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PREFACE 
PRESENT· OA Y literature on the subject oC Electric Clocks 

mostly fa lls into two classes-ono dealing wi th the 

811 bjoot from an historical viewpoint , and t he other wTitton 

for the amateur constructol" of slIch c locks. 

In the present work the writer ha~ It,imoo u.t giving a n 

outline of tho principles, construction, and imo\tallation 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 t he 

fact that t hese arc being added to daily. 

The writer would here like to acknowledge his indebted· 

ness to the many firms and individuals wh o have placed 

inlormation and illustrations at his disposal in compilinR 

t his work. 
S. F. PHILPOTI 

SAS'BURY, 1 93~ . 

v 
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MODERN 
ELECTRIC CLOCKS 

CHAPTER t 

L'lJTRODUCTORY 

TnE subject oC electric clocks is a vcry wide onc, for they are 
to-clay found in every sphere of Iife-.in industry, commerce, 
a.t sea, and in tho home, each application having its 0 '''11 

special requirements and l)l'oblcms. 
Electric clocks arc generally conceded la be superior to the 

mechanical \·aricty. and with the general growth of electrifica­
tion, together with the development of a. greater appreciation 
of correct time since the advent of bl'6adcnsling. nre likely to 
supplnnt them altogether. 

In the following chapters it is pro]>oscd to describe the prin­
ciples, working, a.nd installation of the modern eleotric clock. 

The Measurement of Time 
rrimc, like othor quantities, 811Ch ag weight or length , is 

measured by comparison with a. standard . 'fhe setting of a. 
unit of weight or length is a fairly simple procedure, involving 
tho manufacture of a. master which can be reta.ined fOI" 
reference. 

The unit of time, on the othel" hand , is not a concrete object, 
consequently any permanent standard is out of the question, 
A.nd the best that can be accomplished is to men,sure it against 
the movement of aome body in ste..1.dy motion. 

The only practical object which can be taken for such a. 
standard is tho "otation of the carth upon its axis. The deter­
mination of its speed is not, however, n. simple procedure, and 
in practice time is thus determined by astronomers nnd time 
indica.tors or clocks a.re made to indicate the actual time of 
clay. 

I t is important to note that there is no connection between 
J 
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the speed of the earth Itnd the rate of the clocks, Il nd thU14 the 
essentia.l (el~turo of a clock is that its ha nds tnUb1 nlwnylS take 
exactly the same time to cover a. given diatanceon its dial. I n 
practice, of course, the aCCUrRcy of clock!! varies with their 
construction. The clock at the Housos of Parliament, for 
instance, koops correct time within a second !l day. Clocks 
IIsed in observatories keep even morc accurate t,imo than this. 
showing 8. varil~tion of only 0. few seconds a. year. The vagaries 
of the time· keeping of cheap clocks is well known. 

}I~O I' everyday purpose!! tho standard of time in Engla nd is 
the Greenwich mean solar day, which is divided into twenty. 
four h Ollni. Each hour is Curther divided into f!.ix1y minutes. 
a.nd each minute into Mixty seconds. 

For Mtronomical purposes another unit called the Sidcrial 
day is used. A description of this and of the mcthods of 
mcasUI'ing and dis t ribut ing Accurate time will be given in a. 
later chAI)ter. 

The earl iest form of clock wa~ the CLE1'SYDIlA or water 
clock, which was knol\'l\ in 200 Jj,e., and hns been used in 
various fOl'llls ever siJ\cc. rt consi.sts of El vessel containing 
wa.ter which is arranged to drip out slowly, T he vesse l is 6Ucd 
daily, and the drop in the lovcl of the watcr indica.tes the 
pnssnge of time, tho in.strument boing graduated in hotlN}. 

The Egyptians divided the period between sunrise and 
Munset into twelve equa l hours, so that provision W8.g made fo r 
t he rate of flow of the wate r to be adjusted as the length of 
the day increased or decreased. 

Another ancient fo rm of time recorder is the snnd glnss­
the use of which iil still presen'ed for such domestic purposes 
as timing the boiling of eggs. 

The familil\r sundial provides l\ link in the evolution of time 
recording deviccs. Tt i.nclicatcs solar time by means of the 
shadow of a " style" thrown across 0. suitably engra\'ed dial. 

Its obvious limitl~tion is that it is of no use if the sun is not, 
shining. T he p rocess o{ accurately setting and marking the 
dinl i.s somewhat. complicated, and a dinl constructed for onc 
particular place is \18elcss {or a. locality in a diHerent la titude. 

In tho time of Alfred the Great, cnndles were used to indicate 
the pnssuge of time. The camllcs were of wax, 12 in. in lc.ngth , 
"nd graduated in incheR. They hU l'nt for four hours Mch. 

The origi n uurl c/\fl," dC\'e)oprnont of the mechnnicnl clock 
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is wra.pped in obscurity. Tbe earliest records of Much clocks 
in this country date back to the thirteenth century, but from 
the details of construction available, it is e vident thn.t develop­
ment had been going on long before th is t ime . 

The oarliest electric clock was that of Alexander Ba.in, who 
took out a patent in 1840, and its development has proceeded 
steadily since that date , both in this country a nd a broad . 
Generally, the mod ern electric clock is a. high-class instrument, 
combining beauty of construction and design , wonderful 
Accuracy oC time· keeping. a.nd reasona ble price. 

It will be seen in luter cha.pters that development has I>ro­
ceedod a long several d istinct lines, according f\8 to the way in 
wh ich electricity hU !:I been applied to the clock. 

1"01' ins tance, apart from the pure ly electric clock, i.e. driven 
entirely by elec tricit,v, mecbanical clocks mny be wound by 
electrical means, 01' the time· keeping of existing clocks call 
be controlled by electrica l impulses from another maste r clock 
or Greenwich Observatory . 

Before proceeding to a description of electric clock systems. 
i t will be necessary to consider briefly tho principles of elec· 
t ricity and magnetism, and of clock construction . 



CHAPTER 11 

PRISCIJ'LES OF EU~C'J'RICITY 

'1'UE study of electric clock inata llations demands a wide, C\'c n 
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 laMer demands considerable attention, because not only 
n-r'O wo concerned in this "oiulIlu with tho principlts of no less 
tha.n five different SYlStcms of electric clocks, a nd severnl 
makes of each typc, but also with their insta llation, mainten­
ance, and repair. 

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

A naturulstarting }>oint (or a chapter dC\'oted to elementary 
l)rincipics is to define electricity, and here we arc immediately 
"l' ngainst 1\ difficulty, for although its properties arc well 
known, and it can be controlled and made to perform innulll­
erable services for the community , no onc hns yet been able 
to discover what electricity really is. Many theories have been 
ad"(mccd. but the problem still remllins to be solved. 

For most practical purposes, electricity may be considered 
as 1\ fluid permeating all substances, which can be made to 
flow when an electrica.l l)re!;''Jure i8 ILpplicd 10 the ends of what 
i8 generally called the circuit. 

A simple electric circuit is showI! in fig. 1. Here A is a 
~enerator of electricity, and ma.y be a battery or dynamo, 

I and Cl arcJl)rit.~.h.es.. Dl and Dt a~ks or other apparatus 
to be operated by currcnt...cl.~ri.1.!G(1 from the battery. 

B is a meter to measure the current flow (usua lly ct\lJcd nn 
ammeter) , and VI ' " 11' and V3 arc instruments (known 88 

voltmeters) to measure the elcctrical ~lrc acr088 the points 
to which they are connected. 

All the components u['(' connected together by wire and. with 
the exception of Ill(' voltmeters "I' I'll 1'3' are snid to be in 
series bc(,l\\I~c. aS~lllln in.'t the 8witchc~ to be c1rn;ed, the current 

-, 
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flows from t he battery fi rst through B , thence through Cl ' 
D" D,. C •• and back to the battery . 

The opPosite of a. series circuit is called a" parallQ.1" circuit, 
as shown ~.2 

Herc
15

A .!B~ ba tteq and C t he switch as beforo, but the 
clocks are connected in. such a munner that the current from 
t he battery flows partly t hrough ono clock and partly t hrough 

"" ,to. C, ,,.. t'ilile<J 
~--~~~----~~~-----, 

B 

I"JJJA If. .' 1 
JI<i ~ ~ 0, 

I,., 
J-if4, '" + 

I 

C2 , IflY 

FIo . 1. SIXPLE E.LEOTRIC CLRCIlIT (S&III£8) 

t he other. If t he one clock is disconnected, t he other is not 
affected . 

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

p~lel. 
}"i . hows such a. circui t . Here A i'J a master clock, B the 

ha. ry, C, D , E, P , each a. group of severa l clocks in series. 
In t his case the current f rom t he ba.ttery splits in to four parts 
80 fa.r as t he secondary clocks a.re concerned, but all the 
current flows t hrough the master clock. 

I t may be mentioned here that materials differ considerably 
in their powers of conduating electricity, and can generally be 
split into t wo groups, viz. conductors and non-conductors. 
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All the 1l1Otals tu e conduct.ors of electricity 8S nlliO h:l carboll 
find cortain acid a nd alkaline solu t ions. Practically all other 
materials are non-conductors. Vcry bad conductors of elec­
tricity are called ins\ila.t.ors. 

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

'fhe conductors arc classified in order of t heir cOllducti,rity, 
e.g. silver being the best known conductor is placed at the head 
of the list . 

This prnclice cannot be followed with insu lators because 
othcz' properties enter into the selcction of nn insulatol' for a 
rmrticular purpose. 

Silver 
CoPJX'r 
Gold 
AJum iniUl I) 
Zinc 
Iron 
Tin 
Lead . 
;\rcreun' • 

TABLE I 
CONDUCTORS 01' l': 1.Y.CTKI(' tTy 

Car llC)!L . . . 
CondUCli vilY III 0 0 C. Silvl"r lak{'n ... " IOu. 

TABLE 11 

SOWI;: Co)l)lON l. ... SULATQItS 

•. BakolilO" Mjoonite 

100 
.-1 
72 
GG 
:!5-/i 
111-:: 
It-:! 
7· :! 
1-5'" 
-0 11.1 

Cotton Pap4:lr (compmased.) 
Ebonite Pnraf1ln wax 
":::mpiro clot h Porcelain 
01888 P ress-SI>ahn 
.Loo.theroid Shellac 
Marble Silk 
:\rica Slate 

H aving outl ined the pri.nciples of the simple electric circuit, 
it is necessary to consider its properties in more detd.il. . . 

To do th is let us first of a.U look at the hydraulic ClI'CUlt 

shown in Fig. 4. In this diagram A is a centrifuga l pump, 
P P P, a.re pressure gauges, FM is a. meter to register the 
rCl.~o 02( now of the wfirer, S&y, in ga.llons per minute. R is a.. 
f!oil of piping or any consuming device, a.nd all connected 
together by piping shown. T l and Tt are taps. 
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The pipes n.ro supposed to be (ull of wuter, the taps off, and 
the pump stationary. 

Now if the l)ump is started up, it creates a pressuJ'e which is 
indicated, i.n pounds per s(luarc inch, by the pressure gauge 
PI' If tap TI be turned on the moter P'J will indicate the same 
pressure 88 PI' but water will not flow through the pipes 
beca.use of tap T'l being "off." <\Vhen this is turned on the 
pa.th to the pump is open and a Bow of water takes place. The 

~ 
8 0 

FIo. 2. SWPL'E PAllALLEL CmcvlT 

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

ovoml things are to be noticed. The pressure at P has 
dropped a. little, and the pressure u1<Licated by P2 is very smnll 
indeed, and that of P 3 nil. 

The flow meter indicates the rate of fl ow of the water, this 
depending on several factors as foliowo: (1) The pressure 
developed by the pump. Tf 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 exel'ted to get the water through, or) the pressure 
rcmBining 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 dia.meter it is obvious tha.t tiley will be Able to carry 
morc water tho.n the Ilmallcr, and it will consequently require 
less pressuro to get the same amount. of water through. (4) 
The flow of water is a lso influenced by the inter",\! cond ition 

A 

Flo. 3. S&RlQ.PAJl,Uur. COlou rr 

10"10. 4. SIMPLE H\,OltAt .. IC CIIICl' l'[ 

of the pipes. 1·'01' eXlllllplc, water will flow through a. )lipc 
which hM a smooth bore more easi ly than through onc which 
has in some way been roughened. 

It iA th UR seen that with n. given pump pressure the flow of 
wa.ter is controlled by three factors, namely, length, diameter, 
and internal condition of lhe pipinp;. 
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The condit ions prevailing in the electric circuit coniorm 
fairly closely to tbe hydraulic circuit as given above, but the 
nnnlogy must not be taken as being nn exaot onc. 

Electrical pressure is measured in ·' volts." The pressure 
obtained from a battery is 1 to 2 volts p CI' cell , depending on 
the type. Country house lighting p lants usually work on 25, 
JO, or 100 volts, 50 being the most common. The pressure of 
commercial electricity ranges from 100 lo 250 in this country-
220 and 230 volts being lhe most genera l. 

The ra te of How of elect ricity, corresponding lo the gaIJons 
per m.inute in Ollr hyd.raulic a nalogy is known as the 11 ampere," 
named after an illustrious pioneer in electrical science. 

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

Now referring back to Fig . 1 the voltage across the battery 
J .el'luinals, sometimes called the electro·motive force QJ' siinply 
~--; M.F .. is measured by voltmeter VI ' On closing switch Cl 
the full p ressu!'o is a lso indicated by V,. It should be noted 
that there is no pressure drop in the circuit until the current 
flows by closing switch C2• 

' Vhcn t he current flows, the voltage of the battery or 
generator fa lls a, 1.ittle, the am pere.meter indicates t he amount of 
Clll'l'ent, and a. drop of pressure occurs over each clockDl and })2' 

Similar to the water circuit, the amount. of current can be 
increased by increasing the battery p ressure or by reducing 
the resistance of t he circuit so that it may be said that the 
current produced is dircctly p roport ional to the pressure (01' 

electro-mot ive force) and inversely proportional to the resis­
tance of the circuit . 

It would be very convenient if it were possible in the a.bove 
expression to wri te" is eq ua l to" instead of c; pl'oportiona.l to," 
and the e lectrical units mentioned a bove 11I1ovo been chosen 
wi th this object so tha t wc come to the fundamental formula 
of a ll e lectrical engineering, known as Ohm~ Law, thus-

... \"o lt • 
.fi1npcrcs = - 1-- ' 

... 01 008. 

Thus by simple conversion wc get-
Volts = amperes X ohms and 
~ 

Ohms = 
volts - a.mperes 
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This law is so important that a. few examples of its use will 
be gi \'en. 

Example I. Tho resistance of nn electric clock is L2 ohms 
And to it is connected a. battery having an KM.F. of 4 volts. ' 

Calculnlc tho current flowing in the circuit. 

O volts By hms Lnw, current = __ , 

ubstiluting figures. ohms 

The current 1 = 1 \r = 1 ampere. 
Example 2. The current in a time ci.rcuit is t ampere, and 

6v. 

the resistnnce of the wiring apa.rt from the clockij themselves 
is 2 ohms. Find the voltage lost in the circuit wires. 

\ 'olts = current X resistance 
Volts = ·5 X 2 = I ,·oll. 

The resistance of a conductor is directl'y proportional to ibl 
length, and inversely proportional to its area. 

In other words, a long piece oC wire ofTers more rcsistnllce 
to the passage of n current than a short length, and ClIUcnt 
will flow more read ily through n large diameter wire than a 
small wire. 

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

The resistance of n wire also depends on lhe material, tlncl 
as shown in Table l metals vary in their eonducti\~ity. The 
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resistance of onc centimet re cube of the metal is known as the 
"specific resistance. JI 

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

R 
. I ) length (C Ill .) X sI' . res. 

CfoSlstftllCe (011118 = ( ) area. sq . cm. 

Before passing to lit more practical aspect of the 811 bject it 
is necessary to consider the question of res istances in series and 
parallel. 

If two or more resistances are joined in series, as Fig . 5, the 
resu ltant resist ance will equa l the fl, um of the separn.tc resis. 
tance-s, or genemlly-

RT = RI + R, + Ro 

The volt drop across each will be in proportion to its resis· 
tance, thus if t he coils in the figure had resistance of 3, 5, and 
4 ohms, and a. six volt ba.ttery were applied as shown, the volt 
drops would be 1'5, 2'0, and 2 voitsrespectively. 

The current flowing would be, by Ohms Law­
E 

J = 1/ 

6 = 12 = .,j amperes. 

The calculation 01 the resistanco of two 01' more circuits in 
parallel is not quite 80 simple. 

Tho ru le is, add together the I'cciprocals of tho rcsistances, 
and the reciprocal of the a.nswer gives the resultant resistance, 

I 
or R = I 1 J 

- + - + -­RI R, 1/, 

In the circuit shown in ~"' ig . 6 the rec iproca.l of the resis­
tanees A, B, and Car. t, t, and J respectively, which added 
together give 11 or }. The resultant. l'e8 i8tanc~ is, therefore, 
+ohm. 

A term met with frequent..ly in elect rical work is the watt. 
This is tho unit. of e lectrical power. 7 6 wp,tts p,re equivalent 
to ono horse-power. 

o wat ts are called~ kilowa.tt. In direct current circuits 
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the power being developed or used iu watts is the product of 
tbo...volts and amperes, or ~s = volts X am res 

In the cru;c of Itlternating current circuits it is necessary to 
multiply further by what is knOW1\ ns the power factor. 

The Board of Trade unit by which elcct ricity is sold by 
supply undertakingll represcnts one kilowatt hour. 

That i ~, It B.O.T. unit is mmd when 1,000 watts'Of electricit.y 
are used f~ur, or. I a.t.t for 1,000 hours. or any other 
combinat ion of hours and waUlI giving a prodllct of 1,000. 

'f he powcr consumed by elect.ric clocks when !i: llch are 

8 C 

(4) (2) 

F IO. 6. CALC ULATION OF Jh:SI8TANCES I N 1',\11,,1.1..£ 1.. 

operated from t he supply maillS is usually very 1111)1\11 indeed, 
often so J';nl all , in fact , t hnt. it is insufficient to work the supply 
companY '14 met-er when no other de\' ice is consuming curren t.. 

Batteries 
So far as elect.ric clocks 8 1'C concerned t here are t.wo principal 

sources of current supply, viz . bat.tol'ie~ and t he public supply 
mains . The fi rst mothod will now be considered . 

T here are t.wo types of battery- t.ho prima ry battery, and 
the secondary battery or accumula tor. 

Pl'imary bat te ries prod uce ClI m}ll t. by chemical act ion. 
Secondary bat.teries, as i~ wcll known, lul.\'o to be first charged 
with electricity by some outside source. 

T he ijim plclSt type of p l'i ml\.ry baLtery i ~ tha t, shown in Fig. 7. 
A is a plate of copper. B n plate of zinc, (' a. dilu te solut ion of 
sulphuric acid . a ll eontnined in tho eart henware jar D. 
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\'Vhen the plates a rc connected together by iL wire, cur­
rent will flow from the copper to the zinc in the externa,) 
circuit a.nd from the zinc to the copper inside the cell The 
copper plate is termed t he 'positive. the zinc the negative 
electrode. 

The simple cell has severa l disadvantages, and numerous 
modifications ha.ve been devised . The principal ones Jnet with 

+ 
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in electric clock practice arc the Do.niel l, the Leclunch6, and 
the dry cell. The first two are named after their inventors. 
The dq cell is really" modified type of Leclalleb6 cel l. 

I t may be ment ioned here that t he terms cell and battery 
arc often used indiscriminately to mean the same thing. A 
battery is the name given to a number of cells connected 
together . 

A sectional vicw of the so-called g!'a\l'ity type Da.niell ccll 
is shown in Fig. 8. 

It consists of iUl outer glass or stonewa.re jar A from the 
top of which ifol suspended a. hea.vy zinc clement B. 
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In tho bottom of the jar is a Kp irlll of copper strip C. to 
which a length 01 insulated ca.ble D is boJdcrcd. 

The copper is co\"crcd with a layer of crystals of co]>pcr 
sulphate (E), and the jar fiUed to just abO\Tc the Je\'el of the 
zinc with n. solution of zinc sulphate P. 

As in the simple cell , the copper plate const itutes the posi. 
tivo llnd the zinc the negat.ive. The Ki'LF. produced is J volt. 

The J.A."'C lnnci1e type of cell is probably tho best known and 
most widely used of a.11 where small cu rrents are I'Cquired 

--------

Fm. 8. OIlA\'IT\' T VPE D,,:o.-I~I." C.:u. 

intermittently. and is ndmimbly suited to the operation of 
elect ric clocks, bells, alnrms. etc. 

It. consists of an outer glass jar .4, 'Fig. 0, containing a. solu. 
tion of ammonium chloride-popularly kno\nl as sal-awmoniac 
-in wn.ter (E ) and a. rod of zinc O. 

An inner " pot" of porous earthenware D, contains the 
ca.rbon plale H, which is tightly packed with a mixture of 
carbon powder and manganese dioxide F. The LOll of the 
porous jar is sealed with bitumen 0, one or two small holes. J/ • 
being left to allow for the escape of gases generated in tho pot. 

The carbon is the positive plate, and the KM.F. generated 
iij 1·5 \'olts. 
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Dry aell8 ill'C only <Lry in tho sense tbat they do not 
spill. The chemical nction and the chemicals used are sub· 
!o!ta.nlia lly the same ns t hat of the ordinary Leclanch6 cell. 
The container is usually made of zinc, this being the negative 
polo. The " solution U is in tho form of a pasto, and a linen bag 
replaces the earthenware jar to rontain the carbon rod. The 
\'oltage per cell is h5. 

ft should be noted t hat the electr·o·motivo force obtainu,blc 

from n. primary 01' seconda ry ba.tter'y 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 
tbe cell itself due to thc pasaage 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 \'011, reading is known fiS the clcctro-moth'c 
force of the battery. and the terminal voltage when delivering 
current is known 8S the potential difference (P.D ,) 'fhe P.D. 

3 volts 
+ -- +~- + - + -
'-Iv.- f.--Iv.~ 1-1 v.-';' 

FIQ. 10. CELLS Co:SXECTED IN SERIP'.s 

+ 

FIO. 11. CELloS CO!'o;"-"ECTY.D IN PAlIALLl:L 

reading plus \'oltago lost inside the cell itself is equal to the 
E.~I.F. 

The voltago of all forms of primary and flCCondary cell is 
'-cry sma. lI . 'fo increase the voltage cells eRn be cOJUlcctcd in 
series, as in Fig. 10. Jt will be seen that the positive plate of 
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OJle cell is connected to t he negative of t he next, and the volt· 
age acrOss the QutOI! plates of t he battery equals the sum of 
the individual voltages. 

Cells cn n also be 001111 'ctod in pa rallel, as in Fig. J I . All the 
positives a re connected together, and a ll the negatives 
likewise. 

Hero the term ina l \7oltage remains the same as t hat of a 
single ce ll , but the capacity of 
t he battery is increa ed; ill pro· 
portion to the number of cell8 
connected. 

Accumulators 
A simple secondary ba ttery 0 1' 

accumula.tor is shown in Fig. 12. 
A is a. lead p late hav ing fI, 

number of interstices filled wi th 
a paste of lead monox ide (litha rge) 
surrounded by su!phul'ic acid , 
t his being subsequently reduced C 
to spongy lead during the first 
churgo. B is a similar plate, the 
paste in this instance being red 
lend Rnd su lphuric acid , changing 
to lead peroxide. A is t he nega.tive 
plate and B the positive. C is a 
d ilu te solu tion of sulphuric acid 
in water having a specific gravity 
o f about 1.200. PIG. 11. SmFLE SECONDAJI\" 

CELL Olt A CCUMULATOR 
During charging the chemical 

composit ion of the plates is a.ltered but returns to its original 
Iorm during discharge. 

The E .M.F . of each ceU iB 2·4 volts when fu lly chargecl, 
dropping quickly to 2 vol ts. T his ,raiue is maintained until 
t he end of the discharge. when the voltage drops to 1·8. The 
last figure is an important onu to remomber. as to djscbarge an 
accumula.tor below this value will resul t in permanent da.mago 
being done. 

Accumula.tors are preferable in many ways to primnl'}' 
batteric~. Heavier currents can be taken t han from n. corre­
sponding size of primary cell , and maintenance is less. The 
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cht\rt\ctermlicR and cha.rging of accumulators will be fully 
dealt with in I\. later chapter. 

Magnetic Effect 01 the Current 
Onc of the most important effects of the electric current is 

that of elCi!lI'O-mngnetislI1 , and overy elect ric clock crnploYI!I 

N s 

Fro. 1:.1. A'l'TlIAOT10S OF 
MAOSrrs 

tbis princil.lo in onc way or another; in fnct , there arc few 
clcctriCl:~ 1 devices t hat do not . 

Our power stations depend upon it, (or it is by electro-ruag­
netism that all cOlllmercial electric current. is generated. 

No dou bt all readers are familiar with the simple magnet--
Q. bar or horseshoo of hardened steel which has the power of 
attracting pieccs of iron or steel to it. This is generally known 
ns IL permanent. magnet to distinguish (rom the temporary 
magnets which may be produced by electrical means, and 
which will be discussed Ia.ter. 

Un pcrmnncnt magnet be suspended on (L piece of fi ne cord 
aUached to its eentre 80 that it is free to swing round , it will 
seUle i.n a. definite direction- the one cnd pointing to the 
onrt.h's North Pole, nncllhe othe,' to tho south. 

The ends of the magnet a.rc Cillled t ho poles, and the onc 
which points north is ca.lled the north pole, 
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E,rcry magnet, however large or small , has these two poles. 
Tt is impossible to make a. magnet with onc pole only. 

Now, considering the suspended magnet shown inli'ig. 13 if 
the north pole of the bar magnet be brought in close proximity 
to the south pole of t he horseshoe magnet, violent a.ttraction 
between t he two takes place . . 

H, on the other hand , the north pole of the bar magnet 
be presented to the north pole of the other, the Ia.tter will im­
media.tely :m1ng n.wu,y. 

Thus w come to a [undau lcntal law of magnetism, viz . 
..!m.l..ike magnetic poles attract, like poles repel ono another. 

I t I cry importune-mat. this be c lea.rl y understood. 
A type of magnet which is ral'cly met with in geneml 

practice, but is used in certain electric clocks, is the consequent 
pole type, Fi 14, so called because it is magnetized in two 

-5-
:Flo. 14. COSSEQtTl'!ST POLE BAlt MAOS'}';T 

halves with similar poles of each section in t he centre. Thus 
the effect is produced of a. magnet having simila l' poles at 
both ends. 

Iron and steel are tho only commercial magnetic materials. 
All othcrs am non-magnetic. 

Electro-magnets 
If 0. eoi l of insulated wire be wound round a. bar of iron or 

steel, and an electric cll rrent passed through the coil , the bar 
will becollle ma.gnetized and have exactly similar properties 
to the permanent magnet described a.bove. If the di.rection 
of the current through the coil be re,rersed, the polarity of the 
ma.gnet will be reversed a lso. 

If the iron i.s hard it will rema.in a. magnet when the current 
is switched ofT. If the iron is very soft practically a ll trace of 
magnetism will disappear. This is the condition usually 
required in practice, o.nd cores of electl'O-magnets a re in con­
sequence generally made of annealed wedish iron. 

Now if the iron core be removed a.ltogether from the coil 
and a compass needle (which in effect is n. pivoted bar magnet) 
is bl'Ought near, it will be found that all the magJletic effects 
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\\~11 still be exbibited so long as the Cu n 'ent. remains on. They 
will, however, not be so strong as when the core is in p<»Jition. 

'uch 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 immedia.tely drawn iJ1to tJle contre. Solenoids ar~ 
118ed t.o a considerable extent in electric clocks. 

The amount of ma.gnetism prod \Iced h.v n given coi l depend!! 

s 

c 

, 

lo'lO. Ifi. Jo:r.Ic:CTttO.)IAONF.TIC 
I SJ)UCTIOS 

on the product. of the current, and the number of turns of 
wire--or the "(l.~e tl,!!!!!i." 

Thus t.o prochlCc a g ivell magnet.ic effect, onc Illay use either 
a small current and I" large number of turns or viu 1,;ersa, 
dependcnt on circumstances. 

~
l the I' importnnt magnetio effect is that illustrated in 

I . I 
ere A is n. coil of wire, the ends of which are connected to 

a gah'anomctcr B- on ill.!J trulllcnt for indicating the preeence 
'iind direction of an clect.ric current, 

o is a. permanent magncJ.. . . 
1 f the one pole of the nfngnct be thrust IIlto the cenLre of 

the coil of wire. the needle of the gnkanomelcr will be sccn 
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to deitect momentarily. " ' hen t he magnet is removed from 
the coil , the ga.lvo. wiJI again be deflected, but this time in the 
opposite direction. 

This is due to the lines of magnetic force which rad iate from 
the poles of the magnet cutting through t he tu rns of the coil. 
'Vhenever a. conductor cuts tlu'ough, or is cut by a magnetic 
field, aJL.OlootJ;o-m~eJo.t:ce is produced within it. 

'rhe voltage produced depends on t he strength of the 
ma.gnet, tbe number of turns in the coil , and the rate of 
cutting. -

This is the basic principle of a ll e lectrical generatol's 0 1' 
dynamos. -

Actua.lly the coil in our simple illustration is J'cplnced by 

FIG. 16. \\'.l.Vt! FOItM 0 ).' .-\LTEIt~ATLN(l CUIt Il"~NT 

a ~e f coils~ed on an ' ;~rmature " which rotates 
in a magnetic field, and t he current as generatcd a.lternates 
in direction and is thus ca.lled al ternating CllTl'cnt. 

Ma ny generators are, however, fitted with COllullutators, 
which cause the current to flow in the same direction all the 
time. T his is known as direct cUlTcnt. Current produced by 
primary batteries is, of course, direct current. 

Direct and alterna.ting current supplies ha.ve their respective 
advantages and disadvantages. 

Alternating current has been adopted as the standard supply 
in this country, and existing direct elll'rent supplies a l'e 
changed over to a lternating . 

.ul dealing with a lternating current, the term frequcncy or 
periodicity is Irequently met with. This repl'esents the number 
of reversals per second, and !'nnges from 25 to 100 in this 
country, 50 being the most used. A graph ical illustration of 
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an a lternating current cycle is shown in F ig. 16. It will be 
seen that the Ctu·rent. starts at zero, gradually builds up to a. 
maximum in onc direction, dies down to zero, rCn'erses, builds 
up to a maximum in the other direction, Rnd agR in goes to 
zcro--whcnce the cycle is repeated. 

T he rc\'crsals of the Current are so quick BS not to be nor. 
mally perceptible when oue looks at an elect ric lam}), for 
in.!ltancc, but. ns will be described in detail later, these ra])id 
revcnml.s have been made use of in an important form of electric 
clock. 



CHAPTER nr 
'l'y-p l':S U Y CLOOK 

THE su bjcct of time and time measurement if.! n. la rge and 
complex onc, and only broad principles will be touched upon 
in this chapter. Some knowledge of mechanica l clock prin­
ciples is a. necessary p re lude to the unden:lt.a nding of the work­
ing and ma intena nce of the electric clocks to be descri bed )u.ter . 

lt will be found t hat certa in classes of e lectric clocks are to 
a ll intents and purposes mechanical clocks, and the e lectrica.l 
portion i.s only subsidiary-being used , for example, to wind 
the clock, or periodically to correct the time f:l hown-while 
other e lect.ric clocks ha ve nothing in common wi t h mecha nica l 
clocks except perhaps the dia l and humis. 

A clock ma.y con.cniently be regarded as comp"ising three 
seplLmte units, \riz. (1) tho ha.nds which indicate the time on 
the dia l, (2) the driving mcchani!;m which keeps the hands in 
motion, (3) the controlling unit which I'cgula tes the specd at 
which the hands arc dri\ten and is res)>onsible for the accuracy 
o( time· keeping of the clock. 

The driving power of mechanical clocks in common use is 
of two forms : the fa lling weight, and t he uncoiliJlg of a 
previously wound spring. 

The principal control methods are the pendulum a.nd the 
balance wheel, both used in conjunction with an "escape. 
ment. " Tho beat mcchanical clock" a re weight. clri \' e ll am.I 
pendulum controlled , but these require to' be permanent ly 
and strongly fixed to work well . 

Domestic clocks are fl'CquentJy spl'ing driven a nd pendulum 
controlled , while portable clocks, watches, and chronometers 
arc i.nvaria bly spring driven, and controlled by a. ba lance 
wheel escapement . 

T he va.rious units will now be considered in a little more detail. 

Dial and Hands 
These call for little comment. rrhe sYt;tem of using t wo 

hands, and graduating the dinl into twelve honrs is uJliversal 
'\lid fa.mi lia.l· to evel'yone. 

23 
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Weight Driving 
The motivo power of nil the enrly clocks WU$ a. weight of 

iron or lead, n. method wh ich had the a<h'antage of Siml)licity 
and constant pul l. The weight i ll suspended on I~ rope, gut 

.N4:::e 
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!>' IO. 17. HU"OE~a ENDLESS CUj\IN Dnt\'y. ,'Ott )h,t'IIA.:>I ('AL 
CLoCKS 

line, or chain, the upper cnd of wh ich is wrapped round fl 

oarrel. A ratchet is provided to enable the clock to bo wound, 
and the rate of fa ll of the weight is governed by the eSMpcmCIl1. 

A modification of the simple weight system is the J:lllygCI1~ 
endless chain, in troduced r .. bout 1670, and extensively used ill 
30·hour long case or grundfather c1ocka. 

Fig. 17 represents this arrangement. 
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A is the driving weight supported by 811 endless cord passing 
over the l)uJlcy BI frolll which the clock is drive.n , and 0180 
over the punoy G which is provided with ratchet tccth 8S 

shown. In a. timepiece this pulley merely rotates on n, stud . 
In n. striking clock tho strik ing train is driven (rom {~ gear 
attached to the ratchet wheel. 

Counterweight F serves to keep the chai.1l taut. over the 
pulleye. 

To wind the clock the cord is pulled , the ratchet wheel I"lln­

ning under the pa.wl E, which prevents its I'lJJlIling back . It 
wiII be seen that with this motion, driv ing contin lles even 
during winding. 

Sometimes a. modification of the Huygens system is met 
with ill electrica lly wound turret clockli. 

Spring Driving 

A clock spring consists of n. long st rip of spccin,) steel coiled 
into what is kno\\ru RS a spring ca.ge or barrel. The inner cnd 
of the spring is attached to the spinclle 01' arbor on which the 
barrel rotates, wltile the outcr end is fastened to the barrcl itself. 

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

Methods 01 9m!koJ 
THE PENDULUM . A simple pendulum consists of n. relatively 

small heavy body SU8pended at lh. elld of a tight lhread or 
freely pivoted rod. \Vhell set in molion it will vibrate to and 
fro at a certain definite rate, dependent entirely on its effect.ive 
length , i.e. distance from the pivot 0 the centre of gravity of 
the weight or "bob.u 

The lime of swing is not controlled in any way by the 
~ht of thU>codululll , but aJ!.~!\Vy ~ndulllm is marc satis· 
(actory than a light one, RS its rate is less likely to be affected 
by air resistance and climatic condjtions. 

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

l = n j l 
g X 12 
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in which l = effective length of pendldulll in inches. 
t = time to swing- from extreme left to extreme 

rigbt or viu versa. 
o = acceleration due to gravity which may be taken 

n.s 32·2 ft. per sooond, per second . 
The length of the pendulum bea.ting scconda in England is 

about 39i in. 
The length of a hall·second pendulum is 9f. in ., and of 

onc fo r two aecol.lds beats, 156! in. 
I t should be noted that adding weight above the centre of 

g ravity of tho bob shortens the e ffective lengt.h of t.he pen. 
d ulum, while adding weight to the bottom of the bob increaset! 
the length and the time of swing, so t ills method is often used 
in fincly regulating a. clock. 

Another method of regu lnting frequ ently used in smaller 
clocks, is actually to raise or lower tho bob by rotating a nut 
on which it rests . 

Unless steps are t a-ken to counteract such an effect, the t ime 
of swing of a. simple Jxmdululll varies with its temperature. 
This is beca.use the pendul um eX Jlands on henting which , there­
fore, causes the effective length to increase I\nd vice versa. 

An increase of tempera t.ure will , therefore, cause nn uncom. 
pensated pendulum·controlled clock to lose. 

The expan.sion of the rod is cOUlltern.cted to a. small extent 
by the upward expa nsion of the J>Cndulum bob, but un less the 
meta!!:1 are very dissimilar it is very difficult to sooure accurate 
compeusation in this way. 

The stcol a.nd morcury pendululll seen on old·fashioned 
clocks is an example of a. successfu l applicat ion of th is 
principle. 

Ahuoat all modern high.c1ass pendulums havc a. cast· iron 
or stee l bob, and a rod of an alloy of stool a nd nickel known as 
" T NVAR" which has the property of being practica lly unaffected 
by heat. . 

The uJlward expnrution of the bob a lmost exactly compon· 
sat-es 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 , a nd nearly nil 
electric master clocks hUNe sllch pendulums. 

Mecha.nica l turret clocks are usunlly fitlt..><i with pendulmml 
of t wo tleconds length . 
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Domestic mantel clocks ha.vo short , (Iuick swingiJlg l>c ndu. 
h lms 011 nccount of the smalJ space availa.ble. 

ESOAPEMENT. The esca.pement provides the link whereby 
the amount of power driving the clock ha.nds is controlled by 
the rate of swing of the pendulum. 

The principle of working is tha.t a.t each swing of the pen· 

-$ - -
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FIG. 18. ANCHOR EsOAl"EME:ST 

duI urn 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 impuJsc to keep it in 
motion. It is essential that this impulse be gentle, Or erratic 
time-keeping wiJ) result. 

There are several types of escapement. One of the most 
common is the a nchor type, shown in F'ig. 18. 

Hero A is the 'seape wheel having 30 teeth, and B is known 
as the pallet. 
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Fig. ]9 gives 8. side clevation of the mechan ism of this 
portion of the clock. A is the 'scapo wheel, B Lhe 1>lI. I1et , C the 
pendulum crutch (a. strip Or wire bont to engage with the 
pendululll rod as shovm), and D is t he pendu lum "od sup­
port-ed at E. 

As t.he pendulum swings to the lcft, lfig. ]8, IcJt·hand pallet 
F rises and a llows t he tooth of the 'sea-pe wheel to travel 

I~~.O 

Sketch showing 
Pendu lum er-ut c.h 
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r ID. HI. SIDE E ' ,EVATION 011' CLOCK, SIIOWINO H EL ATTOS 0 1< 
, QAPE ' VU£EL. PESDULUlr. ETC. 

forward, an impulse being impnl'ted to t.he l>cnduJul1l in 80 
doing. At the samo t ime the right .hand pallet G {nlls and 
arrests any fur ther motion of the 'scape wbeel. As the pen · 
dulum comes to the end of ita t ravel the cyole is repea.ted. 

Jf a. clock having ono of these escapements be examined it 
will be soon that for a u nction of eacb stroke t he pendulu m 
is called upon to drive against the spri.ng. 'l'hua t he pendulum 
cannot be considered " freet" but for domestic clocks t his is 
not important. 

High-class woight.driven clocks or IC regulators" arc often 
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fitted with a n cscapomcnt known as the dead beat type, in 
wh.ich this Cl recoil H action does not take place. 

Clocks with dead bea.t escapements require very carefu) 
levelling, and a substantia.l mounting to work properly. This 
is one of the reasons why domestic clocks are a lmost alwa.ys 
fitted with tho recoil type 01 escapement. 

Mechanical turret clocks are usually fitted with another 
form of esca;pement, known as the gravity type, invented by 
the late Lord Grimthorpe. In this the pendulum is driven by 
a pair of bFJ'tw-ity arms raised by the train at each beat, but 
falli.ng on the pendulum .rod by tbeir own weight only. The 
power used in lifting t.he anus is not taken from the pendulum, 
and the weight applied to the pendulum is a lwayiS constant. 

TilE BA.LANCE. rl'here are many instances where it is im­
practicable to employ a. pcndulwn, as for example in }>ortable 
clocks, watches, and ships' clocks. In theso CASCS 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 esca.pement being operated by a suitable 
wlk motion. As with pendulum control, the balance is kept 
ill motion by an impulse taken from the spring. 

Raving now briefly out lined the llrinciples a.nd construc­
tional features of mechanical clocks, we ma.y briefly consider 
the various types of electric clocks to be fOtUld. 

These may be divided i.nto five groups, \-riz. (1) iUlpulse 
clocks or regulators, electrically driven and an-a.nged to 
operate any number of subsidiary dials. (2) self·contained 
clocks driven by a battery. (3) mechanical clock • • 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) synchron ized clocks which may ha.ve any 
rorm or driving power, and can only he called electric 88 their 
time is electrically corrected at hourly or other intervals. 

Elect.ric clocks possess the following ]lrincipa.1 Acl\rantages: 
no a.ttention as there is no winding to be done, accurate 
time· keeping (the pendulu m can be relieved 01 practically a ll 
work and has merely to keep time). a ll the dial. in the building 
can be operated from one master clock, and every clock wiJI 
show the same time. 



CHAPTER I V 

lJ\{PlTLSE OLOCKS 

Introduction 
Tilt) most used ond undoubtedly the most familiar type of 
e lcctric clock is that operated on the impulse system, which 
is mol, with in all large (actories, railway stations, schools, and 
other ins tit.utions where accu ra. to time is required throughout. 
Tremendous 10M of time is t\. regu lar occurrence in plaees 
where independent. or lInreJinbJeclocks arc in vogue. Employccs 
arc Ilc\'cr cC l'lain when the cease work signnl will sound, and 
consequently prepare to leave sometimes lUJ much as fhe 
minutes hefore limo. A saving of even t~ minu et! twice 1\ 

day in this manll~r roprC8cnts two hlll¥lted..hot1rs J!Cf \;c:ek in 
a (actory employmg n.' thousand men . 

On tramway and railway undertakings uniform time all over 
the system is, of course, an cfJSCnlinl , and call on ly be obtained 
by electrical means. 

The dials of impulse clocks arc characterized by lhe fact 
that the hands usually move forward in jumps of a hnlf minute 
at a time, although in some systems jumps of 8. full minute 
arc Ill lldo. 

J n most l:Iyaterns it is possible fo r tho hands to be armnged 
to a.dva.nce in steps of 8. second at n. timo when necessary, such 
as in clocks used for testing purposes. telegraph timing, or the 
accurate time regulation of industrial processes. 

S low advancement is also desirable for public clqcks at 
ra ilway termini. A " minute jumper" as this type of clock is 
termed in America, may show a prospective traveller that he 
has n. minute to join a. train. An instant later th hands 
might advance to the departuT'C time and the train Icave with ­
out him. 

Numerous S.Yi~ tclllIS of impulse clocks have been invented 
from time to time. many of which have dropped into disuse. 
There arc, howe\'cr, flc \'erfLl sygtcms giving good se rvice ill 
this country lo-day. 

All impulse clock systcms comprise three essentials. 
30 
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J . A master clock arranged to t rans m.it electrical impulses 
at regular inten ra ls t.o t he clock dia1s. 

2. The dia ls or secondary clocks. 
3. The ba.t tery Or oth~r source of P OWOI' . 
Other refinements, such as ba.ttery warning indicators, pro­

gra.mme controllers, etc., arc often included . but do not concern 
us at this j ullcture. 

rrhe master clock i invaria.blya. vcry high-class t ime.kee 
and may be a. mechanically wound clock fi t ted with suita ble 
contact s which close at ha.lf-minutc intervals, or i t may be 
electrically driven. The latter is a lmost universal practice 
to-day. 

While spring - and weight-driven clocks require weekly 
attention, elect.rically dri ven mnster clocks work , of CotlrfoiC, 

without any attent ion being necessary except very occasional 
lubrication, and even less occasiona l renewa.l of the driving 
battery. -

Inciden tally, electrica lly driven master clockfi represent t he 
simplest and, t herefore. most accurate t.Y]>c of clock. Modern 
designs rarely have more t lllUl one wheel in their mechanism­
in fact. onc commercial type has been evolved which haS! 
no wheel a t a ll-and t he J1endulum is as nearly as possible 
free. 

It h88 been shown in a. l)I'Cviotls chapter that to obta in 
absolutely accurate t illle·keej)ing t he pendulum must swing 
freely, t ha t 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 b0U11d up with the 
escapement mechanism, from which it receives an impulse at 
every stroke. 

In the electrical clock, t he master pendulum is not ooncerJled 
with the driving o[ the dia l mechanism- this is done by 
electric power-and it is only given a very gentle impulse when 
required , usua lly t wice a minute. For the l'cst of t he t ime. t he 
escapement is held clear of the pendul um. 

In the ordinary commercia l electric maste r clock the only 
work the pendulum is called upon to do is to turn a light 
"count wheel " onc tooth at a. t imc to enable a contact to be 
made once per revolution . The closing of this contact causes 
the d ial hands to move forward one step , and at the same 
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time the pendulum is gi\'cn B gentle impulse to keep it. in 
motion. 

I!; may be mentioned here that commercial forms of impulse 
clocks arc 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 n. second 1\. year-a truly remarkable performance. 

The standard time-keepers at Greenwich observatory Ilre 
electric impulao clocks, and the familiar six.dot·seconds ti.me 
signal transmitted b the RB.C. il4 oofnincd from one of 
these clocks. 

Tho clock dinlll themselves call for li ttle mention. They arc 
exceedingly simple in construction. A!lSuJUing that the im· 
pulscs arc received nt hall-minute inlervals. the minute hWlrl 
spindle is fitted with a 120·tootb rntchet wheel, and tbe neces­
sary train of gears to drive the other hruld at one revolution per 
twelve hours. This represents all the gea.ring. Adjacent to the 
120-tooth ratchet wheel is an armature operated by an electro­
ma.gnet 80 a rranged tb-at each impulse advances the ratchet 
through one tooth, and with it the long hand through one 
ha.lf -miuu le. 

The dials arc usually COlUlccted in series with the master 
clock and battery, and there is no limit to the number which 
cau be operated from the same master clock. Instnllations of 
100 clocks or more are quito common. 

In practice, of course, 8\ICh a big number of dia.ls would be 
split into groups to onsllre that a. breakdo .... n of one dial wou ld 
not stop the whole system. This will be discussed Inter. 

The power for impulse clock systems is generally derived 
from bat.terics-cithcr }>rimary cells or accumulators-the 
la.tter often being arranged to be " trickle charged tI from the 
eloctrio supply ma.ins. 

The current constlllll)tioll and voltage per dial varies with 
different systems, but it is very sUlal!.r.O·2 amperes and one 
volt respectively being about the a.verage. 

Dry batteries are eminently suitable for 811))piying the 
current for driving tho clocks. A good ma.ke of bat~ery will 
work an Ul.!JtallM iou for two or three years contlnllously 
without. a.ttention. 

Direct. drive from tho ordinary power supply ma.ins is not 
usually dcsimblc, as complications are introduced into the 
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\'ariolls components and their wiring, besides which 0. fa ilure 
of the supply will cause the clock to stop . A ba.ttery fa ilure, 
on the other hand , takes plnce gradually, and the need for 
renewal is avpnrent long before actua l failure takes place. 

Accumula tors a rc useful when t hey can be " trickle charged " 
from A_~ lliai..ns through a transformer and rectifier. Trickle 
charging from ...n.c....llihins·· l s no practical>1c without fi rst 
disconnecting the accumula tor from the clock circuit. which 
cails for a. I'cscn 'c battery and specia l u.rl'£mgcments for quick 
change-over to ensu re that n. beat is not missed in the process. 

The question of power supply and wiring of impulse clocks 
will be discussed at some length in n. IIlt.er chapt<>f . 

'Vc b lW6 now seen that the electric imp~ system is capable 
of giving absonrtely e.urate "time at as many points as 
wanted with p ractically no maintenance. 

Impulse clocks cost BLUe to buy and insta ll , and the wiring 
is of the simplest na tu re. 

The master clock is genera lly ])rovided with an advance 
and retard devico by which all the clocks on the system can be 
a.djusted together at the change-over from Greenwich to 
summer time and vice ver8a. 

Besides being used to actuate clock dia ls t he tillle impulses 
can be used to opera te workmen 's time recorders, and to 
control industria l processes. The num ber of ap])lications of 
this nature is I£"gion. 

Impulse clocks are eminently suita.b le for home use, and a rc 
much used in large residences. . 

In smaller houses, however, they have not come into fUNour, 
mainly because onc or t wo good clocks a re a ll that Me Tequired 
in the ordina ry household, and broadcasting p" ovidcs a fre ­
quent and accura.te means of checking the t ime-keeping of 
d omestic mechanica.l clocks. 

The master clock is tho greatest single item of expense in 
an impulse system, and would thus represent a large propor­
t ion of the tota l cost of a domestic installa tion , whereas it 
would be insign ifica nt in t hat employing se .... e ra l hundr ed dia ls . 
Incidentally there is usua lly no difference between the con­
struction of a. master clock controlling two or three dials only, 
and onc controll ing a whole communi ty. 

The additiona.l wiring is often a.n objection as far as private 
houses are concerned. Gcncra.lly speaking, onc of thc other 
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systems to be described ill Ia.ter chapters is to be recommended 
for homo use. 

n is now l)roposcd to describe in dethi l some t.ypical exam· 
pies of the impulse clock systems used in this country. pace 
does not permit of a. description of nil of them . "It should be 
l'Cmembered, too, t lmt every largo installa.tion has some 
special feature requiring indiv-iduai treatment by the manu­
facturers. 

}"'or instance, a fa.ctory may be equipped with t\ haU.minutc 
impulse installation , and req uire ficconds indicaling d ia ls in 
certain delmrtmcnts. or 9gfLin it may desire to h,we ite work· 
men's lime recorders brought into lino with the other clocks 
without UI)sctting their ma.ker's guarantee. 

The Synchronome System. 
The Synchronome is onc of the best known SYfJtcms of elec­

tric clocks, and enjoys a world-wide repu tation, not only for 
commercia l time-keepers, but a lso for "cry high-clays instru­
mcnts such 88 arc uscd in obscf"atories. 

It is also the oldest of prosen t -dn..v elcct ric clock ft'ystcms, 
dating from IS9:,}, the patent for which WlI S the first of a long 
series of inventions on which British ~racticc is now largely 
founded. 

Spl\CO does not permit of a. detailed ex-posi tion of its develop­
ment, a nd (or th is the reader is referred elsewhere.1 

Suffice to say tha t the aim of the un-entors. of whom Mr. 
l1'. H ope J ones is the principal, has been to produce n. COllll'ner­
cia I clock a pproaching RS near flS pos.~ i blo to the performance 
of a. (reo pendulum. 

Step by stop the clock mechnn ism has been simplified in 
order to relieve the pendu lum of any duties liable to influencPl 
its free performance until master clocks are available having 
no wheels a.t all in them, and So Synchronome free pendulum 
clock installed at Greenwich Observatory hns ]>rovcd so 
aecurnte 8ud l'Cgula,' in its tinte-keeping, that i t is actually 
used to check the inconsistencies of the periodic motions of the 
hea.vcnly bodies such 8 S the rotation of the ('arth. The ma.x i­
mum discrepancy of t his time-keeper is of the order of 0·75 
second Ul n. yea r. 

Like other impulse clocks, the Synchronome comprises three 
I Soo Elearic Clockl by F. Hope JOllOll. 
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essent ia ls, \tiz. the master clock, t.he 
ditlis, and the batter·y. It is proposed 
first of a ll to describe the more COlUmo n 

type of SYllchrol1ome clock und its 
russociated eq uipment , then to follow 
with a descript ion of the spe itll freo 
pendulum model. Tt wi ll be seen t.hat 
even the commercial model master 
clock, such as insta lled in factories a.nd 
similar places, has only onc wheel. 

Fig. 20 shows a. t.)1>ical master clock . 
The (lia) does not form pnrt, of t,he clock 
mechanism, but is controlled clcctricn.l lv 
in the same wa.y as any other dia l iil 
the circuit. 

The pendulum is of seconds leng th , 
the bob weighing 16 lb., and impulses 
n..re t ransmi t ted every hA.ir. minute. A 
10''''01' is provided e na bling t he dial i:i to 
be ad vunccd and retarded as desired . 

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

A is the base plate of cast iron, a nd 
B the pendulum rod of " rnvar," 0. nickel 
steel a lloy hl.\.\-ing a ncglig ible coeffici­
ent of ex-pansion. supported on n. light, 
flexible spring in the usual manner of 
high-class clocks. 

The switch mot ion, which perforllls 
the dU ll l function of closing t he diu,) 
circui t every hall-minute, and giving 
the pendulum a gent lo impu lse to kecp 
it in motion a t the same time, consists 
of two parts: ( I) t he right-angled lever 
or f:,rra.vity arm C pi voted nt D l\nd 
normally resting with its longer arm on 
a p rojecting catch R, which is pi\'oted 
at F. (2) The lml1ll.turc 0 pi\'otcd at 
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its lower cnd at 11. .FIG. 20. SY}OO"ClUtOS03£E 

The pendulum carries a. small hook .;\ i.AS'l'.Elt CLOCK 
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or ga.lhc~ing jewel J which engages with the ratchet wheel J, 
drawmg it ono tooth forward (or every complete swing of the 
pendulum, i.e. every two seconds. 

This wheel has 15 teeth nnd, therefore, makes one revolution 
in half a minute. 

At.lnchcd to the ratchot wheol is tho vane K, 80 arranged 
Lhat once in every revolution it pushes ca.tch E aside, letting 
the gravity arm fall by its own weight. 
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The glass roller L on the gra.vity arlll drops on the pa.llet 
~f 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 
a rm touches contact 0 on the armature of tho electro-magnet . 

This completes tbe circuj t through the dia ls and through t ho 
!Uagnet coils which a re in series with t hem. The immedia te 
effect of th is is to adva.nce the hands of the va rious clocks onc 
step, and to cause the a rmature to be drawn to the magnet 
core. This latter action lifts the gnl.\' ity a rm and replaces it 
nn its catch E ready for t he next cyclo of opera tions. 

An important claim foJ' this system is that the impulse to 
t he dia.ls is not an inslantrulCou5 ono (which might cause 
sluggish dials to miss occasionally). due to the fact that t he 
current grows to its maximum gradually, owing to tho self­
induction of the circuit. 

The ba.ck stop catch P }lrevents the ratchet wheel being 
pushed back as the next tooth is being gathered . 

'fhe stops Q and R Limit the tnwel of the ll rmatUl'e. The 
former a rc so set that the gravity arm is not ta ken right home 
by the armaturc, but completes the journey under its own 
momentum, thus ensuring a. clean break of t he contact 
point. 

The action of the ad vancc [\nd retard lever is intere8ting . 
When in the upper or If normal U position t he clock acta pre­
ciselyas described above. In t he lower or " accelerate" posi­
tion the wire T is lifted so that the gathering jewel trips the 
gravity a rm catch a t every stroke, therefore the dill..l s arc 
rapidly advanced . 

III the centre position (retard ) the gathel'Ulg jewel is held 
out of engagement with the ratchet wheel, and thus the dia.l 
circuit is not opera ted . The ptmdulum meanwhile swings free, 
Md for long stoppages, such as a t the change from summer· to 
winter time, it is genera lly necessary to resta rt it by hand. 

It may be noted wit h interest that by this menns nny num· 
bel' of clocks can be advanced the one hour nccessary a t the 
commencement of SUIUDlcr time in a. lit tle over four minutes. 
The time this operation would take il , say , 100 dia ls had to 
be a ttended to individually is better imagined than described . 

li'ig. 22 illustrates the sta.nd a.rd dia l movement i.n whieh A 
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ia the main rlLtchct wheel ha.ving 120 teeth , B the e looLI'o ­
magnet connected in iiCrics with a ll other clocks, C the a.rma. 
tu re, D the arfllt\.turc levol', }) the driving click which pushes 
the n~tchet wheel onc tooth forward every timo t he magnet is 
energized , Ji' is the {h-i ving spring holdjng the armnluro n.way 
from the mu.gnet normally, G the back stop lever whose fUllc­
tion it is to prevent the ratchet wheel (rom running backwards, 

as might be possible when undue pressure is applied to the 
hand!! by wi nd 01' ~now. If is called the momentulll stop, its 
object. being to prevent the ratchet, wheel being impelled more 
than ono tooth 1>CI' impulse, lInd J the stroke limit stop which 
Umit.a t he tra.ve l of the tmnaturc. 

The notion is (lS follows. Wholl the clcctro-mngnet is cner. 
gizcd by I)n impulse from tho maslcr clock the armo.t.urc C iiJ 
attracted . T his onuses lever g lo be propelled to the right 
against. the pressure spring P, and to drop into the tooth 
behind that which it. fornmlly occupied. 
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.Irnmediatcly the current ceases, t.he electl'o·magnet becomes 
dc-energized, and spring F drives the armature lever forward 
causing the ratchet wheel to turn through lL distance of one 
tooth equivalent to hall a minute on the dial. 

The ratchet wheel is fj,xed to the hour hand spindle. a train 
Turret Clock 

WslI Clock 

!looter 

L-----l(L')I------i 

Time 
Ruordu 

Programme 
Control 

!1!1!1!1!1!11--_-Q-___ --1 

Master Transmitter 
and Pilot Dlal 

Battery Battery 
Warnint 

Flo. 23. TyplCAL SYNCBRONOllE TUIE CmCUIT 

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

The mo.ximwn current taken by the coil is ·25 ampere. 
Any source of electrical energy cnn 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 qua.lity in smaller installations. 

With the Synchronome system, a battery wa rning device 
is not necessary because a. weakening battery is immediately 
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noticeable by the sluggish movement 
of the hands of tbe clock dials. .1 t 
should be noted tha t the time· keeping 
is not affected-that is the hands "got 
the ro" every time, but ulkc longer 
than whell the battery is fully clmrged. 

The s luggish movement of the hands 
is due to the fact that with n. woak 
battery the magnet is lIJlable to throw 
lip the g ro.viLy lover, IUld the l>cnt!u­
hun on its return to tllo left nssilltH 
it. The duration of contact is thua 
prolonged. and is apparent 011 the 
clock dia ls. 

An insta llation will continuo to work 
perfectly (01' some days in this woa. k 
imttery condit ion. _ 

1£ the warning iJi neglected and the 
. pendulum a llowed la stop , the bat tcry 

if.! nutollllLtically discOImected l;ecIlUSC 
the last act of the pendul um L<; to 
hold tho contact ]>oints open by sup­
porting the griwity firm. 

Where I\. battery warn ing is specified, 
1\ carbon filamcnt lamp mounted in a 
suitable case is includctl. in the circu it. 
The time during which the current 
flow8 under normal conditions is in. 
su fficient to allow the Inmp to light up. 
When the longer impulscs appear, the 
fi Inmcnthas time to reach full briJ linney. 

A typical Synchronomc time circuit 
is shown diagram matica lly in F ig. 23. 

1 terns 811Ch R..'i ],rogra nune controller, 
etc., will be dcnlt with in a. Ia.ter 
chapter. 

Turning now to some of tho s1x.'cial . 
izcd fo rms of the Sync li ronome clock, 
wc will consider first the froe pC.J1(lu. ~'IO, 24. 1,'nEE P£l'nH, .... 1Jll . f h' I ' " ' 

TYPE SVN(:IItl.ONOlU: hun type, a view 0 W IC 1 IS gl\ cn III 

MASTEII CLOCK l ' ig. 24, 
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'rbe ilwcntot' insists tha.t t.his shaH not. be called a. free 
pendulum, since it is not ent il'ely re lieved of duty. There is 
just a. "trace " left as it has lo close n. small switch at every 

H 

]010. ~5. SYNCl mONOM I:: FRE& PENDULUM T YPE 
l\lAST E It. CLOCK 

swing, which is done by the attraction of a. small permanent 
magnet a.ttached to its pendulum. This represents such a. 
small a.mount of work as to be practica.lly negligible. 

The pendulum receives its impulses every haU-minute .by 
,,-(n"3) 



tho dropping of the gmviL) arm, but ill~ tcad of being rull'UM.'11 
by a. IllccluUlica l device aUaelwd t.o t1w COUllt whcol of tilo 
ordinary c~ock, .it is opcl'lLtcd clcctro-magnctiMlly. Thus the 
pendulum 18 relieved of e \TC lI having to turn the count whee\. 

The ~ynchron~)Jlte n~astcl' c l~k of th is fr'Ce JKlIldu lum type, 
t~art.snuts lIaH-mmutc lIupulscs III the usual way aud, in 8lhli­
tlon, enables 1JCC0nds to be indicated on ono or more dialR, a 
foature which was hitherto impO!:lsible all 1 he ynchronomo 
Rtandard clock without special nrrangcltlcnts . 

.li'ig. 25 shows [L. dingmmmatic \Tiow of this type of ynchro­
nome clock .met a portion of t h(' dinl movement. 

A is the pendulum, B the pa.L1et , and C the gravity arm as 
previously described in conncction with the atandard master 
clock movement. 

The grM;ty arnt is held up by catch D, which is drawn away 
when elcctro-magnet}) is energized. Contact with the arma­
ture F is then made, and tho dials g ivcn an impulse as in the 
standard clock, the gravity arm being subscqu Ilt.ly reset 
ready for the next release. G' is a. small permanent magnet 
a.ttachod to the pendulum swinging freely over a pair of con­
tact springs If, one of which is provided with nil armature I . 

Thus e\Tcry lime thc pendulum swings, i.o. e\'cry second, 
I is nt.tracted and contacts J closed, thus cOlllpleting the circuit 
through the bat.tery and the magnet I~, thc nrmnture of which 
is pro\' idcd with a. driving click operating a GO-tooth wheel 
- this being the sccollds hand drivo of one of the dials. 

On t he same Sl)indle is {L cam ill and contacts N, 80 arranged 
that the lattcr arc closed for one second every thirty !:Icconds. 
thus enabling every thirtieth impulse to energize magnet E in 
the master clock, giving tho pendulum its driving impulse a8 

J)r6\.iously described. 
The second hand mechanism of the fil"ftt dinl is not normally 

mcchanically connected to that of the minute and hOllr hand, 
these being driven by hair-minute impull;Cs in the usual wa-y. 

SEOONDS I NO IOATION ON ALL DIALS. In Ifpccinl instances 
such a8 ror testing pUrpo9C!:l, timing tclegra]>h and telephone 
mes.llages and the liko, it is ncceK~ary that 1111 the dials of an 
installation ind icatc 8CConds. 

Owing to the extreme lightness of the contact in the free 
pendulum clock it is not desh'able to operate moro than onc 
or two dials in the manncr described abo\~e. 
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I II ijuc: h a ('ll..~C u. stundanJ dock iJol tnkt'JL ami fitted with 
1.1Ilot.her SYllchronolllc Kwitch J'clcnsc<1 by th(, pendulum at 
every scmi-vibra.tion, t hus the hard und last ru le which the 
SynchronolUc Co. have set themselves, to take no n.ppreciablc 
energy from the pcndu. 
hllll for contact making 
purposes, is not violated. 
They lLctunJly employ n. 
subsidiary Synchl'onomo 
switch for the purpose 
of producing aJ.ld trans· 
mitting seconds impulses 
although it is not wanted 
as a. Rcmontoir. 

In slIch cases, of course, 
tho gcaring of the dials is 
arranged to work from 
second impulses instead 
of hnlI-minutes only. 

Observatory Clocks 
The time· keepers used 

in observatories arc of 
necessity of nn accuracy 
(ar abo\1'c that of oven 
the best ordinary clock, 
and the fact tha.t electric 
clocks are invariably u8cd 

T 

l 

I I 
1 L 

I I 
nowadays is a strikulg 
example of the accuracy 
of these ins t l'ulllents, }"'or 1 
instancc, onc of these 
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installed at Greenwich J 
Obscf\Tatory has bee n 1,;;-'-' ....:~'--=-_ _ ~=--~.k.=""'!!!!!!! 
found to ha.ve lost 5 £0'10. 20 . OBS ~:I~VATO It" LOCK 

seconds in t lll'cc years I 
No less than 45 "Shortt " clocks, designed by ~ I r . IV . 
H . Shortt, M.lnst.C.E ., in association wit h the , ynchro. 
nomc Co., n.rc in usc in difTcl'ent obw l'va torics of the 
world. 

It is somewhat beyond the scope of th is work to describe 
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obsen·u.t.ory time insta lltttions ill detail. The followillg notes 
gi\'c 11 brief out line. 

-
F'UJ. 2(;,,,. GENT MASTER 

TUAN8!1tI'M'F.R 

The free ]>cndulul11 , .Fig. 26, 
is built on the 'Yllchronoruc 
princil'le, llnd kept in motion 
by t.he falling of a gra.vity arm. 

The whole clock movelllent 
is enclosed in an nir·tight cnse 
and exhausted of ai.r to obviate 
change in ratc due t.o o.ltcrn. 
t ionlj ut ln~rolUctl'ic l)reSSlIrc. 

The gravit..y arlll is released 
electro-magneticld ly from the 
circuit of u. Synchronome free 
pendulum clock working i.n 
exnct. synchronism with il.­
called a s lave clock-the 
nrrangcmcnt being that the (I'e(' 
pendululIl measures the lime 
and the shwo clock does the 
work. keeping the free pcndu. 
hun in motion and opcrnting 
tllO time· indicat ing circu its . 

The PuJ·Syn-etic System 
The ])UL-s\rN.liTIC svstem of 

Me.<lSI'S. Cent & Co., 'Ltd., of 
Leicester, is ono of the foremost 
of the present day, and its 
dC\Telopment is mainly due to 
the work of Messrs. Parsons 
and Ball, whose initial patents 
WCl'C fi led in 190·.1. 

A special feature of this 
system i.s tho sim})licity and 
robust construction of the 
variolls units, It is ulso mOl:t 
flexible and can be adapted to 
all fiO I'tS of special requirements 
snch fLS programme controls, 
workmen 's time r eco rde rs, 
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turret clocks. the unification of existing spring or weight 
<ll'ivon clocks, and marino purposes, 

'fhe master clock or transmitter is illustrated in }'ig. 26A. 
The movement is mowlte<l in a. teak case fitted with a glass 

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

L 

Jol:o. 2i . DI .... ORAM or Gt:NT MASTER TRAN8Ml'nEB 

master lUo\Tcment, but this has not any mechanical relation 
with it, being merely connected in the ordina.ry time circuit. 

The pendulum is a.rranged to beat seconds, i.e. the time taken 
to swing to and fro is two seconds, but time impulses are 
tra.nsmitted. at hall.minute interva.ls. 

The pendulum bob is of .teel and weighs 10 lb. The pen­
dulum rod is made of So special Don-expanding alloy known as 

inevar. The bob and the rod taken together compensate for 
8ny error due to varia.tion of tcmIJCra.tul'e. 

The transmitter can be reguJated to keep time within ODe 
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sr.<!ond per da v by Illoans of the" rating" nut Sef'n 1x>1ow lhl' 
pendulum. 'fhiR has a number of marks each represl'nting onc 
second per day gain or loss, according as to whether the 
weight is rni80d or lowered . ('rho shorter the effective IcnStlh 
of a pendulum the quicker it 8wings.) Provision i8 alw made 
for small weights to be placed above and below tho pendulum 
for minuto alterations to the roto. 

'I'he transmitter is I)rovidcd with an advance lovor by which 
all the clocks in the circuit can be advanced one haIr-minute 
overy two Rooonds whon required, as, for instance, a.t the da.y-
light saving change. . 

'I'ho movemont of tho lrnnsmittcr is shown diagrammatically 
in Fig. 27. . 

A is the pendulum crutch, a lever which is pi"otcd at fhe 
same centre as the pendulum suspension and COlll)lcd at. its 
lowow cnd to the pendulum, ns more clearly seen in "Fig. 26A. 
Tho crutch carries the operating mechanism instead of it 
being mounted directly on the pendulum. 

B is the gravity 10n.1' pivoted at C and provided with a. 
weight D. I t is held in t\ horizon tal position by the stimlp 
catch E engaging with the detcnt F. Also mounted on the 
gravity lover is the roller C, which is arranged to roll down the 
surface of the pallet 11 of thepcndululll crutch when the 
gnwity arm drops every haU.minute, thereby g i\' ing the pen. 
dulum a. gentle impulse to keep it in mot ion. 

At the cxtl'eme cnd of tho g ra.vity lever is the contact 1, 
which is opposite to, but normally not. touching, the contact J 
on the armature K of the electro-magnet L. 

Mounted on the crutch is a. lever M which engages with the 
teeth of the 'scapo whcol N , ad\'nncing it onc tooth fon\'nn:\ 
for every complete swing of the pendulum, The wheel , 
therefore, makes onc complete revolution every hair. minute. 

Now ono of the tooth of t.he wheel is cut extra. deep so that 
when the pnwl Il of 10\'cl' M engages with it. its cnd 0, instead 
of passing into the open stimlp P, makes contact abot't the 
opening. 

'l'hiR pll.!lhf'.!I the Mtirnlp lever aside and causes the gra.vit.v 
le\'or B to drop. The roller G runs down the pallet facc gi,;ng 
the pendulum nn impulse and the contacts J a nd J close, This 
closes the time circuit, and &11 the clocks advance half f\ min\lt('. 
At the same time clectro-magnot L is energized And attracts 
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armaturo K . T his ha!; the eflect of Lifting the gra.vity lover B 
back to tho horizontal , in wh ich position it is held by the 
stirrup catch (the pendululll haviJ1g now swung away from it) 
until the pa.wl agnin meets the doop tooth when the cycle is 
repeated. 

\Vhcn it is de~ircd to auvnnco all tho clockH ra.pidly, tho cord 
() is held down which hllfi tho cITect of IIlll king t he levOI' .ill push 

FIG. 28. CENT STANDAltO D I AL M OVt:,uENT 

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

Two types of dial movement are supplied (or usc with these 
clocks-the standard simp le type, and the inaudib le type. 
The latter is desira.ble for bedrooms, hospitals, libra ries, and 
other places where the slight half.m inute click of the standard 
movement ma.y prove distracting. 

A back view of the simple movement is shown in F ig . 28. 
A is the ratchet wheel having ]20 teeth mounted on the 

minute hand spindle. B is an electro-magnet which attracts 
arma.ture C every time nn impulse is received from the master 
clock. and in doing so advances the ra.tchet wheel one tooth 
by means of pawl D. 
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T he atop £' prc\'cnt~ the mt.<:hot wheel ~Iipping back Ihl the 
~>a.wl ~thcrs the next tooth, '!'he disc IUld l\SSOCintcd mechnn. 
Ism F IS for tho purpose of adj usting the stroke of tho pawl 
lover so that. the ad\'ance is on ly ono tooth. if more than one 
tooth were picked tip at n. linin tho clock would of course 
rapidly gain. The gear wheels a C, arc driving t.:sin for th~ 
hou r hand. 

:FIO. 29. CENT L 'i'AQDIOL& DIAL MOvt;!r.l£.. ... T 

Thl'cc sizcs of dinl l1loohanislll arc made nccording to the 
size of tho lock. 

The "inaudible" movcm III is shown in .E1g. 29, in which 
A Bnd B arc tho coils of a.n electro-magnet, and C is an iron 
Arma.ture pivoted at D, norma.lly held in the position shown 
by a. spring. 

When an i mpuL~ a.rrives (rom the ma.ster clock, it is momen­
ta.rily a.ttracted to the verticnl posit ion, and in ISO doing ad­
vances the ra.tchet wheel E by onc tooth. Suitable gearing 
couples this to the hand mechanism. 

The movement owes its silence to the fact that the &.rmaturc 
does not como against any metallic stop when a.ttracted by 
t be Illagnet. 
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ThO wOl'kjng curren t taken by the P UL-SYN-ETIG clocks is 
·22 a mpere, and the \'oltnge per dial approximately 1 volt. 

Lcclanch6 batteries of either the wet a i ' dry type can be 
used provided they are of 1\ good quality, Ilnd will operate lhe 
clock system for two years or SO without a.ttention. 

\Vhere alternating current electricity BUll}))Y is available, 
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FlG. 30. PRI.:",.CLPLE Pot.·8YN.ETIC BA'lT~RY W .ut!'fINO BELL 

however, the makers recommend the lIse of Cl. battery of 
accumulators-this being continuously 11 trickle charged)l 
from the mains. 

When prima.ry cells arc used, an audible wea.k battery signal 
can be fitted if required . This is of particula.rly ingenious con­
struction, and is shown diagrammatically in Fig. 30. 

A is an electra-magnet connected in series with the clock, 
and B an arma.ture pivoted at C and provided at one end with 
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weight D, and at the other cnd wit h hammer E adjacent to 
gong F. 

The nction is M follows. When the bnttery is lip to no rmal 
strength, t he durat ion of contact. in t he master clock is ex­
l:ClUo1y short, ?ut '~hon the battc.ty weakens it is longer, or, 
simply, more t ime 18 taken to ra ise the grav it.y a r lU on ill'! 
catch. 

Now when the impulse reaches the elect ro-magnet shown 
in tho figu re tho a.rma.ture is momentari ly ILttrllcted. Owing 
to t ho inertia. of the weight. D, the impulse is O\'or before tho 
str iker }] 11Iu~ time to hit tho gong. When, howc,"cr, thu 
impulses become longer duo to weakening of the battery, t he 
a.rmature is fully att racted, and causes the bell to ring at 
c\7cry stroke. The warning is 80 adjuated that the bell rings 
some time before the fai ling point. of the buttery. It may be 
mentioned here that sholl ld tho warning be neglected and the 
clocks fail , the pendulum will hold the master clock contacts 
open to pl'(wcnt further discharge, and consequent complete 
exhaustion of the batteJlY. 

Tho battery warning de,,-ico cannot be used where aCOlI. 
mulators arc cmployed, because e"en when discharged their 
voltage ia ) ' per 0011, which is sti ll sufficient efficiently to 
work t he clocks, although, of eouJ'S(', thc accumulators would 
be damaged by nny further dischargo. 

Tn addition to the standard transmitter described in this 
chapter, specia l types are available for marine work , turret 
clocks, clocks which require synchronizing by time signal , etc., 
to which reference will be made in later cha.pters. 

The Magneta System 
Another popular impulw clock which has stood t he lest of 

time is that of the Magneta Time Co., Ltd. 
Strictly speaking, there are now two distinct Magneta sl's. 

teolS, the magneto opera.ted, and the battery operated. 
TilE iU.AONETO-OPt:RATl-:n SYSTt:M. Thc magneto-operated 

RystclU actually genemtes its own current for each impulse, 
and there are consequently no conta.cts to open and close. 
The system is, t.herefore, very reliable, And the curI'Cnt gener. 
ated in th is manner is sufficient to work a large number of 
clock dial s in series. Such instruments as progrllmme con· 
trollcrs, time recorders. and the like, which are a common 
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feature of time circuit:s to.day lUC, however. oj>C l'atcd by 
interposing a. relay. 

The master clock cOllsista of n. high grade penduluOl con · 
t rolled , spring and weight driven regulator- ha nd 01' electri· 
cally wound . The prin<: ivlc of thegenc,'a.tol" is shown in Ji'ig. 31. 

A, • .d 2• A a. A.I are the poles of two permanent. magnets. 
B is tho nrmatu re which is given a. I'",pid tlll'Ow every minute, 
taking up the position shown onc minute, and the l)Osition 
indica.ted by the dotted liJ1C the next . 'The coil C is fixed and 

[0""0. 31. P R ISOU'LE OF •• ')TAONE'I'A" ~IAG!'iF.TO-O P£nATI::D 
C L OOK 

the ends are connected to the externa l time circuit. The arma­
t ure is pivoted at D. and successively takes up the positions 
shown ; thus every minute its position is CilaJlged from MN 
to OP, or vice 'Versa. In so doing an electro· motive force. 
sufficient to operate the secondary movements, is gcncrated 
in the coil , and a current Oows thl'ough the circ\dt. 

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

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

F ig. 32 shows n. (-ront view of the mechanisUl o( the Magnetn, 
master clock. 
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Tho magneto can 1,,0 clearly seen on tho left. and a lso its 
operating le\Tcr. ' 

THE BATTERy·Ol>"~RATl,;o YST~Jl\1. The Magneta battery. 
operated system has severa l featuI'Cs different. from the mag. 
neto·operated system previowdy described. 

The mastel' clock is much smaller than usual, having a 

L 

hm 
erel' 
'4tUf'e 

linen! 
'Snets 

rrir' ... ~ 
• 

~ - • 

"""'\ 
• • • -, Connectins 

11." 

"""""" 0 Al-I o@o .; 00 Wmdmr 
"""""" Sh4rt 

• _1Il 

Fm. 32. "'\1A.ONt:TA" lliBTEIt CLoCK: M..ECBANUI.lI. MAGN£TO. 
OPERATED TYPE 

View from Front. DlaJllemoved 

pendulum of hnlI seconds length, and is arranged to receive 
a. dl'iving impulse e\~el'y second, thoreby maintaining it at a. 
constan t a.mplitude. The impulses are given by & !lolenoid, 
and there is, therefore, 110 physical contact with the pendulum. 

The time oircuit impulses can be sent out once por minute 
or overy ball· minute. 

The mastor olock is driven (rom a separate cell of the 
Latimer Cla.rk type, which wiIJ maintain t he clock for about 
three years without attentioll-the battery being conta.ined 
within the clock rcal)C. 
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A feature of the "A l"agnetn. master clock, WhOKC ap]>ea.rance 
is ShOW11 in Fig. 33, is the centre seconds ha.nd which is me· 
~hanica.lly COrulccted with the pendu lum , and serves as an 
independent check on the sccondary clocks. 

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

A is the pendulum, B the pendulum bob which can be ra.ised 
or lowered to afford coarse adjustment of the rate, and C is 
a. permanent magnet attached to the }>cndulum, the onc limb 
of wb..ich enters solenoid D. Contacts arc 80 arranged that this 
is: energized just as the magnet enters. and 80 attraction takes 
place, thereby maintain.ing the swing of the pendulum. 
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A pi\·o!(·d fingCl' Oil the pendulum tU rI n. u count wheel fI. 

tooth at a time, ,Uld by 11IClUllj of a cam act ion contacts tll'C 
c lo:red in the tim(' dist"i bu tion circuit.. 

The fi n~ adjustment consists of lo\'or Q pivoted a.t 11, one 
cnd of wJlIch passes over a rating plate, and the ot her has two 
branches spanning the sides of the coil, each carrying 1\ snmll 
pieco of iron J. The posit ion of this affects the degree of 
attrnctiol1 of t he magnet to a. l:llight ex-tent, and t herefore forms 

. ----.---­- ---------

<>-,>lu. _______ _ 

Pe"miinent 
Masnet 
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I~JQ. 34. M.AO~":T,\ SECO~"U ... It \ ' :MO\'EMl!ST, DA'M'EKY.OI'ERATED 
"eTE)1 

a simple and reliable means of adj u~ting the rate of the clock 
wi thout tOllching or interfering with its l>cndulum. 

The secolldal'Y clock lUovcmenbJ are of a l>o la rizcd tYl)e 
fitted with wound armatures, and have no 8]}l'hlg or gravity 
replacement. They arc, therefore, silent and economical in 
current consumpl ion. 

]l'ig. 34 gives a detail drawing of t he secondary clock move­
ment. 

'fhe I'ockhlg molion of th arma.tu rc is transformed into a 
rota.ryonc by menns of the escapement !;hown wh ich il't pivoted 
at P. 

]"or small and 1ll(.'d iull1 sized installations dt·y cell s arc 
recommended for oJ>crating the $OOondllry clock dia ls. The 
current consumption is only about 0;; miJliampcres. and OIlC 
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tx.'1I will operate lSix r;ccol1da ry clocks. Ordina.ry be ll I;izc ce lls 
will g ive t welve month li sen rice or mol'C. . 

)<'01' large insta llations the lIse of dry cells would neceSfillntc 
a. considera ble capita l out.lay, and in such instances. a CClIIUU· 

lators automatically cha rged arc used instead . 
A typical wiring diagram for a Magncta battery system time 

circuit is given in F ig. 35. 
It will be seen that the secondary clocks arc not connected 

G ' 'L ' 'L ' 'L . . . , . ' 

. 
' .. . . . .. ' .. ' .. 

~ Bat tery 

F IG. 35. M AON"ETA T l'll],! CtR CUlT 

directly in series with each other , but a re in shunt with a 
resista.nce 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 d iameters of dial. 

This system of wiring ensures that each clock gets the right 
amount oC current, and that t he conti\.ct s 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 a lTect the 
rest, and clocks can be removed or taken out of circuit at 
will. 

U p to 70 clocks can be Mm in one group. Above t his num ber 
a re lay is desirable to deal with the second and all bsequcn t 
groups of dia ls. 

The a rrangements for operating progra.mme controls, time 
recorders, etc., by t he i\Iagneta. system will be descri bed in a 
late r chapter. 
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The Octo System 
l 'he Octo sY8lcm is the vroduct of ~l'e8srs. T. & 'F. Mercer, 

of St. Albans. who are well known as manufacturers of high 

16 
, 
, 15 ..y-

Fl'O. 30. PRINCU'LY. OF "OCTO" l\[A8TER CLoc" 

grade ohronometers, and whose business was established in 
! S5S. 

Two forms of Octo impulse clock systems are nvailable--one 
controlled by n. stnndo.rd mnster clock, and the other in which 
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t.he secondary dia.ls are controlled by contacts contained in a. 
chronometer. The second system is pa rticularly intended 
for sbjp installations, and will be dea lt with in a. later 
chapter. 

.FIO. 3i. "OCTO" :'tIAST£1t CLOCK MECIIANlS~ 

The pl'incipal features of the Octo mnster clock arc as 
'ollow8. 'rhe pendulum rod is of lull seconds length , and is 
'ompensated, being of Jnvar whose coefficient of expansion 
las boon ccrti6ed by the National Physical Laboratory. 

The pendulum bob is furthel' fitted with a. compensation 
5-bHJ) 
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t~l>e.nnd a lso [I. t,'uy for weights, 11J1(1 n degree of accuracy to 
wltllIll OIlC ~ccond per week is ord inarily obtniJlablc. 

Impulses orc given to tho so(:ondal'Y dial!! overy ImU-minute, 
the duration of contact bcillg regulated by 0. special a rrange-

I-'IQ. 3S. "OCTO" DIAL ) [ O\'t: MEST 

1110nt, accord ing to the size of the circuit, to ensure that each 
d ia.l rooeh'cs its proper working current. 

T he principlo of working of lhe master clock is I:Ihown in 
Fig. 36. 

( I) is the pendulum feed pawl which swings backwards and 
forwards 1'otati ng thc count wheel (15) tooth by tooth. The 
count whoo l has two deep notches which allow the feed pawl 
to elrop u. little deeper each half-minute, the feed pawl then 
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pU!:lhes til e la tch lover (6) forwa rd , releasing g ra vity n rrn (14 ) 
a llowing roller (3) to fl\lI on impulse pAllet (4), and g iving 
impulse to the l>cndlllum . 

. Flo . :m. 11 OCTO" hl PVLSE Cl .OC-K, " P t; ltlOl>" l\1 0l)EL 

At the same time as (6) is releasing the gra\rity a rm it is 
,Iso pressing contact (12) on to contact (13) partly making 
ircuit for resctting tho gra.vity arm . 
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As t.he gr<wity IIorm (14) is falli.ng, contact point (10) makes 
contact with ( lOA) ~nding an impulse to the.: line. This COIl­

tact is adjustable to allow longer or shorter cQnlact,K as deliired 
to be transmitted to the clocks. 'l'he gravity arm (14) still 
fall ing comes into contact with the reset lever (16). This sends 
a Cllrrent through tho coils (9), whioh immediately v ull the 
lever (16), resetting the gravity nrm. These coils must remain 
rulergized until the gravity arm is properly latched, when 
latch (6) allows contacts (12) Imd (13) to break t he circuit, 
le,"or (16) thon returning to slop (17). This prOCes.i is repented 
each half-minute. 

An Octo master clock movement rcmo\-cd from its caso is 
shown in }"'ig. 37. 

The Octo dial movemeJlt is shown in Fig. 38, its action being 
a.s {01l0w8-

Coil (10) is energized each half.minute, pulling armature arm 
(4-) towards it at the sa.me time allowing click (5) lo drop in 
the next tooth. Dirootly t he coil is demagnetized, spring (8) 
pllsheg the armature aflt) click forward, rotating action wheel 
(2) round One tooth. This action wheel is geared down I to 2 
On to the centre spindle (I), wh ich in turn "otatcs the motion 
work and hands. When at rest the movement is locked against 
any hand prcssure. 

Another fea.ture is the cannon spring fitted to the centre 
spindle,which allows the hands to be sot to the correct time very 
qllick ly, and is a great help when fitting up large inatallations. 

A comprehensive range of cases is lwailable (or all lises, 
l!"'ig . 39 being a typical example of t~ period clock. 

About 50 ordinarysiz.ed clocks eRlI be operated in series wit h 
onc master clock, but for larger circuits a relay is desira.ble. 
Where it i8 particularly required tbat all the secondary dials 
of a. very large syatem be ill series the master clock is arranged 
to oporatc a relay only-the clocks being controlled (rom its 
secondary conta.cts. 

The minimum working current is 175 miJliampercs. This 
can be doubled witbo\lt ha.rming the system. 

E ither primary or secondary batteric8 can be used for the 
operation of these clocks. Primary batteries arc recolll· 
mended for small insta llntiollf'l where the dials are all ill series, 
Md n.cculllulaiors for larger installations where clocks arc 
grouped in parull()) circuits. 
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SELF-OONTAlNED CLOOKS 

TUE title of tllis chapter requires some little explanation. I t 
is obvious tha.t any of the master impulse transmitters des­
cribed i.n the prC\' ious chapter could be ta.ken Rnd mounted in 
a. cnse with the necessary (ll'iving ba.ttery, and so constitute a. 
!)C1f.contained clock-independent of e lectricity supply and 
free from external wiring. rI'he result would be a. vcry high­
class time-keeper, but it would be large a.nd hea.vy, and require 
\'cry rigid fi."(illg. It would be eXl>cnsive beca.use the same 
transmitting mechanism would have to be provided for the 
onc dia.l as would be necessary for hundreds of dials, nnd such 
clocks a.re ra.rely therefore mot with in practice. 

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

The class of clock which it is IJl'Oposcd to consider here, 
however, is that which is Rold 88 an independent clock , its 
motive power being derived from n. small battery actuating 
the clockwork directly. 

l\Iost clocks of this type a rc 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 
explai.ned, onc of the principles of accurate time.keeping is to 
lea.ve the J>endulum as free as llOssible. 

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 electrici ty only 
a. few have survi ,'cd. 

The vrincipnl advantage or the domestic seII·collt.n.in ed clock 
is the f(\.et that it does not require winding. It will usually go 
for two or three years on one dry cel l. As mentioned a.bove, 
time.keeping depends on design and construction, and in the 
case of well·made instruments compares most favoul'ably with 
t hat of high·c lass sp"ing clocks. 

The self-contained battery-driven clock possesses the merit 
R I 
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of portability, but it requires the same care aud attention as 
regards rcgulllting und levelling, ns would be IIffortled a spring. 
driven clock. 

The self·conta ined battery. driven clock hlls a certain fas­
cination of its own, in that it. is obviously electric, Bnd yet 
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posaes&cs the " I ick " of an ordinary clock. This is a. point 
which seoms to weigh with some buyers. 

The Bulla Clock 
Onc of the Ocst known t)l>es of battery-driven clock is the 

" Bullo, ,. of which a. wido mngc of domestic lllod('h~ if! n\·ai lablc. 
The principle Qf working is briefly ll!j follow!I- . 
Referring to F ig. 40, A is 1\ solenoid which togcUlcr with the 
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acljustablo weight B constitutes the }>c nduhIIll bob and swings 
over the }x)I'manent tnugnct O. 

D is the pendulum rod supported i~t E, and .F is a silver pin 

which make:! contact with plate G evo l'." titn (' the pendulum 
~wings t the J'igh! , I hll li completing th(' circuit thl'Ough the 
electro-magnet a nd causing the pendulum to oe I'epe lled from 
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the middle pole of the mngnet, gi'-ing it an impulse to the 
right. 

One of t he featu fCS of t his pnrticuJnr clock is the consequent 

F ill. 4 :! •• \ S"OTIlt:K \ ' U;\\ t\f'Tln: B t ' LLt-; Cw(',. 
:\ IO \"I':)lI::1'OT 

polo magnet adopted which i ~ ~"id considerably to increase 
the efficiency of th(' ('lect ro· Ul agnet owing to the morc favour. 
a ble po~i lion of the- IinC!5 of force in l'ela.tion to t he lIlo"iJlg coil. 

The mcchnni.'l m i .~ in~cniollsly arranged 80 Ihnl contact with 
() is not made on t ho rot Unl journey of the pendulum. The 
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drive to the clock hands is taken th,'ough suitable gearing 
frol11 the to and (ro motion of the plate to which contact plate 
G is sccured , and it is claimed that with the pawl and ratchet 
crown wheel adopted , the clock does not need to be accura.tely 
levelled. 

The current consumption is infinitesimal , being of the order 
of -002 to ·003 ampere at the contaot moment, alld a. sma.lI 
It volt dry cell will operate the clock for two to t hree years. 
The clock is regulated by raising 01' lowering the nut at the 
lower extromity of the pendulum. The pendulum is secured 
in position when the clock is moved from one place to another 
by means of a. clip specialJy made (0 1' t he purpose. This is a. 
useful point as a ll the tlscr has to do is to take away t he clip 
a.nd the clock is ready for usc. 

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 t he actual mechanislll pos 'esses many 
refinements to which reference has not been made. The 
driving battery is contai.ned within the base of the clock. 

The pendulum cHp referred to above is seen in position in 
Fig. 41. 
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t~le middle pole of the magnet, gh' ing it nn impulse to the 
fight. 

One of tho feature'! of th is particulnr clook is the consequent 

Fw , I~ . , \ "OTIH: lt , 'It;W In' Tin; nU.LE CLoc" 
Mon::) .. ; NT 

pole IIlllgllCL uduJJtt.'tI. which is Iinid cOlls iderably to increasc 
the efficiency of the eh;'C t ro·lllllf.,rrlet owing to tho more fRvour· 
",ble position of th(> lille~ of force Ul re lation to the moving coil. 

T he mcchrmiIo:I1l i8 in~cniously armnged so thut contact with 
o is not made on tho return journey of the pendulum. The 



SELF·CON·TAlliED CLOCKS 65 

drive to the clock hands is taken through suitable gearing 
frolll the to and fro motion of the plate to which contact p late 
G is secured, and i t is cla.imed t hat 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 ol'cler 
of ·002 to -003 ampere at tbe contact moment, and a. small 
It volt dry cell will operate the clock for two to three years. 
The clock is regula.ted by raising or lowering the nut a t the 
lower extJ'emity of the pendulum . The pendulum is secured 
in position when the clock is moved from onc }>Io.oo to another 
by mea.ns of a clip specially made for the purpose. This is a 
useful point a.s 0.11 the user has to do is to tllko away the clip 
a.nd the clock is ready for use. 

Figs. 41 a.nd 42 give t wo views of the movement from whieh 
a. general idea of the eonstt'lIction can be obtained. 

It will be seen t ha.t the actual mechanism possesses many 
refinements to whioh refel'ence has not been made. The 
<lriving battery is contained with in the base or t he clock. 

The pendulum clip referred to above is secn in position in 
Fig. 41. 
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RYS~IIRONOOS i'lIOTOR CLOCK S 

Introductory 
THE synchronous motor type of clock iR ono of the latc~ 
d0.vc l~ pJUcnts in electrical horology. Tt is enti rely different i 
prUlclJllc from nny other class of electric clock. a nd poM!IC.<me 
a. nUlI.dJUJ' of ad vantages o' -er oldcl' syste ms. n)'SO some dis 
advantages . I t can only be worked from alternating currcn 
supply JUains. 

The hands of this (orm of clock arc dr iven, through 8uitabll 
gea ring, from a \'ery sl11a ll electric motor whose sJ):Cedj 
governed entire ly by the freq uency or num ber of c.YCJC8'l)C, 
ccond of t ho sUJ)ply. -

rl'his method of clock control was suggested ns I ng ago III 

1895 in this country by ~l r . ] i', H ope J OIlCS in nn article iJ 
Liyhlin(J, but it is only during t ho last few years that nny atten· 
t ion has boon paid to the nccumte control of frequency, which 
is. of COUI"SC, p .. unmount to success. 

Hitherto, elect ricity supply in t his country has been from 
a Inrgc number of smnll or medium ~ izc gcnernting stations­
each d istrict ha ving its own, Ho me generating direct current 
a nd others a lterna ting current. There was no sta nda rd fre· 
quencyJ,or numbor of 1'C\'crsa ls of current. per second ) for t ho 
A.C. supplies. and thus ono found nil sorts of l>criodicity (ram 

51 0 J00-50 being the most common . 
. !+' urt h r, the sta.ted frequency was only nominal-a dis­

crepancy of Olle or t.wo cycles a bove or below the correct number 
made 1i t.t1e d ifference to the oper a tion of motors, Ja lllps, or 
other a pparntus connected to t he Illa ins, and was quite com­
mon. 1' ho power st a tions weI'C only called upon by the Boa rd 
of Trade (which l'Cgulates such Ul ll,ucrs), to maintain the 
freq uency within 2 ~ pcr cent above or hdon UIO declared 
va.lue, and littlc ' o.ttcntion Wf\S pnid to sc ientific accurn.cy of 
control. 

A Hync,hronouH 1l10 I or--( lr' j \'en do(' k de~ign('d to work 0 11 fl 

.. .:')0 cycle Illa in supply will lose nearly ha lf an hour per day of 

GO 
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twent.y· four hours if the suppl,v be only 49 cycles, an inaccuracy 
which could not be tolera ted in any clock. 

All this has now been altered by the advent. of the grea.t 
Na.tioJlf11 Electricity Grid scheme, by which the generation of 
current for the whole of t he country is to be concentra.ted in. 
a. comV!l.rativc ly small nllm bel' of supe r-stations-nU connected 
together. Now it is onc of the first principles of pa.rallel work· 
ing of genera.tors, or of power sta.tions, tbat the frequency of 
all the machines must be identical. This is cOUlj)arath'cly 
simple whero there {H 'C ooJy onc or two generators under the 
same roof, but not cnsy wher~ st a.t ions arc hundreds of mi les 
apnrt. 

Thus t.wo things have had to be done. The frequency of 
SII pp]y over the whole country hn.~ been standardized at 50 
cycles per sccond, and lUeans devised to maintain this value 
to a. high degree of l\eCUracy. In ac tua l practice, as will be 
described later, the freq uency is measured by comparison with 
a high-grade master clock, and t hus although only a by-pro­
duct as far as tho power supply authorities are concerned, a. 
source of accurate time con trol is available to a ll consumers 
of electricity within the grid scheme. 

It should bo notod that the change from local to national 
supply must necessa rily be a gradual onc, and it is, t herefore , 
essential to ensure that the supply is wha.t is generally termed 
" time controlled 11 before connecting a synch ronou6 clock to it. 

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

Synchronous motor clocks are very sUn pie ill construct.ion , 
and arc, therefore, cheap- very much cheapcr t han any form 
of electric or mechanical clock of the same accuracy. 

Time.kccping properties a l'C, of course, independent of t he 
lIser, and rely entil'ely 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 sta.tion , 
lLllll the cal'e with which the fTequeney, as J'epresented by the 
speed of thc generators, is mn.inta illcd in accol'dance with its 
indications. As regards the first consideration: the clock is 
invaria.bly of high-grade charactel' al'l'angcd to be checked at 
interlTals with t ime signals from Creenwich ObscrlTa tory. ~~h c 
second consideration is not serious as tt d iscrepancy of onJy n. 
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few scconds betwccn Greenwich time and frequency time is 
clca..rly \Tisible to the switchboard attendant, who can take the 
necessary steps to increase or reduce the generator speed. 

The writer hus ma.do continuous tests of onc of these clocks 
over n. period of six months on (\ controlled main , not yet, 
however I cOlUlooted to the" C rid." Readings were taken each 
da.y by the B.B.C. 6.30 p.m . Greenwich time signal, and at no 
time djd the indications of the clock vary more than ~Is 
from the previous dny'8 reading and genera lly less. 

Over the whole period there was a. constant gain of about 
~lds per wcck, which is accounted for by tl!,c master clock 
at the power stu.'lion ha.ving a slight gaining mtc. An error 
of les.~ tha.n one minute in six month a is n. good performance for 
any clock, and C\'cn this will no doubt be improved upon 
when the sta.tion in question is linked up with the Orid scheme. 
Check tests at other times fniled 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 molor clock is capable 
of holding its own AS a time.keeper. A disadvnnlage is that 
if the electric ity supply fails , nU the clocks stop, and ha.ve to 
be rc·set when the supply is resumed . Modern power supply 
is nC\'crtheless very re liable, and it is a rare occurrence for the 
power to be cut off. 

Synchronous motor clocks may be self.starting or 110n· 

self-sta l'ting. The self.starting type has the disadvantage that 
if, as is qt1ite concein\ble, the supply is f!hul ofT for only a £ew 
minutes, a ll 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 A.rc provided with un indicator to 
show if the supply has been interrupted or if the clock is stopped. 

The synchronous clock movement is exceedingly compact, 
fmd can be fitted to nny type of case. There is no pendulum , 
conseqnently no regulating or leveUillg is necessary, and time· 
kccping is not affected by temperature or climatic cO~lditiol~8. 
'l'ho Ihoving part.H are light, and in some mflkcs sealed m alt.2!!:... 
filled cOI.npartment. No oiling is, therefore, necessary, R~d 
the clocks arc very (Iuiet in running. The hands move steadtly 
forwl~rd a decided advantage oYer the hail· minute jumps of the 
impulse 'type of electric clock, pouticula.rly for domestic clocks. 
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The power conlSuml>tioll is vcry small , varying (ron~ . 
watts 0 4 wa.tts, according to ma ke and voltage. Taking J 
watt as an a.verage a clock ca.n b~un for 1..000 h~J'8 for ~ne 
unit of electricity, which works out at std, PCI' year with 
current costing)d. per wut. 

t is, of course, necessary to connect these clocks to the 
supply . Clocks CRIl be fitted with an ordina ry lamp adaptor 
or plug, but to be of any use a t a.11 they must be permanently 
wired . 'Where priva.te houses are concerned it is usually cam· 
pa,rativcly simple to provide a. plug point at the side of the 

11 J 
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.Fw . 43. '1'\" ' ICAL Sn<clUtONOUS M orolt CLOCK 

'l1antclshclf or to couple to the " li ve" side of nn existing plug 
".>Oint, inscrting a. small (use in the lends. 

Summing lip. the l>l'incipal ad vantages of the synchronous 
}Iock are-accurate lime· keeping coupl d with low capital und 
1.lIlning cost and negligible maiutenance. 

A typical synchronous clock, made by . 'mi ths English Clocks 
Ltd ., is sho}Vn in }"ig. 43 . .Below the ccntl'e of the dia l can be 
leen the small black and white sectol' which indicates seconds 
md shows that tbe clock is working. 

l'he Principle 01 the Synchronous Motor 
The synchronous electl'ic motor is so caJJed because it rWlS 

n synchronism wi t h t he slIpply fl'Oqucncy. Alternatillgcurrent 
notors which do not run in step arc called "asynchronous," 
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their speed \'lI rying with the lond on the motOl' but thes 
a rc not used in cle~tric clocks cxco]1t in winding n;cchnnj sm~ 

The nower rcquiJ1!.d to turn thl!. haru:Jg aLa clocl:L.is.. ver; 
slllalrindccd, so t:'fla.t clock Illotofli arc iu\'ariably of smal 

lmensio,ns and aimply constructed. Tbey bear little "",cm 
blnnco either mechanical,ly 0,1' ill ]>rincipic to the huge H,)'ll 

chronous motor met with III hen"y electrical enginec rinJ 

FIG. 4" .• 1111'1,"; .FOR~I OF DUU:('T·C"llllllf1!'OT )hn'Olt 

practice, and motors from variolls makes of clock.!4 often differ 
in construction to a. surprising degroo. 

Synchronolls motor'r4, a lthough now to clocks, ha\'e been used 
for scientific purposes such tl!t time marking, etc., for many 
years, and also for regulating the s])ccd of automatie te1e· 
graphic equipment. I n the hLtter connection they are uMIIa.lly 
ca.lled phonic wheels. 

In order to fully understand the principle of operation, let 
us first considcl' t.ho lSillljJle D.e. motol' showlI in l'"ig. 44, a. type 
which is also used to l:Iome extent in electrical apparatus, such 
88 windscreen wipers (or motor vehicles. A is nn iron rotor 
sha.ped i.n the (orm of 0. cross, mounted on l:IJ>illdlc B, the bear­
ings of which are not known. C i~ an c5t ric magnet in close 

• 
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proximity to the fatal', D is n piece of brass IUWLUg ll~ Illany 
sides as thero a rc poles of the rotor. J!J is n. piece of spring 
brass hONing a. contact 1\ Ilud 0 a bmss bracket having the 
adj lista ble contact SCrew }j . The brass block is so positioned 
on the spindle th a.t the contacts are open, i.e. not touching, 
when the rotor is in the ]>osition shown, but when i t revolves 
through 450 they arc closed . 

The contacts tU'C connected in series with the magnet as 
shown. The ac tion is slIch that when a. rotor pole lea \ '08 the 
mugnet pole, the cnrrent is switched on a nd the next rotor 
pole is nttracted to it, but j li st us it ll rrivcs the current is again 

F JO . " 5. M OTOR CONTRO LLED BY l~ Lt~M'lncA.LL\'·)IA INTA I~D 
T11NLNO F ORK 

switched off a nd the polo passes the magnet owing to the 
momentum of the rotor, and so the cycle of operations is 
repeAted. 

Thus it is seen that ii the motor be given Q, sta rt- in eit her 
lirection- it will continue to rota te at n. steady speed , but the 
ipeed will not be controlled in any way. 

Now if instead of the contacts F am] JJ being operated by the 
"Otation of the rotor they a rc a ttached to one arm of an elee­
,rically mainta ined tuning fork , as shown in Fig. 45, the rotor 
.viII run, but now its speed , whe n once /Started, will depend on 
he frequency or note of the tuning fork , and RS the la tter is 
m own accurately and is lL constant, the motor can be used 
'or time measuring purposes. 

]i'ig. 46 shows a. ~imple motor of this forlll made by the 
In,mbridge [Jls trument Co. for scientific time marking purposcs, 
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a.nd Fig. 4i the tuning fork for controlling the sJ>cod of t 
motor. 

Flo. 40. Sllll'U; EU:(."TR1C )COTOR, 'fUNING lo-'ORK 
Co:STROI.LEO 

(t'ol'"ttr.cl"" " •• lfMMtnl Co •• /Ad.) 

Uevcrting now to the simple motor of Fig. 44, if instead 0 
supplying the fill\gnct. with pulsating direct. current wc suppl: 
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it wit It a.ltcl'llU,ling ('111"'('11(' almo~ l "im ibt r ('ondi liolll; will 
obtain, Rnd tho rotor wil l still rotah .. --lhe Mpccd now being 
controlled by the f req uency of the supply, thot is, t he number 
of reversals POI' Rccond. It should be noted tha.t the motor 
will still require starting because thel'o is no force whatever 
tending to produce rotation in the position shown in the 
illustration . r-

III actua l pl'act icc it would be neccs!(Il I'Y 10 m&liry the motor 
sOQ1cwhn.t . The core of t he Jll.ectro.magnct would have to be 
Jarilinate<i, that is, ' built up of n num ber of thin iroll sheets, 

FIe::. 47. EI.t;('TRI ('ALLY .)IAI.sTAl!oa~ U TINI~n F OItK 

(l'urJlr,ridllt I II~tnmlt'" ( 'u ., l.td.) 

f. L 
lightly u u)atoo from eaclh ot her, otherwise eddy llurrcn~8 
wouJd be generated "1 the cm'c ca.usingliC7i't'nnd unneccMa.ry 
cXI~nditul'e of power. Lt woulll not. be 'lcee~.!Snry to I'~odify 

I the rotol', a.lthb llgh considera.hly better I'cs ll lt~will bo obtained 
if thc~ be made of magnetic Rtce ) instend of soft iron . 

~ I t will be Io\lJ1d in clock practice that some makers favoul' 
r~the fi rst method and othcrs the second. tt 
~. The speed of the rotor will dCJX'nd on the freqt'kncy of the 
tl'blectricity supply and on th~.£lLI)Ll>u lc~ in the rotol'. I t 
~8hould be remembered tha.t each cycle of curren t. consists 
~ of two pulsations-ono po~itivc and onc nega.tive, so that 
r two rotor 1>olc8 arc attracted to the ma rllet pole in ~."4?l'y 
..!!X!'le. \( 

C 'rh us the highcr.the 1/'C<lucncy, the higher ~~ti!!... be, 

r 1.6-{S7p) If' "'"- " " ... / 
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The speed III revolutions 1JCr mmuJc H; gh'cn by the formull 

" 

:.2 ..:X.:...:I"rc:;(I!:,u::c,:,njcY~X::...:::60 r .p.m . = 
rotor poles 

In actual practice wc shall find lllUlr Rpecds ranging (fi 
~. wh ich is the speed of n two.])ole rot Ol' on Ea. lW. c,Y 

supply, to 12 Or less according to {he number of poles. 
In the ow speed motors. the totQ.tpol~s o~thn~ 

..J:ljal/, an~ 10 mu net 1,>0108 a rc in coh~tce""iiS'iiiilly ntll 
p IC< to pull gel'Crn 11 together after the mnnner of Fig~ j 

f'w . 4 8. S UII'LY. I"OU ~I 01" S l'!H'IlRO~Ol!8 .MOTOR 

rt shou ld be carefully noted 'hat tho tllIJl)lwr of Sln:!..OI' (. 

magnet ) teeth doe~ not afTect tho ~~( ro1.a1iQn . 
.In sta rting thCS~lotOl"li, they al'c~lnl1 ra ther faster ths 

the normal rtmning speed , and then a llowed to fall into sl( 
with the ~l!&"netic -E!l l sa. tior\l~. In order to do this readily 
has been found generally necessary to provide some liue 
device as a comparati'TO~~YJ' fty wheollooscly mOUJltcd Q 

t he rotor s pindle, or to _ .tJw....tnagnet c~Lblo of sligl 
la lion ugainst the action of a spring. -
I t w,1I be realized that cOIll~idcrn.ble reduction gearing 

nec(>~n.ry to o btl\ill the ono r(l " o)u t ion l)Cr hour by the min ut 
hand of the clock from the fast running rotor . This gcarin 
is of very light oha racter, ond i~ of ton contained in an oil.fill t:' 
cha.mber- this Ren -ing t he d ua l purpose of keeping the ruechar 
ism oiled unt! ubsorbing 1\11 the gCM lIoisc. . --,. l 
"~ ~H ~.\ u '" t<.L~"::;(';- ~]Jo\J"'\/$.l ....... e 
v· r" r \{k:I'1\It. ....... ',~t 
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Before going on to u description or some of the actual clocks 
on the market, wo must consider the self·starting type of 
motor. This is shown diagramll1aticallyVl Vtjg 01JD 

A is the ~ which in this instance has two poles, the rotor, 
shw tted as B tben running at 3,000 revolutions per 
Imnute. Thc.,tltator 1>oIc8 C and D a.re each divided into two 

~ 

\ 

+-r-+- .D 
\ 

1 .... 10. 49. PRlNCll'I.Y. Ot> t::LF·STARTlNO SYNOILRONO'08 MOTOR 

halves by the slots E and F respectively, and a copper ring D 
fitted over the 11I~lf of each ]>010 as shown. 

The statal' is mafcti~ by the coils o."n each pole (not 
shown) . The effect 0 the copper rings is to retard the growth 
of the magnetic flux in (he part of the 1>ole they surround , due 
to the induction of electric currents within them, thus the 
maximum field is a long the line XX, when the exciting current 
in the coil is at a. maximum. An il18tant later the shaded 
port ion of the l)())CS attain their full magnetic strength, the 
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Aux in the uJ1tihadcd part~ rncllllwhilf' b('~iJlJliJlg 10 di(' don1 
The lino of maximlllll IIlllgnctif'l lll , therefore, moves to Y I 
and this movement. is 8uflicicnt to draw the rotor rOlln~ 
giving it the sLarting movement required. 

U Shaded polo Jl starting is very suitable for small motOI 
such as clocks, gralllophone motors, fW1S, etc., but owing to it 
inefficiency is novol' IIsed in large electric motors. 

It will be noticed that the direction of the rotation is alwa.J 
from the plain to the shade 
pole. Self.starling clock: 
therefore, Always nUl i 
the correct direction. Non 
self.starting mcchanianu 
on the other hand, will g. 
in whichovcrdircction tho' 
are stnrted. . 

A fow of the many syn 
chronous motor clocks or 
the market will now b. 
described in detail , in oroo' 
to iUlIst rate how the &l)()v1 
principles al'C applied U 
act.ual practice. 

Th. Synclock 
}~IO. 60. WARltt::-: SYSI..'IIROSOU8 The clock manufactured 

CI.o(,K M O'rOn hy Evcret t T~dgcumoo & 
Co., and sold under the 

tmdo ll(Lmo of •. ynclock 11 rcprcsentlJ the pionccr frC(lu nc.v 
controlled clock to be introduced into tbis countr·y. It is fitted 
with n. motor invented by H . E. Warren in 1918, Rnd Mid in 
America a.s the Telcchron, where it is imlllensely popular . 

. Fig. 50 shows the motor unit. A is the field magnet, 11 the 
exciting coil, and C IJIl oil·fillcd chamoor containulg the rotol'$ 
and reduction gcaring. The final speed of the spindle shown 
in the photograph is one revolut ion per minute. Further 
reduction gearing is Cll.ITicd in the clock movement. 

.A diagrammatic I'epresentation of the motor is gh'cn in 
Fig. 5 1. 

A laminated c1cctro·magllet A is pro\'idcd wilh a winding 
B, cOlUlected to the nltcrnating cUrI'cnt. supply mains. 
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This magnet. hlls two poles. half of each of which is 8ur­
rounded by a. copper shacting coil G, the object being to retard 
the growth of the magnetic field in the part ~",bich it encloses. 
compared with that in the adjacent hall. 

The effect of this is best understood by a. con ideration of 

F E 
Jho. 51. I)IAGIlAAUIATI{' Vn:w Ol' Tin; \ VAIUlt-;S MOTOH 

}'ig. 52, the four positions of the poles being designated A. 
BI 0, and D. 

Now taking onc complete cycle of current a indica.ted 
graphica.lly in the left illustration, at point 0 the current is 
zero, and there is no magnetic flux in the gap of tho electro­
magnet. The current gradually rises to a maximum in a 
positivo direction at 2, and the unshaded polepiece A becomes. 
let us sa.y, fully magnetized of north polarity. The current 
now begins to die down , and with it the magnetism of pole A . 
Aii explained, the presence of the shading coil retards the 
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growth of the mngtlctism in the pole it surroundlJ, 80 that pole 
B atta.ins its maximum magnetism nn inst ant after pole A. 
In other word!:!, the poin t of maximum magnetizntion mo\'~ 
from A t o B . 

Now the currcnt reaches zero fLt 3, Ilnd begins to bui ld up 

F ICi. ;:;3. T ilt; <)Y_\R CASt: A.Nn H OTORS or T il l': 
\VAttRI!:N M OTOR 
(:n tllIIl'lo fu ll ,IVI) 

in lhe oPl)OSite di rection, reaching n. Il1Il:om,uOl ,at 4. Due to 
the oo\ycrsn l of the current , the north polnTlty 18 now on t be 
opposite aide of th(' magnet , and pole ' becomes maximllm 
north polo, to be sup(' rscdcd nn inslant late r b.v pole D. nfter 
which t he cycle is repeated . 
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Tho effect of all this is that the mngnetic field produced in 
the gap appears to rolate, making onc revolution for every 
complete cycle of current . D, D Wig. 5 1) I\!:" two ligllt steel 
rotors mounted on a spindlo, wh ich owing to fiUlgnctic ll.}!Ster­
esis arc dragged rouml in CXtLot step with t he rotat ing magnetic 

ux , which in the caso of 50 cycles supply . by the formula. 
pre\riO\lsly given, is 3,000 revolutions pe r minute. 

uita bJe gearing F encnscd in nn oil-filled container is fitted 
to reduce the rolor speed to OIlC revolution per minute, and 
further gearing effects the reduction to onc revolution per 
hour. and PCI' twelvo hours required by the minute and hour 
hnndk respectively. 

ll'ig. 53 gi,'cs nu enln rged view of the gear case and the two 
rolors. 

The fi rst gear in the train is made of fibre in order to mini· 
mize noise. 

Despite the high rotor f;J>Ced , the \ Vnrrell Illotor is extremely 
serviceable, a nd many hlwe been rumting 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 arc ulmost noiseleM in 
operation. 

The Warren motor being Rolf.starting, an ind icator is fitted 
to all clocks to show when an interruption of supply IlUs taken 
place. ft is thus an easy mattel' to check if the interruption 
has been of sufficient duration to warrant the clocks being 
reset. It sometimes happens tha.t a circuit is opened for ouly 
a few seconds, such as when a fuse is inadvertently dra.wn out. 

The Smith Synchronous Clock 
A range of synch ronous clocks, which al'C entire ly British 

in pa.tents, design, and ma nufacture, is made by Smiths 
English Clocks Ltd. , London. 

These clocks are not soH·starting, but a.rc jll'o\,ided with an 
ingenious arrangement by which the rotor is a.utoma.tically 
given a starting impulse when the hands arc set to correct 
time. 

The motor has fifteen pairs of po les, and therefore nU18 at a. 
eompa.rath'ely low speed of 200 revolutions per minute. The 
bearings are self.lubricating, a nd no oiling Or maintenance is 
called for. The power consulllPtion is approxima.telyone watt. 
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F ig. 54 g ives a. view of the mO\ICmcn t , n. portion of the casing. 
the dia l and CO\' OI' glass being removed to facilita.te referf'nce. 

Sect ion through A A 
showing: Magnet 

,-----;-=8,-.." End Plates 8 

M;[_ Co,ba"t Stee l Magnet 

Pimon 

.Flo. 66. R OXOlt- SMITJI'S S,,--SCllnONOUS CLOCK 

--Screws 
seGlJrin~ 
Fixin~ 
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Clock 
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4" 36'(.d,a. 

- 1- . I- . _ --
Fixint 
Ring 

Clock 

. ____ [fi. 1- '''' r-
~ 11" • 

, 
2,mln. . ' 

I C8n be spa:ed as required I 
to .suit clock c~se 

r-

F lo. 57. DIM.l:NSIONS OY S)llXlI M OVEMENT ,f.'OR. F'l'rruw TO 
EXISTtNO LOCKS 

A is the housing which is a. bakelitc moulding, B are the 
termina.l p ins which cn rry the connector socket (not shown), 
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whioh is a.lso of bakelile . D is the ex terior of the stalor of the 
sma ll driving motor, tho rotor being concealed within it. E'is 
the hand:sctting knob. When this is pushed in , wheel F is 
brought II1tO engagement with whool G, which is gcared to 
the hands and so enables them to be set. At the same time 
cono 11 1)TCSSCS again!!t the top portion of lever J , drn.wing it 
back, und as it ICtUrr1S to its origina l pos ition, the blade K on 
its lower extremity engages with the tooth of the ratchet 
wheel L mounted on the rotor shaft, and so gives the requisite 
spin to set it, in mot ion. 

'The first wheel of the gear train between the motor nnd the 
hands is mMlc of bakclizcd fa.bric in order to cmmro silent 
running. The sectors on disc lV are visible through n. slot 
in the dial , and indicate whether the clock ia running or not . 

The construct ion of the sta tor ia Rhown in Fig. 55, the upper 
half being removed. It, will be seen that alternate north and 
south poles are formed by the inter leaving of the projections 
and the two portions. This construction bc~ide8 being efficient. 
magnetically affords complete I>rotection to the coil. The 
construction of the rotor is shown in Pig. 56. 

This consist!; of 1\ atar.8h(l.ped 6·pole cobalt stee l magnet A , 
which is clamped between two brass discs B mounted on It 

!iuitablc spindle. 
I n addition to being supplied as complete clocks, separa.te 

movements a re available for fitting to existing clock casca. 
The dimensions and manner of fixing nrc out lined in }'ig. 57. 
Various finishes arc available. and onc winding serveR for 

a ll voltages hetween 200 flnd 250. 'The standard c lock is made 
for 5O.cycle Muppl ics, but models arc a lso n vu ilnble for other 
f rot( uencics. 

Tbe Sang. mo Clock 
Another 1>opulnr I'ange of synchronous clocks is produced 

by the British Sangamo Co., Ltd" one of the standard models 
being iIluslmted in Fig. 58. 

The motor is of the slow speed non.seLf.starting t,n >c. The 
clock i.q chnr3ewrizod by the short rotatiJlg sceond.s hand, 
which provides second indicalion withouL the likelihood of 
confusion in rending which ROlllclimc~ happens when tho 
seconds hAnd is simil ur in form and length to the other two 
hands , and rotate~ about the sa me cenlre . 
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. F ig. 59 illust rates a. clock specia lly def(igncd for kitchen use. 
[ t has n. ",Ilite ,bakelite case with bold bJap k figures, a nd as 
no cover g lass 18 fitted, t he dia l ma.y be readily cleaned by 
wiping wit h a damp cloth. 

The clock i,a started by rno\Ting the lever seen projecting 
throug!l ~he dml bolow, and t he construction of the fiynchroll ~ 
OllS drnrmg molor is shown in Figs. GO a nd 6 1, both being 
lettered to correspond . 

A is a. coil of many turns of finc Wil 'C, srufounding the iron 
core B which is mounted on plate C. The ~too.l d rum n sur. 
rOlUlCling the coil a nd t he lo'p plato R a r each pfovidC(1 with 

H 

19 pairs of poles, 80 posit ioned as to interlock, g iving 38 polcs 
of a lterna.te 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 011 a brass disc 
o and pivoted at H . whence it is connccted to the ha nds 
through suitable gearing. The ends of t he rotor magnet are 
bifurcated a nd bent over IlS shown, 80 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 alwll..YB attracted by thos~ of opposite polari ty 
in the stl.\tor, And owing to the a lternn.t ing natu re of the cur ­
!"ent each sta.tor pole ra.pidly alternates in 1>olnrity. 
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Fig. ij~ Nhow~ n gellora l ,' it,w of the 1lI0\·t,· llIc'llf . 
A is the liuLrting 10\'01', the opcmt JOIl of whic;h causes a. 

toothed sectol' to be bl'ought into engagement with a. geal' 

E 
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wh~J on the rotor !'; pindlc. It is discngnpcd by the pull of n 
s prlJl~, and the rnlo of travel is limited !Jy n fan brake, thus 
ensu rlllg that the ,'oLor receives a steady starling impulse I\t 
the correct spood. 

As ~"ilh other types of 8ynchronoU!~ clocks. the geal' wheel 
(oIlo~'lJlg the rotor spindle pini~n is, made of fibre to give silent 
runmng. The power consumption 18 approximately one watt . 

A self.starting type Illotor is also lUode. This starts RS nn 
induction motor, amI when tbe rotor reaches synChronous 
81>CCd it pulls into step. the motor then running due to both 
the ulduction and synchronous torques. 

No starting lever is, of cou.rse, Jlcct'f:lsnry in this ty]>o of 
1110tor. A red signal is vrovided to ind icate IlIly interrup­
t ion in the electriCity 811]1])ly which may hnve taken place 
UlUloticoo . 

The Ferranti Clock 
The FCI'ranti HynchronoHS electric clock embodies n purely 

splCitronolls motor bf the hand starting t)l»C' The rotor which 
is constructed from soft. iron, and therefore not. liable to 
demagnetization urrOI' ha.s clearly defined poles on its peri. 
phery, the number of poles being such as to give a rotor speed 
of 166§- r.p.m. The statar is similarly constructed of soft iron, 
and consequently u. pull will be exerted on the rolOr teeth 
every haIC cycle, '['he torque dcrived from the rotor shaft 
is 3 gr, cm. 

The electrica l energy taken by thq clock is slightly less than 
one wa.tt, so tha.t. with electricity at a. penny per unit UIO cost 
to the user is somcthing less than nillC}>C.I1CC per year. 

In the design of the Ferrnnti electric clock elose considera· 
tion was given to the bearings to ensul'C long working lifc , 
rt is known that, for a given sl>eed, lond, and torque, the wenr 
which takes 1>lo.co is proportional to the diu meter of the bearing 
and inverse ly ]>roportiomd 1.0 the length, so that fOl' ideal 

, length of bearing 
conditions the ratiO of d " r be ' should be great. uuneter 0 a rlllg 

A.li ill all cnSC!l of IIl BChincry dcsign , the mcchnnicnl strength 
is the governing factor R..'§ to how I'I lllall the ?inmct~r of th.o 
shaft may be; th~ ratio ill the case of Ihe [<errant! clock 18 

3·C)-a high ,'nluo. 
The material or the rotor shnft. is a high carbon content. stool, 



,'YNCHRONOUR MOTOB CLOCK Si 

I:iJ>ccitd cure being exorcised ill the bUl'ni!:lh ing and pol ishing 
of the Jlivots. 

The bea rings which incorpora te a lubricnnt reservoi l' arC 
constructed fl'omphosphol' bronze, a special add -fl'ce lubricant 
being pa.cked in the ca.vity provided , sufficient to last. fol' 
many yean;. A f1ll'thol' feature of t he bearingii i!o! th at they arc 

F w. 63. n.: ,\lClNOS O~· FellltA.NTI CLOCK 

so designed as to be self-aligning, thereby fncilitatiJlg assembly, 
and ullowing rOll-sollable manu(actul'ing to lerances ill the 
assembling of the train plates. 

li'i,. 63, an enlarged model o[ the actual beorings used 
in the clock, shows a g l'Catly exaggerated out-or·truth view 
of the train plates. 

Onc p late, it wlll be socn, hns intentionally been placed 
"askew," gi\' i.l1g a dc\riat ion from the E:i tmight of about 20°, 
In spitc of th il:l the I'otor st ill "uns ped cetly t r llC, 

.~" ig. G4 shows the motor element of the clock, and in the 
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(01'\.'(1'011' of lilt' illu:.t rat iUll ,\illll4' :>oITII 11111' of till' ~dr.n ligllillg 
hcn.ring)\ with ib hllllling ( l cH\ll "' )lrill~ : 1I1:-'41111:1.y he ~ccn tho 
notched rotor, a nd iu tht.: hlu: k,L{l'olllld th", hras.i' Uywh('~I , 
whkh iJi pl'Ovided to gi\'c xtah lc running Hnd easy stll1'ting. 

F"l, ii L V~:HIIANl'l CI.(lt K ),{nTUll 

The flywhee l is clasli('u lly couplet! hy means of It. ~prillg 
tu the Rllindlc tn :-itflr! the lllol0", onc of tht' Rhnfts hcing 
extended thrQugh the pllLl{''''' :lnd a. knob fixerl thel'Clu , This 
knob is gClItly s pun which impal'!:; to the I'olol' 1\ speed 
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sOlllowhaL h ighcr than KynchronouK KI)C(:d , whence 011 the outside 
molion being withdra.wn the rotor will cOlUmence to dece lerate. 
The ra.te of deceleration is governed by the combined weights 
of the rotor and its flywheel, and when tho rotor comes to 
synchronous speed it wi ll havo st o red 1\ definite ttl1l0unt of 
energy, which is generally too great to be offset by the ]lull 
fl'om tho statol' 1>0108. T he effect of the spring, therefore, is 
that on the rotor l'Cilching synchronous speed it will be pulled 
into step with the frequency, as the actual energy stored in the 
rotor itscIC is sufficiently small to enable this to be effected. 
The energy required then to pull the rotor out of step will be 
such us to be greater than the energy in the flywheel, which 
consequent,ly transmits its energy to tho spring and dissipates 
i t immediately after synchronizing. 

The clock movement i.~ fitted for salo to the public in two 
types of cases, na mcly- moulded Ubakelite" or " beatl," and 
ornamental wooden cases. In this construction the movement 
is completely mech~nicall'y and electrically insulated from 
the case. Rubber shock absorbers are fitted in between the 
movement and t he case ; by this means any slight noise which 
ma.y possibly occur is not transmitted to the ca.se. Tn the 
ornamenta.l wooden-cased clocks, the movement is aga.in 
mechanica.lly insulated from the dial, etc., by means of flexible 
springs. 

}-'ig. 65 illustrates a group of models, and on reference to 
this it will be seen that a short delicate scconds hand is 
included. 

The Hammond Clock 
One of the most l>opuiar of American synchronous clocks is 

that made by the Hnmmond Clock Co. of Chicago. Tt is of the 
Ilon-self-slarting type, and consumes only two watts. 'fhe cost 
of running is therefore J1egHgi bl~ours Ior the cost of 
one unit of electricity. • 

'fhe rotor runs at the comparatively low speed of l 7·5 
revolutions per minute ~J('s and is quiet in rUlilling. 
The rotor and the first stages of the reduction gearing are 
contained in all hcrmetically sealed oil-filled chamber. A 
window is provided in the dial , behind whjch a. blad 
and white sector revolves to indicato tha.t t.ho clock is 
running. 
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Fig. (j(j li hoWfi a side eleva tion of the movement removed 
frolll t.he case. 

A i.s the dinl , B the hands, C and D a l'C brn8S plates support­
ing the mechanism, E ia the rotor casing. which, ns ]ll'ovi.ously 
mentioned , is oil tigh t, fixed against stool pla tes F . 0 IS the 
excit ing coil mounted in lu,minatcd core lJ . J is the t\ruling 
knob !;pindlc. When i t is prossed inwards agains t. spring J , 
pinion K is pushed into mesh with the gcal' wheel JJ. As soon 

as the fulgel'8 are 1'01110 \'od from the twirling knob, the pinion 
K flies out of geal'. 'rhe gcaring J[ is for the purpose o( reduc­
ing the high speed of the rotor to that ( ,9Uircd by the hands. 
rrhe first reduction gcar (contained in 16 1'0 t Ol' chamber) is 
mac' (fibr us materia l to eliminate noise. 

i . Rhow the rotor and magnetic circuit of the motor. 
A is the 1'0 or of a stool disc having 0. number of teeth on ilS 

periphery . The s ta.tor B comprises t.wo 1>oIe pieces made up 
of several thin stool pla tes, t he shocs being notched to corre­
spond with the rotor teeth . The two pole pi cos a l'C mounted 
on a pair of larger plates C, (F in Fig. 60) jOined by t he lam· 
inated core D on which is ntountcd the coi l E. 
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,.. I fitted with an auxil iary spring olock movement which only 
1 ~ ~ corneR into action in the c \'cnt of (l. failure in the electricit,\· 
;: ~ ... ~lijllpVly. and another gives the date a.!~ well RS the time, . 

,"'>:t Frequency Control 
,. l; Cl The foregoing dC8Cription of the principle and construction 
~. __ 3 of Jo'ynchl'onous clocks has shown how cnUrch- dependent iii 
"" ..... ~ this ('(n ~'i of clock on the RecurIH',' with wl;ich the actual 
~ ~'kr~1 n ~ ~ ... Iwlll KfI /1 , ~Q 1j.I,;j '.,M.4.~ "Cli'.l~ .U"t, (f • . ' ...... , 

:c ~~ , .. ;r Colt c c ~ .,;. . 1 
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fl'('(I'ICIICY of the electricit.\' supply is maintained in relation 
to the 8ttHldard or declared frequency, which in thiR country 
is.. 50 cyrles llCl' second . It is now 1)I'Oposed to describe the 
method bv which this control is effected . 

The frc'quency of Rn u.itcl'I1ating cu rrent electdcity supply 
repl'Cscnts the J1nmb('[' of compl 1(' l''ycl~ of {·hnngo which 
the "OltBgC 01' cllrrent IlIl\kl'R in a s('{'ond : onc cycle comprising 
the following s teps. \' iz. start from zero, grow to n. maximum 
in a po:siti,·c direction, die dO\\"Jl to zero , g ro\\ to n maximum 

ill/,\ ncga.ti,·c (lil'cction, and again f l\.1l to 7.('1'0. Thi:-; hn .... already 
been illustrated graphically in Pig. 52. 

The frequency rlcp('mlli on thc~1 and numher .aLPQI(!R 
of the gencratorli a.t the p~ sta.tion, thus-

cycles per second 
r .p .m. 

• 
pal'" o[ poles X GO' 

The number of poles, genera.lIy two in In.rgc a ltcnlatol·s. 
cannot, of course , be va.l'icd, 80 t ha.t the frequ enoy ili dependent. 
entirely on the speed of the generator, which in a. two pole 
machine is 3,000 re\rs. per minute . 

.\s jt~ nn.nlo1ill plies, n. turbo·alternator cOnl:listR of a. s tea.m 
turbine dirretl,v coupled to a n alterna.ting cUl'l'ent. gC'nerator. 
The steam supply to the Rot is controlled ptLl't1y by hand and 
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partly by n. centrifugal governor which keeps the speed con. 
stl\~t. admitting more or less steam as the load on the generator 
va.rICS. The speed of the set is also influenced to some extent 
by any other gcncmtorR whioh ha;ppen to be work ing in pa.rallel 
with it- that is, fceding into the same network- and n. gen­
erator which is tending to slow up will tend to be pulled into 
step with the others, or rather, the other generators will tuke 
some of its load and enable it to gather speed. 

Jt is thus seen that the control of frequency is not par­
t icularly CM,)', and is dependent partly on Lho human clement . 
Recognizing this, the Board of 'l'rndc M tunJly aIJow8 a limit dl2t :~e~nt above or below the declared periodicity. Ut the 

y8 each JocaHty had its own power station this W6!'1 

good enough. 0 long as the frequency was within tho 13.0.'T. 
limits, all was well , and the consumcr did not worry whether 
his supply was 49 or 51. Such a. Rupply , howover , ' is no UHO 

for controlling the timc of 1.\ c lock, because the 5 per cent 
m'erall va riation nllmycd would l>crmit a clock to \tary 72 
mjJlUtcs in twenty-four hours- an intolerable iunccurt\cy. 
Then camo the Grid scheme of thc Central Electricity Board, 
and power stations instead of sCr\'ing their own district only 
wore linked into a COmmon network stretching nil over the 
country. 

It was mentioned above tha.t u. fast runnin~ alternator will 
ta.ke the load from a slow onc. The samo applies to power 
stations. n. slight rise in the frequency of a station will cause 
it to ta.ke more thall its share of the load-an occurrence often 
known as " load snatching." This would be followed by Lho 
other station 's frequency increasing due to its loss of load, 
and the land would transfer itscU back to thi.s station, and 
oscillation of lOAd is set up. The only way to evonly distribute 
tho load between stations is to ensure tha.t their frequency is 
idcntical . 

T ho B.O.'l'. limits wero hopelessly inadequntc. ns were the 
old frequcncy indicators. and an entirely new t,n)6 of instnl­
Illent now to be desoribed was developed. The frequency is 
still controlled by tho power stat!on operator, but the ~lighte~t 
deviation from standard is readily seen , and oan be IInme<h. 
ately corrected. The next stago in dcvclo])ment will undoubt. 
edly be tho fu lly IUIt.omntic cont rol of the gencrator R]lCCU by 
IllClUl.ll of the frequency meter. 
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The principle of the master frequency moter ili indicated in 
Fig. 69. 

A is a high-grade master clock either mechanically 0 1' clee­
trica.J ly dri\·on. which indica.tes Greenwich time. B is a syn­
chronolls clock (Ll'iven from t he mains whose frequency it is 
desired to control. 

o is an extra dia l having two hands worki.ng trom the same 
centre (other constructions wi ll be described Ia.ter) , One hOJ1d 
is connected by means of the spindlo D to t he master clock, 
and ma.kes one revolution in three minutes. The other hand 

C) C 

£ 

0 ,,' B 

A 

F IG. 69. PR rNCll't£ O P Fm':QUENCY CONTROL M.ETER 

is connected. to the synchronous clock through spindle E , a nd 
also makes one revolution in three minutes when the frequency 
is exactly 50 cycles. The two hands, therefore, rotate together. 
If, however, the frequency departs from the correct valuo the 
red hand will overrun or [all behind the other as the cnse may 
be. Thus the s lightest discrepancy is readily apparent to the 
switchboard a.ttendant. AllY 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 cOTl'ecting tJle 
frequency a lso brings the clocks back to the correct t imc. 

It wiH be seen , therefore, that although synchronous clocks 
may depart s light ly fTom absolute Greenwich time, the average 
time is correct, and ill any Case t he devin.tion is no\tel' more than 
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a. few ijCconds. A deviation of one minute would represent 
onc-third of tl~o dial of the master frequency meter, and would 
compel attention. 

The time shown by the master clock nt the power s ta.tion is 
immaterial , but if it gains or loscs, the clocks on the system 
will gain or lose the same amount. As t\ matter of fact it is 
difficult to regulate nny clock, p1\fticularly a. mcchanical one, 
to keep dead time day in and day out, and it is, therefore, 
cS!ront ia l that the master clocks be synchrollil.ed frequently 
with time signals from Greenwich Observo.tory. {lond gradual 
correction of the pendulum effected, as descri bed in n. la.te r 
chapter. From the point of view of time.keeping the ideal 
sche me wou ld be for there to be ono master clock for the whole 
of t he countrv, and that the mean time clock at Greenwich 
Observatory. ~ 

'fhe business of the Central Blectricity Uoal'(:l is, howo\'cr, 
to supply eleetrioity. 'fhe distribution of time is an incidental 
matter, a.nd a-s at pl'cliCnt t\l'fll.nged each important station 
will be provided with :l master {rc<luen('y meter. 

In addition, indicnting frequency meters of spooia lly high 
accuracy will be installed at cCI'tnin select.ed 8tations in order 
to check the momentary \'nriations in f req uency 

Tho ])ionool"8 of freqll(,llc,v cont.rol in th is country were 
Everett Edgcum bc & Co., Ltd . . Fig. 70 showli n typical master 
control clock. 

The lower right,hand <lial indicatcs hours and minutes of 
t;stn.ndard t ime." The dia.l on the left which shows " fre· 
quency time" has a red sccond~ hund in addition to the others. 
The large central dial is the one by which t he frequency is 
controlled. Instead of two ])oint.ers, one black and onc red, 
8.'J shown in tho illustra tion o( the principle, the control dial 
has only one revolving pointer (connected to tho master clock), 
and instead of the red l>ointer. 1\, revo lving disc driven at 
synchronous speed, 011 which is cngrl\.\°cd a. red line. 

The disc a nd pointer I'otate once in three minu tes. ~he 
number of seconds (ljscropancy botween the two clocks bemg 
shown by the difference in position of the pointer and red 
mark . 

The oorly mastcr clocks wero weight.d riven regulators 
electrica.lIy wound. 

The Ia.test practice employlS nn electric impulse clock to 
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F IG. 70. EVt:RE'l"l' EOOClu:\I1u: :\lA.sTER FUEQVEN(lY l\[ETER 
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mniJlla.in st~\.ndurd time, thus enabling the mas ter control to 
bo ~.oupJed mto an existing impulse time circuit. 

Iqg. 7 1 shows how the control d_ia l is operated. The syn. 
cl,lronous motor drives both the black and red hands (or rather 
d iSC), the fOl'lller through a. slil)ping clutch . 

On the s]JindJe on whioh tho bltwk lu\nd ifS mounted is a 
block IHwing a. numool' of "cc-shaped dc})rcssions, into which 

Slippin'3 Clutch To A.C. Mains 

To y~ Min. 
Im pul se Pend ul u m. 

FIG. i I . Monan:xT ot> EVgRY.Tl' EOOCtUIBE MASTER 
FR EQ11ENOY M ETY.R 

Impube .. ttun 

a. roller attached 10 the armature of nn electro-Illagnet in the 
impulse time circuit is drawn every ha.lf-minute . The action, 
therefore. is tha.t while tho red ha.nd rotates ill c:mot syn­
chronism with the frequ ency, the black hand also rotates a.t. 
synchronous speed, but any advance or retardation, 8S COOl· 

pared with standard time, is corrected cvcry hall·minnte by 
the d cscent of the Hmall roller into onc of the "cc-shaped 
depressions. 

Tho ndvllnta¥cs of t.his arrangement (WC that the pendulum 
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i ~ prnctically free,!;Q thnt the time-keeping is beyond reproa.ch. 
The movement of both the black and tho rod hands is , thoro­
fore, perfectly smooth instead of being by jerks, fi S is the cn:se 
if driven directly (rom t he clock , and the pendulum and Its 
cont act maker CRll be insta lled in any conven ient )XM'I ition, 
whero it is free from vibration, etc., t he indicat ing position, 

Villesden Grove Road Bow 

e 
ED 

Sub-Frequency Meter 

Standard Time 

e 
El) 

Q <- Master Frequency 
D Meter 
El) Frequency Time e 8) Standard Time e 

0 1------i f-------10 
Battersea Control Room 

Westminster 
F IG. 7 2. F UEQtJENCY Co!': T NOI. SCUE ME 

( /Anldoll l 'ol£tr Co.) 

Deptford 

shown in the illustration, being installed in the control room. 
Moreover , duplicate indicators ca ll be fitted a.t various points 
if required . 

When once set the clocks of either the old or now pa.tterns 
a rc ca.pable of ghring an accuracy of onc or two seconds in 
twenty.four hours, or in other words, of indicating the fl'e· 
quency correctly within IflOOO to 1/500 ]>cr cent. 

Regarding the contl"Ol of t he frequency of a. group of stations 
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from ono master control room, the following description of the 
method adopted by the l..ondon Power Company is typical of 
modern practice. The problem in this case was that anyone 
of tho five csiating power stations a.t " ' illcsdcn, Grove Hoad , 
DcpUord West, Bow, and Battcrsea, should be in a position 
at uny moment to take over the frequoncy control o( the entire 
system .. Fllrther, that. each slation should have a continuous 
indication of thft mean frequency of the system, or if that 
system were temporarily disconnected thcrcfrom. of its own 
meall frequency, sO that it could be at uny moment reconnccted 
with the least possible delay. 

Tho system employs the Evcrctt Edgcumbo master fre­
quency meter in conjunction with the Synchl'onomo impulse 
system. 'fhe mastor frequency meter is installed in the centra l 
control room of the London Power Co., LW., at Ergon House, 
HOI'SCferry Road , Westminster. and has the usual three dialR 
showing Rtn.J1dard ftnd frequency times, and difference. The 
master clock is i\ Synchronome transmitter, and each station 
is given n. secondary' dial which is an exact replica of the 
standard timo dial at Ergon Honsc. 

[n l\ddition, at each station thero is a. second dial having 
two pointers revolving once in five minutes, the onc pointer 
being connected to the SYl1chronome dia). and the other 
drl\·cn by a. Wt\rrcn motor connected to the station bus bars. 

The Ia.y-ont of the system is shown in l"ig . 72. 
It is thus tl.'isure<1 that so long a.'i a station i$ connected to 

the system, the readings on the two dials will agree exactly 
with the readings on the l1l!\5tcr frequency metor at Ergon 
H ouse. Should anyone of the genemting stations be dis­
connected from the main system for Any reason, and thercfol'f' 
compelled to control its own frequency, it can do so by mC1\ns 
of the upper dial, since tho sta.ndard timo hand is synchronized 
from the control room. "'Bv this menns the station is at any 
momont in a l)()Sition to 'connect once more to the system 
without the delay of equalizing fre<luency. 



CHAPTER VU 

Jo;LEOTJUOALLY-WOUND CLOCKS 

Introduction 
As their name implies. electrically-wound clocks rely fol' their 
time-keeping on a. pendulum 01' escapement, and upon a spring 
or weight for their driving motion , electricity being called 
upon merely to wind up the spring 0 1' weight. An electrically­
wound clock consists , t herefore, of on ordinnry clocm with the 
addition of I). sui table winding motor . The winding is nlwayti 
done a.t faidy frequent intervals, and is generally quite auto­
matic in a.ction. 'rhis enables the driving SpriJlg. 01' in the case 
of a wcight-dl'jven clock, the (trap of the weight , to be smn. l.ler 
than would be necessary werc the clock puroly mechanically 
wound a t week ly intervals. Some electrically- wound clocks 
have sufficjent l:i tomge o( driving power in thcij' springs to 
go (or sevcrn) daYIi in the evcnt of failu re of the electric current, 
others will only run an b Olll' 0 1' so, 'Vindi.ng motors can either 
be driven from. the ordinary electricity sup]}ly, 0 1' (rom 
batteries, according to circumstances. 

The subject of electrically-wound clocks embrace~ a wide 
fange and includes domestic clocks, time switches for opera ting 
street lamps a nd t he control of shop window d isplays, Illotor­
car clooks, turret clocks, and the mas ter lranl" mi t teNl of some 
electric impulse clock systems. 

The considerations which a pply to ono cla~s of clock ma.y 
not apply to the other, 80 each of the a bove wil l be considered 
separate ly. 

For domest.ic llUrposes, the c.lectdcally-wound clock has 
severa.l advantages. Its p1'incipal point, o( course, is that i t 
requires no winding, It is independent of interruptions of 
the electric power supply- which even of short dura.tion are 
sufficient to upset the working of the synchronou!l type o£ 
olock. It is reasonably porta ble, tha t is, it can be removed 
(rom one plug to a nother wit hout stopping the clock, 

Being essentially a mecha nica l clock, i t has u. definite " tick," 
a nd t he hands do not move in ha lf-minute ~ umps a·s wi t h the 
impulse t,'fPC o£ clock . 

10 1 
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Tho c lcctrica lly- wo lllI<.l dock CU ll be made KuitaLle for direct. 
? I' ILitcrnating current, and , ill the caae of the lat tcr, it is 
tndcpeudcnt of whether the (rC(IUcncy is time controlled or not. 

The e leotrically-woulld domestio olock, of course, has its 
disadvantages as we ll. Being both a. mechanica l clock and an 
electric motor, it is nntumlJy more costly thllll either a me· 
chanical clock of equal qua lity, or a synchronou!:I motor 
cJock. 

SYllchronous motor clocks calUlot, howc\'cr, be used where 
the elect ric it.y supp ly is dil'CCt current, or on alternating cur­
rent if the frequency is not controlled . 

Tho time-keeping of e lectrica lly-wound clocks is entirely 
dependent on indi\ridual construction and regula tion , and 
there is no guarantee that sc\·cro.l clocks in the same house will 
indica.te the fW, llle timo. As time-keepers tho impulse and 
synchronous c10ckB are superior. 

No special wiring is necessary for the elcctrically.wolUld 
clock . It can be l)lugged into any convenient point, and if it 
is desired to rlln nny c:tthCl' Il.pplillllCe from the Sl"mc llOint, the 
elock can be temporarily disconnected , and will ca rry 011 under 
its own power. 

Time switches, which are nothing more than elcclrically­
wound clocks without dia ls and hands, arc used to a tl'cmcnd­
OllJi extcnt nowadays to save labour. They nrc fitled to nearly 
a ll street lamps in order to switch off in tho en rly hours of 
tho morning. 

I n business they ena.ble shopkeepers to leRve the windows 
lighted unti l la te at night-a valuable form of publicity-and 
shut off the lights at a. predetermined hour. 

In industry they are uscd for controlling a ll 80l'ts of pro­
cesses. F'or instance. furnaces call be switched on in readiness 
for the operators to start work ilUllled ia.te ly they nrrivc, instead 
of ha.\~ing to switch on the furnace and wnit for it to heat up. 

Time switches must 00 independent of iJltcrruptions in the 
electricity supply, and the electrica.lly-wound movement is the 
only solution. SynChl'OIlOll8 clock motions a.rc not de$irl\b l~, 
as in the ovont of all illterruption thoy would stop until 
restarted ma.nua.lIy, or if sclI-litnrting would l>e Rio\\' by the 
amount of the in terruption . A half-hour shut down ill the 
da.vtirne would menn a ll tho la mps coming on half an hOllr 
latc in the evening, or not at all: 
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'('he impulse s~'l:i tcm is not nil ccollOlllic.:nl PI'OI)Qs ilio ll [o r' 
l:lUc h purposes as r;troot lighting, Ucca.lI SC of t he additiona l 
wiring tha t. would IJo necessary. Elcctl'icn.lly~wou nd clocks 
can be connected to t he same supply us the Ia.mp which it 
controls. Bat tery-driven clock.s urc genera lly out of the 
question (or t ime switches as t hey 8 1'0 usua lly pendulum 
controlled , requiring ca.reful mounting und levelling. 

'l' imc switches must work in any position , a.nd must be 
ca.pa.ble of workiJlg under tJ\C most severe wea.ther condit ions . 

Electrically .wolllld motor-ca.r clocks UI'C extcnsi\'c ly used 
to-day . T hey usually cOJlsist of a Bpl'ing.ddven movement, 
which is periodically wound by energy derived from the G. or 
12-volt light ing ci rcui t of the car. A pendulum clock, of 
course, would be impossible owing to vibra.tion_ T ho clock 
should prefera bly be a ble to carry on without winding for a 
day or two, so t hat i t docs not ha \'c to be reset if the battery 
has been taken ofT for charging. 

I t is ill the caso of turret clocks that the electric winding 
motor is seen to t he greatest advan tage. The time and energy 
rcqUil'ecl to keep a. Io.rge clock. with chimes, fully wound is 
very considerable, IUld mo.y amount to several days labour a 
week, which can be saved by insta lling a Sm l\lI motor·driven 
winding gear for each t rain . The ex ist ing meclllUlical t rains 
requi re HtUe a lteration, and t he d ropping distance of the 
weights can be reduced to a fraction of the orig ina.l , as the 
motor ca n be Iluu le to wind up at frequent intervals. The 
winding motors need only be small , a nd their cost wiU quickly 
be repaid by t he sa.ving of Ia.bour effected . The addit ion of t ho 
electric wind in no wnoy affects the time· keeping of t he clock 
itself. 

rl'he application of elecl ric winding to master tra.nsm itters 
of impulse clock systems, when such are not elcc trica lly 
d d VCJl, requires a. li t tle considera.tion . 'l 'he ideals of t he 
elcctl-ic impulse system such as re liabi lity of sCl'vice. 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 mcchanical master 
clock instead of t he s impler and mOl'e accurate electric 
time-keeper is not within t he pl'o\rinec of this cha pter to 
discuss. 
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Winding Methods 

In tllis section it is intended to give only lL brief outline of 
t l~e ,:a.rious pr!nciplcs '~'hich Clln be employed to perform the 
wmdmg of sprmg or weight. Practical detai ls will be reserved 
until actual makes are described. 

I t should be not.e<l that the power required to wuul a clock 
spring is vcry little when exerted through a. train of gearing, 
and, except for I a.rg~ hU'~'ct clocks. the winding motor is very 
small. Cost of runmng 18 80 small as to be wlimportant, and 
t ho aim of the designer is to reproduce a wind.ing mechanism 

F w. 73. Sall'LE BI, E(:TIU C W I.NI)I.NO ;\ rOTOII 

of low first cost llnd robust construction, rather than OIlC which 
has a. high theoretical efficiency of litt le practical value. 

The simplest winding motor is the electro.magnetically 
operated t.yPC seen in 'Fig. 73. 

A is an electro-magnet, B its coil, C the iron armature 
pivot.cd at D, and Ji} a spring ; ]i' is a pawl mounted on the 
armatur"C and engaging with ratchet wheel 0, which is coupled 
to tho going tmul, usually through a spring which acts 8S 
storage. 'rhe sprulg E iB l'oaU)' the drivulg gpring of tho clock, 
a.nd as the nrmaturc is pulled lip it causes t he wheel 0 to rotate, 
its raw of travel being limited by the esca}>Clllcnt or 1>cnciuiuUl. 
When C rises to n cerlnin height it closes the contacts fI which 
complete tho circuit and camiO the arum.tu rc to be drnwll to 
the magnet ]>oles, when the cycle is repeated . The resen'e 
sprulg carries on with the driYing of the clock hands during 
the brief instant that the arma.ture is being attracted by the 
magnet tlnd i~ not driving the ratchet whool. 
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A somewha.t simiJul' principle is illllstl'lltcd in .Fig. 74 . H ere 
the arma.ture is uuu:lo to vibl'n.tc rapidly in tho mannCI of a n 
electric bell , and in doing so tHrill; the rtLlchct. wheel which is 
geared to the wincliJlg spindle of the main spring. 

No make and break contacts arc required when the magnet 

o Hatchet 
or Frict ion 
Wheel 
Winding Main 

Spnn[ 

FIO . 74 . SUU'I.F, VHlnATonv \\"I~;'J) I NO MOTOI! . 'Oft A l.TlWNA'rH'O 
CeUlU; ST 

1" IQ. 75. SUIPL}: Ff; RHAIUS 'l~' I'E L~DUCTION M OTOR 

is energized by alternating current, the armature bCUlg 
attracted by each pulsation of CUI'rent, Le. twice per cycle. 
Suitable switching meohanism is, of course, fitted so tha.t 
winding ta.kes place only when necessary, and stops as soon 
aa the spring is fully wound. These vibrating mechanisms 
are apt to be noisy in uao unless great "are is taken ill the 
design. 

8-(743) 
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Coming to motors, u. numlx-r of types jg in miC dependent 
on the sizo of the clock. 

~~or the ordularr small domestic clock \vol'ki.ng from alter­
Jla.t lllg current mams, the }'erraris type of induction motor is 
(rcq\l6ntly used. 111 ita simplest form , shown in .Fig. 75, it 
COJlSIl~t8 of a disc of copper or aluminium A pivoted at B , and 
mOl~ntcd ~twcen the poles of all e lectro-magnet C made of 
In-rumBled Ifon and energized by the coi l D, which i.s wound 
with a large number of turns of fine copper wire and connected 

rlO. 76. SUU'LK SQUIIlREL 0"01:: L"IOVCTION MOTOn 

to tho supply maiml. Tho poles arc slotted and one half of 
each is surrounded with a copper shading coil in order to make 
the motor sclf.sla l'l illg. 

The action is as followlS, Magnetic lincH of force pass across 
the nir gap through the copper rotor and induce current in 
it, which in tUrn produces a rotor mngnetic field. The IUAg­
netism ill the shnded ))Ort ion of the polo is IUl iU8ttlnt Inter in 
growing to the mfl.ximulll timn the ullMhadcd hnlf , ao that lL'i 

the magnetism ill the IInahndcd half dies n.wn.y, the magnetio 
pole in the rotor causes it to turn to the shaded portion. This 
happens with evcry cycle of curl'ent. so that continuous rota­
tion ensues. 

This type of motor haA vcry small tOI'<IIIC , and is little used 
except whero only LL IHllall amQlUlt of power is required, ns in 
the present in8w'ncc. 
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The const.ruct ioll of the Ii'CfrtlTis type oC motor is clearly 
illustrated iJd' igs. 1 and 82 (pages 11 3 nnd 114). 

Larger clocks such as master regulators employing weights. 
often ho.vo 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, ])rov,.dcd 
with four internal poles B . Each polo has a shading cOLI C 
fi t.ted ovor a. portion of it, and a coil of wire D sUI'rounding the 
entre pole. 'fho rotor comprises a Humbor of iron stampings 

F IG. i1. S I")1PLE TVPE 0.' D .e. 'VINDING M OTOR 

E mounted on a shaft F . In the stam]JiJlgs a rc l)ullched a 
series of holes and slots 0, a.nd these arc fi tted ,,;th rods of 
copper, t he ends of which nre soldered into cO])l>er end rings 
H . The coils are connected in series with each other across 
the mains so that the Illagnet poles arc a lternately north and 
sout h. The ]lrincipie is similar to t he ];'Cl"ru ris motor , t.he 
rotor taking the place of the copper (Lisc. 

This tYl>e of motor is used largely where small J)O WCI" is 
required, such BS fan~, phonogmph lllotor8, etc., bu t it is not 
made ill large sizes owing to its inefficiency compared with 
somc other types of motor. 1t is, of course, only suitable for 
a lternating current. Small synchronous motors of the jClf . 
starting type are somet imes uscd for the winding of clocks. 

As regards motors for dil'cct currcnt docks, these arc usually 
made of the simplest possible construction. Fig. 7i shows a. 
motol' of this nature. 
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~ is tho 8.1·matur~ core built of iron laminations pressed 011 
spllldlc B, a.nd hnvl1lg three poles on each of which is wound 
n coil of wiro O. 

'rhe ends of those coils are joined together, and their junc­
tions joined to the three segments of lhe commutator D. upon 
which brushes b' bear. Tn this cluMS of motor these brushes are 
u8ually of silver' or Hilvcr a lloy. The armature rc\'olvcs within 
the pole ]>icccs F, which are I11sgncti7.cd by the coil G. The 
armature is COlUlcctC'd in series with the field coi l, and also in 

FIG. 7g. l', \IITl.Y J)18llANTLY.D DutECT-t..·\iRRlL ... r MOTOR 

{('romptoM-Parki/l.SOII, UtI.) 

series with the resistance J/ ,the objcct of which is to reduce the 
voltage "cross tho motor. 

mall direct curren t motors for large r' clocks arc of morc 
orthodox cons truct ion, and Fig. 78 illustrates the componcnlR 
of such a. motor. 

A is the lmlln.tul'e and fJ the COllllllutntor both mounted on 
shaft C. The field magnet is integral with the casing D. Eis 
onc of the field coils. P, PI n.re the bnlsh tubes insulated from 
the casing by the bake lite mouldings 0, 0 1, and If is one of the 
two caroon brushes which bear on thl' commutator Wider 
pressure or Kpl'ing I . 
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For the winding of very large clocks and chimes standard 
D.e. or A.C. motors a.re used- usually of the compound type 
in the former case, a.nd prefera.bly of the repuJsion.induction 
type in the Ia.tter. Both of these ha.ve the characteristics of 
sta.rting up easily with the load on, but preserving an even 
nmning speed . 

The simplest method of a.pplying an electrical winding motor 
to an existing clock is shown in Fig. 79. 

rr-n 

D 

A 

F IG . 79. S UI PLE EU:CTlUC WHIDING C"-=Alt FOH 
Tu nRET CLOOK 

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

A is the driving weight, B an endless chain which passes 
around sprocket wheel O. which is driven by the m o t Ol' D. 
E is EL jockey pulley to koop t he chain taut, and P a i;procket 
wheel fitted to one of t he wheels in the " going" train prefer­
a.L ly the next, or next but one, to the 'scape wheel. The 
winding ba.rrel and other wheels arc, of eOlU"SC , dispensed with . 
J\ l:i lla p switch G is arranged so that the Illotor is switched Oil 
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whon the weight reaches the lower limit of its tra.ve l and off 
when it reaches tho top. ' 

It i.s eMily 800n that when the motor rotatoR the weight will 
be dra.wn u]1und the jockey 1>ullcy will fnll. 

Mennwhilc the pull of the driving weight remains on the 
drh~ing sprocket. Sprocket () is prevented from tuming back 
under the influence of the weight because of the worm drive 
bctwoen the motor and itself. 

Wo will now scc how the prinoiples outlined in the foregoing 
are carried out in practice. 

Tangent Domestic Clocks 
The Tangent flolf.wi nding clock was produced lIy Gent & 

Co. to meet the demand for a high.clas.~ clock electrica lly 
operated from the mains, but independent of changes of 
\'oltngc a.nd frequency. and capable of carrying on in the CMC 
or the supply being cut oft' for any reason. 

III its cssentiahl, the, clock consists of a high-~.,.ade mechan­
ical movemcnt with a. jewelled lc\'cr escapemcnt, and Ureguet 
over coil hair spring. Thcre arc two springs-one the main­
taining spring which normally remains fully wounu, and comes 
into action only in the event of clcctl'icity SUl)ply failure, and is 
capable of driving tho olock for nearly two hours_ SU1>ply 
interrupt ions are gonerally only of no short duratioJl , and it is 
found i.n practice that the capMity of this spring is sufficient 
to meet a ll but the most exceptional emergencies. The <lriving 
spring is a.rranged to be wO\utd by electro-magnetic mcans 
ovcry minute. 

The clocks arc made in two sizes-wall clocks with ]2 in. 
dials, and mrLlltel clocks with 5 ill. face diameter. For a. given 
clock size, tho sa.mc movement with different windings serves 
for either a lternating or direct current supplics. 

Ii'ig . SO shows the movement of onc of these clocks with the 
cscal>emont eovor removed. 

The action is as follows. A is the dri\ring spring and slowl~' 
ra.ises the drhring lover B pivoted at C. The pawl n (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 viIdblo in the illustration , Behind the ratchet 
wheel, not shown, is the maintaining spring. The upward 
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stroke of (c \Ter B is arrested by its contact plate G meeting lhe 
contact fI attached to the lUlUaturo I vivoted at J . This 
completes the circuit through the clectro·magnctic coil K . 

}o-'IO. 80. " T ASOt: S T " E LJ!CTIU CALL\ "WOU!'P CLOCK M O \ ' !::)JJ!::o1 T 

as shown, and the armature is instantly drawll into linc with 
the poles Land Jlf of the electro-magnet . 

The travel of the armature is limited by the stop N made of 
relt, ill order to minimize noise, but, owing to its momentum , 
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lever B tra.vels on, And so breaks the circuit. at contacts 0 and 
H ., Tit? a~'mt\ture then r~turns t its resting position, its tra.\'cl 
bclll~ Illlllted by stop pm O. l'ho cycle is then repeated and 
continues so long as the clock remains connected to tho mains. 

The slop P })rQvcnts tho ratchet wheel from being drawn 
back. The magnet coil K is wound all I~ bakclite former with 
silk-covered wire. and is of such dimensions that any failure 
in the clock switching mechani.~m will not CiLlIse it to overheat 
a.nd burn out. 'l'he possibility of such a breakdown is, of 
course, most remole, but sucb provision adds to the efficiency 
of the clock. 

Landis and Gyr Domestic Clocks 
A range o( electrically-wound domestic clocks is manufac· 

tured by Landis & Gyr, Ltd . Separate models arc supplied for 
A.C. and 0.0, working. The clock movement is substant ially 
the same in each Cium, nnd consists of fi high.grade spring. 
driven mechnnism with a. jewelled dead beat lever escape· 
mont. The Ia.tter is cblnpensated for temperature crror by 
the use of f<"1~lul\'fLr" metal. 'rhe Rpring is wound at intervals 
by means of n. small electric motor-a. .Fcrraris (Use induction 
type in the alte rnating cllrrent models. und fi simple form of 
commuta.tor illataI' in those for direct current use, 

ThiJ; sprulg is capable of ma.inta.ining the clock for three 
days in tho event of current fn.ilu rc. 

The winding gca.r is so arranged that thc spring can never be 
over wound nor completely unwound, SO that even torque is 
preserved and with cn.refll l regulation the clocks can be relied 
upon to koop time within onc minute a. month or less. 

The D .O. clock can be lIsed on (\ny voltage between 110 and 
132 and 200 and 250 volts, and the A.C. model between SO 
and 280 (50 to GO o,\"cles). 

:F'ig. Sl shows a. ha1f·(ront view of the A.C. model, and Fig. 82 
a. rea.r view of samo. Both are lettered to correspond, and the 
principa.l features are as (ollows. 

A is the copper I'otor of the winding motor, B the stator, 
C tile coil, and D the copper shuding coil to provido the start· 
ing torque. If: is tho termina.l block. The plug supplied with 
the c lock is attached to two of the pins accord ing to the voltage 
o( the c lectl'icity ~lIIpp l .v. P is tho regu la.to!' which projechl 
through the dial. G is th(' main Rprulg, and /I , I , tunt J arc 
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t he t wo gea.rs and the tmV'clling weight rcsJ>~cti\'cly, which 
sta.rt a.nd stop the ord inary motor, to be descri bed la.ter. 

The coil o( the A.C. olock is in ci rouit. continuously, the 

FIG. 8 1. PART ""'RONr VlEW 0" L"-~J)IS ~ (il' l! ELY. .... '"l'IU ('ALLy. 

WOUND C • .oCK FOR A.C. 

winding motor being !'\lopped by the applica.tion of 1\ light bra ke 
to the rotor. The power consumption i.o; exceed ingly small , 
being approximately ono watt, so tha.t t he C08t of r UJUling is 
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negligible. The currant of t he D.C. model is switched ofT whcn 
the spring is fully WOlUld. 

• • • • • 

• 
. , • '9 

o-t--+--' 

l-~IO. 82. RV-All. nEW 0'· I.L"10LS &: GVR ELECTRICALL\'.Wf'WND 
A.C. CLOCK 

Fig. 83 shows the autOflllltic control. A iM the spindle having 
a. screw thread B, C ili l\ g('nT wheel loosel.'" mounted on A. 
a.nd dri\'cn from the winding train of the clock-i.e. as the 
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clock is wound C rotates. and D is fI. pill projeoting from C. 
E is another gear wheel, fixed to spindle 11 , and coupled to t he 
hand-driving train of the clock so that it rotates as the spr~llg 
unwinds . F is a weight of the sha.pe shown and G a sprmg 
a ttached to i t. 

The action is as follows. Duri.ng the winding, the wheel 0 
t urns and pin D comes in to contact wi t h weight F rotating 
it on t he screw thread and ca.using it to travel to the IcIt . 
When it reaches t he lim it of its travel, mad e to correspond 
with t he spring being fully wound, ] )ill 1I engages with a. 
lover, not shown, which stops the winding motor a~ previously 

c D E . 

A 

H F F 
F IQ, 83. P IUNCI J>U: O~· CONTItOI. O~· \VlNl)iNG. 

Llindla &: Gyr ,\ .C. ek .. ' lrlcalll',wOlLlld (' lock 

dcacri bed. Owing to the shape of the weight, it Ca lls suddenly 
forward once per revolut ion, and so cnSUJ'es no quick break of 
t he switch. pring a acts as a. buffer when it fa lls against 
pin D. 

During unwinding, genr F , and with it spind le A, tUrns. 
" 'eight F is pre \Tented from rotating with it by its own weight 
and by pin D , so it is caused to t rave lll.long the thread to the 
right. even tually releasing tho brake 01' swi tch and ca.using 
re~~ding to sta rt . A simp le ratchet prevents the spring from 
drlvmg the motor arm a.t ure when the winding power is otT. 
If t he clock is a llowed to run completely down , F will move 
to the ext reme right of the spind le A . '1'0 prevent i t jamming 
against gear E, stops J and K arc p rovided . 
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FIG. 8 4 . FllOST ' "lE" mo L\SI)IS & l:,'M ELt:("TRIC.ALLY·WOUNO 
Ct .orK .'011. I>.C. 
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Fig. 8-t gives a. front view of the di rect CUfI'e nt Jll o\'cme~t. 
A is the tripohu' armature, B the pole $ihocs of sheet Iron , 

C the field magnets. D the brush support pilla.rs. and}) the 
brushes and commutator. The bobbins J' BrC rc~ i8tances for 
the purpose of reducing the voltage across the motor arl~la.· 
lure. The esca.pement iF! contained in clll'ling 0 , a nd regulation 

Fro. 85. LA."'I)JS &. CYR ELF.CTRI CAT.I. Y-WOUND C I.OCK 

of the clock is elTected by rotating the knob 11 . which is 
arranged to project flush with the dial The lover K locks the 
escapement in order to prevent dftmage to its delica.to mochnn. 
ism when the clock is moved a.bout. 

The clocks a.re rnanu.fn.ctllred in both wa ll and mantel 
pa.tterns, and 'Fig. 5 shows onc of the latter type. The small 
disc with the nrrow and sC l'cw-dri\-er s lot seen a.bove the centre 
o[ the hands is the regula.tor. 
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Motor-car Clocks 
A typical electrica.lly -wound motor-car clock with cover 

removed is shown in ~·ig. 86, a.nd is a. product of English ' Vatch 
und Clock Mnnulactu l"Crs, _Ltd ., Covent ry . 

The movement is spl'ing.d l'ivcn, controlled lly a lever 
escapement, and will continue to rUll (Ol' ubout onc and a ha lf 

FIG. S 6 . E,\U' Wf: :'I [OTOU·CAl! Ct.oCK, C.:SEln!. \' I .~W 

ha ul'S without the batte,'y lJcing connected , IIlt1s l~ lIowing 
minor repa irs to the lig ht i.ng l:iystcm to be cllrl'icd out. 

The winding action of the clock may be followed by reference 
to the diagl'am Itig. 87 . 

.A Al nre the coils of nn e lect ro. magne t ht\ \' iJlg poles B B I . 

G is nn nrmat urc pivoted a t D, /i,' is a j;: pira l lS')lI'illg wh ich is 
IlctunUy the main spring of the clock, P is a fixed contact, 
Ilnd 0 is a. movable contact pivoted a t 11 . On energizing the 
magnet coils, the nrmahu'C G is attracted into line with the 
[}Qlcs, and in doing so spl'ing .f which controls t he movement 
of the contnot G pusses over t he ph'otnl cen t re, fl n cll40 ca USCM 

the contacts to rapid ly sepa rate, t he arm of the mova ble 
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contac t. coming to rest aga inst s top K . The armat.ure is then 
drawn back to its origina l position by spring C, und in so doing 
dri\lcs the clock through tho medium of a. mtchct and further 
spring. which provides the drhring motion at the i~18ta!lt 
winding is taking place, and a lso when the ba.ttery 18 d IS­

connected . \Vhen the spring has W1WOlUU l a. certain distance 
spring J again crosses the centre, closing the contacts and 
energizing the magnets, t he cycle being repea.ted . ~I'he arma· 
tu re und contactf; arc clearly shown in the photograph ll'ig . 88. 

FG 

A 
A, 

.F IO . 8 7. WIND INO A crlON 01:' " E ",u' IJt I<~" l\I OTOIt,CAR Cw 1\ 

'rhe periodicity of winding is normally c\"cry four to six 
minutes. OwiJlg to the frequent winding. t he main spring is 
kept in vcry even tensioll . l'CSulting in good time-keeping. 

A wcakness which has been 1'X]:>Cl'icnccd in the Pflst with 
motor-cnr electric clocks is tha t in the event of thelll s tOJ)ping 
for any reason they would inva riably do so with t hc contact 
points closed. In COJlSC(luence the instl'ulllen t would probably 
suffcr damage due to overheating of the winding. Thil:i diffi­
cul ty has been overcome in this clock hy the provilSioJl of a fu se 
which comes into operation should the clock stop on contact. 

The Venner Time Switch 
An excellent example of an electrica.lly-wound clock as 

U8<.-d. for the operation of t ime switches for controlling the 
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lighting or street la mps, shop windows, and tho like, is provided 
by the Vcm,le)' movement, a. general viow, with the casing 
removed, hems shown in Fig. 89. 

In its essenti al~. it. consists of l\ high.class spring.driven 
cl~k Illovement which is a rrnnged to be elcctrically-wound 
at. mtervals by 11.11 ingenious form of winding motor. The spring 

:FIG. 88. Em'm.: )rOTOR·CAR CLoaK. snowINo 
AIUlATUlU; A.."'Il) CO:''UCT8 

has a ma.intaining power of t\bout t hreo da.ys in the event of 
supply failure. 

All the gear whecla arc made of brass. while the pinions and 
spindles arc of stain less steel. The movement is mounted on a 
substantial brRS8 framework. and fitted with a brass cover, 
sliding windows being provided to permit of adjustment being 
made without removing the co,'el'. 

Owing to the compactness of the whole unit, particularly 
the winding mechanism, it is somewhat difficult adequately lo 
c.Iescribe i t in the space """tn ilable. 
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Hcrorring to Ji'ig. 90, A is the outJlut pillion of the" indillg 
motor whose construction will he described later. R iN ti n 
in termediate gcar which trnnsmits the motion to the wheel (' 
mounted on the Sl)indJe D to which onc end of the driving 
spring is attached. The other cnd of the driving spring is 
rn.slcned to ita housing E on which is driving gear P . Thus 
gear C rotates when tbe spring is being wound and genr F 
when it unwinds. 'pindle D is threaded for a po. tion of its 
length. and has upon it a nut G anchored by the pin 11 fm;tencd 
to gear F. The effect of this is t hat during winding, nut. 0 is 
caused to travel up th~ threaded portion, and during unwind­
ing. boouusc of the rotation of geur.P. it is made to travel dOll",. 

When the motor is winding the nut reaches a point in its 
upward travel where it comos into contact with a. slUaH roller 
coupled to a quick make-and-break switch action. 'l 'he effect 
of this is to stop the winding motor, wld so the nut commences 
its slow downward tra.ve l, due to the unwinding of the spring. 
IUlInediatcly the mrt pa~ses beyond mnge of the roller the 
motor is switched on again and the cycle repeats itself. 

The interval between t he winds is avproximatcly eight 
hours. \Vinding takes only a few s(.'(:ond8 to aceompli!1h so 
that t he power consumption is infinitesimal. The driving gear 
P is coupled to the driving.spind le J (which takes the place 
of t.he hands ol this clock) by the usual train of gears, the rate 
being controlled by an escapement. 

The winding motor is shown in ]i'ig. 91 I and comprises an 
electro-magnet having poles A, Al and coi ls B, RI energized 
from a.iternating current mains. c: is an nrmat-ure mOlmted 
on the hollow spindle D, and is normally held a slight. dis­
t.a.nce a.way from the magnet pole by tuning springs, which are 
80 tensioned that the na.tural period of vibration of the arma­
ture and s])rings is that of the supply frequency . When the 
coils a rc energized, however, the armature vibflLtcs ra.pidly 
owing to tho reversals of the allen1ating current. P late. F 
is mounted on the same spindle as the armature, and cnrrlCS 
a clutch which engages with the inside of the drum C, integral 
with the winding spindle A (Fig. 90) which passos through the 
centre of the spindle D. Pla.te /1 carries another clutch all):o 
engagulg with the drum 0, and in addition is aJ.lchorcd a.t J. 

The action is such tha.t when the arma.ture IS a.ttrnctcd to 
the magnet poles, clutch P griJls the windulg spindle and turns 
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it forwaro . When the current impulse CCI1SCli, the al'llla.tu l'C 
returns to its original position by virtue of tho springs. and 
clutch 1J comes in to action to prevent the winding spindle 
turning back. Thus the vibrating motion of tho nrmnture ia 
converted into a. rot.1.I'Y onc in n. most efficient manner . When 
t.he motor is I'cqull'cd [01' D.e. operation a suita.ble makc·nnd­
break is provided to give the necessary current impu)i5C . 

. Pig. 92 gives a. top view of the complete movement, and 
includes several details not shown in the olher views. 

A is the winding l>i..nion, B the intermedia.te wheel, and C 
the wimling gcar. On this geal' is mOlUlted lover D whicb is 
pa.rt of t he quick make-and-break mechanism. E is the switch, 
F a. revolving gra.duated dial for setting the ti me of the clock, 
and G the esca.pement and regulator. 11 is Lhe centre spindJe 
t o which tho time switch 1Ut,><:hanism is a.ttached, J being a. pin 
projecting from t he vibrati.ng magnet to which the tuning 
springs K are secur~ . 
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Introductory 
U~DElt the heading of synchronized clocks is included a ll t hose 
clocks, whethcl' electrically or rnechn.nicn,lly prope lled , whicll 
are arranged la be cor rected l"t intcfvll.hs by s igna ls tran smi t ted 
from no sourco of ISta.ndard t ime, gcncm lly represent d in this 
country by Greenwich Observatory. ,ynchroni7.ation ili UliU­
ally ca.rried out once 01' twice dllily. so that howEwor bad a 
time-keeper a clock may be, it cannot dc\~iatc very much from 
correct time. 

SYJlchroni7.cd clocks arc used only where it is essentia l t liu.t 
pa rticula rly accurate time be a.lways muinta ined. The pl'in­
cipa l appJication is to public clocks fi nd t hoso of public service 
undc rtakjngs, but even hero it is by no means common, fo r 
the accuracy of modern electric clock ins tallations is such that 
only vcry occMiona l correction is necessary, a nd this ca n be 
readily done manually by checking against the Greenwich 
time s ignals of the B ,B .C., t.hereby siwing t he eXllCnse of t.he 
synchronizing service. 

The development of synchronized clocks is due ill grcn.t 
measure to t he fact t ha.t onc of the conditions upon which 
clocks are permi tted to be crocted projecting ovcr the pub lic 
wa.y in tho City of London is t hat they II ha ll be kep t 8)'n . 
chronized wit h GI'CQIl\vich mean time by means of a. wire from 
t he Post Office "or other a pproved method." 

Electrical s.p lchronization is particula l'ly applicable to 
mcchanical clocks, as it ena bles a n indifferent time-keeper to 
be transformed into a good onc at lit tle expense. A particular 
application of electrica.l syn chroniza tion is in conneclion with 
workmen 'f4 time recorders. 

'Vhen electric clocks are ins ta lled in a. factory, i t is pa rticu. 
larly necessary t hat the li mc recorders a lready ill existence 
indicatc the same time as t he general clocks. It is not , how. 
ever , gcnerally possible, on economic grounds, to do away 
with the mechanical movement of these clocks a nd substitute 

125 
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an elcctrical one. The method generally adopted is to retain 
the clocks in their entirety. but control the swing of t.heir 
pendulullls by means of the half-minute impulsC8 of the ractory 
time circuit, so tha.t their indications are similar to all the other 
clocks. 

It is, of course, ncc65iSary to continue with tho weekly wind· 
ing of these synchronized mechanical clocks. 

As is well known, the til11e staudard IW far a-8 thi~ COIUltry is 
concerned is Greenwich mean time, and this is available (or 
the synchronization and checking of clocks in four ways, 
namcly-

1. By wire from the a.p.a. 
2. By radio from the B.B.C. stations. 
3. By radio from the a.p.o. Rugby 8tl\tioll. 
4. In London only, from the mains of the Standard Time 

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

There arc two broAd systems of synchroni7.a.tion in use both 
applicable to either electric or mechanical clocks, \' i7. . forcible 
Bnd gradual. 

There are two kinds of forcible correction: (I) in which the 
reception of lhe time signal cnuses the mjnute hand to be 
quickly drawn to lhe zero ]>osition, and (2) in which the hand 
is made to reach the zero position before the arrivnl of the 
signal, the movement being then held up unlil its reception, 
when the clock is restarted. 

Gradual correction, as its name implies, consistit of the 
addit ion or subtra.ction of a small weight to or from the 
pendulum accord.ing to whether the clock is fast or slow when 
the signal is received, thus altering the cfTectiYe length and 
t ime of swing of the pendulum. 

Before passing to a cons.ideration of the various lime ser· 
vices and synchronizing systems, wc 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 

ea.rth. 'the fundamenta.l unit is the sideral day- this being 
the time taken for the earth to make a. complete revolution, or 
the t.ime which ch\pses het.ween the i.ns lnnt. when a sf M i!J f1uo 
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south at l\ p lace, and tho instant when tha.t star is next duo 
south at the same place. The "ideml da.y is, therefore, the day 
as determinod by observation of the stars. Thoro a re 3G6! 
sidernl da.ys in a. yoor. 

The sola r dn.y is taken from ObSCfVu.tion of the 8un, and 
represents the length of time between two IHlcccssivo " south­
ings" of the sun. There are 365! solar da.ys in n. year, i.e. onc 
less t ha.n the number of sideral days , tho difTercnce of ono day 
being due to earth's motion round the sun causing the sun 
to appear to make one revolution rOllnd the earth from west 
to east. As life in general is regu lated by tho SUll and not by 
the 8tal'8, the solar day is taken as the basis ol our system of 
time recording. 

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

I. The speed of the earth round the sun is not constant, 
thus the time taken for thc sun to appear due south on succes­
sive da.ys yaries. 2. The axis of the earth is inclined to the 
plane of its orbit, 80 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-a.n electric 
signal being automatically transmitted as this occurs, which 
causes a mark to be made on a slowly moving chart. Obser­
,rations are being constantly made so that the exact time at 
!lolly instant can be readily determined. Means arc also pro­
vided by which the beats of the observatory clocks arc re­
,orded, so that they can be accurately compared with the 
Itar time, a.nd correction ma.de if necessary. 

It is, of course, dcsira.ble that 1I16 clocks used be absolutely 
'ollStant. a.nd it is noteworthy that a.t Greenwich and Illost of 
he principal observatories of the world these are elcctl'ic­
)Cing a. specia.l form of the Synchronolllc clock, described in 
'hapter TV, de.ignod by Mr. W. H . , horit. 

An observatol'Y dock of this type is "hown in -Fig. 2n (pag<, 
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43), and space wiU only permit of a. brief description o( its 
construction and working here. It is of the free pendulum 
type impelled by the fa.lI of the grnNity arm reset by a Syn­
chronome " Remontoire." 

The release of this arm is effected by lLn adjacent .. ~1Ia.vo 
clock" which is kept in exnct synchronization with the free 
pendulum. The impulses to the ind ica.ting dials are also 
disp.1.tched by t his sbwe clock, and tho free l>e1ldulum ha.s 
notllwg to do but swing to kccp time. rL'hc pendulum is of 
TI1\TRr. and the whole of the mechanitull is enclosed in an nil'­
t ight cnse-l\ copper cylinder with a. glo.ss boLl cover- nnd 
exhausted of ai r to a. pressure of 35 mm. or less. 

The performance of these clocks is remarkahle, and they cnn 
be relied upon to keep time to wi th in a second in 0. year. Their 
n.cCllrlWY is such that with their aid it. may be p088ible to CI~rry 
out furthCl'rcsearch on \'lwious astronomical problems- t.hc 
c lock being considered as the constant quality, and the stars 
or other bodies the. ya.riablc ones-a reversal of previous 
practice. 

There al'e three Shol'tt clocks at Grccnwich Obscrvatory, 
two used for determining sideral time, and onc measuring 
mean time, for transmitting the six dot seconds by wireless, 
and the Hugby rhythmic time signals. 

Tho mean t ime clock is checked with reference to the sidoml 
clocks which, AS explained above, are constantly checked by 
stellar obscn'at ions, I t may be mentioned here that the actual 
time indica.ted by the sideral clocks is immaterial so long 8S 
their rate of gain or loss is known, because the aetU!~1 time at a 
given instant can be l"Cadily detcl'lnined. The menn time ciock~, 
however, must be eOl'reet to time, and thus means of adjust. 
ment. are provided, and the clocks checked before the dispatch 
of a.ny important. signal. 

The mean time clock at Greenwich controls se\'crai electricnl 
circuits, A signal is sent once an hour to the Centra.l Tele· 
graph Officc of t.he G.P .O., where it is distributed as required, 
{I.nd to the centra.l station of the Standard Time Company, 
Anothcr line is connected to the British Broadcasting Corpora.­
tion, to which the last s i,x seconds in every quarter of an hour 
arc transmitted. These signals are, of course, only broadcast. 
a.t ce rtain t imes, 

Tho signals for broadcast from the H.ugby station of the 
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G.P .O. are transmit ted from H. i:lCpArate pendulum) lengt h of 
beat of which is N~' of u second. 

The Rugby signals arc intended for the checking of ships' 
chronomoters, a nd arc also used by surveyors and cX]>lorcrs in 
the determina tion of longitude. A (ractional beat fac il ita tes 
this work ; the radio bea.ts p(wiodically coming into step with 
those of the chronometer or clock being' checked . By noting 
the time shown bv the chronometer and the num ber of tho 
dot at which coim:iclcnc(' OCClI I'S, it is l)f)~~ibl e by eRSY calcula· 
tiol! or by reference to tables, to ascerta in the error of t he 
chronometer, to 8 J1 nceu1'8cy of if l of "' accond . 

At prescn t On,:cllwich mean t ime is only ava il a.ble n.t certain 
hours by tho variouH services mentioned , but it is ho]lC<i the 
time i!o( not far ofT when a specia l wi re less sta tion will broadcast 
the bents of the Creenwich clock continuous ly day and night. 

The Post Office Time Service 
Two services of t ime s igna l~ for t he !oi.\'l1 chroni1.a.t ion of 

clocks arc [\.\·a iln.ble by wire from the -Post Office as follows. 
(a) Groonwieh menn time signal tra nsmitted at 9.0 l\.ln. a nd 
1.0 p.m. da ily . Thi.s cOIlf-;ists of n. " dot " one f;ccond in lengt h, 
sent by Greenwich Observatory exactly at the hour, and is 
ava ila.ble to subf;Cribcrs in London and the provinces. (b ) A 
simi la.r service transmitted hourly from t he Centra l Telegraph 
Office chronopher. Bncl lwailable in 1.011don only. 

'['he difference between the 0.1\1.'1'. sen riccs and the hourly 
service is that t he former is t ransmitted dir-cct from the 
observatory, wherea..'4 t he Ia.tte r is t ransmitted by the local 
Post Office master clock which is automat ically synchron ized 
with Greenwich daily. The signa l trans mi tted by the hourly 
service caJmot , therefore, be rega.rded lUI a bsolute Greenwich 
moan t ime or correct to a fraction of n. second , bu t the sub­
scribeNS' clock would be correct to no small (raction o( f\. minute, 
which is generally all t hat is l"C<IWIOO. " ' here a. greater 
accllracy is demanded tho Groonwich mean timo sel'vice must 
be t a.ken . I n this case synchronizing appara.tus iM lIIore com­
plicated on account of the brief na.ture of the s igna l. 

Subscri bers to the Post Office time service a re required to 
provide t hrir own synchronizing gcftr, which must be approved 
by t he Engineer-in-Chief, and prov is ion must a lso be made for 
the LU10 to be earthed except for the shor t period preceding 
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ami following the time at which the signal is received. The 
line coil of the rcCci\Ting relay 01' otbor appa.ratus must have 
a resistance of not less than 200 ohms. 

'rhe Post Office time service is generally the most convenient. 
method of synchl"Onizatiou, particularly in the provinces, 
wher~ it is the only t. wired" system of synchronization avail. 
nblc, but the rental charge for the use of the lines, etc., renderJ,l 
it fairly expensive to use. 

The B.B.C. Time Service 
As has already been mentioned tht:: D.'ili!:llt Bl"oadcll!iting: 

Corporation t ime signal consists of s.ix dot seconds, the last 
of wh ich marks the exact quarter hoUl' . Tho times of tmns­
mission of this signal, which takes place several times daily. 
are not definite ly fixed, and the reader is referred to the current 
issue of the Radio Titne8 for up.to-date information on this 
point. The ch imes of Big Ben and other public clocks are also 
broadcast a-t irregula ... intervaL'i. 

1l he synchronization or correction of clocks by hand from 
tho broadcast time signal is, of course, qu ite straigh t forward. 
All one has to do is either to bring the minute hands to zerO 
as the signal is l'ecei\Yed, or bring it to zero previous to the 
t imo, stop the clock, and restart as the last dot is received , as 
is the more cOllvenient. The simplest method of correcting or 
oheoking a number of domestic or other clockg from ono time 
signal is to use a stop watch, setting th is goi.ng as tho sixth dot 
is received. Tho various clocks cnn thCJl be visited in turn, the 
t ime shown by the watch being added to the actual time of 
t he signa.1. Thus if a signa l is rocei\'ed at 6.30, the fi rst. clock 
can be set at 6.31, the second at 0.32, and so on. 

To be of any use, however, particularly if the olock which 
it is desired to synchronize ilS inherently n. good time· keeper, 
the synchronization must be a.utoma.t.ic, ami here the utiliza. 
t ion of the B.13.C. signals ])rcsents aome difficulty for two 
reasons, viz. ( I) the times of t ransmission arc not definitely 
6 xecl , tLnd thus there is alwa.ys the risk tha.t the programmes 
mA.y be re-arra.nged, and an'y aynchronizing gear rendered use· 
lesa. (2) The signala a re often broadcast on top .of another 
transmission , a nd are then usele:o!S fo r t ho working of a.ny 
ILppara.tus. 

'rhus the W;l' o( thcfoIc md io Rigna.ls (01' ;\utomatic corrections 
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of clocks cannot become a practicul propositioll unti l their 
f01'1ll and time of radiation are definitely fixed ouce and (or all, 
and arrangements made that at I ca~t ono of them shall be 
given {roe from any other trnnfolmi:;f.; ion. A suitable inter,vul of 
quiet must also be nllowcd bofol'o and after the rccovt lon of 
the time l5oignah. to cllublo the requisite radio receiver to be 
automatically switched 011 by the olock. 

Considerable research on the automa.tic synchronizution of 
clocks by wirelc~~ hn!1 been carried out, llal't iculcwly by the 
late Mr. A. E. Ba ll , a full acCOllllt of whose work hRS been 
published in the IJorologicfl l Jounwl , to which the reader is 
referred for details. 

Briefly the appo.mtus required (or synchronization from tho 
B. B,C. signals compriscs-

I. A switch controlled by the clock to switch on the radio 
set a short time before the t illle of the !j igmt.! and switch oft on 
complet ion. 

2. A radio sot capable of giving ~trong sigm,,18. 
3. A sensitive re la.y used in place of the loud speaker, con­

nected to othol' relays to give the necessary current for 
synchronizing. 

4. A selector switch so that only the sixth dot is utilized . 
J. The necessary appa.ratus for syncllrouizing the clock. 

This dep"nds largely on the form of correction , and upon the 
type and make of the clock. 

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

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

the highest grade of time distribution . It is mai.nly intended 
for the determination of longitude and the setting of ships' 
chronometers. Signals a re broadcast a.t 10 a .m. and 6 p .m. 
(Greenwich mean solar time) on a wavelength of 18,750 metres. 
The signal consists of a. series of dots 0· ] second in length, 
lasting from 9.55 to 10 a..m., a.nd from 5.55 to 6 p.m. The 
intervals betwoon the bcgiJUlingS of the dots arc _~ I: seconds 
in length . The conullcncing signa.I,·and a.lso that at

1 
the end of 

each exact minu te is sent in the form of a. dash 0-4 ~condR in 
length. 

Orcat ('a rt' l.'{ ta.ken iJI t he I\ccurncy of thC'sc Hignals, a.nd the 
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ti?lC ela.psing bet\~cen the dispatch of each signal from Green 
wlch Rnd tha." of Its reception the l'c by radio is recorded nne 
accul'I\tc)y measured. The monthly mean error is a.bout -0:' 
s?cond .. These signals havo the advantage over the R.B.t 
iilgna)s m that I hey arc free from the liability of speech inter. 
ference . but thcl'C is more likelihood of st ra.y Morae signal .. 
being picked up which might upset the whole RYllchronizi.Jl~ 
mechanism. Also, owing to their complex nature, the Rugb.y 
signals are somewhat clifJicult to adapt for automat ic syn­
chronizu.tion of clocks. 

The Standard Time Company's Service 
Tho tnndnrd Time Company was formed in 1877 for til{' 

purposc of transmitting time signals in London. 
Timo signa ls al'C rccohred hourly day und night from Green­

wich Obscnratory, and are relayed automatically rrom the 
Uompany'a headquarters at Queen Victoria. Street, o,'cr more 
than twenty lines radiating in nil dircctiollB, covering the 
great.cr part of London. 

Signals 0.1'0 of two seconds durat ion, I'Itul-ting at the nOth 
second of the GOth minute of each hour, and lusting until two 
seeondiJ after the hour . The eUl'rent strength is about'4 of UII 

ampere. Besides many hundreds of mechanical and e1ectrie 
clockl! the circuit includes bells, needlcR. time balls , and other 
indicati.ng devices. 

Methods 01 Forcible Correction 
Since the invention of the electric telegraph , ruUIIY sY8teUlII 

have beCJI evolved for the purpose of fOl'c i bl~' bringing the 
hands of clocks to zero on the transm ission of a ~uitablc signal. 

Onc of Lhe earliest inventions is that by Alexander Bair) in 
1843, the principle of ",Ilich is shown in Fig. 93. . 

A is a. pin projecting from behind the minute hand B, which 
is ollly lightly spring tight on its arbor. C ill a yoo piece. fi.x~d 
to the ll.l'lllature of an elect ro·magnet, and normally reslmg IJl 

the lower position. On Lhe recep~ion of the synchrol:i~ing 
Biglla.l, the magnet raises the voo piece to the upper po~l.tlO!l , 
shown by the full lines, tUld in doing so catches t~le pm III 
the hand, and draws it to the cent re of tho vec wluch corre-
sponds to the hOllr position. _ . .... 

Another early system is that of LtUld. shown m 1! Ig. 94. 
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1o~ lo. 93. BA-IN'S SYNCU"RONIZINO S \'STI-:M (1843) 

o (a.) o (b) 

1"10. 9·1. r.UJom's SVNCll nOl\'1ZINO SYSTEM 
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In tile dilJ.l A il'l n s lot B through which projectli t.wo pills 
(' . ('2 each mounted 0 11 a Jc\'cr and connected by a link motion 
to the armature of an electra-magnet (not shown) in such lL 

ll;lanllCI' tha.t . the ~lovcmcnt of the armature due to the rcccp. 
tl~m of th~ t?l1C slgn.at causes the pins to be dra.wn together, 
~s shown Ul illustrat ion (b). Should the long hand be late, it 
L~ drawn fOl'ward by pin 01' a nd if it is in ad\,tmee of the zero 
position it is brought back by pin 02' 

B 

" , ' 
~ ! 
" " " 
" 
" " , , , , , , 
" " , 

c 

A 

F w. 9.5. HITClln::'& EA.ltr.Y 
SYNCflRol'nz£R 

B 

- D C.A 
FIG. 96. 

STANDABD Tun: 
Co's SVNCDRO' 
~'lZI'NO SVSTY-.' 

Tfh is system is sometimes known as the •. finger and thumb" 
method-a very apt description. 

Yet another early systcnl is tha.t of Ritchic, iIIustra.ted in 
Fig. 95. 

A is the minute hand, B a. pin fixed to it, 0 R. 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 tho pin engaging with the block when Jr. its normal 
or upper position. The clock is arranged to gain Hii!(htly, And 
tho hand is stopped at zero until the reception of the f'ignal 
whence it starts exactly at the hour. 
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Thi::J system has two disau\'nntngcli : (1) no provision is mad(' 
or correction of a. possible loss, (2) if t he signa l fnilH la ul'I'ivc 
,t the hour, the clock is stopped. The system of synchroniza­
ion adopted by the tnnda.rd Time Compa.ny is a. modification 
If the Ba ills " V U method , as will be seen from :I.i'ig. 96 . 

• 4 is a. tube to which the minute hand B is fixed , and having 

G, 
r lO . 97. R 1TCJUr. 'S I lI l'RO\ 'RD SYSTY.)l 

\ open side C. D is Rn extension of the a rumt.ure of nll electro· 
agnct, which when the magnet is cllc rgi?ed is drawn down 
to engagemen t with the opening in the t.u be, and so compe ls 
e minute hand to assume a vertical posit ion . 
Fig. 9i shows an improved system of synchroni?ation due 
Ritchie of E <linburgb. 

The clock to be operated on is caused to ga in slightly-the 
[lount being immateria l, and can va ry £rom I second to 40 
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minutes j>Ol" week. The minute hand will, therefore, a.rrive at 
the hour 1ll01'C or less too early, and the aim is then to arrest 
its progress until the arrival of the synclll"Ouizing signal. The 
electro-ma.gnet A is excited J 5 seconds before each hour by a. 
mastcr clock, and attracts a rmature B pivoted at C to which 
a rc attached Icvcl'S Dand E. }' is adisc mounted on the minute 
hand spindle, ami prevents the stop (; engaging with the 'seape 
wheel If until tho minute hand arrives at the OOth division 

A 

8 

c 

~+I--: 

of the dia.l when a notch in 
the periphery of t he disc F 
corresponding to tha.t division , 
tLllows the lever E to psL~. 

F and along with it the othel' arm 
D. The 'sc8.j>c wheel rema.ins 
stationary until the cessation 
of the current ILt the exact 
hour whence the magnet ceases 
to atll'8ct, the levcrs drop back 
to their normal l>osit ion, and 
the clO<'k restarts. 

The nd,'antagcs claimed (or 
this system nrc its sim)licity, 
K.mall current required (or 
opcl'8,lion, tho hand Jleod not 
fit loosely in its arbor, and 
failure of the synchroni7jng 
current will not stop the clock. 

FIO. 98. Ht:AltT-!UJAI'F.O CAM 
SVNCIlHON'IZt: n 

One othcr method of forcible 
correction re<luircs mention. 
1t is particularly applicable to 

the count wheels of electric iJllPul~ tram~llliUers, and is shown 
iJ1 Fig. 9 . 

A is the UfHlal 15·tooth wheel of the impulse lranlllllitter. 
and B l\ heart.shaped cam mounted on the same spindle. C 
is an e lectro.magnet COlUlCCtccl to the time signal circuit. D is 
an armature pivoted at E and having at its other extremity 
t~ roller P. When the [l;ignal is received the roller makes con· 
tact with the cam, nlld turns it eithcr forward or backwar'd 
according as to whether the clock iii slow or fast, until the 
roller rests in the vce of the heart. 

The driving /.Intl back stop pawls a rC', of course, automatically 
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disconnected from the COll n t wheel during this operation to 
enable the wheel to turn as required. This mechanism is not 
shown in the illustra.tion. 

The (lisadvantngcs of nil methods of forcible correction is 
that no nttem pt is 
made to apply a. per-
manent correction . . For 
E\xn.mplc, a. clock which 
has a. regu la.r loss of 
one minute daily will 
need to ha.ve this made 
up every clay until the 
regulntion is improved. 

The systems of C 
gradua.l correction now 
to be described aim at 
keeping the time-keep-
ing correct withiJl fine 
limits by automatic 
regulation of the swing 
of the pendulum. 

Methods of Gradual 
Correction 

The basicprinciplc of 
all methods of grad un.1 
correction of clocks is 
to add a sma.lI weight 
a.bove the pendu lum, 
thereby shorteninp; its 
effective length, if the 
clock is slow whcn tho 
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synchronizing signal is 
reooived j and to take 
it away if the clock is 

FIO. !lO. SEE·SAW METIIOD OF GRADUAL 
ORU!.;cTION 

flfILSt." The J>Cndulum is normally regulated so that it IOSC6 
slightly in the twenty.follr hours without tho a.uxiliary weight. 

I"ig. 99 shows how this is accomplished. A is the ]>endulum 
bob. B the pendulum rod suspended at C. D is a tray for 
weights fixed to the pendulum rod. E is an iJ'on a l'ma.ture 
pivoted at F, and joined to its end is a silk cord G supporting 

10--<574) 
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:" we igh." 11 . I and ./ arc clcctro·mngnots riuch that \\ hCIl I 
!8 ollcrg~zcd ~h~ weigh t is lifted ofT the pendulum, and when J 
IS cno~glzcd It IS dropped on to the tra.y. K is an fi rm filled to 
t he ll11nutc ha.nd of one of the secondary dials in such a manncr 
that it engages with contnct L if the clock is slow Ilnd 
with contact .M if fast, thereby energizing the npproprintc 
magnet. 

] n addition to the fast and s low contacts l:ibown an addi. 
lionll~ contact is fi~tcd so that the contact can only hccomc 
effective fm' the mmule preceding and (oIJowing the time of 
tho Observatory signa l, thereby prO\'cntulg any stl'ny signals 
from in terfering with the control. Ally false curre nt13 which 
mAy come during the two minutes when the control circuit 
is ofTcclivo elUl only delay the olX'ral ion of thr cOI'l'Ccting 
control for that. day. 

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

with the c lectrict\\ ~1)c I'ation of Time Hecord ers, as used in 
factories to record the time at whieh employees start and 
cease work , etc. 

J t is part.iculady neoessary that these clocks correspond 
with tho general factory time, but there a.re sc\'eral considera­
tions against replacing t he mechanical movcmcnt with which 
they a re usua.lly 6tted with nn clect l'ie drive. 

1. Thc recorders incorporate considerably more mechanism 
thnn an ordimu'Y clock, and inte rference with the mo\'em~nt 
i~ not liked either by the maker of the instrument or by the 
OWJler. 

2. j\(0I'O dri \ring power is required t han with an ordinary 
clock, a nd this ilJ n. 80mew!mt variable factor , as the t)1)O 01' 
mechanism may Uccomo stilt or clogged from time to time. 

3, Any ijtoppago of the recording clocks dlle to lu'Cakdown 
of tho electric clock circuit would se riollsly upset tho system 
of costing and payment of wages. . 

" '01' these reasons the time recorders are usunlly left as mdc­
pendent units. wound weekly, and lL scheme of syncbronizatio,n 
npp lied to keep them in step with the general clocks. JI~ tillS 
case the synchronizing signahs comprise the hnlI. JllIll~lt c 
impulses of the lime circuit ins~ea.d of n ~i~~lal from an ou t illCle 
SOll rce, as in the SystClllli pl'C n ollsly mentioned . 
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In 0 110 method of ~ynchroll i zing, the pendulum of tho clock­
wOl'k is removcd , IIncl an electric escapement fitted wh ich, 
opern.ted everY hnlf-minute {rom the time circuit, n.lIows the 
clock train to' run on in haLf·minute intervals. This method 
does not fulfil t he conciitioDs (1) and (2) a bove, but is \l80d to 
some extent , and is, therefore, worthy of ment ion . In the 
case of some types of recorder it is t he only possible system. 

A polntlar and interesting method of time recorder syn­
chroniza.tion which reduces interference to a. minimum is 
the .. Reflex " system of Gent & Co. of Leicestel', now to be 
descl'ibed. 

The Reflex contl'ol R.ppn.ratll ~ consist s of two ma in pn,rts , 

B-

C 
FJG. 100. C}!l'T'S , . H EYLRX" SYST£~t O }' TIUE R £CORD£n 

CONTROL 

(1 ) the vibrator, D and A , Fig. lOO, which is merely clipped 
to the pendulum rod, and (2) tbe statol' B and C in the figure, 
which is screwed to the woodwork or body of the recorder . 
The clock is given a losing rate of t wo to two and a halI minutes 
a. da.y. and the pendulum must be such that it swings nn even 
number of beats per minute. Thus, supposing the l>endulum 
!iCcn in the figure beats 88 pel" minute, at evcl'y hall-minute 
it will be performing its 44th swing, and being slow will yet 
be SWingUlg to t he left when the rack C i. lifted by a balf­
miuute impulse of the time eil'cuit passing through an electro­
magnet on statOL" B , The free end of the vibra.tor D will 
engage one of the teeth of the rack , s ll!itaining the latter by 
its pressure to the left . The spring is deOccted , which action 
terminates that pa.rticular bea.t sooner, and moreover, the 
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spring ill givi~lg back the C~ICI"!:Y stored in it, scnds the J>cndu­
lurn to the right more qUIckly. thus removing its loss The 
Hcficx action will control n. losing rate up to G or 6 m'inutas 
a day. 

The on and ofT switch shown is necessary because the rate 
o~ tho pendulum will have been a ltered by the adclit.ion of the 
Vibrator, and a lso the clock must be given a. definito los ing 
,'a,OO by screwing down tbe rating nu t, before the appara.tus 
Will operate satisfactorily. 

When the clock shows itself to be regularly lOSing two to 

DUflEX 
CONTROL 

F 
E G 

Jo~IO. 10 1. O.;NT'S "Dull'u:x" COSTIIOL 

four minutes in twenty-four houl's, the Hcflcx switch ca ll l>c 
turned to the •. on " position. 

Synchronization 01 Mechanical Turret Clocks 
The Renex system call be applied to synchronize an exist­

ing mechan ical turret clock with nn impulse time circuit , but 
8S it stnnds it iH not en tirely suitable for thiM purpose, bccnuMC 
a definite losing rate iij dcma·ndcd, U fo r any reason the clock 
control circuit is broken and not repaired inunedifttely, the 
loss quickly accu mlllateH, and, furthc l', the Reflex system i.'i 
incapable of dealing with a. gaining clock, To overcome these 
difficulticij, the " DuAcx" i'ystcm hn!i been devised for tu rret 
c lock control. 

.In this Cllse tho pend ul1l1ll i8 regulat.ed to keep its best time, 
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n.nd as long n.~ there is no errOl', no controlling ac tion takes 
place. If t he pendulum tends to Jose i t is s1>eeded up, and if 
(a..~t is rota rded . The action is best understood by l'Clerencc 
to ~'ig . 10 I. 

'Vhen the pendu lum is found to be In,te by the ha lf. minute 
time impulse, the v"ibrator spring B will be moving la the left 
over the rack A which will be lifting, And onc of its teeth will 
engage with the 1>oint of tho \ribrntol' spring 80 termina ting 
the stroke early and giving the pendulum Rn impulse to tho 
right, ill tho Ill a nner a lready descri bed for the ReR x system. 
J£ the pendulum is correct as the impulse is received it wiJl be 
at Lbe cnd of its swing to tho le(t a nd momen t.a.ril y ata tiona ry . 
The rising rack will then touch i t and recede without giving 
it an impulse. 

If t he pendu lulU is fnst , it will be t ravelling to the rig ht, and 
the ris ing rack A will lift spring B which is a t tached to bar C 
pivotally mounted a t D upon brackct B fixed to the pendu lum 
rod P . Th is lifts screw 0 of bracket 11 a lso mOIlJlted on bar C, 
pi voted at J , causing the blade J to rotate clockwise, and 
engage with the teeth K of rack L . This rack is depl'Cssed 
ngllinlit the pressure of n. spring or weight , giving the pendulum 
work to do before it rcaChCli zero, and consequent ly slowing it.. 
' Vhen the pendulum passes zero the I'nck ri.seK, and provides 
l\J1 impulse a.fter zero, t he tendency of which is a lso to slow 
the pendu lum . On the return swing these motions arc re­
pea.ted , and the four slowing actiolls continue as long as the 
pendulum l'Cmnins fnst. Normally, of course, the actions ta ke 
place at infrequent in terva ls, but a. clock can be controlled 
by this means. 



CHAPTER IX 

TunRET CLOCKS AND CUBtINO GEARS 

]?HACTIOALLY It.ll electric clock installations of any size incor­
pora.te one or morc public, or turret. clocks as they arc generally 
called, and these usually present a. certain 8.mOlUlt of difficulty 
owing to the various exacting conditions which have to be met.. 

In the first place the dia.ls and hands arc very much larger 
than any indoor clock-the largest yet made has a 26 ft. 
diameter dial and a. minute hand 15 it. 6 in. long-so that 
?ons ide~ble driving jlOWer is required. Further, it is gcncmlly 
lmpractlCable to put a. g lass cover on the dial of an outside 
clock owing to the reflection of the sun 's rays, and consequently 
the hands are exposed to, a.nd must work in face of, all climatic 
conditions. The cloak must go on. and keep time, in the 
fiercest gale or when the hands arc carrying a load of snow. 

It goos wit hout saying that public clock~ must be first·c1ass 
time.keepers. In the City of J..ondon, tul mentioned in the 
v revious cha.ptcr, onc of t hc conditions upon which clocks are 
permitted to be erected projecting over the publjc wa.y is that 
t he 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. 

llore often than not, in addition lo indicating time, turoet 
clocks are required to strike the hours and chime the quarters, 
this being, of course, done electrica lly in the case of electric 
clocks, but it entails more or less complicated motor·driven 
gear 88 the ordinary electrica.l time impulses arc quite unsuited 
to work of this nature. Where it is desired to presen 'c the 
architectural features of a builcling, the striking and chiming 
may be 1'Clied upon to ~ive the, time. and no dial.s a re provided . 

I t is standard practice to IllulUlllato the dmls of modem 
publio clocks, SO that they tell time by night as well as by day. 
The usual method is to fo rm the dial of white opal class mounted 
on an open fro.rnework. and illumina.te it from behind, the 
hands p.nd the figures then stancling out boldly ill black. A 
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modern. tendency is to iIlumi.nate tho ha nds and figufCs them. 
selves. The even iUumination of the o ld-fashioned weight . 
driven striking Md chiming gcar was often difficult by reason 
of tho cumbersome machinery insta.lled in the clock chamber. 
Electrically-driven clocks have a decided advantage in this 
rc5pect, 8S thei r driving unit i.s comparath-cly I;maJI. 

] J1 t his connection it may be mcntioned that clock rooms arc 
often small , and cOllsidomble ingenu ity hns to ho exercised in 
insta.Jling and erecting. 1.\ Inrge room is, of course, preferable 
as not only does it permit of adequa.te space for the Ia.y-out. 
but maintenance is made much easier, and not so Iiablo to be 
neglected as is often the case where I< t ho works" a.re diffioult 
of access. 

Turret olocks are often provided with four dials. These cnll 
be driven either from sepa.rate movements or from ono only, 
depending on the size of the clock and local conditions. Some­
times it is morc convenient to locate the movement in a. 
chamber away from the dials, the hands being driycn by suit· 
able sha.fting. In such n. case the outside hands cannot he 
seen, and a. pilot dia.l must be pro\Tided on the movement. "It 
is, of course, a lso necessary to bo a.ble to set easily tho ha nds 
of the clock frolll the clock room. 

The advantages of electric tUrret clocks are numerous. They 
prov'ide accurate time, and can be synchronizcd with any other 
public or other clocks connccted to the same system. II con­
sidered desirable they can be synchronized daily with time 
signals sent out from Greenwich Observatory. Th is is not 
usua.lly necessa.ry, as a relia.ble time.keeper only requ ires 
occasional checking, and the signals brondcast 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 Rtriking and chiming gear 
in addition to t he going train is a job which requires frequent 
attention, accompanied by much physical toil. The advantage 
of the small movement in a.llowing t he dial to be i.lluminatcd 
has beel) referred to. I t. requires little additional equipment to 
ma.ke time impulses themseh~cs switch on the tower lights at 
the correct hour-a.lteration in the Hghting up time being 
compensated for. Simila.rly, control of chiming geal' such as 
switching it out of circuit aftel' a certain hout· in the evening 
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is easily arranged. The s lll a.1I size of tho electrical movement 
often permits a. clock to be placed in a position which would 
otherwise be impossible. A striking exa mple of this is ahown 
in Fig. 102. 

Tho clock tower, carry ing alBa a. mammoth barometer and 
thermometer, is in reality (\ factory chimney, and any c.lock 
chamber W&S, therefore. out of tho question. The clock dials 
(three in all ) a rc G Ft. in dia meter, and each mo\'cment is 
actually fitted in a space scooped out of the solid brickwork , 
the only means of access bei.ng t o remove the cent re panel of 
the dials which carry the hands and their movements. 

The cleaning of tho dia ls of turret. clocks is a. frequent 
necessity, particularly in cities. and in old·fashioned clocks 
entails considerable t rouble and oxpense, besides a certain 
amount o( danger . I t was esscntiall.,. n. joh for the stccplejack. 

Fig . 103 ahows the turret clock o( Holbonl Hall " 11fwing its 
(ace washed ." Tho movement is fixed to the centre l>Rnel of 
the dial , which is hinged , nnd i.~ swung inwards, permitting 
cleaning o( t he fig ll~s , etc., to be ca rried out (rom the inside 
o( the clock tower ; instead of scaffolding having to be erected 
for the purpose. The economy of such 0. method is apparent 
without further elaboration. 

Most of the rc markB a.bove a pply to the purely electrical 
clocks. Electricity is alRo a pplied to turret clocks in two otber 
ways as (ollows. 

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

(b) 'Vcight.driven clocks which a rc required to be kept in 
synchron ism with other clocks or with Grcenwich time signals, 
but continuo to work independently if the synchronizing 
system breaks down. . 

E lectric winding is usually done by a. small electriC motor 
operated from the supply mnins, and takes . place at short 
interva.ls so that t he weights fall only a. short d18tnnce between 
winds. This gi,·cs a. "aluable advantage that space docs not 
have to be pro\' ided in the towers o( such clocks for the drop 
of weights. The cost of elcctric. wi.nding .is negligi~le . !he 
winding gear itsclf is not expensive, and Its cost WIU rapl~ly 
be recovered by the saving in winding tin~e .. The ~pplica.tion 
o( an electric winding mechanism to Rn CXlstmg welght.drlven 
clock a.ffords considerable economy, although, o( courRC, the 
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accuracy or otherwise of the t ime.keeping ia not effected . The 
amount of labour to keep a large mechanical clock running 
depcnd~ on its size, but twice weekly winding is quite common, 
and m'on then hard work. 

The winding of tho wodd·famous "BIG BEN" clock at 
Westminster used to 
take two JUon a. wholo 
day twice weekly. It is 
now done by a.n electric 
motor. 

H a.ving rega.rd to the 
advantages of electric 
clocks set out above, 
the reader ma.y be 
tom pled to inquire in 
passing why such an 
important clock as <I Bm 
.BEN" is sti ll actuated 
by weight ond ]>cndu. 
hlln. The reason is that 
it was designed by the 
Inte Lord Grimthorpe. 
who was recognized as 
tho world's foremost 
authol'ity on clock con­
struction, and whose 
book Cl""".. Watch ... 
and Bells is a. classic. I t 
is natllra.I, therefore, 
that the \Vcstminster 
clock should be I'ctninoo 

FIG. 103. W,Mmn;o FACt: 01" HOI.HOH~ in its original fOl'm as a. 
I·I.\I.L CLOCK national memorial to his 

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

The great advantage of ttdapting a. pubUc clock whose 
time-keepi.ng mayor may not be good, so that it is periodically 
synchronized with :;tanclard time signals. is sclf-e\·ident. The 
synchronization ma.y either be clone hy signa.ls Bent out from 

Greenwich Observa.tory over th~ G.1>.O. telegra.ph wires, ot' 
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from a local time circuit. The apparatus requ il'cd to el~a~ lc 
this to be dono is quite simple, and should the synchrolllzmg 
fail for any reason, such as the blowing down of overhead 
wires, the clock will CBITY on kcoping j~s 0"'," time. 

\OVhere a number of public clocks III different pal'tli of I.L 

FIG. 10-1. 'tu~ WOULD'S LAnOl:S1' CLOCK 

town arC to lJe COIIllCCtcd to a time ciJ'cu it, tho cost of u lldcl' ~ 
ground cables is uSlIa.lly considerable. O,Tcl'head wires arc 
much cheaper. Most of the public olock. at Chesterfield (Eng­
land) are synchronized in this manner, t he master clock being 
loca.ted in one of the Corpora.tion offices. and the variolls clock 
towers, including the parisb church with its fa mOllS crooked 
spire, arc connected up with the overhead telephone wi res. 
The clocks themseJves are nQt electrio, and, therefore, if the 
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ovel'h,cnd wires a l'~ carried n,wa.y by snow or any other cause 
the time 8.VStC IU IS not rad ically upset, and repairs can be 
affected at nny convenient time. 

Beforo passing to n. description of the \'n.l'ious turret clock 
sy~tom!i. n. few typical clock in:olallatiolls of this type will he 

F m. I Q.'j. O"'F. 0.' TilE DIALS 0"- TU': SlNC:t:1l CLOCK 

illustrated in orde r that tho reader ID lly ha.vo ,!Some idea of 
their magnitude. Fig. 10-1 shows the largest electrio clock in 
the wol'ld. ut the Singer works, Glasgow. Jt has (our (aces, 
each 26 ft. in d iameter, and is operated by the Pul·syn·otic 
H'y9tcm of Gent & Co. Fig. 105 shows onc of the dials of the 
, iugcl' c lock. The eight reflectors seen arc for ill\l!l1illn.tin~ t he. 
dinl. The hcjsht of the tower is 240 ft ., a nd the I ngth of the 
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hOUl' hands U It. (j in. each, and Ihut. of t.he minute huncl!; 
15 ft. 7 in . cach. 

E'ig. IOU gives an interior view of the clock chamber of the 
I~oya l Liver Building, Liverpool, and shows two of the four 
dmls--each of which is opera.ted by 11 separate driving move. 
ment, all connected witb a master clock fixed on the ground 
floor which is synchronil.ed with signals from Greenwich. 
The 12 in. office c lock shown over the left cLia.l i.n the picture 
gives solHe idea of the proportion. '1'ho diameter of the dials 
is 25 ft., ruul the clock keeps time with an accuracy of approxi· 
mately t.wo seconds ]>cr week. It was OI'Ccted ill HH I. 

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

the {lucst ion of turret clocks, and ha.ve three altcmativo 
systems which are employed as oirculllstances l'equire. 

1. The lioonuard impulse clock movement, described in 
detail in Chapter IV. 'l'his is only recommended for smnll to 
mec.liulU s ized clocks. having glazed faces. 

2. 'rhe •. Waiting Train " system by which the hands are 
driven by 0. motor pendulum but time<l by impulses rrom the 
master clock. This system is alwa.ys used for Inrge or other 
dials luwi..ng exposed. hands. 

3. The Duflex system for synchronizing existing turret 
clock }>endulums. 

1,'Ju: WAlTL"lO TUAl.N SYSTE1H. As mentioned abovo, thc 
bl,sic idea of this systcm is that the clock han.ds are driven by 
what is known os a motor pendulum-that i.s, a pendulum 
whose duty it is to drive , rather than to control. 1,'he pendulum 
is kept in motion by electro.magnetic impulses, and the o.l)par· 
atus is so nrmnged t hat the number or dri"ing impulses I.Il a 
given time is regulated by the load on the clock hands. Jf 
nood be, thirty times the normal power call be de" clopcd, Thu!5, 
however severo tho climatio COJlcLitiolls the clock cannot be 
stopped. 

Tho pondululll u; proportioned so t hat t he ratchet. wheel, 
with whioh it engages, and to which tho hunds are connected, 
makes onc revolution in about 2i seconds. 'rbia completed. 
the dl'iving pa.wl i.!J held up until a releasing im})uiso ul'ri \'es 
a.t the 30th sccond, from the mnster clock- hence the nnme 
" wait.ing train," Any va riation in t.he swing of tho pendulum 
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itself llIakes no difference to t he t ime-kccping of the clock. 
The fact that the hands tl'lwoJ through n hall-minute in t. few 
seconds less t han t he cOl'rect time and then stop, is not notice­
n.ble. It is ronsidcl'cd prefera ble to t he hands moving forward 

C 

Time Circuit 

R 

D 
s 

FIG. 107 . P UJ •• S\'N.:t.'TIC" \\ ' AITING T ltA IS" ' l 'lIIt1tt:T 
CLOCK M OVI::)'f.t!:NT 

in half-minute jumps, as in a. large olock wi th long hands th i." 
~lIddel1 movement forward must necessa rily impose consider­
uble stra in on the mechanislll. 

li' ig . ]07 shows a wa iting tra in movement , and un il lustration 
of the working pnl'ts is given in Fig. 10S. 



MOI)J.;BI\' ELEC1'BI(' C'LOCKR 

Referring ~o thc' fOI'JUf'I', A i:-o I he- 1X' lIduiullI bob, B the pen­
du lu,m rod PI\'~tcd on l.ml! bcnring:o at, C. On the pendu lum 
rod IS a. gl~~herlllg Ic\'cr J) pivoted ut );J c81'1'ying the driving 
pawl P ",Iueh cngage~ with the ratchet wheel (} carrying it 

forwa.rd OIlC tooth (or' c \'C'ry complete l'wing of the pendulum . 
On the ratchet wheel is tL pin /I whi('h as it comes round 
e ngnges with mn.:.;king pl1.\\,I / , which in turn lifts the gathering 
pa.wl clear of lh{' ra tchl'l a nd th C' pend\llum swings idly. When 
lever I is lifted , the tnil end J ilS held hy dctent I,: attached to 
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the armature of the electra-magnet L . which is in series with 
the lUa.sler' clock as shown. 

Thus the drive CAnnot commence ngnin until the t ime 
impulso is rccoi\!ou by L , thereby l'Clcnsillg Ic\'cl'!i J , J. n.nd D. 
On the ratchet wheel is n. wOrlll which meshes with gcar wheel 
.AI on onc of the hand spindles N . 

The drive for the ha.nds of the other dia.ls is taken from the 
crown gcar 0 through suitable couplings and rods. Whore there 
is only ono dial the waiting tl'ltin movement is lISU[1.Uy close 
behind it . \Vhcro there are fOllr dia.ls the movement. ia located 
near tho centre of the clock chamber. 

One of the CrOwn wheels has a small dia.l marked on it to 
assist in setting the ha.nds, and (or the same purpose u. small 
handle is supplied on the m tchct wheel spindle. Both of t hesc 
features a re omitted from Fig. 107, but clea r'll' sccn in Fig. 108. 

The pendulum is kept in molion by impulses of current in 
magnet P attracting a ruuI.t ul'c Q which pushes to the right the 
projection R n.Ua.ched to the pendulum rod . The d.l'iving 
magnet can either' be energized from JJl'imarl' batteries or 
accumulators, 01' from the electricity supply mains. 

The number of impulses per minute ia controlled by the 
arc of 8wing of the pendulum . S is a 8witch, normuJll' open, 
the upper contact of which carries a notchcd block T . On the 
pendulum is a. toggle U, which is Jl orma lly drawn past the 
notched block. There comes a. time, however, when the a.re 
of t he pendulum diminishes such that it is insufficient to dra.w 
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 t he contact blade, 
and energizes the <Lriving magnet. It will be readily a.pparent 
that with a heavy load on the hands, due to wind or snow, 
the swing of t he pendulum will diminish quicker tban in normal 
working, and thus there will be more driving impulses. 

The current consumption of the power magnet varies fl'om 
·4 to ·5 a.mperes, a.ccording to the s ize of the mo"ement. 

The pendulum is usually enclosed in a wooden cBsing to 
ruinimjzll interference from dra.ughts, etc. 

}i'ig. J09 shows a complete wait ing t ra in insta lla tion, and is 
self -exJ>lanatory. 

The construction of the wa iting train movement is very 
:obust. '1'he frame is of cast il'on and t he arbors, Or spindles, 

1I-(,1H) 
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are of toughened I;tool running in gun-meta.l bUlihes, whieh 8 

d~tnchabl? to enable ]Jarts to be removed for cleaning, et 
without (Lasturbing the remainder. The gears are of hammcfI 
gun~metal accurately machine cut. The contacts of the mot 
pcnd~ lum are of heavy gold-silver a lloy, and arc shunted I 
a 1'E'81stanec to prevent sparking. 

TIME 
TRANS/roI ITTER 

5' MPI,..~ PUV SYN - ETIC 
I""PULSC CLOCK CI R CUIT 

FlQ. J 09. " WAITL.~O TRAIN" CmCUIT 

}lvc standard sizes of waiting tl'ain move.mcnt arc mall< 
tho la rgcst capable of driving (our dials 28 ft. in diameter. 

TilE DUIi'LEX SYSTEM. ~~he DuAcx system is designed t 
control the heavy pendulums o( existing mechanical clocks i 
such a. mnnnel' t hat t hough the clockwork continues to fune 
tion as an independent unit., it is subject to correcting impulse 
(rom a master time circuit. I hauld the correcting impulse (8J 

to a lTivc for Any reason, tho clock cant inues at its own rat 
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UJltil matters arc put righ t. 'l'hjs system has been fully 
described in Chapter VIII 011 Synchronized Clocks. 

The Synchronorue System 
Several examples of SYllchronomc turret clocks have been 

ilIustra.ted. The movement employed is similar to that used 

Flo. 110. 

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, bllt the principle remains t he 
same, a.nd the t1lrret clocks will operate in seric.~ with the 
other clocks in the sa.me ci rcuit. 

The Synchronomo turret clock movement is made in six 
sizes, the largest being suita.ble [or dials up to 10 ft. in diam. 
eter. Above this size a. !Sma.ll rota.ry electro·motor is used, COIl­

t inuously or a.lmost cont inuously running, being contl'oUed by n. 
chaser switch, t he principle of which is illustra.ted in Pig. J JO. 
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The .arm A concentrio with an impulse dinl movement of 
half~mmutc periodicity is normally held against stop .B by 
helica.l spring 0, and against the contact pillu.r D on the large 
wheel E, to which tho clock hands nre connected. 'l'his latter 
completes the circu it of a power supply through the rotary 
motor M o with tho result that, if the large wheel E gains on 

FIG. Ill. .LAKO.: $VSCtrROSOU8 M OTOR TURRET 
CLOOK M OVEMENT (E\'Eurrr Boo U31O.:) 

the dia.l movement, a oreak will occur t\t D, and A will oon­
tinuaUy cha.sc it. If the power supply is out ofT, the dia l 
movement stores its half minutes into spring 0, 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 n clean and rapid make-nnd-break at 
contact D. A mercury switch is often used. 
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Synchronous Turret Clocks 
The synchronous 0 1' ma ins drivoll clock is in its infancy as 

fa.r as this country is concerned, and hns not yet been applied 
to any extent to t Urret. clocks. Thero is no limit whatever to 
the size and power which can be obta ined from synchronous 
motors, thus clr hring of t lll'rot olock motion work l)reScntB no 

DIAL TOWEl;> CLOC K 
5 ' TO Ib ' INCL 

Fto. 11 2. FITTING SVSCJIRONOU8 TURRn CLoOK l\IOVEYENT 

difficulty. The onc driving motor i£ sufficiently powerfu l 
should suffice for both time. keeping and chiming. 

A synchronous turret clock is cheaper t han any other form . 
Like all other synchronous clocks. its t ime· keeping depends on 
the cont inuity of elect ricity supply and the accuracy with 
which its frequency is cont rolled. F or semi.public clocks, c.g. 
those outside shops nnd faotories whero attention could be 
quickly givcn i£ need be, the synchronous clock is generally 
prefera.b le to a mechanical clock . 

. Fig . 111 shows a large synchronous movement suitable for 
d ia ls up lo 10 f t. in d ia.meter. Jt. will be noticed Umt there is 
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a. tell.ta le dial at the back wh ich greatly facilitates scttin 
This particular movement is driven by n. Warren molor . 

l~ig. ] 12 shows the method of fitting to tho wall, and 
self-explanatory. li'ig. 113 represents n. movement suitable (, 

]o~IO. 11 3. SlIALL&R T\' I't: 
0 )' S \ 'NCURONOU8 T U-IC ItKT 

CLOCK M ovl,a,n;sT 

1"'10. 114. SYl"'CIIRON0 1'8 PC-OMC 
C I..oCK 

l8 ln. dlnl 

smaller dials, Ilnd Fig. 114 a typical three· raced public clod 
having J in. dials. 

Turret Clock Construction 
Tho requirements of tu rret, clocks h,ave already been deaH 

with in the introductory port ion of th18 chapter. 
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The principal features which cllll for consideration in the 
design, construction, and installation of a turret clock are 
that it must tell time uccurateJy under nil conditions of 
weather and tcm l>crntul'c, and must be cnsily seen both by 
clay and night . l!""ul'thcr, externally t he clock Illust blend 
harmolliously with other a rchi tectural fea.tures of the building, 
and internally probably have to fit in with other bui.lding 
considera.tiom . 

Movement 
The clock movement. must hu\'c sufficient power to drive 

the hands and to trip any chiming 0 1' striking gear a.ttached, 
under the most severe wenther condi tions. It must be able to 
cn.rr,v n. load of snow on tho hands (or cln.ys 0 11 cnd if necessary, 
a nd must be una fTected by a t moiolphcric condit ions. Clock 
rooms arc often damp, pa rticu lnl'1y in the case of chimulg 
clocks, and danger of rust must be gua rded against, For' this 
reason gun. meta l whools are employed whp I'Cvcr possible, and 
8011 steel parts, not actually working slIIfaces, nre p a ul te<l. All 
spindles are, of conrse, of steel, and the bearing bushes in 
which they run arc gen erally of gun-meta l. Provis ion for oiling 
all bearulgs L~ made, and automatic 0 " semi·automa tic oiling 
can be used with advantage. 

Turret mock Mounting 
A rigid mounting fol' the clock m OVC lllc ll t is essential . par. 

ticularly in any movement employing a pendu lum . No definite 
instructions can be laid down on this subject , howe,-er , 8 S 

much depends on the circulllstances-snch as the number, 
size, and ty pe of the dia ls, the movement used , and the general 
construction of the tower and disposition of other lL])paratus 
in the room . 

A stone bracket buil t in to t he wall of the tower provides 
the most I'ig id mounting, but it is not genel'ally possible to do 
th is when the movement is to be mounted behind an iIIu· 
mUlated dial. uch nn a rrangement a lso Ill llkes maintenance 
difficult . A system which ilS much used is to mount the move· 
ment on substantia l i.ron girders, buil t i.nto the tower. The 
mecha.nism can then be mounted in almost rulY convenient 
place in the tower without sacrificing rigidity. 

Mowlting the clockwork on wooden joists or on a 5tool fixed 
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to a. w?oden floor iB not recommended owing to the ])()ssibility 
of shrmkago Rnd m.ovemcnt. The rigidity of the mounting 
?f the movements 11\ the clock chambers illustrated earlier 
III the chapter will be apparent. 

Dials 

. Two considerations cnter into the design or selection of n. 
elml for a tUrI'Ct clock, viz. its height above the ground, and 

.FIO. 115. lLl,UMINA'n:O T URRET CLOCK DIAL 

(Jo/m Sm"h 4; So"", ihTw) 

whether it is to be illuminated or not. Naturally the higher 
the clock is mounted , the s maller it will n.ppcar to the observer. 
If it is too small, time will be djfficult to read. 

I t mn.y be mentioned in passing that an obscn'cr alwa)'s 
t.n.kC8 time (roUl tho position of the hands of the clock, and 
numerals can bc, and often are, omitted from a dial without 
the public being awure of il, and as a. matter of fnct actually 
increas ing the efficiency of the cl()('k hy I'cason of thc increased 
clnrity of the hands. 
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As regards t ho size of the dial a simple r ule cxL"ts by which 
this ma.y be readily determined . The dia.meter of the dia l must 
not be less th lUl onc-tenth of the height of its centre from the 
ground. Tha.t is, a. clock to be placed JOO f t. high will require 
l\ dia l a.t least 10 ft. in d ia meter. This rule is followed vcry 
closely in turret clock pl'actico. 

Dia.ls which nrc 110t to be illumina ted can be conveniently 
formed by pa inting on the brick or stonework of the tower 

FIO. t I (I, DlAL FOR. L I(H1T B A t'K<mOt]ND8 

(J olm SMitll 4: So,." Dtrb,,) 

itself, otherwise they a rc usually made of sheet copper, or of 
Mat iron or gun-meta.l fra mework, backed with copper sheet s. 
Dials intended to be illuminated by electric light from the ren r 
arc gcnemlly made in the form of u. cast·iron or gun-meta l 
sketeton d inl having the f ramowork backed with white opal 
glass. Largor sized dia ls havo an additional stur framework 
in 1110 centr<" to ~h'c extra ~;upport. 

J~ ig . IIF; lihows a diul fOI" an iIlulllim\tcd tUI"I"(' t (· Iock. \ 'cry 
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large dia ls are generally made in four or more IiCctiol1s aml 
bolted together on site . 
~ig. 11 ~ shows a. similar dial backed with sheets of copper 

wl1lch, with the fra mework ])aintcd black, blue, or Indian 
red , and t he figures, minutes, and hands gi.lded makes a fine 
dial, largely used for church towers where th~ background 
is of fairly light colour . 

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

bands, and although this material is stiU used to a great 
ext CJl t , i t has la rgely given place to a luminium in the case 
of electric clocks. The hands are always ribbed lengthwise, 
as can he easily scen in tho illustrations, to add to their 
strength, and large hands arc a lways balanced. 

Dlumination of Dials 
I llumination of t he dia l is effccted by one Or morc lamps at 

the back mounted in, suitable rcfJectors, and t he Ijght ing is 
generally a rranged to be switched on automa.tica lly by a con· 
t roller connected in t he t ime circuit. U de8ired, it can be 
arranged for the illumination to switch off , say, at midnight, 
and come on again in the early hOllrs of the morning during 
the winter months . 

. Ii'ig. 1.17 illustrates an automatic switch for this purposo 
made by Gent &. Co., Ltd., The switch itself consists genera ll y 
of a metnl fork on the end of an arm, arranged to dip into t wo 
vessels containing mercury, t hus completing the ligh ting 
circuit. Alternat ively, simple mercury tube contacts may be 
used if current is not excessive. The latter type is seen in the 
illustration. 

'l'he movement progresses in haU.minute illl)1lIlses, and at 
the given time the contacts close by means of the cam clearly 
shmm in the illustrat ion, and open again at a la ter 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 doos not. require winding. tileS? changes 
may be made fortnightly or at other c?llvement lI1t~rval s . 
This may a lso be a rranged to be accompltshed automatIcally. 

Another form of light control which is likely io be used in 
the future is the photoelectric ce ll , wllich is put. outsido the 
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dia l. This cell generat •• an E .M.F. according to the Ijght 
falling 0 11 it. and it cnn be rea lily arranged (or a relay to be 
operated when the light fa lls bolow a. certa in va lue, thus 
swi tching on the clock illumint~tion . 

An ad vertising sign is fl'cquently attached to the turret 
clocks of stores, etc. 

A modem tendency is for tho figures and hnnd~ of the clock 
to be themselves illumjna ted . This is done by lining them with 

F IG. 117. G£!'<'T~' Co. 'wiTCH FO R AlTOMATH'AI. L\, 
ml' ;\I LNATINO CI.o('h:: DuLS 

Neon tubes which light up with a. coloured effect when a. 
current passes through them. \Vhen 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 strik ing examl)le 
of this class of clock can be seon at t. Gilcs Ch'cw~ , Tottonham 
Court H.oad, London. This elock has several other fca.tures 
of interest, and the following is a. brief dcscript.ion of its con· 
struction, supplied by the 1\lagneta Time Company, who were 
responsible for the clock portion of the sign. 

The length of the minute hand from the centre i.s 6 ft. 9 in., 
and t he hour hand 4 it. 7 in . The clock mechanism consists 
of heavy motion work with ball-bearings where necessary, 
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?,Iso ~he .copper slip ring for carrying the high tension for 
llluIDlI1atmg the Neon tube. 1'0 th is motion work there is 8 
doublo a ngle drive consisting of a vertical driving rod approxi. 
ma.tely 10 ft. long at the lower end of which I O-in. right.angle 
bevels are used to couple up to a horizontal driving rod 12 ft. 
long. A~ the end of this rod is another angle bevel connecting 
to a hOflzontal ,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 dl'i\'ing mechanism is 

Firs Quarte.r 

Se.cond Quarter 

Third Quarter 

Fourth Qu&rte.r -before. Strikinr; Hour 

FIG. 118. " WESTKINS'IEll" ClllJrIES 

operated by the master clock, which in turn is synchronized 
hourly by the tandard 'l'imo Co. '8 Greenwich menn time 
synchronizing service. The differential movement consists of 
a 1/25th borsc~l>owe1" motor, which is automa.tically switched 
in a nd out e \rery haU~minute. Therc arc two features in this 
movcment, one the time fea.ture, and onc the power feature. 

The impulse from the master clock drives the first member 
of the difTcreIlLia.\ which may be termed the time member, and 
closcs the mercury contact which switches on the motor. This 
motor is worlll~genrcd to the second. member of the differential. 
This ifi the }>owcr mcmbol' which (l!'ive8 t he hands forward 
each ha.lf·minute . Immoo il\.wly l he power member has ca.ught 
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up to the time member the current. if! swi tched o fT. The motor 
consequently only runs for a very shol,t period each hn.lf· 
minute. In t.he event of a fa.ult ill the curre nt supply the 
clock stOPSI bll t t ho timo member of the differentia l continllCR 

Flo. 1 10. S I MI'U: B t;LL·TOLLINO )!f;OUAN lSM 

(Gt", d: Co.) 

to opera.te lea.ving t he Illercury contact.. perma nent ly closed , 
so th a.t immediately the CUITc n t is rostored the motor opera.tes. 
a.nd continues to do so until the power member has ca.ught 
up to the time member. By tbis means the clock is a.utomatic. 
a lly corrected after a.ny interruption in the cUITCnt supply. 
The ha.nds of the clock do not actua.lly jump fm'ward each hall­
minute, as in the cnse of t he impulse clocks, but are driven 
through locked geal's, a.nd move over a. pc l'iod of ha lf a. minute 
in a.bout 5 seconds. 
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Chiming Gears 

Chiming and striking gcars for electric clocks are genera lly 

f 'u:: . 120. M OTQlt -IHII VEN STR I KL~O G ~: A.ll 
(,:,,"1 ,c· ( '0. ) 

F JC:. I :! l. EU.:CTRIC, \I. I. \ '. I)RI \' f:S C HilliNG Ot:AR FOR T URRJtT 
CI.(}CK 

( (~~ "t .,. Co. ) 

enti rely sepa rate movements from tho clock itself, and are 
usually driven by onc or more electric motors. 

The action of ringing t he bells, which in tho case or church 
chimes have to be a rranged so thnt they can be !'ung manually 
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when required, is purely mechCLnical. Some clocks arc required 
to strike the hours on ly, but most public clocks chime Moh 
quarter. 

There arc several chimes in common uso---the " cling dang" 
being the simplest and adaptable for two or three bells. " 'hero 
foul' or more bells arc available n. wider select ion is possible. 

Onc of the best known chimes is the Cambridge, composed 
by Dr. Crotch in 1793 for Great St. Mary'. Cburch , Cambridge, 
often ca.lled the ' Vestminster Chime because it was employed 
by the la.te Lord Grimthorpc in the wel1· known clock at the 
Houses of 1)a.l'liamcnt, familiarly known as II BIO BEN." The 
musical notation of these chimes is shown in ~"ig. 11 S. 

l?ig. 119 shows Cl. simple tolling mechanism. and serves to 
il lustra.te the genera.l principle of the mol'C compHcated chiming 
and striking gea.rs. 

A is a.n electric motor driven from the mains or an aceu· 
mulator and arra.nged to be switched on either by hand or by 
a time circuit impu lse, according to cil-clImstances; B is t\ 

lever which moves up and down through the action of a cant , 
raising the hammer by means of a wire connection, which 
then falls by its OW11 weight and strikes the bell. A butTer 
spring lifts the hammer slightly to nllow the bell to give forth 
its full volume of sound . This method of striking the bell by 
drop hammCl' is the best method , particula rly in large s.izcs, 

l"ig, 120 shows a motor.driven striking gear, the principle 
of whieh is as follows. Exactly at the bour, the incoming time 
impulse energizes magnet A and attracts armature B fixed 
to lever C, This has two effects, Catch D is pulled out of 
slot E of "count wheel" J\ and a.t the same time the switch 0 
is closed, start ing up the motor. The rotation continues until 
the catch D drops up into the next slot (JJ ) of the count 
wheel. It will be noticed that the slots in this wheel arc 
spaced at increasing distances, thus allowing the number' of 
boil strokes to increase with the hours. The wire to the be ll 
ha.mmer is attached to lever J, 

}'ig. 121 shows a typical chiming gear for four bells. The 
Icvel's A arc actuated in correct seq uences by the series of 
::alllS B which arc rotated by the molol', the a.mount of rotat ion 
being dependent on whether the quarter, 11(1.11, 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. 



CHAPTEH X 

MAlUNE CLOOKS 

PRAO:lOALLY a.1l modern shi]>s arc fitted throughout with an 
e lectric clock system. The conditions which ha.vc to be ful­
filled in marine clock insta llations are somewhat different. and 
morc exacting, t han is tho case with those fOl' use on land. 
Any fo rm of llCnclulum control is out of the qnestion on botU'd 
Ship owing to the motion of the vessel, a nd all clocks need, 
therefore, to ha.ve a bala nce wheel esca]>Clllcnt. }"'urthcr, as 
a ship's longitude n,iters, SO also does the loca.l tilDe, and it is, 
therefore, necessary to be able readily to ad\'ance and retard 
the clocks. 'V hen a. sh ip sails eastward it is necessary to ad­
vance the clock hands, and when sailing westward to retard 
them. The clocks are usua lly corrected onrc daily, and pro­
vis ion mU!oIt be mndoso that this can be clone with as little 
t rouble as possible from the mAster clock. 

The clocks and wiring arc subject to the deleterious effect 
of sea a ir, and prov'ision has to be made in their manufacture 
to withstand such effects. Clocks fitted to warships must a lso 
bo so robust as not to be damaged by the effect of gunfi re. 

Marine clocks Ilre almost always of the impulse type. the 
master clock having a balance wheel instead of a pendulum. 
Sometimes the ships chronometer is a lso. t he master clock for 
the clock installation. Jndividually driven or electrica lly­
wound clocks are mrely used because of the daily necessity 
of correction referred to above, and the fact that Ulany of 
this particula r class nrc pendulum clocks. The application of 
sync hronous clocks to ships is not gcnernlly possible because 
the electricity supply is usually di rect curl'Cnt, wh ich is useless 
for th is class of clock. and even if A.C. is available, it is not 
controlled, as thero is no need for it in n. ~)f-contained gener· 
ating pla nt, 

A ship's clcch'io clock instnllation, therefore. comprises tho 
following four uni ts, dz, (a) the master clock arranged to 
send out half-minute impulses , (b) the secondary dinls, (c) the 
battery, and (d) the contl'ol panol from which the dials are 
advanced 01' retarded n.s required to correspond with local 

16 
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tllU(,. 1:'owcr ~lIpp ly for ~hip~' clookfl is frequently taken froUl 
Lhe lighting mains. 

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

1.', & F. :Merccr, of St,. Albnns, who Arc wodd lamous for their 
marine chronometers . 

In the Octo system the ship's: nn\' ignting chronometer is 

F IO. 12~ . "OCTO" H .AND·OI'.,:UATEO MAsn;R 
CONTROL PAlI.""E.L 

used RS the master clock, contacts being fitted to enable nn 
impulse to be sent out every hall-minute. The contnct gea.r 
can be fitted to any modern marine chronometer without in 
t he least affecting its time· keeping. The impulse sent out by 
the chrononlcter actuates a. rela.y in the control panel, which 
in turn operates the entire circuit of ~hips' clocks. 

l'wo t:rpes of control panel are manuIactured, styled hand 
pcrated and automatic . The hand~opcratcd panel is shown 

·n Fig. 122. 
In addition to the clock djal thero are two push bultons­

loca.ted in the lower corner 
1~-(743) 
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To advance tho ship 's clock" the H Advance " button ia 
depressed once (or each hall-minuto of advance required . '1'0 
rotaI'd tho clocks the" Hotal'd " button is presaed right home, 
and the hands of the pilot dial set back the required amount, 
and the button is released . Then only the pilot djal is actuated 
by the chronometer until it agrees with the rest of the installa­
tion, which is then l\utoma.ticn,lIy put in circuit again. 

The U Automatic " control panel is illustrated in 11'ig. 123, 
and is similar in operation except that the advancing is carried 

E 

D H 
Jo"ro. 124. CmloNo¥ETER CONTACT, " OCTO" SYST£~I 

out automatically, it being only nece snry to set the hands of 
the pilot dial forwa.rd 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 tYl>Cs of secondary dia.l movement are availa.ble-the 
standard and the specia.l s ilent pattern. The standard move­
ment is recommended in all but special cases, as it is more 
robust , and is practically inaudible under ordinary conditi.ons. 

Special attention has been given to the l)revention of corro­
sion by sea a ir. All the spindles. clock screWM, et.c., are ol stain­
less steel, and t he springs a re specially treated. 

':rhe same size of movemcnt is uscd in all ships' clocks, and 
watertight cnses aro supplied where necessary. 

Fig. 124 illustrates the malUlcr in. which the half.minute 
impulscs are taken from the chronometer. 
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. The ,whool 11 makes ono rC\'oiution per minute, and haJi on 
Its periphery two projections B and C. D and B nrc plat in um 
contnct s mounted on springs ) ' and G resl>cctivcly and 
n~rmaUy ',' open." As the wheel rotates, one ol the prOj~tion 8 
WipeS ngRLIlst catch H on 81)ring P . and mises the platinum 

}'IO. 125 ... PUL·S¥N.,I,..""TIO" M ARIN""; '!"RANS:t.l I 'M'ER 

points i.nto contact , thereby completing the circuit to the 
clock operating relay. Parts B, C, and JJ arc shaped 80 as to 
gi\re a. quick brea k, The norma.l cun'Cnt to be broken is only 
·1 ampere. The contacts arc adjusted by mClU1S of screws 
J and K. 

Tb. PuI.syn. etic Marine System. 
T he principa.l differences between the PU)'S) '11·ct ic impulse 

clocks for marine use and those for land use, 8S described in 
Chapter 1 V. arc--
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L. The transmitter is operated by u. balance wheel, the 
ordinary pendulum-d.riven master cloak being obviously 
impossible. 

2. The clock fittings are made morc robust so 88 to enable 
them to be operated from tho ship's electric supply main 
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Flo. 126. DIACRAM 0" J?UL·SYN·ETJO l\IA1Ulon: MASTER 
TRA... ... s:m-rrER 

o 

through a. potentiometer. For this reason the operating cur­
rent of ma.rine dials is standardized a.t ·38 ampere instead o( 
"22 ampere o[ the land type" 

3. The transmitter is fitted with an u.ut.omatic advance and 
reta rd mechanism. 

F'ig. 125 shows a. Pul.syn-etic marine transmitter. 
1n the Icrt·hn.nd compartment is the half-minute impulse 

mechanislll mounted on ll. cast-iron base, and controlled by a. 
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j~wol1ed lever esca.pement \\'it h chronometer balance. The 
fight. ha nd compart ment contains the a utomatic advance and 
~tard mecha nism, while the pilot dial at the top indicates the 
tune shown by t he ship's clocks. 

~ig . 126 ~ 1~OW8 the e~ntia l parts of the impulse mechanism. 
A ~ the drlnng lever, pIVoted at B and provided with driving 
weight C, and bala nce weight D. 

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

FIG. 127. ESCA,P£MY.!'l'T Of' PUL·S \~·l.'TIC lH.ABDo""E 
T RA.."'SM I'I"J'ER 

contact plate Ii, whosc onlact J is in proximity to contact J 
mOllnted 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 t he 
act ion of the esca.pement, lever A gradually fa lls. ' Vhen it 
geta ud own " contact is ma.de between J a.nd J , electro-magnet 
N is energi7..cd , a.nd u.ttm.c ts a rmatu1'C K , thereby throwing 
Ic \rer A up a.nd causing t hc pawl E to haul on to t ho next tooth 
of t he ratqhet wheel F , an.d then. the oyole is I'epea.ted. 
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The upward tra.vel of A is limited by the 8tOJ~ O~ n~ade of 
fe lt to deaden the sound. The downwa.rd travel IS lumted by 
the adjustment of the contacts. The escapement i.s 80 set tha.t 
the lever ta.kes just thirty seconds to fall . The secondary dials 
a.re connected in series with the conta.cts and electra-magnet, 
thus the hands achrance onc ha lf-minute every time contact 
is made. 

The function of screw D is to act 8S a. fulcrum as lever A 
is thrown up, thus causing contacts 1 and J to separate rapidly, 
making a clean break. Owing to its importance and deHcacy 

Shie.$ Mains 
(o.C) 

Potentio­
meter 

.Pto. 128. OPERATI.NO cUC'Due CLOCKS FRO:\f Swr's MAINS 

the escapement movement is made detachable, ena.bling a. 
spare to be readily inserted should a.ny trouble a.rise. Fig. J 2; 
shows the esca}>cment fitting. 

The automatic advance a.nd retard is operated as follows. 
To advance the clocks, t he point4ll' on the setting dial (Fig. ] 25) 
is turned to the figure indica.ting the roquisite number of 
minutes. The "adva.nce " lever is then prossed, and double 
this number of contacts is a.utomatically made (Le. one contact 
(or each ha.lf-minute) in rapid 6uccess ion, und the pilot dial 
and the impulse clocks are thus set to the requ ired time. 

To retard the ship's clocks it is only necessary to set the 
pointer to the desired num ber of minutes. ])rcss the "retard" 
lever, when all the dials will remain .. held It until the desired 
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numbe,r of .minutes have passed, when the clocks throughout 
the ship will automatica.lly restart. 

When the "a.dvance" mechanism operates the pawl E 
(~'ig. 126), is th.rown back, the escapement 8t~PS. and a ra~ 
moves qUIckly mstca.d of the balance wheel. l Vhcn the" re­
ta.rd" mechan~m is operated, pawl E still hauls the escape­
ment, but the Impulse clocks are cut out of circuit, and their 
place t.aken by a.n equivalent resistance. The transmitter then 

~ 
C 

~Uv-0 
Potentlometef"3 

ttonlleci.ed co Ship3 11"1"") 

FIG. 12!t SlUl"S CLocKS IN GROtn'S, AJ,.L OPERA.TED FROU 
i\Lu:N EUCI'RICITY SOI'l'LY 

operates for the given number of half-minutes without dri,ring 
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 t hose of the standa.rd Pul-syn-etie system mentioned in 
'ho.pter IV J and require no further description. 

Clocks made for insertion in panelling a.rc fitted with two 
unobtrusive pin termino.ts 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. \Yntertight clocks 
in cast- iron cases arc fitted in exposed positiolltl. cngine rooms, 
etc. 
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Current for operating tho clocks may be derived from the 
ship's electric light ma..ins, dry battcl'ic!oI, or from accumulators. 

)0'10. 13!). ,. PIJIAn"SoL'TIC" ,\ 11'1'0)1 \'1'1 (' SUIf"S 1'0.'$1'1'10:-; J SDICIITo n 

Tho fil'lit. i ~ the llIost genel'a.1. The voltage I'('Cpli l'l'd uy t ill' 
clock system dcpefi{l~ on the numbe l' QC clocks in l'il'cuit, and 
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is best reduced from the ship's mains by the potcntiometer 
m~thod shown in :Fig. 12 • the. position of the slider being 
adjusted SO that t he current passmg round tho clock circuit is 
·38 ampere. 

Another system of wiring is shown in }"ig. 129. Here the 
c locks are arranged in three or more lZTOuPS, each group recei". 
ing its impulse (rom a relay actuated from the master t.rans­
mitter B. The primary circuit a.nd each group of dials has its 
own potentiomet.er C. 

The advantages or this system is that a failure of one clock 
circui t 0111y affects its own part.icular group of clocks, and does 
not upset the whole ship. In cuses where dynamo current is 
sometimes cut off, accumulators must bo 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 PUI-sYll-etio automatic ship's 
progress indicator. 

The indicator is made in the (orm of a large, coloured relief 
ma.p in a hea.vy, orna.menta l frame. The map co\"ers the recog­
nized route that the vcssel is in the habit of taking. that 
illustrated relating to It, ship sailing from England to Buenos 
Aires. t ouching at va.rious ports of call. A model ship repre­
senting t he liner is moved a.long the route by concealed electric 
clockwork, operated by the time system of the ship, and the 
ra.te of travel of the model is arra.nged proportionate to lhe 
actual speed of the vessel 80 that its position on the ocean can 
be seen by passengers a.t any time. Dy 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 folJows a. regular route. The drhring mechanism i!t 
contained in tho cabinet below the model. 
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MISCELI~ANEOUS APPLIOATIONS 

i N this chapt~r it is proposed to deal with Homo of the many 
uses to which electric lime circuits can be put, apart (ram the 
actual indication of timo. Some of these miscellaneous appli­
cations have already been described, as, (0 1' example, the 
ship's position indicator, illm-trJ\ted in the prcviOUI~ chapter . 
A.lmost any process or appar­
atus where time is onc of the 
guid ing f actOrsCR 11 bearrangcd 
(or a.utoma.tio operat ion. 

The start and ceasc work 
signals of a factory nul.) be 
arrangerl to be ent irely con­
trolled by the elect ric clock 
system. 

Agnin calendars , which arc 
really clocks showing da.ys in­
stead of hours may be readily 
ada.pted to be worked from 
the t ime 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. l\lodern 
business practice is to leave 

1.0 .. 1(::, 13 1. S\' NCIIIIONOJoU: BELL 
CONTROLL'Elt 

the shop window lights on for some hours after the closing 
hour. an automa.tic switch being provided for the purpose of 
swi tch ing off at a given time. The electrically-operated time 
switch does away witb the trouble of winding the clock, and 
at the sa.me time will take en ti re control of the lighting-both 
switching on and f;witching oft, on early closing da.ys and 
Sundays. 

The appara.tus for most of these specia l l\.ppLicaUons 11118 

to be designed to suit each individual $et of circumsta.nces, and 
li9 
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~t Us, thcl'~ ro l'eJ not proposed to enter into any great detail 
III the tYPical exam})ies now to be described. 

Programme Controls 
. This is ~Y [a.r the lar~cst ~p~lica..tion of cloolricaJ time prin. 

clpl ef:\ outside ,of ~tu~ 1 time Indication . Almost evel'y business, 
fac~ry. and mstltutlon has a series of bell or whistle signals 
which Je ,~d themselves to automatic operating by electricity. 

A typical Synchronorne BcU Controller ig illustrated in 
Fig. 131 , a.nd its principle of working is showl1 in F ig. J32. 

Z Y f 

---_ To Bell C"'c<ld ---' 
}"'IO. 132. D IAOllAMMA'l'JO REPRESENTATION OF SVNCKBONOKE 

BELL CoNTROLLER 

The wheel X is rotated once per hour by impulses from the 
t ime ciroujt in exactly the same manner as the minute hands 
of the secondary clocks in t he same circuit. 'Vhool Y is geared 
to rotate onco in twelve hours, and wheel Z once a. week. A 
pair of contact springs engages with each of these whools 
X, 1', and Z, and since a ll arc in series the bel l or other circuit 
which it is desired to operate, wiU not be completed unless a ll 
contacts are closed si multa.neously. 

In tho eXllml>lo shown , wheel X. make~ contact for half a 
minute every fifteen minute8, but nothing will happen unles.~ 
some particu lar tlftoon minutes is selected by wheel J' . The" 
if wheel Z is making contact, us it does during working hours, 
opening it O\'OI-Y night, on n.tul'day afternoons I\nd Sunday. 
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F IG. 133. STROMBERO PnoonAJoL\I E CONTROLLER 

(Magladll Time Co.) 
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Lhe Hccondal·Y. circuit '~' ill be completed unt! the be ll s will ring 
fO,r I~o.lf n. !lU!1UtO. Th? programme can be varied at. will 
\~I~hm tho Ju~t.s of ~ho mst rument by inserting pins in wheel 
) m 8.ppJ'oprll~te poslti~ns. The setting in the diagram show8 
the be lls rmglllg at 5.30 j>.m. on Tuesda.y. The controller 

l ~.=-J_U=N=E ~ ~;_~ . 

FIG . 134. "PUL·SY!".ETIC" ELECTRIO CALl!XDAR 

ca.n be arranged to suit any desired programme, and to give 
Rny desired Jengtfl of ring. In some insta.nces the control 
contacts CAn be fi tted to a clock dia l. 

Another form of programme oon1,'ollor is the Stromoorg 
in~lrument illustrated in Fig. J33. The principal component 
of this apparatus is the tape A made oC a. specia lly prepared 
celluloid material, which pa.sses over the pulleys shown, and 
is moved progressivoly forward either by half-Ill inutcor minute 
iml)ulscs fl'Ont n. mnster clock, or by IL synchronous motor. 

The degrees of the tape are marked with divisions of time, 
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and holeli nre VII IloIICd ill Lho tApe at an'y point where i t is 
desired to operate any l' ignnJ 01" other instrulllent. When such 
l\ perfora.tion passes under ono of tho contact fingers R j the 
ci rcuit is completed. A further selector enables the signals to 
become inoperative on certain days of the week RS required . 
Tl'o change n. schedule of signals i t is only necessary to substitute 
no new tape, punched for t he new schedule-tho work of u. 
few minutes. 

The Electric Calendar 
The electric calendar' illustrated in Fig. 134 represents 

a.nother interesting and IIIJCfu J a ppHcn.tic)Il of tho electrical 
time ci rcuit impulses. 

The mechanislll is advanced step by step . and at midnight 
both the da.te and t he c1ny are automa.tica.lly chnnged . The 
names of t he mont h a l 'C chnnO'cu by ha nd. 



CHAPTER xn 
('UOOS IN(; AN t; I .. J.:C'l'RJC OI.QCK 

HA VINO now described in some detail the various types of 
clocks on the murket , wc are in a position to r£'vicw the merits 
of cach. and to discuss tho fnctol's go,'crning the choice o( an 
electric clock for LL given purpose. 

There fire t.brcc considerations, \~iz. cost , the Ilccurncy and 
rcl,iability of timc.keepillg required, nnd the R),stcm of clce· 
tricity supply ava ila ble. 

Commercial Installations 
For institutions, railwny stations, f,,-d ories, etc ., where 

nCCllrate time is of supreme importnllce, tile. impulse clock 
system takes~la:ce. It is comparatively cheap in capitnl 
cost , as only onc masteJ' transmitter.is wanted no matter how 
mnny dials are connected in circuit. The cost of inst nUation 
ca n be vcry low, as an elllbomtc system of wiring. such as is 
necessary with mains·dl·jvcn 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 1lli1o..maticaUy 
operate any desired programme of signals. The- mechanism 
of both the master clock and ~ndnry' dial i very simple, 
and there is little to go WI·OI}&: . Tlleir time-keeping is superior 
to any form of mechanical clock, and if extreme accuracy is 
demanded only 11. simple addition is necessary to enable the 
master olock to be periodically syncill'Onized by time signals 
scnt out from Greenwich Observatory. Generally this latter 
refinement is quite unnecessary. It is a. ,'cry simple matter 
to cbeek the mnster clock from time to tinlC againat t he time 
signals now so frequently broadcast . 

Objection is sometimes ra ised to impulse clock systems on 
account of the fact that the hands move forwfu-c:1 in ha lf·minute 
jumps. '''here a steady forwa rd motion is neecssa ry, this cnn 
be al'ranged wi t h all makes of clocks. . 

Another point in favour of the irnplllsc clock system 18 the 
~ 

'8' 
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rn.cL thll.t a ll <lials can be a ltered from winter to I:\Umm el' time, 
and vice versa, by manipula.tion of the master clock. This is 
of con~idernhlc importoncc in huge installations, particularly 
in hotels. 

The only competitor of the impulse clock for the u,ses under 
consideration is the synchronolls motor clock. TIBs C8 n , of 
course, only be lIsed whcJ'<.' time-controlled frequency a lter­
nating current is available. The principa.l disadvantage is t he 
fact that the a.ccurncy of its time-keeping is enti rely in the 
hands of UH' power station aut horities. 

I f the supply fails, t he clocks stop, and except in the casc 
of se lf-starting clocks, each individual clock must be restarted 
and reset on the resumption of t he supply. If the supply 
people fail to keep the freq uency a.ccurately under control the 
time-keeping suffers, and the u Cl' has little redress. 

As regards cost of instn Untion, sYllchronoml clocks are con· 
nected to the ordina l'y Hghting or powcr ci.rcuits, and do not, 
t herefore, require special wi ring. In ca.pita l cost of dials there 
is little to choose bctween the two systems. Cost of running 
is an item to be reckoned with in large instaUatiolls ... Fiye 
I~ch 'OUOllS motor clocks, each taking OBe watt 
will COnS\IIDeJ one l\!!!.E.. of electricity every two hours. Witli 
electricity af{'ld.~ pcr un it t his represents one shilling a day­
{\, considerabfe item 0l.e.x~n8C in the eourse of a year. The 
cost of Cllrrent of the ~mpu se clock is negligiblJ7-. The life of 
an impulse clock is li ely to be longer t han that of a syn. 
chronous motor clock owing to t be smaller number of moving 
parts. Synchronous motor clocks a rc not so readily adaptable 
to the opcration of time recorders, etc., as are im ub;e clock~. 

Domestic Clocks 
For domestic use conditions are not so exacting. and a wider 

choice ca.n be given. For large residences the impulse clock 
system with its advantages as set out in the previous sectIOn 
can be advantageously cmployed, but fol' smnUer houses t he 
high cost of the master clock for the few dia.ls necessary, to. 
get_her with t he special wiring. makes the system prohibitive. 

\\There t ime-eontrolJed alterna.ting cu rrent is available the 
synchronous motor clock is the best proposition for domestic 
time.kecpi ng. Accurate time within a few seconds of Green­
wich is assured, and nil t he clocks indica ea 1 e. n occnSlQnn 

IJ-(j r·u) 
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~a ilure o~ t he electricity supply is not likely to cause serious 
Illconvelllcnce. 
Th~ronous motor clook is cheap to buy, an~ 

clocks can be run for 200. hours or more for one electrica l uJu t. 
- say 3s. ~ annud-. To obtain satisfactory service t he 
clocks must be permanont ly wired to t he supply mains. This, 
however, is not costly, and should not amount to marc t han 
a few shillings r clock . 

If a mains·operated clock is wanted , and alternating current 
is not available, t he only choice left is the electrically.wowld 
clock. This is in reality only a spring clock with an eJec. 
t.ric winding motor attached . The time.keeping, therefore, 
depends only on the clockwork, Rnd is Dot likely to be better 
t han a spring clock . The majority of such clocks on the 
mal'ket which the a uthor has seen are all well made and good 
t ime· keepers, but are expensh'e, because one really buys both 
a clock a nd an electric motor. The cost of current is negligible 
a.s t he motor is only switched on for a few moments at long 
intervals . • peoial wiring cun usuaUy be dispensed with , t he 
clock bcing connected to un existing plug point. Disconnec· 
t ion d uring t he use of any ot.her piece of a.pparatus will not 
a ffect the clock. as the spring enables it to carry on for a 
long period , and it will fuU y wind as soon as the plug is 
replaced . 

The most economical domestic clock is undoubtedly t he 
self·contained baj;te ry .driven clock such as described in 
Cha.pter V. These clocks require no wiring whatever, and cost 
lit tle to rUll- a bat tcry...£osting a shilling or so will la·st two 
or three years. They are cheap to buy, and wben once regu· 
lated a nd set they k~'eI:-y good time. Generally, their time­
keeping compares more than favourably with spring.driven 
clocks of similar price. This type of clock possesses a penduhull 
a nd reta ins a " tick " which a ppears to be a poin t in its favour . 

Synchronized Clocks 
There remains t he case liS to wbat can be done with t he 

existing mechanical clock whose mechanism is in good order, 
but whose t ime.keeping is perhaps not up to present -day 
standards. There arc two ways in which sucb a clock can be 
electrified . It ca.n be fi tted with an electric winding motor, and 
cnll be synchronized eit her by impulses from an existing time 
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circuit or by s~chronizing signa.ls froIU Greenwich Obser­
vatory, sent over £Itn U pO. tclcgrn.ph lines, or if in London 
by the Standard Time Company'!J 8yJ)chron~ing ~rvice. In 
the event of the failure of the synchronizing signal, t 10 clock 
simply goes all at its own rate. 

As far IlS the winding lUotor is concerned, this will not affect 
the time· keeping, but it will effect considera.ble sa.ving in. 
labour. The winding motor ma.y be automatic or ma.nually 
controlled. In the former case the winding is done auto­
matically at regular intervals. In the latt~r case it is still 
necesSary for 0. man regularly to visit the clock tower, but all 
he has to do iff to swit.ch 011 the wim.liug 1lI0tor. 

Public Clocks 
The conditions which have to be fulfilJed by a. publio clock 

worthy of the name al'e very exacting. 
I . It must give Greenwich time correct to within a. few 

seconds. 
2. It must keep time under all sorts of conditions---even 

when the ha.nds are heavily loaded with snow. 
3. It must never stop. 
li'urtber, it must generally be arranged to chime qua.rters 

and strike at the hOllr. 
There are two cases which require consideration, viz. n. new 

clock, and electrifica.tion of existing clocks to give improved 
time.keeping. As far as new clocks arc concerned, an adaptation 
of the impulse system is the only reliable scheme, and fulBI. 
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 otber 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 tUne circuit exist s, the installa· 
tion of a specia.l master transmitter to control the one turret 
clock does not add much to the total cost, and is to be recom· 
mended in l)reference to a. mecha.nica.1 clock with its tedious 
winding and possible vaga.ries of time· keeping. 

SynchronOllS 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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olectricity supply. which rnay fa.il, a.nd they cannot be rCCOlll· 
mended where absolutely accurate a.nd rel iable time.keeping 
is required . 

There is no difficulty in providing n. synchronous motor to 
develop as much power ns required. Tlfe synchronous motor 
turret clock l OoS the merit of chea.pncs.~ compared wit.h the 
cost of a. corresponding electric impulse clock or a. mechanical 
clock. 

Privately Owned Outside Clocks 
}"'or scmi.puhlic clocks, i.c. outside shops n.nd in the windows. 

in CinOllltlS , etc., synchronous motor clocks are ideal. Here the 
nccuracy 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 all the spot to set the clock 
going as soon 8S the power comes on again, These slight risks 
would more than compensate for the advantage of having all 
t he public clocks in a. street indicating the same time, and that 
only a few seconds frow Greenwich mea.n time. The differences 
in t ime exhibited by varioll8 mechanica.l clocks in the same 
street is too well-known to require further mention. 
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INSTALLATION ANI) MAf!'I'TENA.NCE 

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 Rell.contained bn.ttcry-driven type simply 
requires its battery to be attached and its pendulum released 
when it is ready for use. ynchronous motor and electrically­
wound clocks require wiring to the mains in n. 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 thiB type of 
clock that the present chapter is prinoipally concem ed. Much 
of the information, however, applies equaUy to all types of 
elect ric clock, and special notes regarding other types have 
1.>oon in.serted where necessary. 

I t should be carefully noted that it is impossible in a. work 
of t his description to give details of installation which cover 
any and every type of clock, and any manufacturer's instruc­
tion should be carefully rend and rigidly adhered to. 

Clock Circuit. 
The principles of the electric circuit have already been 

dealt with in Chapter n . I t. is now proposed to give a few 
typical wiring diagrams of clock circuits. 

Fig. 135 shows the Rimplcst type of impulse clock circuit. 
Here all the dia ls arc 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 al1owed, and the 
voltage across each dial iB then the snme ns 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. ~risible signal of a. w~akening battery some days ~fore 
total failure occurs. It wlll be observed that in the series 
~ystem s?own there is only one wire running round the build· 
mg. 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 nccessa.ry. Other makers put a 

ffi 
\.:.7 

Master 
Clock Batter!:! 

FIO. 135. StM.l'Lt; IM]'OLSE CLoOK CIRCUIT 

FIG. 136. DlA..LS I N SERies BUT SU11NTED BY ResiSTANCE!! 

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, 8S 

shown in ~"'ig. 136. 
Synchronous motor and other olocks worked from service 

mains arc wired in parallel, Q.9 shown in F ig. 137, and jn con· 
sequence have the full voltage 8(lross their termina.ls. Their 
insulation and wiring must, therefore, be capable of with· 
standing this pressure. 'fhe mains wires shown in the diagram 
are, of course, the existing ligh ting circuit. wires in the house. 

Impulse clocks ma.y be worked off the supply mains, but this 
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is not generally recommended, as there is lc!;s liability of 
breakdown with the lower (battery) voltage, beside which the 
clocks operate morc satisfactorily and the cost of insta.llation 
is lower. 

F ig. 138, however, illustrates a method of working from 
direct current mains. 

D is a resistance cOlUlccted across the mains and pertna· 
Hent)y taking a. small current. The voltage drop across any 

'l . . ' l . , 
230 v 

' .. " ' 

Fm. 137. CLooxs CONNECTED iN PARALLEL ACROSS MA.ll\S 

n 
220" S 
Mdim 

p v 

A 

1'-' 10. 138. OPEHATIOY OF hrpl1LSt~ CLOCKS DUlECT YHOM 
D.e. MA.L ..... S 

section of it is exactly proportional to its resistance. That is, 
if the total length of the coil is 6 in., and the ma.in voltage 600, 
there will be a drop of 100 volts for overy inch. The one 
terminal of the clock circuit is connected to onc end of t he 
resistance, a.nd the other end is connected to the slid er S, t he 
position of wh ich is so adjusted that t he voltage V is equivalent 
to the required battery vol tage, or, in ot her words, the current 
indicated by ammeter A represents the normal working current 
of the d ia.ls. 'When a resistance is used in th is manner, it iK 
ca lled a. potent,iometer. 
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It should be noted that onc side of all commercial olectric 
8,upply mains is connected to earth, as shown by t he dotted 
hoes, a.nd a. person touching any live part of the clock move­
ment is lia.ble to receive a shock, even though the voltage as 
set by the potcntioll1cter is low. For the same reason the 
insulation of clocks and wiring must be capable of withstanding 
t he full mains voltage. 

Fig. 139 represents a method of driving an lnstallu,tion from 
nlternn.ting current supply mains. Here the voltage of the 

f]1~ 
T 

1"10. 130. Ol'EnATION OF htl'l]LSE CLOCNS YRO)I A.C. MAiNS 

FIG. 140. OP.t::ItATION 0 .. 1:'U'U18£ CLoCKS UY A CCUMULATORS 
TR-ICl>LY.-CIIAROEO FROM A.C. ~IAINS 

mains is reduced to that required by the clocks by means of 
the transformer T. There i!:l no connection between the two 
windings of tho latter , and so there is no necessity to guard 
against insulation breakdown and shock as in the case of direct 
Qurren t mains mentioned above. It is, howevcr', necessary to 
convol't the low voltage a ltcl'Ilating current to dir-ect current to 
make it su itable for o]>crating the clocks. This is done by an 
1\I>paratus known n.~ n. rectifier' shown at R . There arc no mo\' · 
ing 01' liquid parts in either the transformer or the rectifier. 
so they require 110 maintenance. 

The disadvantage of mains o}>cr'ated systcms il'l, that if the 
supply fai ls for any reason nil the clocks stop. Thi.s can be 
overcome very simply and vcry BlIcce sfully in the cuse of 
A.C. mn.im~ by adding an accumu lator' as ~hown in Fig. 140. 
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The clocks now operate from the battOl'Y as in an ordinary 
instnUation, t he accumulators being constantly cha rged at a 
very low mte-technically known as tricklc.charged-from the 
mains. In the event of the electricity supply being cut otT 
fo l' any reason, the battery will continue to run the clocks for 
several days, if necessary . upply breakdowns a.re, of coursc, 
comparatively ra re, and a rc generally only of "hort duration . 

FIe:. 14 I. OPf; nt\TJON OF C1.0CKS t' ltOM D.e. MAINS U81NC 
Two BAttERIES 

' ''horo alternating curl'cnt supply is avaiJablc, this tricklc­
charged battery method of operating the clock installation is 
undoubtedly the best to employ. 

In the case of direct current mains a simi lal' method is not 
desirable (01' the reason that the full pressure of the mains i ~ 
impressed on the clock circuit. It is not possible to transform 
high voltage direct current to low voltage with tota.lIy indc. 
dendent windings, as is the case with the alternating current 
transformer. The best that ca.n be done in the case of direct 
current supply is to employ two batteries or acculllula.tors. so 
t hat onc set is working t he clocks while the other is being 
charged. Fig. 141 illustrates such an a.rrangement. 
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A and B a.re the ba.tteries. 0 is the main D.e. switch, and 
D Dl the {uses. The ammeter E indicates t he oharging rate 
which is controlled by varia.ble resistance F. Sometimes one 
or more lamps in series are used instead of a. resistance. G 0 1 
are the termina.ls of the clock circuit. Ht . H 2• D31 H. are four 
~wo.wa.y tumbler switches coupled to operate together. An 
IOspectlon of the circuit wi1l show that in the position shown, 
battery A is wOl'king the clocks. and ba.ttery B is on charge, 
when switch 0 is closed. 'Moving over switches H puts battery 
A on charge and B on the clocks. The cll.lLnge over from one 
battery to the other should be done between impulaea, ot.her. 
wise all the dia.ls may loose hall a minute. Programme COll­
trois, synchronizers, rela.ys, and similar devices are wired in 
series with the sta.nda.rd clock dia.ls. '1'he circuit to tbe bells, 
hooter , or other signals is entirely separate from the clock 
wiring, and is operated by a. sepa.rate source of current. 

Ha.ving discu6SeCl the various circuit arra.ngcments, we will 
proceed to a. considera.tion of the installa.tion of the various 
units . 

Installation 01 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 foll owing 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 ~to time-keeping OI!ter into the choice 
of site, etc . Synchronous motor clocks are ID 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 rigidl!.. fi~ a.nd.J~. 
The pendulum alone often weighs 16lh. or so, thus there is 
considerable weight 0 support. ,Vhere possible, the master 
clock should be mounted against a. thick masonry waH which 
is free from all \tihration. The wall chosen should proferably 
be in the lower part of the building, a. basement wall being 
idea.1. wod- partition should on no account be employed. 
The room should be one which is dry, and free froOl t. 
a"nd injurious va.pours, and the clock should not be subjected 
1.0 extremes of temperature, or draup:;hts. The olock should 
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be fixed so that the centre ~ the dial is approximately n.t 
ere vol. This allows t c mecha.nism to be inspected and 
adjusted with a minimum of trou ble . 

All ma.kers supply some device to indicate when the clock 
is vcrt icaJ, such as a. ark on the top and bottom of the case. 
A plumb Uno is held against the upper mark and t 16 case 
moved until the bob comos in line with th610wer mark. In 
fi:odiig a. lOCk the best method is to securely fasten t\ 0 or broc 
wooden ba.ttens about 9'\ in. wide to the wall, and mount the 
clock caS6 on these. Put in ono fixing screw first, level the 
case, a.nd put in the remainder of the screws. 

Clocks are invariably delivered with t he pendulum, and 
somet imes 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 i t be composed of accumulators, primary co11s, or 
dry cells. The room should be cool and well vent ila.ted. The 
cells themselves should be mounted on a shaU or cupboard, 
or in a. box with a. vont,ilated and easily removable lid. A 
bat tery mounted in a. hot and dry posit ion will requiTe Ire· 
quent attention owing to 108s of electrolyte by evaporation. 
All terminrus 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 froIU sCf'Tice maim; a. 
rubber floor mat should be provided adjacent to the battery 
a.nd oharging board to prevent accidental electric shock. The 
battery warning indicatOl' if provided, need not necessarily 
he near the ba.ttery. It ~hould he placed somewhere in the 
building where its warning will be quickly noticed. Tt may be 
mentioned in passing tha.t a had contact between ce lls of the 
ba.ttery ma.y cause the warning to opemte, even if tile cell~ 
are fuBy cha.rged. 

Clock Mounting 
Owing to the variety of size, shape, and pa.tterns of clock 

dials available there is little that can be sa.id. The fixing in any 
case is qujte straightforward. Due to the small size oC tho move­
ment and the fact tha.t no further attention is necessary after 
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!l1stallation , it is often possible to put an electric clock where 
lt would be impossible to place a. mechanical one. 

Clocks for use in damp or steamy atmospheres should be 
mount-ed in cast-iron or bake lite casings. Where the noise of 
the ordinary movement is objected to, a silent movement 
8holl l~ be fitted . Portable clocks, either battery-driven or 
elcctncally.wQund, should be kept M far as possible in a 
posit ion free from extremes of temperature. '1'00 often the 
domestic clock stands on the mante l sheU, and is heated from 
the fire during the da.y, and subjected to an extremelv low 
temperature during the night houJ"'8 . There 81..'e1l18 little Po!l-si . 
bili ty of these conditions being a ltered at present, and designers 
of the clockM and thoae rCPoponsible fo r the ins talla tion and 
ma.intenance ha.ve to mnke the best of circumstances. 

Wiring Systems 
~'rom the purely electrica l }>oint of view I clock circuits are 

of the simplest possible character. The current, too, is invari· 
ably very srnall j ana only a small size of cable i ~ required, 
so that at first sight it would seem that there is little to Wl\rrant 
considorat ion here. The subject of wiring is ne\7crthelefK 
important. Tn addi tion to nrryi11g the cu:rent to operate our 
clocks, the wiring must be insulated so as to prevent leakage 
and short circ\lit~; it must be protected to withstand ordina.ry 
wcar a nd tear, and if it is in nny way connected to a public 
supply of electricity, it mm;t comply with the regulatiolls and 
pass the test R of the supply authol'ity concerned. 

I t has a lready been mentioned that morc often than not 
impulse clocks arc operated from comparati" ely low voltage 
batteries, whereas synchr'onous motor and elcctrically.wolllld 
clocks are always driven from the SU1)P)Y mains. Thus a 
system of wiring Hmy be Quite suitable for a low voltage sys· 
tern but qutte impossible for maius ·operated clocks. ' Ve will 
now cons ider the \'ariolls wiring syst ems in use. 

Copper wire is invariably used for wiring. Small cables 
havc a single conductor, whi le larger cables have severn I such 
wil'Cs ~trandcd together, and flex ible cable is made up of 1\ 

large number of vcry fine wires bound together . ~ables may 
be insulated with cotton, rubber, paper, paral'hn wax-a 
combinat ion of scveral being used according to requirements. 
)3al'O copper wire is never uscd except for outdoor lines. 
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The simplest form of wiring, which is only appHcable in some 
cases, i.s to use single bell wire without further protection , 
securing i t as necessary with insula ted staples. 

This comprises a tinned copper conductor, No. 1 s .w.g., 
imm lated with rubber sleeving and two layers of cotton , and 

FIG. 142. V.r.R. CABU-: CARRI ED IN P ORCEL"'S CLEAT 

ShOf't pieCl of 
afllc ~s f)4ckin,J 

FJO. 143. , w-ou:: CADL.; C AR RIED n,,' CU:AT 

impregnated wi th paraffin wa x. It is cheap and easily fun , 
and is unobtrusive, but lia ble to ha damaged. It is generally 
suita ble for small installations in priva.te houses. It should 
not be used in damp situations. 

A simila r but morc reliable method is to use electric light ing 
cable, size 3/036 in. Besides being a. heavier conductor and, 
therefore, not so likely to break , i t has considerably more 
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8trcn~h of ,i.ns.ulation. I t is insulated with several layers of 
vulcamzcd. mdla-nlbber, which is a good insulator, does not 
absorb mOlS,ture rro~n the a.tmosphere, and is waterproof when 
new, and wd! remain 80 for 0. number of yea.rs, in favourable 

1"10 . 1·401 , CABLE C t.II', HE!."'LEY WIRTNO SY8TE~1 

FIG. 146. BOSDISO RING. LEAO·CO\'ER£D WI RINO S\' STF. l l 

s itun.t iOlHI . Tt is further Pl'otcctcd with 0. layer of taj)O and a 
serving of wa xed braiding. I t can be obtained coloured black 
or red, which is often an adva.ntage as it permit-s casy iden· 
tificntion of cables. Tt can be used in almost all sit.uations 
where it is not like ly to sutTer severe mechanical damage, and 
can either be fixed by insulated staples dil'cctly against the 
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wa lls or joists, or can be ca.rried on porcelain cleats in the 
ma.nner shown in Fig. 142. 

If, as is usually the ca.sc, only one cn.ble runs from clock to 
clock, a. short Jength of similar cable should be put in each 
unoccupied side of the clea.t to keep the top level, as shown 
in Fig. 143. :F'loxible light ing cord should nove l' be used for 
pEmna nent wiring. 

These unprotected wiring systems must only be used on 
low voltage installa.tions, not exceeding, sa.y, 50 volts. For 
pressures a.bove this, or in cases where more mechanical p f O­

tection is desired, onc of t ho following syst.cmR may be uscd . 

These are suitable for high voltsge8, and from t his point 
onwards the information is applicable to both impulse and 
ma.ins-driven clocks. 

The simplest mau18 wiring system is that employing a. 
conductor which is sheathed in a. tube of lead alloy. I t is 
obtaina.ble having one, two, or three conductol'S. This class 
of wiring possesses the merit of being quick ly run , requires 
li ttle space, a.nd is inconspicuous when fixed. The lead cover· 
ing a.ffords fair mechanical protection to t he conductors, but 
is not, of course , proof agains t piorcing by na ils. Seveml lend­
covered wiring systems arc on the market, and each has its 
own method of securing the wiring and effooting joints and 
tappingd. It is essentia l that the lead covering of the com· 
J)letcd instal lation be electrically continuous, thus, whero the 
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~hca.th is .Cl~t awa.y, as, for example. when a joint or connect-ion 
18 made, It 18 nccess;a.ry to join the finish of the covering of one 
run of tube to t he sta"t of lhe next one. The casing is con. 
nected to earth in one or more places. 11 for anv renson the 
cas ing becomes H alive" the fuliCs wjll then blow "nnd prevent 
further trouble. 

Fig. 144 shows how t he ca.ble is secured to walls. etc., in the 

elbow 

• • 
Clip 

r - ..... QEarth 
Clip 

Mas te,. 
Clock 

Ju"Ction 80, 

FIG. 14;. CLOCK INSTALL,\TION WmED IN CONDOlT 

• • 

Henley wiring system. The clip A is fIrst fb::ed by means of 8 

screw or nail inserted through hole B. The cable is then rested 
upon it a nd the 'sides of the clip bent U}J as shown at C. Loop 
D is then threaded on to the bent lip ends, pressed right down, 
and t he ends bent back as shown at E. 

Fig, 145 shows a. bonding ring scouring three cables. The 
box on which i t is mounted is not shown. The joints in the 
wiring are subsequently made by small porcelain connectors, 
qucb as shown in Fig. 146, 

The most reliable method of wiring and the one which should 
a lways be used in high.class work , is the Conduit system, ill 
which t he cable is drawn into steel tubing. This is nat.urally 
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morc c.xpcnsi,'o lh l\1l the Bystcm.'I p reviously described, and 
unless put in during the erection of buildings is liable to be 
rather unsightly, although in (not aries this is not [\ serious 
objection. 

Ii'OI' the wiring of clocks using n. fl inglo 1/ -04 dia.meter 
ca.ble (i.e. a. cable, the conductor of which comprises onc con­
ductor only ·0-18 in. diameter) i in . conduit is sat isfactory , but 
where two or th ree cables of this size ha.ve to puss through 
onc tube it is preferable to use i in. diameter tubing. 

\ ·n.riou:i fitlings n.re a.vaila.ble such as bends, tees, and june­
t ion boxes to facilita.te erection a.nd wiring. Thf're al'e two 
val'iotio.'1 of conduit-" scrcwed " a ncl " grip fix ." The former 
type is the bettt'1' hu t is more cXJxmsive.l n t his system the 
lengths of tube are screwed into the joint boxes, bends, etc. 
In the cheaper method the piping is secured by s rn b screws. 
It is essentia l that electrica l continuity be preserved through. 
out the length of the tubing. which is connected to earth . 
Conduit is supplied in lengths of JO to ]5 ft ., and is cut up a.s 
required. ..b""or Rtra ight runs of greater length than thi it is 
necessary to insel't a. coupling pict.:o. I n carry ing out an installa.­
tion of clocks in conduit the tubing is fL'St erected complete ly . 
but not secured to the wa lls. The cable is then drawn in as 
requi red , th is being done ono sect ion at a time, and a fish wire 
used to draw the cable through. ' Vhen the wires nre complete 
the tubing can be fixed in pogition and a ll the grub screws 
tightened . 

Fig. 147 shows a simple clock ins ta llation carried out ill 
conduit. 

\Vherc wiring hllS to be run ac ross open spaces t he bare 
cable cnn be used fixed to porcela in insulators in a. similar 
manner to telephone wi l'es, but it is gencrally advisable to 
use insulated wire, to obviate risk of the wires swinging 
together and causing short circl1it",. 

Wiring 01 Synchronous Clocks 
Owing to its popula rity t.il e synchronous clock requircs 

specia l lllention. To be oC nny use as time.kcepers these clocks 
must be l>crmal1ently wired to the mains. an expense to wh ich 
the average purchaser of n. cheap clock is not inclined to go. 

Power points are not 80 plcntiful in the modern house as 
to enable one in each room to be monopolized for working 

."-(570) 'lO pp. 
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the clock. l i' urther, the fuses in the power circuit arc usually 
about 15 or 30 a.mpere, and a clock developing a fault would 
be badly da.maged before a heavy fuse like this could clear it. 

The simplest wa.y of wiring is to connect the clock to the 
Ii\re side of one of the power points, and insert a very fine fuse 
between it and the clock . George H . Scholes & Co., Ltd ., of 
Ma.nchester, have prod uced the little accessory shown in the 

illustration, ]i'ig. 148, known lltI the 
~ W YLEX FUSED CLOCK CONllEOTOR. 

It consists of a bakelite casi.ng in 
whioh o.m two i a.mpere {USOH. A 

~ lead is t aken from the supply to 
onc "cction of the device, the 1e.1d 
to the clock being t aken (rom the 
other. 

J oints in wires should always 
be soldered using only resin as a 
f:lux. The use of any other fiux 
is lia ble to give trouble sooner or 
Ia.ter owing to electrolytic action 
in tho presence of moisture. 

The Maintenance 01 Primary 
Batteries<="" 

f======-},II L EO LAN C H I; CELLS. The 

' I' Leclanch6 cell when fully charged 
gives an E.M.li'. of 1'5 volts per 
cell. The size generally recom· 
mended (or a clock installation 

Fro. 148. .. W\'LEX" F USED is the .. heavy duty" or t hree-
CLOCK CoSl'o"ECTOlt pint size, The Leclanch6 cell is 

ca.pa.ble of supplying current inter­
mittently for a. long period l>cr cha.rge, and given n. suitable 
position a. batter" should last for twelv onths or two 

" .--yea.rs, , 
The constructiOll of the cell has a.lready been deSCribed, As 

delivered, the porous pot is recei\'eel with the ~Oll pl~tc 
a.nd surrounding mixture of carbon and mnng~n.eso pcro~dc 
sealed in position. This ma.terial does not reqmre : cncwmg 
throughout the life of the ba.ttery. To set the ~attery ID op'crn­
tion, tho porous pots and zinc rods are placed m the glass Jars. 
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The ce lls a rc connected in !;Cries, so tba.t t.he wire fl'OlU~ch z inc 
rod is secured under the terminal nut of the ca.rbon on the 
adjacent coli. 

To charge the coli about 4t oz. of &al·ammoniac is placed 
in the bottom of each (3-pint) cell , and rain water addcd~ to 
bring the 1C\'ei of t he liquid about 2 in. from tho top . '1'he 
ceUs should never be SHed right up, and great care must be 
taken not to spill the water on. the tops of the jars, porous pots, 
or ba.ttery she lves. or "creeping 11 of the solution will take plo.cc. 
Alter charging, the tops of the outer jar, zinc rod , porous pot, 
carbon plat.e, and its terminal should be given a good coating 
of va.seline to pl'Ovont corrosion taking place. Great care must 
be taken that nil t erminals are tightly screwed down. This 
liability of the solution to "creep " over the sides of the cell 
is the one disadvantage of the Leclnnch6 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 
"helf or cupboard olean and tidy. besides which the efficiency 
of the battery deteriorate . 

RECD.AROINO TOE L .ECLANc nt CELL. As mentioned above, 
the Leclanch6 battClY may be eXl>ceted to last two years or 
morc. It is a good plan to inspect the battery once every 
three montha, and to reoha1'ge, whether it appears to want it 
or not, every two ,)'ears. 

At the three months' inspection the general condi tion of the 
battery should be noted. Any cell showing signs of creeping 
should be taken out and overhauled. Thc voltage of each cell 
~hould be checked and any loss of electrolyte due to evapora­
tion madcgood by addition of distilled or rain water. l! the 
zinc rods appear to be of a deep black colour, it is an indication 
that the battery is being o"erwo,·ked, possibly through leakage. 
This can he detected by inserting a milliammeter in scrie.'I 
with the battery. If the solution has a milky appearance it 
indicates that it is too wea.k, and more sal-ammoniac should 
be added . When completely recharging thc battery proceed 
as (ollows. Diamant le a.ll the L'Clls and throwaway all tho old 
solution. Fill a ll the outer ja.rs with clean water, Rnd put about 
n. tablespoonful of spirits of salts (hydrochloric acid) into eacb 
and a.llow to stand for several hours. Meanwhile. scnlb the 
porous cells a.nd zinc rods thoroughl.}' to remove a.ll adhering 
crystels. Any zincs badly worn should be discarded and 
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ropl~ed by new ones. Next, stand the porous cells in water 
f.? wluch has been added sorne spirits of saIt.s. After standing, 
rmse out ,all th,e cells, drain surplus liquid f"om the porous 
pots (by Ulvertmg them), thol'ougnly clean all the terminals , 
reassemble the battery, and proceed to charge as directed 
above. The ba.ttery cupboard should meanwhile have been 
scrubbed out and aUowed to dry. 

To overhaul the battery as described above t:lkcs some 
little time, and nece arily puts the clocks out of action. It enn 
generally be done during a week·cnd without causing incon. 
venience, uut in cases where the clocks must. be kept go ing t.he 
writer substitutes a. rndjo high tension dry ba.ttery costing f\ 

few shillings. 'fhe chnrging of any other type of prinlllry 
battery can be carried out in a similar Ill.a.nncr, using the 
appropriate IJolutions. The goldrn rules of successful battery 
maintena.nce arc regu lar attention a.nd cleAnlincss. 

Dry coll$ cannot, of coursc, be recharged. When they show 
signs o( weakening ,they a rc disca.rded and replaced by new 
ones. A dry battery of the normal electric bell size and of 
good make can be ex-pected to work a clock insta.llation for 
three years or morc without attention. It will fail earJjer if 
housed in n. warm place, owing to the drying up of its constitu. 
ent chemicals. Replacement bat.teries should preferably be 
obtained from the manufacturers to ensure their freshness. 
Batteries obtained from local electricians have sometimes 
been in stock fo r a long period. and soon fa.i1 when put to 
work. 

Accumulator Charging and Maintenance 
The correct charging and t reatment of acclllllula.tors is 

very important. Even a little neglect will quickly ruin a good 
battery. Makent iustructions which differ slightly one from 
the other should be followcd to the lettcr. 

The first charge o( an accumulator iR very important, and 
.. hould be carried out as follow8. Fill each cell with dilute 
~ulpburic aoid 1·180 specific grl\\~ i ty. and charge (or at least 
twenty.(our hOllrs continuously at two-thirds the. normAl 
charging rate, as stated by the makeI'8. Pure brun~tone 
sulphuric acid sh~uld only be t.18~, a~d not ,th.o ordinary 
"commercial" variety. and for dl lutlllg It uso d LStlllcd water. 
Acid ready dj luted is obtainable, or it may be mnde up, 
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checking the speoi.fio gravity with a. hydrometer. Pour the 
acid 8lowly into the wat-er, stirring continuously . 

Certain types of accumulators are known na dry first charged. 
and only need the addition of electrolyte to make them ready 
fol' use. Even with these, howevel', n. long initia.J charge does 
no harm. 

Only direct current can be used for cha.rging accumulators, 
l\nd tho positiv6 pole of the supply must be connected to the 
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posit ive termina.l of the a.ccumula.tor. Each cell when fully 
charged should have a voltago of 2·4. This quickly drops to 
a.bout 2·0 when in service a.t which it remains steady until 
nearly discharged, when it drops to 1-8. Any attempt to 
discha.rge the battery below 1·8 volts IJCr cell wiU cause irre­
pnirable damage to the plates. 

During cha.rging tho specific gra.vity of the electrolyte wiIJ 
rise to about 1-25. Ordinary charging ,hould take about eight 
hours, the charging current varying with the size of the ceU, 
a.nd is a.lways stated by the maker. Charging above the normal 
ra.te causes harmful heating and gsssinp;. Char~ing i~ ('omplf't{' 
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whon the volt.age and the specific gravity h&\1e attained steady 
values, and the plates are gassing freely. 

Dllring charging the vents of the cells must be removed 
and no naked light brought near as the gases evolved 8~ 
highly explosive. 

Apa.rt from the regular charging, accumulators requlro little 
maiutena.nce 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-flot n.cid-8S it is only the water which evaporates. The 
accumula.tor should never be a.llowed to stand for any length 
of time in 8. discharged condition as sulpbation of the plates 
will quickly set in and ruin them. Smear all the tcrminal~ with 
va.soline to prevent corrosion. 

Fig. 149 shows two methods of cha.rging accumulators from 
direct cu.rrent maius. The eurrent is regulated by the resiet· 
ancc of tho number of lamps required to givc the charginJ! 
current recommended by the makers, as ShO"'11 by the am· 
meter. When cha.rging 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 a.b-eady been described in 
a. previous section of this cha.pter. 

Clock Maintenance 
The only attention required by clocks of a.1I kinds is occn.· 

sionallubrication of working parts. Newly·insta.lIed pendulum 
clocks a.lso require I~ting. 

Oiling 
Only the finest clock oil should be used for lubricating. 

Ordinary oil is fata.l. Even the correct oil should be used very 
sparingly. A piece of wire a.bout J 8 ga.uge, flattened at the 
end, forms the best oiler. 

All pivots of the mechanism must be oiled, one drop only 
(or each. The oiling shoulrl be carried out methodica.lly SO ~ 
not to miss any of the points requiring lubrication, and any 
dirt or fluff seen anywhere in the mechanism must be removed 
before oiljng. Dirty oil should also be wiped a.wa.y, using n. 
clean duster fl'ee from fluff . In im: ulae clocks it. is important 
1l:Q!.JQ: oil tho {ace of the pallet down W Ijc lt the impulse roller 
runs, as such oil is likely to retard the fall of the arm. 
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~ting 
Regulation of pendululll clocks is carried out in raL8lllg or 

lo~ ... ering t he bob by rotating the Illilled nut on which it rests. 
The rat ing nut is usua. lly gradua.ted . A movement...Qf ono 
div ' ion causes t he clock to gain or lose one ~ond l X' I' da.y 
according to the d irection in which the nut is t urned . 

Anot her method of regulation, and ono which should be used 
for a ll fine adjustments, as it docs not involve stopping the 
clock, is to add a small,..ltelght to the pendulum. Adding t he 
weight above the bob I'aises the cent re of gra.vity, a nd so ca.uses 
the pendulum to swing faster a nd t he clock to gain . The 
addition of t he weip:ht below t he hob lowera the c~ntrc of 
gravity, t bus slowing thej)endululll . 'Most 11igh.oI888 clocks 
n,re provided with a. t ray for the purpose of carrying these fino 
weights, but domestic clocks rely on the ndjlU~tment of the 
ra.ting nu ts . Accnmulation of dUHt on the top of u. pc ndulum 
is sometimes sufficient to causc a clock ~ . 
.... Synchronous motor c l~ CWlnot be regn:titc.dJlyJ,hC-USCl·, 

and a.1I that can be done in the case of fa ulty t ime·keeping is 
to communicate ,vith the (' I~tricity su pply a uthority. 

Faults 
- Uwing to the num ber of makes of clocks a.va ilable aU having 

tlifferent constr'uctions and working principles. it is impossible 
to give Bny definite information regarding the location of 
fau lts . The best advice that can be g ivcn to t he reatler is to 
make hi rru;elf acquainted wit h every detai l of Lhe il1l'ltallation 
under his care, a nd in case of trouble, the Ca.UIiC of which is not 
immediately a pparent , t he makers should be communicated 
with o·t once. Do not attempt to adjust the mecha nism unless 
certa in of the cause of the breakdown. I n the case of stoppage, 
a.~rtain that the bat tery 0 1' electrici ty supply hnR not fa iled. 
[f this pro\res in order look for a breakage in t he circuit, fl hort· 
circuiting each dial and section of wiring in tUI'll. J1 a hreak 
has occurred in t he windingR of 8. clock, short .Clrcuiting ib 
termina ls wil l a llow the rest to go on working. A fa lll ty 
connection between ..e.ells sometimes causes t rouble. The 
stoppage of synchronous motor clocks may be d ue toahl'Cak in 
the windings, or the b)~g of.JUuse in the house cir"S:tI r : or 0. 

momentary d rop in \'oltage such as caused by a ' I""s,hort" in some 
other ci,] .. uitln fhe house mn,y be fm ffi ci('nt to !'tOT' the clocks. 



CHAl'TER Xl V 

LATEST DEVELOPl'lU~NTS 

SL.,"OR. the writing of the previous chapters, the development of 
elect l'lc clocks has proceeded apace-particularlv with regard 
to the ynchronous !\lotOI' Type. and many nlakes arc now 
available. . 

The principal developments ha.ve been in the direction of 
domestic striking Ilnd chiming movements, an example of each 
of which it is now propoliCd to describe. There have also been 
developed a larm clocks, bichrono1l8 clocks which have a spring 
movement to carry on, in case of supply failu re, and new tYJlCJi 
of control clocks. 

The Synclock Striking Clock. The principle underlying the 
design of this clock is as fo llow8-

The hands are dri" en in the usual way by n Warren self. 
starting synchronous motor Wh08C construction has been fully 
described in Cbapter Vl. 

The motor in tlll'lling the hands also windH n snmll spring, 
which is 11'len,aro ut th l" hour and half-hou r to drh'c thc striking 
mechanislll. 

Fig. 150 shows n complete mOVCIlll" nt. in which A ilS the 
driving motor, B the spring band. '1'11(' motor is coupled to 
the spring in slIch a ma nner tha t. during t.welve hour:i the num­
ber of 1'C\'olutions made by the driving end of the :oIpring is 
exactly equal to the revolutions of the driven cnd. so that. 
the only work the motor is called upon to do is to store some 
ncrgy during the small lioll l'1l; to bl" givcn up ngain as midday 

Or midnight is nppronched. 
The movement is ingeniollsly designed so that the ~tling 

of the hands ulso gives nil initin! wind to the spring. 
A slipping device is fitted inside the spring case to prevent 

da.mage should the spring be accidentally onr.wounrl. 
Except for the small size of the spring. the design of the 

striking train follows lIsuol practice. . . 
C is the star wheel which l"evolves whcn the trolll IS released. 

Rnd actua.tes the hammer lever spindl(: D. (The hammer llnd 
208 
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gong arc not shown .) t: is the rack which in cOIlJ'unction \\',"tl, .• 'I " .lo' I • snlll 1' . cont ra s the number' of strok('s in l:I triking. while 
the n~· (} cont~ol :;. the, nl~t.. of striking. 

/ ' 1$ U conllll lll ty l!l(hcatol'. und consists of a diJolc ha\'ing 
t\\ O s('gnlt' nt.~, onc' ",1111e unci the (,l ther red . 

Fw. Jr.i2 M o n:) IE. ... T 0 1' TilE (JAlIIIAJW J', U :C'!'JtlC CUIlIF. 
CLoCK 

,,\ ~lot in the dia l (,1l11 bl rs ha lf of this d isc to Ix- sccn . XOI'· 
mull y, only the whi Lt: pUl'lion is vhri blc, but ill tho <','enL of a. 
current failure the red portion com('~ into \Tie\\' . 

The Garrard Electric Chiming Clock" The genernl design 
of the Garrll l'd mnillf; -d "ivc ll chiming clock cOIl~ i8t S of u self. 
sunting synchronous motor which drives the hands, unt! at t he 
snrno lime stores power in two small springs which urc arrnngcd 
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to drh'c the chiming and striking trains when released at the 
a.ppropriate times. 

The motor is enclosed in l\ bakclitc CUsP. 

The statOI" coil is circular in form, and is enclosed in t.wo 
pressed ~tecl housings, which ore interleaved to produce alter. 
nutc magnetic poles. 

The rotor runs III 200 !'.p.m .. and is completely surrounded 
by the statol'. The Illolol' is arrangPd fOl' hand ktllrting. 

1"10. 153. llA11It \IW!::LE('TIU I;: C"UlINO CJ.oI' " 

A SCCl OrcU disc on the rotOl' spindl{' cnn h(' virwl.-d through 
n, slot in t he rcar of the moto l' casing to inciietlle that the clock 
is in motion. 

The first two foStagcs of speed I'cduct,ion arc through worm 
gCitfli, a fte r whic h the gears arc of t he usua l clock type. 

The general construction of the chiming land Sl l'i killg move· 
ments follows that of the Ca rrnrd spring chiming c lock . 

1' h(' liCtting of t he ha nds is done from the I'cn r, nnd n kc~' is 
provided to g i,'c the chimi ng and striking springs un initiol 
wind . 

Hc fc l'ring to }""ig. 15 I, .d is the motor , B the 8htrting level', 
a nd C the slo t. for the indicato r disc. 
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D is ono of tho two spring barrels . 
. F·jvc chiming rods, E seclIred in the casting,}' Ilrc provided. 
The hammcrs (I can be rll ised cleRr of the chiming rodii by 

the lever H. so sile ncing the clock when required . 
J iii the hand.setting loveI'. 
Referring now to Pig. ),12 which givc~ n front \'icw of tho 

mo\'c rncnt, A is the OOllnt wheel for the c hinl{'~, which Olx'ra te 
every quartcr' of an hOlll'. . 

B is the s triking snail , agnimst which the tnil e nd of r:lck (' 
drops when released b~' the ,. warn ." the d pth of drop of which 
gO\'c rns the number of 8Lrokes. 

D and E arc the flie') for the control of the ch illli n~ a nd 
strik ing s peoos. 

The clocks RI'C supplied in a range of caseR Hnd 1ll'rallgl'<.l for 
\V('strninslcl' Chilll(,~. 

A neat twO· pin Coullcctor' is fitted fo r llttachmcllt of the 
flexible connccting cortI. 

Fig. 1.>3 gh'es nn. external view of the Canard }: Icc~ric 
Chiming Clock. The improvcd o.ppearnnc(,' duc to tht'fC bClIlg 
11 ') winding key holes is ma rked . 
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You cou ld wish for no higher authority on the quality uf 
ynchronous E lectric Clocks than the author of this book. 

Hl'I'C i~, his cons idt'rcd judgmcnt-

"1 hue enmlned your i\lo\'emenl and consid er it 11 beautiful 
ItieC'e or mechanislIl , rllr superior 10 IIny other synchronous 
clock that I hu,'f' yrt spe n. It is both illltf nlolls in design 
and robust in e'o llstrurtiol1."-." F. PIIILPOT. 

Included in the vcry wide range of Synchronous Cloc.. ks 
made throughout In England by Smiths are wall, hanging. 
and mantel models in wood, metal. and bake lite. Chiming 
and striking movements arc supplied, as arc ill uminated 
models for cinemas and exterior and turret cloc ks. Full 
particu lars g ladly sent on request. 
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179- 185 G t. Portland St .. London , W. l 
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THE "SYNCHRONOME" SYSTEM 
was the first in 1895. 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 
PE~DUlUM, designed by Mr. 
W. H . Shortt, in association 
with the ynchronome Com­
pany Ltd. , has measured the 
time of the world a t Green­
wich since 1925. 

Broadcasting Hou~c is 
equipped throughout, and 
thousands of installations 
have been erected., some 
comprising over 600 dials 
operated by onc of these 
Master Clocks, as illustrated. 

Pcnnission 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 SYNCHIRONOME COMPANY, LTD. 
32 and 34 CLERK ENWELL (tOAD. LONDON. E.C.l 
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Engineering Equipment of Buildings 

~)' A. C. PALLOT. D,Sc. (Eng.), \Vh .Ex .• A.M.l.E.E., 
A .. l. I.H.V.E. 

1\ dcscrip';ive surve~ of the most common items of engineering 
eqUlpmc~t Installed In the up-to-date building. The range 
covered Includes heating. lighting. venti lation, the electricity 
supply, and al most every electrical appliance-including light~, 
water supply, kitchen equipment, ctc. 

In clem y BVQ, cloth t:ilt, 342 pp. I jjs. net. 

Electric Wiring of Buildings 
By F. C, RAPlIAEL, MJ.E.E. 
Dea ls with the various system!; of wir ing in com mon u~e, and 

explains the installation of wires in modern buildings to pro\'ide 
power, heat. and lighting. The book is suitable for architects. 
consultants, installation engineers. and students. 

In crown 8vo, cloth gilt. 268 pp., Illustrated. IOs. Gd. net 

Electric Train -Ligh ting 
Theor)' and Jlractl ce. 
By C. COI'POCK. 
Provides an authoritative review of the special features, con· 
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general use, with :tccurate accounts of the technical considerations 
involved. and a full treatment of fundamenta l probk:ms and 
principles. 

In demy Svo, cloth gilt, 158 pp. i s. Gd. net. 

Commercia l E lectrica l Measuring Ins trul11ents 
By R. M. AkCUI!R, B.Sc . (Lond.), A.RC-Sc .. ~I.I E.E. 
An introductory book on measuri ng instruments-particularly 

ammeters, voltmeters, and watlmeters- intcnded mainly for 
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their working without soi n~ exhaustively into the subject. 

1n crown 8vo, 260 pp., With 74 illustrations. IOs. Cd. net . 

Meter Eng ineering 
By J. L. FERNS, 8.Se. (Hons.), A.l\I.C.T. 
Deals with the installation, tC!lting, and maintenance of 

electr icity meters, demand indicators. and thei r associated 
apparatus. A pa rticularly usdul chapter 15 t hat on typical 
faults and their treatment. 1n this the author deals with 
various common fau lts according to the nature of the meter, 
whether of the motor, mercu ry, or A,C. mductance type, etc. 

In crown 8vo, cloth gilt, 280 pp., illustrnted , IOs. (i lt. net. 
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ELECTRICAL WIRING 
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EOITED BY 11. MARRY AT. M,LE.E., M.I.MECII.E. 

ASSISTED BY EXPERT CONTR IBUTORS 

A practical and authoritath'c work dealing with all branche!i 
of the trade. 
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Il l. PRACTICAL \VIRING \ VORK, SWITCIIING, PRIMAM\' 
ASD SECONDARY CELLS. 
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WORK. 

In Suen Volum es. Ea rb III c r OW II 8\'0, t loth gilt. 6s. net. 

1~ lec:trl c(1 1 Times : "These enterprising publishers have done a 
good and useful thing in providing a seven·volume work on such 
an important subject as electrical wiring and contracting: it was 
much needed." 

Englisb i\leeba lliC:lI: .. Will be of great utility to students and 
electricians engaged in installation work." 

ElettrieUy: .. The installation contractor and his employee 
should both be attracted." 
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Expert. . . . . . . . 
MU AL WORK. By Charles G. Leland. Thi rd Edition . 
PLYWOOD AND GLUB, MANUFACTURB AND USB OF. By B. C. 

Boulton, B.Sc:. . . . • . , 
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Translated into English by T. Woodbouse. Fourth Edition 
ARTIFICIAL SILK. By Dr. V. Hottenroth. Translated from the 

German by Dr. E . Fyleman, B.Sc .. 
A.aTIF'CIAL SILK . By Dr. O. Faun 
A llTlnCIA.L SILK OR RAVON, PREPARATION A ND \VIlAVI NG, 

THB. By T. Woodbouse. F.T.I. 
BUACHING. DYEING, PRl!'fTING, AN D FINISHING POR TIIB MAN­

CHESTER TRADE. By J. W. McMyn, F .e.S .. and J. W . 
BardsJey. Second Edition . . . . . . 

CoLOUR IN WOVEN DltStG!'f. By Robert Beaumont. "I.Sc .. 
M.I .Mech.E . Second Edition, Revised and Enlarged 

COTTON SPINNER'S POCKET BoOK, TIIB . By J. F. lones. 3rd Ed. 
COTTON SPINNING CoURSII, A FIRST YEAR. By H. A. J . 

Duncan. A.T.!. . . . . . 
CoTTON WORLD. TUE. Compiled and Edited by J. A. Todd . 

M,A., B .L . . . . . . .. . 
Fux AND Jun, SPINNING, WEAVING, AND FINISHING OP. By 
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Fu.x CULTURE AND PREPARATION . By F . Bradbury. 2nd Ed . 
FUR. By Mu: Baehrach, B .C.S . . • . . . . 
HosraRY MANUFACTURB. By Professor WiUiam Davis, M .A . 

Second Edition 
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TEXTILB EDUCATOR, PITl.IAN·S. Edited by L. J. Mills. 3 Vols. 
TEXT1LBS, INTRODUCTION TO. By A. E . [.ewis, A.M.C.T . 
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ORA UGHTSMANSHIP 
DRAWING AND DESIGNING. By Charles G. Leland,l\l.A. 4th Ed. 
DU,WING OJfnCE PRACTICB. By H . Pilkington Ward, M.Sc .. 

A.M.l nst.C.E. . . . . . . . . 
ENGINEER DRAUGHTSMEN'S WORK. By A Practical Draughtsman 
ENGINEBRING DESIGN , EX ,UIPLBS IN . By G. W , Bird, B.Sc. 

Second Edition. . . . . . . . 
ENGIN£ERING DRAWlS'G, A FIRST Y EAR . By A. C. Pukinson, 

A.C.P. (Hon~.). F.CoU.H , . . . . . . 
ENGINEERI NG HAND 5KETCIIlNG AND ScALE DRAWING. By Thos. 

Jackson. M.I.Mech.E .. and Perey Bentley, A.M.LMech .E. 
ENGINEERING \VORKS HOP DRAWING, By A. C. Parkinson , 

A.C.P. (Hons,). F.CoII. lI . Second Edition . . . . 
MACU INB DRAWING, A PREPARATORY COURSB TO. By P . W , 

Soott . . . . . . . . . . 
PLAN CoPYING IN BUCK LIN8S. By B . J. H all, M .LMecb,E . 

PHYSICS, CHEMISTRY, ETC. 
ART~YIClAL RESINS. By J. Scheiber, Pb.D. Translated by Emest 

l'yleman, B .Se., Ph:D. , P . I.C. . . . • . 
BIOLOGY, INTRODUCTION TO PRACTICAL. By N. Walke r 
BoTASY, TEST PAPJUtS IN. By E . Drabble, D .Sc. • • 
CHE MICAL ENGINEERING. AN lNTRODUCTION TO. By A. F . Alien, 

B.Se. (H ons.). F .C.S . , LL.B. . . . . . . 
CHEMISTRY, A FIRST BooK 01'". B y A . Coulthard, B .Sc. (H ons.). 

fh.D., F . I.C . ••• • ••• 
CHE.nSTRY CoURSE FOR PAI!'TERS AND D ECORATORS. By 

P . F. R. V enables. Ph.D., B .Se. , and H. C. Utle},. F . l.B. D . 
CHIlMISTRY, DEFINITIONS AND FORM ULAE FOR STUDENTS. By 

W . G . Carey. F .l ·C.. •• .• • 
CHBMISTRY , HlCHISR TBST PAPERS IN. By E . J . H o lmyard . M . A . 

1. Inorganic. 2. Organic • • • • . Each 
CUl!l>IISTRY, PRACTICAL PHARMACEUTICAL. By J. ."!. Cooper, 

Ph.C., and F . N. Appleyard, B.Sc. Second EdibOD. . 
CUEMISTRY, TEST PAPJUtS IN . By E J. Holmyard. M .A .. 

With Points E ,sentiai to Answers • 
DISPIlNSING FOR PlIARMACEUTICALSTUOENTS. By J. W. Cooper 

and F. J. Dyer. Third Edition • • • • • 
ELECTRICITY AND .l\tAGNETISW, FIRST BooK OF. By W. Perren 

Maycock. M.I.E.E. Fourth Edition • • • 
ENGINEERING PRI NC IPLES, ELEMENTARY. By G. E . H all. B .Se 
LATIN FOR PUAR.IACKUTlCAL STUDENTS . By J. W. Cooper and 

A. C. McLaren . Second Edition . • • 
LIGHT AND SoU:-;'D. DEFINITIONS AND FORWULAIt FOR STU· 

DENTS. By P . K. Bowe5, M .A ., B .Sc. . 
MAGNETIS M AND ELECTR ICITY, HIGH ER TEST PAPERS IN . B y 

P . J. Lancelot Smitb, M .A , . • • . • . 
MAGNETISM AND ELECTRICITY, QUBSTIONS ASD SoLUTtOSS Il'-l . 

Solutions by W. j. Wblte. A M.I.E.E. Third Edition 
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FOUNDRYWORK AND METALLURGY 

Physics, Chemistry, etc.-contd. 
ORGANIC P'G3oI.£NTS, ART1PICI.AL. By Dr. C. A. Cu r-tis. Trans· 

lated by Eroest Fyleman, n .Sc., Ph.D .• F.r .C . . 
PHARMACOGNOSY. TEXTBOOK OP. Part I -PRACTICAL . By 

J. W. Cooper. Ph.C .. T . C. Oenston , B .Pbarm _. Ph C .. and 
M. Riley, A.M.C. . . . . . . . 

PHARMACV. A CoURSB IN PRACTICAL. By J. W . Cooper. Ph.C .• 
and F . N. Appleya rd , B .Sc .• F .l.C .. Ph.C. Second Edition 

PH YS ICAL SCU!:NCB. PRIMARY. By W . R. Bower. B .Sc. 
PHVSICS. TEST PAPERS IN . B y P . J. Lancelat-Smith, M.A. 

Points Essential to Answers, 4s. In one book. . . 
TUTORIAL PHARMACY (Being Second E dition o C PJ.armrwy, 

G,Keral ami Official). By J. W. Cooper. Ph.D . . 
VOLOW8TRIC ANALYSIS. By ] . B. Coppock, B .Se. (Lond .) , F . l.e .• 

F .C.S. Second Edition . . . . 
VOLUWETJUC WORK , A CoURSB OF. By E. Clark. BSc . • 

FOUNDRYWORK AND METALLURGY 
ALumNIUlo1 AND ITS ALLOYS. By N. F . Budgen . Ph.D .• ~l.Sc .. 

B.Sc. (lions.) 
BALL AND ROLLER BEARINGS, HANDBOOK OF. By A, W. 

Ma caulay , A.M.I.Mech.E. . . • . • • 
DSFINITIONS AND FORYULAE FOR STUDENTS--lIBTALLURGV. 

By E. R. Taylor. A.R.S.M., F.l.e., D .I.C. • 
EUCTROPLATING. By S. Field and A. Dudley Weill 
EUCTROPLATlNG WITH CHROl4IUW, CoPPER, AND NICKEL. By 

Benjamin Freeman, Ph.D .• and Frederick G. Hoppe • 
ENGINEERING M.ATBRJALS. By A. W . j udge. Wh.Se. , A.R.C.S. 

In three volumes-­
Volume 1. FERROUS . 

H . NOH· FERROUS. • • • 
lIl. TII EORV AND TESTING OF MATERIALS 

ENGIHElllUHG WORKSHOP EXERCISES. By Emest Pull , 
A.M.I.Mecb.E .. M.l..Mar.E. Second Edition. Revised • 

FILES A.ND FILING. By Ch. Fremont. Tran.s lated into English 
under the supervision of George Taylor . • . . 

FiniNG. THJI P RINCIPLES OF. By j . Hom er . A.M.I.M.E . Fifth 
Edition. Revi sed and Enlarged 

FOUNDRYWORK AND l\lETALLURGY. Edited by R. T . RoUe. 
F.l.e . In sue volumes . . Ead 

lRONFOUNOIHG, PRACTICA.L. By J. Homer, A.M.l.M.E. Fifth 
Edition. Revised by Walter j . May .•. 

IRON ROLLS. THE AlANUFACTURII: 01' CHILLED. By A. Alli son . 
JOINT WIPING A. ND LItAD WORK. By Will iam Button . 3rd Ed. 
METAL TURNING. By J. Hom er, A.M.I.M.E . Fourth Edition 
MBTAL WORK FOR CRAFTSMEN. By C. H . Hart and Golden 

Keeley, A.M.Inst .B.E •• M.Coll.H. . . . • • 
MJlTAL WORK. PRACTICAL SHJlJlT AND PLAn. By E . A. Atkins, 

A.M.I.M.E. Third Edition. Revised and EnlarlZed 
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Foundrywork and Metallurgy-eontd. 
MBT .... t.t.OGRAPHERS' HANDBOOK OF ETCIIINC. Compiled by 

Torkel Berglund. Translated from the Swedish by W. H. 
Dearden, ~r.Sc .. A.l.e. . . . . . . . 

"bT .... LLURCy OF BRONZB. By H. C. D e w s • 
,\tSTALLURC Y OF CAST IRON. By J. E. Hurst . 
PATTERN MAKI NG. T HE PRINCIPLES OF By J Homer, 

A.M.I.M.E . Fifth Edition . . 
PIPE AND TUBE BENDING A :-<D ]OINTING . By S. P .. M ark .. , 

M.S.I .A. . . . . . 
PYROWETERS. By E. Criffiths. D .Sc. . • • • . 
SPECIAL STEELS. Chielly founded on the Researches regard­

ing Alloy Steels of Sir Robert Hadfield, Bt.. D.Sc., etc. 
Second Edition. By T. H. Burnham. RSe. Hons. (Lond .). 
A.M.1 .Mcch.E .• M.I.Mar.E , . . • . . 

Snu WORKS AN .... LYSIS. By J. O. Amold, F.R.S., and F. 
Ibbotson. FOurth Edition. thoroughly revised . 

WELDING, ELECTRIC. By L. B. Wilsou • • 
WELDI NG, ELECTRIC ARC AND OXy·ACETYLENl!:. B y E . A . 

Atkins, M.I.Mech.E. . . . . . . . 
W ELDrNC, EUCTRJC, ;rUB PRINCIPLES OF. By R. C. Stockton. 

A.l.M.M .. A.M.C.Tecb... .... 
WORKSHOP GAUCES AN D MEASURING ApPLIANCES. By L. Burn. 

A .M . l.Mech. E ., A.M.I .E.E. 

MINERALOGY AND MINING 
BLASTINC WITH f-hclI EXPLOSIVES. By W. Gerard Bolllton 
COAL CARBONIZATION . By John Roberts, D.I .C., M .I .M in.E .• 
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CoAL MINING, DEFINITIONS AND FORMULAE FOR STUDENTS. 
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Second Editioll •• .•.• • 
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MINERALOGY. By F . H . H atch. O.B .E.. Ph.D. Sixth Edition 
MINING CERTIF ICATE SERIES. PITMAN'S. Edited by J o hn 
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s. 11. 

12 6 
12 6 
15 0 

• 0 

6 0 
7 6 

12 6 

12 6 
5 0 

7 6 

7 6 

5 0 

5 0 

25 0 

- 6 

15 0 

5 0 

35 0 

15 0 

15 0 
6 0 

8 6 

8 6 

8 6 



CIVIL ENGINEERI NG, BUILDING, ETC. 7 

Mineralo~y and Minin~-contd. ,. d. 
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8 • 
12 6 

21 0 

63 0 
2 6 
8 • 

CIVIL ENGINEERING, BUILDING. ETC. 
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Handbooks in four volumes. Each 7 6 
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A.I.Struet.E. In thre~ volumes 63 0 
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In six volumes Each 7 6 

rLUWBING AND GunniNG. Edited by Perey Manser, R.P .. 
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MECHANICAL ENGINEERING 
AU DEL' S ENGINEERS'. "NO MECHANICS' GUIDES. In eight 
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Vol. 8 . . 

CONDENSING PLANT. B y R. j . I<aula. M . l.E.E .• and 1. V. 
Robinson. M.LE.E. . 

DBFINITIONS AND FORMULAE FOR STUD ENTS-ApPLIED M E-
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By A. nimmer. B.Eng. Second Edition. . . . 
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F UEL Ecosowy IN STEAM PU.NTS, By A. Grounds. B ,Se .• 
A . I.C ., F .l nst.P. ..... 

FUEL OIl.S AND THEIR ApPLICATIONS, By H . V. ~htchell. 
F .C.S. , M.lnst .P.Tech. Second Edition Revised by Artbur 
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M ECHANICAL ENGINE8RING DETAIL TABLES. By J. P. Ross 
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MOLLlBa ST."", TA8LKS AN D DIAGRAMS, TUE. English Edition 
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STEoUI TORBINIS THBORY AND PRACTlCB. By W . j. Kearton, 

M.Eng ., A.M.t.M.E., A.M.lnsLN .J\ . Third Edition 
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THERMODYNAMICS, ApPLIED . By Prof. \V. Robinson, M.E ., 

~Unst.C.E .. 
TURBO-BLOWERS AND eoMPRUSORS. By W . J. Keartofl, 
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AVIATION 
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Vol. 1. Mechanics of Flight, By A. C. Kcrmode, A.F.R.Ac.S 
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AIRCRAFT CoNSTRUCTION, THE MATERIALS 0 1'. By F. T. Hill, 
F.R.Ac.S., M.LAc.E.. . . . . . . 

AIR AND AVIATION LAW (CIVIL AVIATION). By Wm. Marshall 
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AlR NAVIGATION FOR THE PRIVATE OWNER. By Frank A . 
Swoffer, M.B.E, Revised Edition. . . . . 

AIRCRAFT, CIVILIAN, REGISTER 01'. By W. O. Manning. 
F.R.Ae.S. and R. L, Preston . . . . . 

AIRCRAFT CoNSTRUCTION, MBTAL. By M . Langley, A,M.I.N.A., 
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AIRSE!'OSE. By W. O. Manning, F .R.Ae.S.. . 
AUTOGIRO, AND How TO FLY IT. By Reginald Brie . . 
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BRITAIN'S AIR PERIL. By MajorC. C. Turner, A.F.R,Ae.S. . 
FL\'ING AS A CAR!!:ER. By Major Oliver Stewart, M.C., A.F.C .. 
GLlDIHG AHO MOTORLESS FLIGHT. By L. Howard-FJanders, 

A.F.R .Ac.S ., etc., and C. F. Carr. Second Edition . 
LJ:ARNIHG TO F LY. By F . A. Swofter, M.B.E. Third Edition 
LIGHT AERO ENGINES. By C. F. Caunter . 
MARINS AJRCRAn DESIGN. By William Munro, A.M.l.Ae.E. 
P ARACHUTES FOR AIRMEN . By Charles D ixon . . . 
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DBNTS. By E. Wood, B.Se. . . . 
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MOTOR ENGINEERING 
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ASTRONOMY FOR £VU.VBOOY. By Professor Simon Newcomh, 
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DYNAMO, THB : ITS THZORY, DUIGN, AND MA-SUF"CTURI:. By 
C. C. Hawkin,. M.A., M.l.E.E. Ln three volumes. Sixth 
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III 
E LBCTk lC AN D MAGNBTIC CIRCUJTS--ALT8RN AT I NG AND 

D'RltCTCURRKNT, TUB. By E , N. Pink. B,Sc., A.M.I.E.E. 
ELKCTRIC C IRCUIT TH EORY A.ND C ALCULATIONS. By W . Perren 
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ELECTRIC L IGHT FITTI!'iG, PRA.CTICAL. By F. C. I\ USOp. Tenth 

Edition . Revised nod Enlarged 
ELBCTRIC LIGHTING AND POWER DISTRIBUTION. By W , 

PerTen Maycock. M.l.E E Ninth E<htion, thoroughly 
Revised by C. H . Yeaman , In two volumes. . Each 

Eu:CTRIC ~fACHISU, THItORV.-.SD DUtCH 0 ... By F . Creedy. 
M.A.l.E.E .. A.C.G. 1. 

ELECTRIC MOTOR CoNTROL GEAR, l NDUSTRtAL. By W. H . J. 
Norhurn, A.M.LE.E . 

ELECTRIC MOTORS AND CONTROL SYSTBMS. By A. T . Dover, 
M.l.E .E. A.Amer.l.E.E . 

ELaCTlUC MOTORS (DIRECT CURRaNT) : TU.tR THaORY AHO 
CoNSTJIlUCTION. By H. M. Hobart. M.LE.E .• M.lnst .C.E ., 
M.Amer.I.E.E . Third Edition. thoroughly Revised • 

ELECTRIC MOTORS (POLYPHASE) ; THalR THEOR Y AND CoN· 
STRUCTION. By H . M. Hobart. M.l nst.C.E. , M.l.E.E ., 
M.Amer.LE E. Third Edit ion. thoroughly Revised . 

ELECTRIC MOTORS POR CoNTIN UOUS AND ALTBRNATI NG CUR· 
RENTS, A SWALL BooK ON. By W . Perren Maycock, M.I .E .E . 

ELECTRIC TRACTION. By A. T. Dover. M.l .E .E ., Assoc. Amer. 
LE.E . Second Edition . . . . • 

ELECTRIC TROLLEY Bus, THE. By R. A . Bishop . 
EUCTRIC WIRING DIAGRAMS. By \V. Perren Maycock. M.I.E.E . 
ELECTRIC WIRING. FITTINGS, SWITCHP.s, AND f..Awrs. By W . 

PeTTen l\faycock, M.I.E.E . Sixth Edition . Revised by 
Phi lip Kemp. M.Sc., M.l .E .E. 

EUCTalC WIRING OF B UILDINGS. By F. C. Rapbael, M.I.E.E . 
ELECTRIC WIRING TA.8LJLS. By W . Perren Maycock , M.LE.E ., 

Sixth Edition Revised by F . C. Rapbael, M.I.E.E . 
ELECTRICAL CoNDENSERS. By Pbilip R. Coursey. B .Sc ., 

F .lnst .P ., M.I .E .E . 
ELECTRICAL CONTRACTING, ORGANIZATION, AND R OUTIN E. By 

H. R. T a unton 
ELECTRICAL EDUCATOR. By Sir Ambrose Fleming, M.A., D.Sc., 

F .R .S. In three volumes. Second Edition 
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Electrical Engineering, etc.-contd . 
ELECTRICAL ENGINBERING, CLASSIFIED EXAWPLBS IN , By S. 

Gordon Monk, M.Sc. (Eng.), a.Se., A.M.I.E.E. i n two parts 
Volume I. DIRECT CURRENT. Third Edition . . 

H . ALTBRN ATING CURRaNT. Second EditioD. 
ELECTRICAL ENGINl!ERI NG, ELBMENTARY. By O. R . Randall. 

Ph.D., B.Sc., Wb.Ex.. . . . . . . 
ELECTRICAL ENGINBERI NG, EXPItRJ.MBNTAL. By E. T . A. 

RapsoD. A.C.G.I., D .I.e .• A.M.I.E.E. . . . . 
ELBCTRICAL ENGI NBKR'S POCKET BooK, WHITTAKER'S. Origi­

nated by Kenehn Edgcumbe. M.LE.E .• A.M,I .C,E . Sixth 
Edition. Edited by R. E . Ncalc, B .Se. (Hons.) . . 

ELBCTRICAL GUIDES, H"WKlNS', fn ten volumes • EaGlI 
ELBCTRICAL brSULA.TING M ATlSalALS, By A. M on ltthouse, Junr . • 

M.I .E .E .. A.M.LMech.E. . . . . . . 
ELBCTRICAL MACH INERY AND ApPARA Tus~1A.NUFACTURE . Edited 

by Pbilip I<emp. l\I.Se., M.l.E.E., Assoc.A. I.E.E. In seven 
volumes . • . . . . . . Eeu;n 

ELECTRICAL MACHINES, PRACTICAL TESTING OF. By L. Oulton. 
A.M.LE.E .. and N. J. Wilson, 1\1 LE.E. Second Edition. 

ELBCTRICAL MEASURING IN$TRU.IENT5. COMMERCIAL. By R. M. 
ARCUER, B.Sc. (Lond.), A.R.C.Sc., M.LE.E., . . 

ELECTRICAL POWER TRANSMISSION AND INTERCONNECTION. 
By C. Oannatt, B .Sc, and J. W. Dalgleish, B.Se. . , 

ELECTRICAL TECHNOLOGY. By H Cotton. M.B.E., D.Se .. 
A.M.l.E.E. Second Edition. . . . . . 

ELECTRICAL TERMS, A DtCTIONARY OF. By S. R. Roget. M.A., 
A .M.lnst.C.E .• A.M.LE.E. Second Edition . . 

ELECTRICAL TRANSFORMER THEORY. By S. Gordon Monk . 
ELECTRICAL TRANSMISSION AND DISTRIBUTION. Edited by 

R. O. Kapp, B .Se. In eigbtvolumcs. Vols. I to VII, EtUn 
Vo!. VIII. • . . • . . • . 

ELECTRICAL WIRING AN D CoNTRACTING. Edited by H . Marrya t . 
M.LE.E ., M.I.Mcch.E . In seven volumes • . Eacn 

ELECTRO-TECHNICS, ELEMENTS OF. By A. P . Young, O.B .E ., 
M.t .E .E . . .. .. 

HORSB-POWER MOTORS, FRACTIONAL. By A. H, Avery. 
A.M.I.E.E . . ... .. 

INDUCTION CoiL, THEORY AND ApPLICATIONS. By E . Taylor 
Jones, D .Se. .... . 

INDUCTION MOTOR PRACTICE. By R. E . Hopkins. B .Se. , 
A.M.LE.E. , etc.. . . . . . . 

INDUCTION MOTOR. THE. B y H. Vickers, Ph.D., M.Eng. . 
MERCU Ry.ARC RECTIFIERS AND MBRCU Ry-VAPOUR LAMPS. By 

Sir Ambrose Fleming, M.A .. D .Se .. F .R.S. . . . 
METER ENGINEERING. By J. L . Ferns, a.Se. (Hons .) , A.M.C.T . 
OSCILLOGRAPHS . By J. T . Itwin, A.M.1.E.E . . . • 
PHOTOELECTRIC CELLS. By Or. N . R. Campbell and Dorothy 

Ritchie. Second Ed ition • . • . • 
PHOTOELECTRIC CELL APPLICATJONS. By R. C. Walke r , B .Se. 

(Lond.). and T. M. C. Lance, Associato LR.E .. 
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Electrical Engineering, etc.-contd. •. •. 
Powalt DISTRlBUTION AND ELECTRIC TRACTION, EXAMPLES IN . 

By A . T . Dover. M .r.E.E •• A.A.l.E.E. 
POWSR STATION ErrJclaMCY CoNTROL. By J ohn Brucc. 

A.M.l.E.E. . •. 
Powa. WIRING DIAGRAIIS. B y A . T . Dover, M . l .E E ., A .Amer. 

l.E.E. Second Edition. Revised 
PUCTIC.u. PRIII ARY CaLLS. By A . M o rtimer Codd, F.Ph.S .. 
RAILWAY EUCTRIPICATION . By H. F. Trewman. A .iU . t.E.E . 
SAGS AND TENSIONS IN QvaRHSAD Ln.;u . By C . G. Watsoo, 

M.l.E.E. 
ST.AII TuRBO . ALTKRKATOR, TUE. By L. C. G rant, 

A .M .l.E.E. 
STORAOB BATt.RID: TnBORY, MANUPACTURB. CARB, AND 

ApPLICATION . By M. Arendt. E .E . 
SWITCBGBAR DESIGN, ELBMltlfTS OF. B y Dr. log. Friu Kessel· 

ring. Translated by S. R. Mellonie, A.M.1.E.E ., and J . S . 
Solomon. B.Sc., A .M .LE.E . . • . . • • 

TRAIN· LlGUTlNG. ELBCTiUC. By C. Coppock 
TIlANSPORIIIUlS FOR SINGLB AND MULTIPHASIl CURRENTS. By 

Dr. Gisbert Kapp. M .lnst.C.E. , M. LE.E. Third Edition, 
Revised by R. O. Kapp . B.Sc. 

WORKED EXAI.IPLltS .·OR WI REWAN AND STUDENTS. By H . 
Rees, Crad .I.E.E. 
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TELEGRAPHY,TELEPHONY,AND WIRELESS 
AUTOMATIC BRANCH EXCHANGES, PRIVATE. By R. T . A . 

Dennison 
AUTOMATIC TaLBPHONY, RELAYS IN. By R . W . Palmer, 

A.M.LE,E. 
C ABLE AND \VIRELBSS CoMMUNICATIONS OP' YHIl \VORLO, THB. 

By F. J. Brown. C.B., C.B.E .. M.A .. B.Se. CLoud.) Second 
Ed ition. . . . . . . . . . 

RADIO eoWVUNICATION. MODBRN. By J. Reyner. Fourth Ed. 
RADIO RECBIVER SERVIC INC AND MAINTENANCE. 13y E . J. G. 

Lewis 
SU8MARINB TELBGRAPHY. By lng. [talo de Giuli . Translated 

by J. J. McKichan. O.B.E .• A.M.LE.E. . . . . 
TIlLBGRAPHY. By T . E. Hcrbert, M.l.E.E. Fifth Edition 
TUEORA-PRY, EUKBNTARY. By H . W . Pendry. Second 

Edition. Revised . • . 
TBUPHOHB HAN DBOOK A.ND GUIDB TO TUB TELBPHONIC 

EXCRA-NOB, PRACTICAL. By J osepb Pooie, A.M.LE.E . 
(Wh.Se.), Seventh Edition . . ... 

TIlLBPIIONY, By T . E . Herbert. M . l.E.E ., and W. S. l:trocter. 
A.M.I .E.E. rn two volumes. Second Edition. 
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Telegr aphy, Telephony, and Wireless-con td. •. d. 
TELEPHONY S IWPLIPIIUJ, AUTOMATIC. By C. W. Brown. 

A.lI.U,E.E. Second Edition. . . . . . 6 0 
TBLBPHONV, THE CALL rNOICATOR SYSTEM IN AUTOlolATIC. By 

A. G. Freestone. 0/ '11. C.P.D., London. . . . 6 0 
TBLBPHONY. Tlllt DIRECTOR SYSTSM OP AUTOMATIC, By W. E. 

Hudson, B.Sc. Hons. (London), Whit.Sch., A.C.G.I. . . 5 0 
TELEVISION FOR THB ANATBUR CoNSTRUCTOR. By H . j . Barton 

Chapple . . . . . . . . . 12 6 
TaL. VISION : TO-DAY ANO TO .MORROW , By Sydney A Moseley 

and H . J. Barton Chapple. Wh.Sc .. B.Se. Third Edition. 7 6 
WIKKLH:SS MANUAL, THE. By Capt. J . Frost, LA. (Retired) , 

RevIsed by H . V, GIBBONS. Third Editiou. . . 5 0 
WIIUtLESs TELBGRArl~Y "'NO TELEPHONY, INTRODUCTION TO. 

By Sir Ambrose Flcming, M.A., D.Sc .• F.R.S. • 3 6 

MAT HEMATICS AND CALCULATIONS 
FOR ENGINEERS 

ALTBRNATING CURRIlS'TS. ARITHloIETIC OF. By E . H . Crapper, 
0 . 5<:: . • M .I .E.E.. • • . • . • . 

CALCULUS FOR ENGINESRS AND STUDENTS OF ScU!:NCB. By John 
Stoney. n.sc., A.M.I.Min .E., M . R.Sao . l. Second Edition. 

Dap'NITloNs AN D FORMULAlt FOR STUDENTS-PRACTICAL 
MATHEMATICS. By L. Toft. M.Sc. Second Edition • 

ELECTRICAL ENGINBBRING, \VHITTAKBR'S ARI"lIlMETIC OP. 
Third Edition, Revised a.nd Enlarged . . 

EXPONBNTlAL AND HYPERBOLIC FUNC"lIONS . By A. H. Bell, 
B.Se. . . . . . . . . . . 

GEOMBTRY, BUILDING. By Richard Greenba1gh, A . l.Struct.E. 
GSOM£TRY, EX.RCISS! l!'l BUILDING. By Wllfred Chew • 
GEOMETRY. TBST PAPERS IN . By W. E. Paterson. M .A ., B .5<::. 

Points Essential to Answers, Is. In one book 
GRAPIIIC S"lA"lICS. ELEMBNTARY. By j . T. Wiftht. A .M . I.Mecb.E. 
GRAPHS 01" STA~DARD MATIIBMATICAL FUNCTIONS. By H . V . 

Lowry, M.A. . . . • . . 
I(ILOGRAMS INTO AVOIRDUPOIS, TABLE POR TUB CoNVSRSION 

OP. Compiled by Redven. Elder. On paper. . . 
LoGARITHMS FOR BBGINNERS. By C. N. Piclcworth. Wh.Se. 

Eighth Edition • •. .• 
LOGARITHMS. FIVB FlOu ... . AND T .. IOONOM.TRICAL FUNCTIONS. 

By W. E . Dommett. A.M.I.A.E .• and H. C. Hird, A.F.Ae.S. 
(Reprinted from MatJulttalicai Tabus) ••• 

LoGARITHMS SlloIPLIP'SD. By Ernest Card. B .5<:: •• a.nd A . C. 
Parkin!OD, A.C.P. Second Edition. . . 

MATIIBWAT'CS AND DRAWING, PaAC"lIC.u. By Dalto n Grange. 
With Answers 

M ATHBW ATICI. ENGINa.RING, ApPLICATION 0". By W. C. 
Blck.]ey, M .Se. 
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Ma them atics for En~ineers----<:oDtd. 
M ATHIUU,YICS, EXPBRIWBNTAL. By G . R. Vine, B.Sc.­

Book 1. with Answers 
Book ll. with Answers 

M ATH.,."TlCS FOR ENGINIUtRS, PULlMINARY. By W . S. 
Ibbetson. B.Sc., A.M.I .E .E .. M.I.Mu.E . . 

MATHIUfATIe5 FOR TECHNICAL S TUDBNTS. By G. E. Hall , n .Sc. 

AbTHB.MU1CS, PRACTICAL. By Louis Tort, 3,I.Sc. (Tech.) . and 
A. D. D. McKay, M.A .. 

MATHBMATICS, INOUSTRIAL (PULIMINARY}, By G. W . String. 
fellow • 
Wltb Answers 

MB.UURING AND M ANURISO LAND, AND THATCHERS' \VORK, 
TuLAS FOR. By J. Cullyer. Twentieth Impression. 

M KCH ANICAL TA8LES. By J. Foden 

MBCHANICAL ENG INEERING DaTAIL TABL&S. By John P. 

Ross 
~htT.u.WORKBR·S PRACTICAL CALCULATOR. TUB. By J. ~'iIatbeson 
MBTRIC LENGTHS TO FBIlT AND INCHES, TABLE JI'OR TilE Cos­

VERSION OF. Compiled by Rodvers Elder 
MINlNG MATlIEMATICS (PRELIMINARY). By George W . String­

fellow • 
, With Ans\\-ers 

NOMOGRAM, THE. By A. J. Allcock, B .Se., A.M .LE.E .. 
A.M.1.Mech.E .• and 1. R. Jones, M.A ., F.G.S. 

QUANTITIES AND QUANTITY TAKING. By W . E . Davis. Seventh 
Edition . Revi.sed by P . T. Waiters, F.S.I., F .I.Arb .. 

R&INFORCltn CoNCRETE. l\ISM8ERS. SIYPLIFlED MUIIODS OF 
CALCULATING. By W . N . Twelvetrees. M.I .M.E ., A .M. I .E .E. 
Second Edition. Revised and Enlarged. . . . 

SLIDE RULE, THE. By C. N. P iekworth, Wh.Se. Seventeenth 
Edition, Revised 

SLWE. RULE: ITs OPERATIONS: AND DIGlT RULES, THE. By 
A. Lovat Higgins. A.M.lnst.C.E. 

Suu's TABLES. Compiled by J oseph Steel 
TaLltGRAPHY AND TELEPHONY, ARITHMETIC OP. By T . E . 

Herbert, M.1.E.E ., and R. G. de Wardt 
TlUGONOMETRY FOR ENGINEERS, A PRIMER OP. By ,v. G. 

Dunkley, B.Se. (Hons.) • 
TkIGOHO M&TRY FOR NAVIGATING OFPICERS. By W. Perey 

Winter, B .Se. (Hons.), Lond .. 
TRIGONOJolKTRY, PRACTICAL. By Henry Adams, M.I.C.E .• 

M.I .M.E .• F .S.1. Third Edition, Revised and Enlarged 
V.NTILATIOH, PUMPING, AND H AULAGE, MATKEMATICS OP. By 

F. B irlc.s 
WORKSHOP ARITHMBTIC, FIRST STEPS IN . By H . P . Green 
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MISCELLANEOUS TECHNICAL BOOKS 
BOOT AND S HOE MANUFACTUkB. By Frank PluckDett. . 
BOWLS, TilE MODERN TECHNIQUE OF By H . P . Webber and 

Dr. J. W, Fisher. . . . . . . . 
BRBWING AND MALTING. B y J. Ross Mackenzie, F .C.s., 

F.R.M.S. Second Edition . . . . . . 
BUILDER'S BUSINESS i\(ANAGHMENT. By J. H . Bennetta. A.LO.B. 
CI NEMA ORGAN, TUB. By Reginald Foort, F.R.C.O. • . 
COST ACCOUNTS IN R UBBER AN D P LASTIC TRADES. By T . W . 

Fazakerlcy. . . . . . . . . 
ELECTRICAl. HOUSKCRAFT. By R. \\' . Kennedy . . • 
ENGINEERING ECONOWICS. By T. H . Burnham, B.Sc. (Ho ns.). 

B.Com .. A.M.I.Mech.E. Se«Ind Edition.. . 
ENGINEERING bgUI Rl.£S, DATA FOR. By j . C. Cannan. B ,Se .• 

A.M.I.E.E .. O.B.E. . . . . . . . 
FARADAY, MICHABL, AND SoME OF HIS CONTEMPORARIES. By 

William Cramp. D.Sc .. M.LE.E. . . . . . 
FURNITURE STYLES, THE. By H . E. Binstead. Second Edition 
GLUB AND GaLA-TINS. B y P . t. Smith . . 
GRAMOPHONE HANDBo,oK, T HE. By W . S. Rogers . 

HAIRDRESSING. TUE ART AND CRAFT OF. Edited by G. A . Foan 
HIKER AND C AMPER, THE COMPLETE. By C. F. Can 
HOUSE DECORATING, PRACTICAL. By ~li1lieeDt Vi nee 
HOUSE D BCO RATIONS AND REPAIRS. By W. Prebble. 2nd. Ed . 
MOTOR BoATING. By F. H. Snoxell.. • 
PAPER TESTlNG AND CIIEMISTRY FOR PRINTERS. B y G . A. 

J ahans, B.A. . 
PETROLEU.... B y Albert Lidgctt. Third Ethtion. • 
PLAN DRAWING FOR THE POLICE. By James D. Cope, P . A .S. l. 

POWER EcONOMYlN THE FACTORY. By J. C. Todman, F.C.W . A . 
PREC IOUSANDSSMI-PRECIOUSSTONRS. ByM. Weinstein. 2nd Ed . 
PRINTING. B y H . A. Maddox. Second Edition 
PRIN'TlNG, THE ART AND PRACTiCe OF. Edited by Wm. 

Atlrins. In six volumes. . Eac" 
R.BPRACTORIES POR FURNACBS, CRUCIBLES. ETC. By A. B. 

Searle . • . • . • ' . • 
REFRIGERATION, MECHAN ICAL. By Hal WiIliams, M.I.Mech .E .. 

M.I.E.E ., M.I .Struct.E. Fourth Edition 
SBED TESTING. By J. Stewart Remington • 

SIIOE REPAIRER'S HAN'DBOOKS . By D . Laurence-Lord In 
5Cven vol umes. . . . .. . . EQcl. 

TEACHING MBTHODS FOR TECHNICAL TEACHERS. By J. H . 
Currie, M.A. , B.Se., A.M.l.Mech.E .. 

l'BXTlLES FOR SALESMBN. By E. Ostick, M.A., L ,C.P. 2nd Ed .. 
UPLAND RAMBLES IN SURREY AND SUSSEX. By H arold 

Sbelton, B .A. 
WITU THB WATCHMAKBR AT TilE BENCH. By Donald de Garle. 

F .B.H.T. 
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PITMAN'S TECHNICAL PRIMERS •. d 

Each in foolscap 8vo. cloth, about 120 pp., illustrated. . 2 6 
The Technical Primer Series is intended to enable the 
reader to obtain an introduction to wbatever technical 
subject he desires. 

ABRASIVE MATERIALS. By A , B. Sell rlC, 
A .C. PROTECTIVE SYSTltWS AND GB .... RS. By J. Henderson. B.Sc., 

M.C .. and C. W. Marshall, B.Se., M.LE.E. 
BELTS FOR POWER TRANSMISSION , By W. G . Dunk.ley, B .Sc. 
BoI.LBR iNSPBCTION AND MAINTBNANCB. By R. Clayton , 
C APSTAN AND AUTOMATIC LATH:ltS. By Philip Gates. 
CBl'n"RAL STATIONS, MOD UN'. By C. W. Marsball. B .Se .. 

M.LE.E. Second Edition. 
CoNTiNUOUS CURRENT ARMATURB WINDING. By F . M. Denton. 

A.C.G.I., A.Arner.l .E .E. 
CoNTINUOUS CURRENT MACH INES , T HE TE-STING OF. B y Charles 

F. Smith, D.Se .. M.1.E .E .• A.M.l .C.E. 
CoTTON SP[NNING MACHINERY AND ITS USltS, By Wm. Scott 

Taggart, M.I .Mech .E. 
DlltSBL ENGINE. THE. By A. Orto n . 
DJlOP FOJlGING AND DJlOP STAloIPI.NG. B y H . Hayes. 
EUCTRICCABLES. B y F. W . Main, A.M.l.E.E. Second Edition. 
ELECTRIC CRANES AND HAULING MACIllNXS. B y F . E. Chilton, 

A .M.l.E.E. 
ELECTRIC FURNACE, TItE. By Frank J. Mo ffett, B .A ., 1.1.I .E .E. 
ELECTRIC MOTORS, SM.ALL. By E . T . Painton . B .Se., A .M.l.E.E . 
ELECTRICAL INSULATION. By W. S. Flight, A .M. I .E.E. 
ELBCTRtCAL TRANSMISSION OF E NERGY. By W . M. Thornton, 

O .B .E., D .Se .• M.I .E .E. 
ELECTRICITY IN AGRICULTURE , By A . H. Alie n, M .I .E .E. 
ELECTRICITY IN STEaL WORKS. By Wm. McFaTlane, B .Se. 
ELECTRIPICATION OP RAILWAYS. By H . F. Trewman. M.A. 
ELECTRO-DEPOSITION OP COPPER, TUE. B y C. W. Denny . 
EXPLOSrvES, MANUFACTURE AND U S2S OF. B y R . C. Fanner , 

O.B.E., D .Sc .• Ph .D . 
FILTRATION. B y T . R. W o llaston, M.l.,Mceh .E. 
FOUNDRYWORK. B y Ben Shaw and James Edgar. 
GRIND ING MACH INES AND TH EIR USES. B y Thos. R. sbaw. 
HYDRO-ELECTRIC D EVELOPMENT. B y J. W . Meares, F .R.A.s. 
INDUSTRIAL AN D POWER ALCOHOL. B y R. C. Fanner . O.B.E .. 

D .Se .• Ph.D., F.I.C. 
fNDUSTRIAL MOTOR CoNTROL (Dl.R.ECT CURRBNT) . By A. T . 

Dover , M.l.E .E . 
INDUSTRIAL NITROGEN. B y P . H. S . Kempton , B .Sc. (Hons.). 
KfNEMATOGRAPH STUDIO TECHNIQUB. By L . C. Maebean . 
LUBRICANTS AND LUBRICATIO:-l. By J . H . Hyde. 
MECHANICAL HANDLING OP GooDS. THE. B y C. H , W ood.6eld. 
MECHANICAL STOKING , B y D. Brownlie, B .Sc., A .M.I .M.E . 

(Double volume, price 55. net.) 
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Pit m an 's Technical Primers--contd. 
trbTALLURGY OF IRON AND STEEL. Based on Notes by Sir 

Robert Hadfield. 
MUNICI PAL ENGINEBRING. By H. Perey Boulnois, M.lnst .C.E. 
O tLS, PIGMBNTS. PAINTS, AND VARNISHES. By R. H. Truelove. 
P"TTBRNWAKING. By Ben Sbaw and James Edgar. 
P ETROL CARS AND LoRRlltS. By F. He.1.f ' 
PHOTOGRAPHIC TECHNIQUE. By L. . Hibbert, F.R.P.S. 

Second Edition . 
PNBUMATIC CoNVEYING. By E. G. Phillips, M.LE.E. 
POWBR FACTOR CoRRECTION . By A. E. Clayton, B.Sc. (Eng.) . 
RADIOACTIVITY A.ND RADIOACTIVE SUBSTANCES. By J. 

Cbadwick. M.Sc .. Ph.D. Fourth Edition . 
RAILWAY SIGNALLING: AUTOMATIC. By F . Raynar Wilson. 
SBWERS AND SEWERAGE. By H. Gilbert Whyatt. M.I.C.E., 

F,R.San.I. Second Edition . 
SPARKING PLUGS. By A . P. Young and H , Warren. 
STEAW ENGINE VALVES AND VALVE GEARS. By E. L. Ahrons. 

M.l.Mech.E ., M.l .Loco.E. 
STEAM LoCO MOTIVE, TRI!.. By E. L. Ahrons. 
STEAM: loCOMOTIVE CONSTRUCTION AND MAINTlI.:·<ANC£. By E. 

L. Ahrons, M.l.Mecb .E., M.U.DCo.E. 
STltBLWORK, STRUCTURAL. By Wm. H. Bl:lc k . 
STREETS, ROADS, AND PAVEMENTS. By H. Gilbert \Vbyatt, 

M.lnst.C.E .. M.R.San.I. Second Edition . 
SWITCHBOARDS, HIGH TENSION . By Henry E. Poole. B .Se. 
SWITCHGEAR, HlGlI TENSION. By Henry E . Poole, B.Se.(HoDs.). 
SWITCHING AND SWITCHGEAR. By Henry E . Poole, n.Sc.(Hons.). 
TELEPHONES, AUTOMATIC. By F. A. Ellson, B.Sc .• A.M .l.E.E . 

(Double volume, price 55.) 
TIDAL POWER. Sy A. M. A. Struben, O.S.E ., A.M.lnst.C.E . 
TOOL AND M.ACHINE SETTING. By Pbilip Gates. 
TOWN GAS MANU7ACTURB. By Ralph Staley, M.C. 
TRACTION MOTOR CoNTROL (DIRECT CURRENT). By A. T . 

Dover. M.l.E.E. 
TRANSFORMERS AND ALTERNATING CURRENT MACIIINES, THK 

TESTING OF. By Charles F. Smith, D .Se .. A.M.lnst.C.E. 
T RANSl"ORKERS, HIGH VOLTAGE POWER. By Wm. T . Tay tor. 

M.lnst.C.E., M.l.E.E . 
TRANSFORMERS SMALL SINGLE-PIIASK. By Edgar T. Painton, 

B.Sc. Eng. (Hons.) Lond., A.~U.E. E:. 
WATER POWER ENGINEERING. By F. F. FergussoD, C.E 

F.G.S., F .R.G.S. Third Edition. 
W tRELESS TELItGRAPRY, CoNTINUOUS WAVE. By B. E. G. 

Mittell, A .M .l.E.E. 
WIR8L2SS TELEGRAPH Y, DIRECTIVE. Direction and PoSItion 

Finding, etc. By L. H. WaIter, M.A. (Cantab.), A.M.l .E.E. 
X-RAys, rNOUSTRIAL ApPLICAnON OF. By P. H. S. Kempton, 

B Se. (H on .) " A.R.C.Sc. 

$ . d. 
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COMMON COMMODITIES AND 

INDUSTRIES SERIES •. d. 

Each book is crown 8vo. clotb, with many illustrations. etc. 3 0 
In each of the handbooks in this series a particular product 
or industry is treated by an expert WTiter and practical man 
of business. 

AS.UTOS. By A. Leonard Summers. 
BoOkBI NDING CRAn AND INDUSTRY, Tlllt. By T. Harnson. 
BooKs: FaoM THE MS. TO THE. BooKSI!LLER. By J. L . Y o ung. 

Second Edition. 
BoOT AND SHOIt INDUSTRY, THE. By J. S. Hard ing. F .B .S.t. 

Second Editioo . 
BltUSH)lAKItR. THE. By Wm. KJddier. 
BUTTER A!'fO CnItESB. By C. W. Walker T isdale , F .e .S .• and 

Jean Jones. B.D.F.D .• N.D.D. Second Edition. 
BunoN INDUSTRY, TH&. By W . Unite Jones . 
CARPETS. By Reginald S. Brinton. 
CLOCKS AND WATCHES. By C. L. OvertOR. 
w.oTns AN'O THE CLOTH TRACS. By J. A. Hunte r . 
CLOTIIING INDUSTRY, THI!. By B . W. Poole. 

CoAL. Its Origin, Method of Workmg, and Preparation for the 
Market. By Francis H. Wilson, M. lnst.M.E . 

CoAL TAR. By A. R. Wames, F .r.C., A.lnst. P., etc. 
Con:u. From the Grower to Consumer. By B. B. Keable. 

Revised by C. J. Patham 
CoLD STORAGB AND ICB MAKING. By B. H. Springett. 
CONCUTB AND REINFORCED CONCRETE. By W. Noble Twelve· 

trees, M.I .M.E., A.M.I.E.E. 
CoPPER. From the Ore to the Metal. By H. K. Plearcs. 1.1 .1.1\1.1\[, 
CORDAGE AND CoRDAGE HEWP AND FIBRES. By T. Wood house 

and P. Kilgour. 
CORN TRADE, THE BRITISH. B y A. Barker. 
COTTON. From tbe Raw Matenal to the Finished Product . B y 

R.] . Peake. Revised b y J. A. TOOd and W . P. Crankshaw. 
ConON SPINNING. By A. S. Wade. 
ENGRAVlNG. By T . W . Lascelles. 
EXPLOSIVES, MOD£RX. By S. I. Levy, B .A., B .Sc., F .I.C 
FISII1NG INDUSTRY, THE. By W. E. Gibbs, D.Sc. 
FUR:HTUU. By H . E. Binstead. Second Edition. 
FURS AND THE FUR TRADE. By J. C. Sacbs. Third Edition . 
GAS AND GAS MAKING. By W. H. Y. Webber, C.R. 
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Common Commodities Series ontd. • • d . 

GLASS AS D GLASS MASUPACTURH. By P. Marson. Revised 3 0 
by L. M. Angus.Butterworth. F.R.C.S .. F.Z.S .. etc. 

GLOVBS ANO THE CLova TRADE. By B. E, Ellis. 
GUMS AND REsn~s. Their Occurrence, Properties, and Uses. 

By Ernest J. Parry. B.Sc .• F.t .C .• F,e.S. 
ItON AND STEEL. Their Production and Manufacture. By C. 

Hood. 
IaoNFouNDISC. By B. Whiteley. 
J UTS INDUSTRY, THK. By T. Woodbouse and P . Kilgour. 
KNITTBO FABRICS. By J obn Chamberlain and James H. 

Quilter. 
LUD. Including Lead Pigments. By J, A, Smythe. Ph. D .• D.Sc. 
LBATII ER. From tbe Raw Material to tbe Finished Product. 

By K. J. Adcock. Second Edition. 
LINEN. F rom the FLeld to the Finished Product. By Alfred S. 

Moore. 
LoCKS A!'lD LoCK AfAktNC. By F . J. Butter. Second Edition, 
MATell INDUSTRY, THB. By W, H. Dixon . 
MEAT INDUSTRY, TH.. By WaIter Wood.. 
OlLS. Animal, Vegetable, Essential. and ~Uneral. By C. 

:\insworth Mi tchell. M.A., F.I.C. 
P"PSR. Its History. Sources. and Production. By Harry A. 

Maddox, Sillier Ahdallid Papermaking. Third Edition. 
PaRFUMBRY, RAw MATERIALS OP. By E. J. Parry, D .Se .• 

F .l.C. , F .C.S. 
PHOTOGRAPHY. By William Gamble, F .R.P.S. 
PLATINUM M&TALS. B y E. A. Smith. A.R.S.M .• M.I.M.M. 
POTTBRY. By C. J . Noke and H . J. Plant. 
Rica. By C. E. Douglas, M.I.Mecb.E. 
R UBBBR. Production and Uolization of the Raw Product. 

By H . P. Stevcns. M.A .. Ph.D .• P.l.C., and W. H. Stevcns. 
A.R.C.Sc .• A.I .e. Third Edition. 

S.u.T. By A. F . Calvcrt. F.e.S. 
SILX. I ts Production and Manufacture. By Lutbcr Hooper. 
SO".. Its CompoSition , Manufacture. and Properties. By 

William H. Simmons. B.Sc. (Lond .), F . l.C .• F .C.S. Third 
Edition. 

SPONGBS. B y E . J. J. Cresswcll. Second Edition. 
STONas " MD QUARKIItS. By J. Alien H owe, O.B.E., B.Sc .• 

M.lnst . Min. and Met. 
SUGAR. Cane and Beet. By the late Geo. Martineau. C.B., lllld 

Revised by F . C. Eastick. M.A. Sixth EditiOn. 
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Common Commodities Serie contd . 
SULPHUR AND T HE SULPIIUII. I NDUSTRY. By Harold A . Auden. 

M.Se" D.Sc .. F .e.S. 
TaA. From Grower to Consumer. By A. Ibbetson. 
T.xTtLJt BLI!ACHtNG. By Alex. B. Stcvcn, B.Sc. (Lond .), F . l.e. 
TIMBSR. From the Forest to Its Use in CommCI"«. By W. 

Bullock. Seeond Edit ion. 
TH: AND THE TIN' I NDUST R Y. By A. H . Mundey. Second 

Edition . 
TOBACCO. From Grower to Smoker. By A, E. Tanner. Revised 

by F. W . Drew. 
\\' .AVll<o:G, By W. P . Cr:utkshaw. 
WHEAT AND I TS PRODUCTS. By Andrew l\hllar. 
W INK AND THB W INB T RADB. By Andre L. Simon. 
WOOL. From t he Raw Material to tbe Finished P roduct . By 

J . A. Hunter. 
\YoaSTllD INDUST&V. TilE. By J. DumvilIe llnd S. Kcrshaw. 

Second Edition . 

RAW MATERIALS OF COMMERCE 

Edited by J. H. V ANSTON'B. F .R.C.S. Assisted by 
Specialist Contributors. 

In twO volumes, demy 4to, cloth gilt. 804 pp., with 
numerous illust rations Complete 20s. net. 

A descriptivc accou nt o f the vegetable. animal, 
mineral. and synthctic products of the world and o f 
their commercl:\J uses. 
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DEFINITIONS AND FORMULAE 
FOR STUDENTS 

This series of booldets is intended to provide students with all 
necessary definitions and formulae in a convenient form. 

AERONAUTICS. By J. D. Frier, A.R.C.Se. , D.l.e. 
ApPLIED MRCIIANICS. B y E . H. Lewitt. B.Sc .• A.M .J.Mech.E 
BUILDING. By T . Corkhlll, F.B.l.e.C .• M.l.Str.E . 
CHEMISTRY. By W . G. Carey, F .l.C. 
COAL Ml.NI:iG. By M. D. Williams. F ,G.S. 
ELECTRICAL. By Philip Kemp. M.Sc .• M.l. E.E., Assoc.A.I.E.E. 
ELECTRICAL INSTALLATION WORK , By F . Peake Sexton, A.R.e.S .. 

A.M.L E.E. 
HEAT ENGINES. B y Arnold Rimmer, B.Eng. 
LIGHT Al'IO SoUND. By P . K. Bnwes, M.A ., B.Sc. 
MARINE ENGINERR ING. By E. Wood, B.Sc. 
METALLURGV, By E. R. Taylor. A.R.S.l\1.. F.I.C .• D.l.e. 
PRACTICAL MATHEMATICS. By Louis Toft, M .Sc . 

• Each about 32 PP. Pric. 6d. Del 

PITMAN'S 

TECHNICAL DICTIONARY 
OF 

ENGINEERING AND INDUSTRIAL 
SCIENCE 

IN SEVEN LANGUAGES 
ENGLISH, FRENCH, SPANISH, ITALIAN, 
PORTUGUESE, RUSSIAN, AND GERMAN 

\VITn AN I NDEX TO EACU LANGUAGK 

Edited by 
ERNEST SLATER, M.LE.E .. M.LMech.E. 

In CoUaboratio" with Leading Authorities 
Complete in five volumes. Crown ~to. buckram gilt. f8 Ss. net. 
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