Sc., A.M.Inst.C.E.
TransrorMERs, HiGn VortaceE Power. By Wm. T. Taylor,
M.Inst.C.E., M.LE.E. y
TRANSFORMERS SMALL SINGLE-PHASE. By Edgar T. Painton,

B.5c. Eng. (Hons.) Lond., AM.LE.E.
WaTeER Powrr ENGINEERING, By F. F. Fergusson, C.E..
F.G.S., F.R.G.S. Third Edition.

WireLEss TELEGRAPHY, CoxTinvous Wave. By B. E. G.
Mittell, AM.IE.E. .
WirgLEss TELEGRAPHY, DIRecTIvE. Direction and Position

Finding, etc. By L. H. Walter, M.A. (Cantab.), AM.LE.E.
X-RAvS, INDUSTRIAL APPLICATION OF. By P. H. 5. Kempton,
B.Sc. (Hon.)., A.R.C.Sc.
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COMMON COMMODITIES SERIES * 21
COMMON COMMODITIES AND
INDUSTRIES SERIES .
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 Inpustry, TuE. By T. Harrison.

Books: From tHE MS. 10 THE Booksetier. By J. L. Young.
Second Edition,

Boot anp SvoE INpusTRY, THE. By J. S. Harding, F.B.S.I.
Second Edition,

Brusamaker. Tue. By Wm. Kiddier.

Burter AND CHEkse. By C. W, Walker Tisdale, F.C.S., and
Jean Jones, B.D.F.D, N.D.D. Second Edition,

Burtrox InpusTrRY, THE. By W. Unite Jones.
CarprETs. By Reginald S. Brinton,

Crocks anp Warcues. By G. L. Overton.
Crorns axp THE CroTH Trape. By J. A. Hunter.
Croruing InpusTrY, THE. By B. W, Poole.

CoaL. Its Origin, Method of Working, and Preparation for the
Market. By Francis H. Wilson, M.Inst. M.E.

CoarL Tar. By A. R. Warnes, F.1.C,, A.Inst.P., etc.

CorreEe. From the Grower to Consumer. By B. B. Keable.
Revised by C. J. Parham

CoLp STORAGE AND IcE Making. By B. H. Springett.

ConcreTE AND REINFORCED CONCRETE. By W. Noble Twelve-
trees, M. I.M.E., AM.LEE.

CorPeEr. From the Ore to the Metal. By H. K. Picard, M.I.M.M.

CornAGE AND CorpAGE HEMP aND Fieres. By T. Woodhouse
and P. Kilgour.

CorN TrRADE, Tue BriTisH, By A. Barker,

Corrox. From the Raw Material to the Finished Product, By
R. J. Peake. Revised by J. A. Todd and W. P, Crankshaw.

Cotron SpinNiNGg. By A. S, Wade,

ExgravinGg. By T. W. Lascelles,

Exrrosives, MoperN. By S. 1. Levy, B.AA.,, B.Sc., F.1.C
FisninG INpustrY, THE. By W. E. Gibbs, D.Sc.
Furniture. By H. E. Binstead. Second Edition,

Furs axp THE Fur Trape. By J. C. Sachs. Third Edition.
Gas aND Gas Maxking, By W. H. Y, Webber, C.E.
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Common Commodities Series—contd.

Grass anp GrLass MaxuracTure. By P, Marson. Revised
by L. M. Angus.Butterworth, F.R.G.S., F.Z.S., etc.

GLoves aAND THE GLovE Trape. By B. E. Ellis.

Gums aNp Resins, Their Occurrence, Properties, and Uses.
By Ernest ]J. Parry, B.Sc,, F.I.C, F.C.S.

llb;l-! O:;D SteeL. Their Production and Manufacture. By C.

IronrFounping. By B. Whiteley,
Jure InpustrY, THE. By T. Woodhouse and P. Kilgour.

KxnirTep Fasrics. By John Chamberlain and James H.
Quilter.

Leap. Including Lead Pigments. By J. A. Smythe, Ph.D., D.Sc.

Leatner. From the Raw Material to the Finished Product.
By K. J. Adcock. Second Edition.

Linex. From the Field to the Finished Product. By Alfred S.
Moore.

Locks anp Lock Making. By F. J. Butter. Second Edition.
Matcu InpusTtrRY, THE. By W. H. Dixon.
MEeaTt InpusTRY, THE. By Walter Wood.

OmLs. Animal, Vegetable, Essential, and Mineral. By C.
Ainsworth Mitchell, M.A., F.I.C.

Parer. Its History, Sources, and Production. By Harry A.
Maddox, Silver Medallist Papermaking. Third Edition,

PERFUMERY, RAW MATERIALS oF, By E. ]. Parry, B.Sc,
F.I.C., FCS.

ProtograPHY. By William Gamble, F.R.P.S,

PLaTiNUM METALS. By E. A. Smith, ARSM., M.I.M.M.

Porrery. By C. ]J. Noke and H. ]J. Plant.

Rice. By C. E. Douglas, M.I.Mech.E.

Rupser. Production and Utilization of the Raw Product.
By H. P. Stevens, M.A., Ph.D,, F.I.C,, and W. H. Stevens,
A.R.C.Sc., A.I.C. Third Edition.

Sart. By A. F. Calvert, F.CS.

Siekx. Its Production and Manufacture. By Luther Hooper.

Soap. Its Composition, Manufacture, and Properties. By
William H, Simmons, B.Sc. (Lond.), F.I1.C., F.C.S. Third
Edition.

SponGEs. By E. ]. ]. Cresswell. Second Edition.

StoNEs AND QUARRIES. By ]. Allen Howe, O.B.E., B.Sc.,
M.Inst. Min. and Met.

SuGAr. Cane and Beet, By the late Geo. Martineau, C.B., and
Revised by F. C. Eastick, M.A. Sixth Edition.
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Common Commodities Series—contd. d.
SuLPHUR AND THE SurLpPHUR INpDUsTRY. By Harold A. Auden, 0

M.Se., D.Sc., F.CS.
Tea. From Grower to Consumer. By A. Ibbetson.
TexTILE BLEACHING, By Alex, B. Steven, B.Sc. (Lond.), F.1.C.
Tiuper. From the Forest to Its Use in Commerce. By W.
Bullock. Second Edition.
Tix anp Tue Tix Inpustry. By A. H. Mundey. Second
Edition,
ToBacco. From Grower to Smoker. By A, E. Tanner. Revised
by F. W. Drew.
Weaving, By W, P, Crankshaw,
WHEAT aAND ITs Propucrs. By Andrew Millar.
WINE AND THE WINE TraDE. By André L. Simon.
WooL. From the Raw Material to the Finished Product, By
J. A. Hunter.
WorsTED INpusTRY, THE. By ]. Dumville and S. Kershaw.
Second Edition.

RAW MATERIALS OF COMMERCE

Edited by J. H. Vanstong, F.R.G.S. Assisted by
Specialist Contributors.

In two volumes, demy 4to, cloth gilt, 804 pp., with
numerous illustrations. Complete 20s. net.

A descriptive account of the vegetable, animal,
mineral, and synthetic products of the world and of
their commercial uses.

T he following Catalogues will be semi posi free on applicasion

Scientific and Technical, Edueational, Commereial, Law, Shorthand,

Foreign Language, and Art and Cralt

PITMAN’S SHORTHAND

INVALUABLE TO ALL BUSINESS AND PROFESSIONAL MEN




DEFINITIONS AND FORMULAE
FOR STUDENTS

This series of booklets is intended to provide students with all
necessary definitions and formulae in a convenient form.

AeronauTics. By J. D. Frier, A.R.C.Sc,, D.I.C.

ArrLiED MEcHANICS. By E. H. Lewitt, B.Sc., A.M.I.Mech.E

Bumping. By T. Corkhill, F.B.I.C.C., M.L.Str.E.

CuemistTrY. By W. G. Carey, F.I.C.

CoaL MiNing. By M. D. Williams, F.G.S.

EvrecTricAL. By Philip Kemp, M.Sc,, M\LLE.E., Assoc.A.LE.E.

ELEcTRICAL INSTALLATION WORK. By F.Peake Sexton, A.R.C.S.,
AM.LEE.

Hear EncINEs. By Arnold Rimmer, B.Eng.

Licur AND Sounp. By P. K. Bowes, M.A,, B.Sc.

MarINE ExGINeerING. By E. Wood, B.Sc.

MeraLLUrcY, By E. R. Taylor, A.R.S.M,, F.I.C,, D.I.C.

PracTiCAL MATHEMATICS. By Louis Toft, M.Sc.

* Each sbout 32 pp. Price 6d. net.

PITMAN’S
TECHNICAL DICTIONARY

ENGINEERING AND INDUSTRIAL
SCIENCE

IN SEVEN LANGUAGES

ENGLISH, FRENCH, SPANISH, ITALIAN,
PORTUGUESE, RUSSIAN, AND GERMAN
Wit AN INDEX TO EACH LANGUAGE
Edited by
ERNEST SLATER, M.LE.E.. M.L.Mech.E.
In Collaboration with Leading Authorities
Complete in five volumes. Crown 4to, buckram gilt, £8 8s. net.

Sir Isaac Pirman & Sows, Ltp., Parker Srreer, Kinosway, W.C.2

FRINTED IN GREAT BRITAIN AT THE PITMAN FRESS, RATH
(Gzoow) 8.3




