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lelephone: 
RIVERSIDE. 5151. 

(3 LINES) 

HIGH GRADE 

DELL ACCESSORIES 

Speclabsts in 

ELECTRIC BELLS 

RELAYS 

INDiCATORS 

FIRE ALARMS 

BURGLAR ALARMS 

EIAT TER rE S 

Contractors to the 
ADMIRALTY. WAR OFFICE, POST OFFICE , INDIA OFFICE ETS 

ESTAB LI S H ED 18.5511   

JULIUSA» OMPANY 
LIMITED 

MANUFACTURING ELECTRICAL 
ENGINEERS. 
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SAXATNE.PHONE.LONDON 

HIGH GRADE 

UONT ACCESSORIES 

Speceehsts ire 

WALL PLUGS 

PLUG ADAPTORS 

LAMP HOLDERS 
CANDLE FITTINGS 

HOLOPHANE GLASS 

FITTINGS 

MORE BUSINESS FOR THE WIRING 
CONTRACTOR 

Has it ever occurred to you that there is an appreciable amount of new 
business to be obtained by installing Bell Transformers in the houses of 
those of your customers (and they may number hundreds or even thousands) 
who are still using batteries for their bell supply ? The ideal method is, 
of course, to fit new bells as well, but, on the other hand, it is quite practi-
cable and perfectly safe to use the existing battery-driven average house-
ringing bells, in conjunction with a suitable bell transformer, and for safety, 
properly fused. 

This is just one small item from our large range of manufactures, but if 
you think it over you will realise that it has possibililies for you from a 
business-getting point of view. In any case, we should like to send you 
an interesting pamphlet which we have prepared bearing on this particular 
subject. Send along to us the Enquiry Form below, and we shall be pleased 
to forward it to you without any obligation on your part. 

TO HELP THE WORKS ENGINEER 
\Ve have specialsed for yoari. lectrical Signalling and Safety Devices 
of all kinds. Whether you are interested in Fire and Burglar Alarms, 
Inter-Departmental Signalling Systems, or Automatic Safety Devices to 
protect machinery or users of it—we have much to interest you. Fill in 
and send to us the Enquiry Form below, or, better still, send us a letter 
setting out your special problems, and we would be delighted to suggest a 
method of meeting the particular conditions. No matter how simple 
or how difficult your problem—we should like to hear from you. 

CUT ALONG THIS LINE 

ENQUIRY FORM  

To JULIUS SAX, LTD., 

27, Lower Mall, Hammersmith, W.6. 

Please send me your booklet giving latest tedinical details relating to the installation 
of bell transformers with trade list.* 

Relays 

I am also interested in ( Place Fire and Burglar Alarms  
tick against the items) 

Lighting Accessories  

Visual Signalling   

*Trade lists can only be sent if letter heading is enclosed. 
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LITTLE GIANT UNIVERSAL 
ELECTRIC DRILLS 

BRITISH MADE 

Designed to produce a sturdy, compact, 
high-speed drill giving maximum power, 
I;ght:weight, with enormous enourance, 

for industrial work 

25B 

CAPACITIES 

25C 25D 

Fitted with 'British made Kevless Chucks 

THE CONSOLIDATED PNEUMATIC TOOL 
COMPANY, LIMITED 

EGYPTIAN HOUSE, 170, PICCADILLY, LONDON, W.1 
WORKS: FRASERBURGH. SCOTLAND. BRANCHES ALL OVER THE WORLD 

THE BEST OF 
OPPORTUNITIES 

More than 430,000 men have studied I.C.S. Elec-
trical Courses since 1894. A very considerable 
percentage of them now hold important and well-
paid positions. The reason for this is that these 
Courses are absolutely the best in the world, 
having been specially prepared and constantly 
revised for correspondence tuition by many 
experts of very high standing at a cost, exclusive 
of printing, of more than £80,000. 
If you wish to make rapid progress in the wonder-
ful and fascinating field of electricity, you owe it 
to yourself to obtain all particulars of I.C.S. 
Training and what it can do for you. Among our 
Courses are the following— 

Complete Electrical Engine and Dynamo 
Engireering Running 

Electrical Designers Litt Operation and 
Hydro- Electric Maintenance 
Electric Lighting Water- Power Electrical 
Electric Traction Mining Electrical 
Steam Electric Practical Telephony 
Gas Electric Wireless Engineering 

Professional Exams. 

wiite to-day for our SO-page FREE BOOKLET, 

"ELECTRICAL ENGINEERING" 
stating the subject in which you are most interested 

International Correspondence Schools, Ltd. 
238 International Bldgs., KIngsway, London,W.0 2 

Insulation troubles you can forget 
by using Spicers' Sistoflex 

SIST9LEX DF 
BRITISH MADE 

INSULATING SLEEVING 
0.5 m.m. to 30 m.m. 

USUAL COLOURS 

SUPPLIED ONLY BY 

SPICERS 
LIM ITED 

INSULATION DEPARTMEN7 

19, New Bridge St., London, E.C.4 
"felegrams 

" Nykoping Lud, 
1 onrion " 

Telephinws : 
City 6251 

Extension 49 
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Evt.nsion con-
,ining insert 

iM-cover fixing 

Chamfered 
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take 4-way 
the inter-
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UNEARTHED SYSTEM 
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Cross drilled 
tau wiring 

Cheer! lLad 
Fixing 3cre7. 
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Hole .1-,r 
baik entry 

This illustration shows the Ediswan un-
earthed system junction box base. Note 
the ease of wiring. The box is made of 
"Fabrolite," of great mechanical 
strength, fireproof and possessing high 
insulation properties. 
Considerable attention has been paid 
to appearance and matched fittings, 
e.g. switch boxes, etc. are provided. 

= 

These wiring systems have been used 
in some of the most important Hous-
ing Estate contracts in this country. 
Many contractors have proved that for 
speed and ease of installation and com-
plete reliability they are unbeatable. 

Edison Swan Cables suitable for use 
with these systems are stocked at each 
of the twenty-three branches of The 
Edison Swan Electric Co. Ltd. 

The services of our experts are 
available to give you assistance and 
advice. Descriptive and informa-
tive literature will gladly be sent 
on receipt of a po it card. 

THE 
MOST 
MODERN 
WIRING 
SYSTEMS 

EARTHED SYSTEM 

The illustrations demonstrate the suit-
ability of this Ediswan junction box for 
sunk work. No screws are necessary, the 
cover being held in position by spring 
clips. An automatic and positive bonding 
device is fitted. The special Ediswan con-
nectors supplied for use with this system 
save both time and labour. No screws 
are necessary. They cannot work oose. 

E D SWAN 
SURFACE WIRING SYSTEMS 

THE EDISON SWAN ELECTRIC CO. LTD. 
123 5 QUEEN VICTORIA STREET, LONDON, E.C.4 LA 41 
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N[WNON-INDUCTIVE 

RESISTANCE 
TYPE 3 

THIS new all-British resistance embodies many 
A new and novel features which guarantee far 
steadier performance than resistances constructed 
on old and obsolete principles. 

ADVANTAGES:— 
Non-Inductiv.•. I ho. o, b,:in,e the resistance element 
is not wire. 

2 Furthermore, the wire contacts shown make contact with 
the resistance element so that the moving contact does 
not wear out the element. This guarantees even and 
true contact always. 

3 The extremely firm and even contact with the element. 
This is obtained by a new patented clamping cone, which 
directly it is screwed down forces the sprung external 
ring against the wire band. The pressure is so great that 
perfect all-round contact is made with the element, which 
will not vary under any circumstances. 

4 Self-cleaning wiping contacts. This ens.irc, • •-• •• tiv 
clean contact always. 

5 Silent in operation. 

PRICE 4/6 
We recommend this Resistance (Type 3) only for 
values above so.000 ohms, where wire-wound po-
tentiometers are not required. Patents for this 
new Resistance have been applied for. Type 1. 
Wire Wound, any value up to o.ono ohms. 

Write for Free Component Catalogue and also for 
our Free Calculation Resistance Chart 

If you have any difficulty in obtaining Watmel Com-
ponents, WRITE DIRECT TO US 

TRADE ENQUIRIES INVITED 

WATMEL WIRELESS CO., LTD., 
IMPERIAL WORKS. HIGH STREET. EDGWARE. 

Ti J.i iiluNE : EDGWARE 0323. 
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FOLLOWING our usual practice 
we are publishing in the present 
issue another article by one of 

the foremost authorities on electrical 
work, viz., Mr. A. T. Dover, M.I.E.E., 
who is Consultant to several large 
engineering firms, Examiner in Elec-
trical Engineering to the University of 
London, and Head of the Department 
of Electrical Engineering at the Batter-
sea Polytechnic. This article deals 
with Methods of Battery Charging. 
We believe that this subject has never 
before been so thoroughly dealt with 
in a magazine article, and we feel sure 
that readers will appreciate the value 
of this for purposes of reference, as it 
covers practically all standard methods 
of charging in power stations, private 
generating plant, stand-by plant for 
cinemas and theatres, and petrol service 
stations both large and small. 

Other articles which deal 
with matters of immediate 
interest to the engineer 
who wishes to keep in 
touch with latest deve-
lopments are those dealing 
with the Cathode Ray 

Oscillograph, and with Methods of 
Frequency Control in Modern Powet 

Why 
Frequency 
Control is 

Important to 
the Electrical 
Contractor 

Stations. To the man engaged on the 
retail distribution side of the industry 
it might appear that frequency control 
is of rather remote interest, but on the 
contrary, it is a subject which has a 
very direct bearing on his everyday 
work. 
There is still an immense market for 

the sale of domestic electric clocks, 
which, of course, depend for their 
accuracy upon the control of frequency 
at power stations. We propose next 
month to publish an article dealing 
in a practical manner with the selling 
and installation of electric clocks. 

We have received hun-
dreds of letters from 
readers of the Magazine in 
response to the offer made 
in the October issue, and 

our Technical Advice Bureau is now 
dealing with a large number of queries 
every day. Every effort is being made 
to deal with queries promptly, but 
readers will realise that in certain cases 
where experts have to be consulted a 
little time must elapse before a full reply 
can be sent. As a large percentage of 
queries are of general interest to electri-
cal engineers we shall in suitable cases 
publish these together with the replies. 

The Technical 
Advice Bureau 
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ELECTRICAL 
CIRCUIT 

DIAGRAMS 
BATTERY CHARGING CIRCUITS 

By A. T. DOVER, M .I.E.E. 

THE diagram-, which follow deal 
with the various methods of 
charging accumulators or storage 

batteries. 
Although only a simple fundamental 

principle is involved in charging any stor-
age battery, the actual charging arrange-
ments are numerous owing to different 
conditions and circumstances, such as the 
size and location of the battery, the pur-
pose for which it is employed, the nature 
of the supply available, etc. 

Principle Involved and Requirements to be 
Met. 

When charging any storage battery a 
certain amount of electrical energy (watt-
hours) in the direct current form must be 
supplied to the battery. The charging 
current must not exceed a prescribed value 
and its direction must be opposite to that 
when the battery is discharging. The 
electrical energy required fully to charge 
a battery is always greater than the energy 

RHEOSTAT 

8Arrk-py 

M O TOR 

DC SUPPLY 

Fig. 2.-SIMPLIFIED CIRCUIT OF CHARGING BOOSTER. 

8ArrEier 
FIELD eELD 

Wimp/NG RHEOSTAT 
Fig. 1. SIMPLIFIED CIRCUIT OF CHARGING 

DYNAMO. 

discharged from the battery since its 
previous full charge, because of PR 
losses in the battery during charge and 
discharge, losses due to leakage or self-
discharge when standing, and losses due 
to the conversion of electrical energy into 
chemical energy and vice versa. 

Ampere-hours Instead of Watt-hours. 

In practice it is more convenient, when 
dealing with the charging and 
discharging of batteries, to 
consider ampere-hours instead 
of watt-hours. The number 
of ampere-hours required is 
equal to the number of am-

1- pere-hours discharged divided 
by the ampere-hour efficiency 
of the battery (which is the 
ratio of the ampere-hours dis-
charged and the ampere-hours 
required to recharge the 
battery to its previous con-
dition). Thus, if charge and 
discharge ampere-hour meters 
were connected in the battery 
circuit, we should be able to 
ascertain exactly the charging 
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SwircH PANEL ,--

STARTER 

MOTOR GENERATOR 

Fig. 3.—MOTOR GENERATOR Si. I: F.\ N , I) (FR(IiARUI N 

A RMATUR E W/NO/NSS 
3Cezt 8.4rrEar 

(Mr re fry 
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RHEOSTAT 

F/EL RHEOSrAr 

MA /At SWITCH 
a FUSES 

(Left) 

Fig. 4.—C NS TAN T VOLTAGE 
CHARGING USING DOUBLE-

WOUND GENERATOR. 

(Below) 

Fig. 5.—CONSTANT - CURRENT 
CHARGING FROM CONSTANT-

VOLTAGE MAINS USING SERIES 
REGULATING RESISTANCE. 

.5 CELL 6 ceL L 
BATTERY BATTERY 

D.C.SURRLY 

requirements (i.e., the number of ampere-
hours required) if we knew the ampere-
hour efficiency. 

Factors which Govern Ampere-hour Effi-
ciency. 

Unfortunately this quantity is generally 
not known with exactness, as its actual 
value depends upon the rates of discharge 

LAMPHOLDERS 

CHARGING 
I TERMINALS 

iPI iL E FUSES 

PLUG. Fig. 6.—ARRANGEMENT OF " CHARGING BOARD '' WITH LAMPS AS RESISTANCES. 

71/mi aLER SrvircHeb 
L  
D.PS•wrcte 
ce 

#  
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Dr SUPPLY 
— 

•—,VVVVVVVV 
R2 

•---NAAAAAAM 

R I No.3 

 111'111 

•--v\AAAAAAN 
R3 t  

No I 

Fig. 7.—SERIES-PARALLEL GROUP-
ING OF BATTERIES AND REGULATING 
RESISTANCES FOR CHARGING FROM A 

CONSTANT-VOLTAGE SYSTEM. 

( b) 

Fig. ii.—METAL RECTIFIER WITH TAPPED 
RESISTANCE IN BATTERY CIRCUIT. 

No .2 

(e) 

Fig. I0.—CONVENTIONAL DIAGRAM OF BRIDGE-
CONNECTED METAL RECTIFIER WITH TRANS-

FORMER AND BALLAST RESISTANCE. 

Tapped Chok ing 

AC 

Transformer 

r• 
L. 

AC 

rFk 

lui 

1 2 - METAL RECTIFIER WITH 
CHOKING COIL. 

BATTERY Ac 

TAPPED 

L L-

(Below) 

Fig. 8.—METHODS OF REPRESENTING 
BRIDGE-CONNECTED METAL RECTIFIERS. 
(a) CONVENTIONAL " BRIDGE " DIAGRAM; 
(b) ACTUAL ARRANGEMENT OF ELEMENTS 
SHOWING TERMINALS; (C) CONVENTIONAL 
DIAGRAM OF ELEMENTS IN ACTUAL 

RECTIFIER (b). 

AC _ AC 

AC AC 

(b) (c) 

(Left) 

Fig. 9.—BRIDGE-CONNECTED METAL 
RECTIFIER WITH DOUBLE ELEMENTS. 
(a) CONVENTIONAL CIRCUITS; (b) Ac-
TUAL ARRANGEMENT OF ELEMENTS 
AND TERMINALS; (C) CONVENTIONAL 

DIAGRAM FOR (b). 

Fig. I 3 .—METAL RECT 1F1ERj W TAFild, 
SECONDARY W INDING ON TRANSFORMER. 

Hair Wave Recteer AC 
BATTERY 

 MAMMY%  
Ballast .f?e,sistance 

I4.—HALF-WAVE METAL RECTIFIER FOR 
MEDIUM AND HIGH VOLTAGES. 

Rectifier 

Condensers 

BATTERY 

Fig. I5.—METAL RECTIFIER ARRANGED FOR 
FULL-WAVE RECTIFICATION USING THE " VOLT-
AGE DOUBLER" CIRCUIT. (Westinghouse.) 
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THREE-PHASE SUPPLY 

AC 

Sec.8 

D C 
+ —  

Charging 

— A + Terminals 

Fig. I6.—COMNIERCIAL CHARGING EQUIPMENT WITH METAL (W ESTING-
HOUSE) RECTIFIERS. FOUR DIFFERENT CHARGING CIRCUITS ARE PRO-
VIDED, VIZ.: A, FOR CAR BATTERIES; B, C, FOR PORTABLE BATTERIES, 
LARGE AND SMALL SIZES; D, FOR W IRELESS H.T. BATTERIES. 

(Westinghouse Brake and Saxby Signal Co.) 

TRANSFORMER 

Sec. A 

Tappin9 
Switch 

RectiFfer 

Fuse 

Ba /last 
Resistçf 

and charge, the age 
of the battery, the 
condition of the plates, 
temperature, etc. 
Hence, when this 
method is used in 
practice the meter 
readings must betaken 
in conjunction with 
observations of the 
specific gravity and 
temperature of the 
acid at the end of the 
charge. The actual 
values of specific grav-
ity of a fully charged 
cell vary slightly with 
the make and design 
of cell, but the table 
below gives some 
which are common. 

Regulating 
Feesiste Charging Current. 

The charging current 
may be supplied at 
either a constant or 
a variable rate. In 
the former case (called 
constant current charg-
ing) the current 

TABLE OF VALUES OF SPECIFIC GRAVITY. 

Temperature °F. 40 50 60 70 
Specific gravity (fully charged) . . 1.258 1.254 I.25 I.246 

8o 90 ioo 
1.242 1.238 1.234 

RectiPier 
Fig. U .—HALF-WAVE VALVE RECTIFIER. 

RectiRer 
Fig. 19.— TWO HALF-WAVE VALVES ARRANGED 

TO GIVE FULL-WAVE RECTIFICATION. 

BATTERY 

Fig. I8.—FULL-WAVE VALVE RECTIFIER. 

Fig. 20.—GAS-DISCHARGE FULL-WAVE VALVE 
WITH BARRETTER BALLAST RESISTANCE. 
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AC Suet 
is maintained ap-
proximately con-

FuseRereptedes stant by adjust-
,' 6 cans ing, from time 

.3 to time, either 
the voltage of 
the charging 
supply or a 
variable rheostat 
connected in 
series with the 
battery. 

In the second 
case (called con-
sta nt voltage 
charging) the 
charging is 
effected from a 

circuit of constant voltage and the 
current (which has its maximum value at 
the commencement of charging) tapers 
off to a low value as the back-e.m.f. of the 
battery increases. 

Trickle charging is a form of constant-
voltage charging in which the charging 
current is much below the normal charging 
current. This method is intended to com-
pensate for the self-discharge and leakage 

Auto-transFormer 

Battey 

2 I .—SIMPLEST AR-
RANGEMENT OF ARGON 
FILLED, HALF - WAVE 
(TUNGAR) RECTIFIER. 

(B.T.-H. Co.) 

Fig. 23--SIMPLEST ARRANGEMENT OF MERCURY 
ARC RECTIFIER FOR SMALL CURRENTS UP TO 

5 AMPS. (Hewillic Elec. Co.) 

S1, cut-out switch for starting coil ; S2, cut-
out switch for excitation circuit. 

losses in a 
fully charged 
battery which 
is standing, 
such batteries 
being used for 
e me rgen 
supply and for 
standby pur-
poses. 

NOTES ON 
THE DIA-

GRAMS. 
FIG. I shows 

the simplified 
circuit when 
a separate 
dynamo is used for charging. This machine 
is shunt wound, and the charging current 
is adjusted to the required value by means 
of the field rheostat. In practice additional 
apparatus is necessary for the satisfactory 
operation of the plant. This apparatus is 
shown in the complete diagram of connec-
tions in Fig. 27. 

Circuit with Booster. 
FIG. 2 shows the simplified circuit when 

a booster is used for charging. This method 

Dial Switch 

a 

;6 

AC .Supply 

Reactance 

Battery (2 cells) 

Eig. 2 2 . UNGAR RECTI-
FIER WI I II REGULATING RE-

ACTANCE. ( B.T.-H. co.) 

Rectifier 

Anodes 
Anodes 

athocieChoke 

(5Pri. 

Ac TRANSFORMER 

Fig. 24.—MERCURY ARC SINGLE-PHASE RECTI-
FIER. (Heiviltic Elec. Co.) 

When the exciter anodes come into action the 
starting anode is cut out by a switch operated 
by the anode choke. 
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is employed when a battery is used in 
conjunction with direct-current generating 
plant, e.g., as a standby or for load-
equalising purposes. The maximum volt-
age of the booster is equal to: (Maximum 
voltage required to charge the battery 
minus voltage at the bus bars). Hence the 
maximum output required from the booster 
is much lower than that which would be 
necessary from a separate generator 
operated according to the 
method shown in Fig. I. 
The complete connections 
are shown in Fig. 28. 

Connections for Motor 
Generator. 

FIG. 3 shows the sim-
plified connections when 
a motor-generator is used. 

Constant Voltage Method 
with Double-wound 
Generator. 

FIG. 4 shows the sim-
plified connections for a 
constant voltage method 
of charging in which a 
double-wound generator 
is used .to enable two or 
three voltages to be avail-
able at the same time. 
The machine has two 
armature windings (each 
with its own commutator 
and brush gear) a com-
mon armature core, and 
a common field magnet 
system with a shunt 
winding. 

Constant Current Charg-
ing with Adjustable Rheostat. 

FIG. 5 shows how constant current 
charging may be obtained from constant 
voltage D.C. mains by means of an adjust-
able rheostat which is adjusted from time 
to time to maintain the current at the 
required value. 

Charging Board with Lamps as Resist-
ances. 

FIG. 6 shows a simple" charging board" 
in which lamps are used as resistances for 
charging low-voltage cells from D C. mains. 

Charging Cells Requiring Different Cur-
rents. 
7 shows how a number of cells, 

requiring different currents, may be 
grouped for charging from constant volt-
age D. C . mains. 

Elements of a Bridge-connected Full-
wave Metal Rectifier. 

FIG. 8 shows methods of representing 

Rectifier 

Anodes Main 
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lg. 25. MERCURY-ARC 

Three-
phase 

Transe 

THREE-PHASE RECTIFIER. ( liewiltIc 
Elec. Co.) 

Starting and excitation are effected in the same manner as in 
the single-phase rectifier ( Fig. 24). 

low-voltage bridge-connected full-wave 
metal rectifiers (copper-oxide or copper-
sulphide types) in which a single element 
is used in each " arm " of the 
bridge. 
FIG. 9 shows how the elements 

are arranged when currents larger than 
that obtainable from a single element 
(Fig. 8) are required. Still larger 
currents may be obtained by con-
necting three or more elements in 
parallel according to this scheme (Fig. 
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26.—SKELETON ARRANGEMENT OF METAL RECTIFIER 
FOR THREE-PHASE CIRCUIT. 

Charging With Metal Rectifiers. 
Fig. ro shows a bridge-connected full-

wave rectifier arranged for charging. 
FIG. II shows how the circuit of Fig. Io 

may be adapted when batteries of different 
voltages (e.g., 2, 4 or 6 volts) have to be 
charged at different times. The resistances 
R1, R, R, must be adjusted to suit the 
circuit conditions. 

Fics. 12 and 13 show more efficient 
methods than that shown in Fig. 1o. In 
Fig. 13 the transformer secondary winding 
is provided with tappings, and in Fig. 12 
a tapped choking coil is used. In some 
cases a transformer with an adjustable 
core is used. 
NOTE.—With all metal rectifiers a 

ballast resistance or reactance is necessary 
to prevent overloading the rectifier. 

Half-wave Rectification. 
FIG. 14 shows how a metal rectifier is 

arranged for half-wave rectification for 
charging wireless high-tension batteries. 

Full-wave Rectification. 
FIG. 15 shows how a metal rectifier is 

arranged for full-wave rectification for 
charging wireless high-tension batteries. 
The elements of the rectifier are arranged 
in the same manner as those for a half-
wave rectifier, but a tapping is brought 
out from the centre. Full-wave rectifica-
tion is obtained by means of reservoir 
condensers (C,), each of 4 microfarads 
c apacity. 

A Commercial Charging Equipment. 
FIG. 16 shows how a number of metal 

rectifiers are supplied from a single trans-
former. This arrangement is employed in 
commercial charging equipment for battery 
service stations, in which batteries of 
various sizes and voltages have to be 
charged at the same time. 

Charging with Valve Rectifiers. 
FIGS. 17 to 22 ShOW various 

charging arrangements with half-
wave and full-wave valve rec-
tifiers. The single-valve rectifiers 
(Figs. 17 and 18) are used for 
small currents (up to about 120 
milliamps.) at medium voltages 
(50 to 35o volts). The double-
valve rectifier (Fig. 19) is used 
for higher voltages. 

A Barretter Regulator. 
FIG. 20 shows how a full-wave gas 

discharge valve is arranged with a special 
ballast resistance lamp (called a barretter) 
to give a constant current. The barretter 

C MARGE DISCHARGE 

fífigq 
To C'rcuits 

--JVVVVV\Mr-• 

Generdeer 
H46 

Battery 

Fig. 27.— ARRANGEMENT OF CHARGING EQUIP-
MENT FOR COUNTRY HOUSE OR ISOLATED 

GENERATING PLANT. 



November THE PRACTICAL ELECTRICAL ENGINEER 

consists of a centre-tapped resistance 
filament in a sealed bulb containing 
hydrogen, and possesses the property 
that within certain limits the resistance 
increases directly in proportion to the 
current. 

Argon Filled Rectifiers. 
FIGS. 21 and 22 show half-wave argon-

filled (Tungar) rectifiers for charging low 
voltage batteries at currents up to 5 amps. 

Mercury Arc Rectifiers. 
FIGS. 23 and 24 show modern single-

phase rectifiers. In both cases automatic 
starting and light load excitation are 
provided. The smaller bulb (Fig. 23) is 
started by a high voltage discharge between 
the mercury cathode and one of the anodes; 
and is maintained in service at light loads 
by a resistance connected (automatically) 
in parallel with the D.C. load. 
The larger bulb is started by an auxiliary 

anode which is provided with either a 
bimetallic strip or an external electro-

I.Sr 

D. f? D.T. 
Contactor 

Main Lights 

Fig. 29.—CHARGING EQUIPMENT FOR BATTERY 
SUPPLYING EMERGENCY LIGHTS. (KEEPALITE 

SYSTEM.) 
Trickle charging is effected through the lamp 

resistance L, when the contactor is normally 
closed. High-rate charging is obtained, when 
necessary, by closing the switch S. ( Chloride 

Elec. Storage Co.) 

6 

Starter 
AFL S, 

IfictosterSet 

Fig. 28.—ARRANGEMENT OF 
CHARGING EQUIPMENT USING 

BOOSTER. 

magnet for automatically striking the 
initial arc. Adjustment of the D.C. 
voltage is obtained by means of tappings 
on the transformer. 

Country House Lighting Plant. 
FIG. 27 shows the full connections of a 

switch panel for a country house or isolated 
plant in which a battery supplies the 
current for lighting purposes. Regulating, 
or end-cell, switches enable the voltage 
during discharge to be adjusted. The 
battery is charged by a shunt-wound 
generator, and an automatic cut-out C 
prevents the battery discharging into the 
dynamo if the voltage of the latter should 
fall below that of the battery. 

Central Station Booster Charging Plant. 
FIG. 28 shows the charging arrangements 

when a battery is used in conjunction 
with D.C. generating plant. The circuit 
breaker in the battery circuit is electrically 
interlocked with that in the motor circuit 
so that the opening of the motor circuit 
breaker will trip the battery and booster 
circuit breaker, thus preventing the 
booster running as a motor. 
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FREQUENCY CONTROL IN THE MODERN 
POWER STATION 

By G. W. STUBBINGS, B.Sc., A.M.I.E.E. 

The increasing use of electric clocks makes the subject of frequency control at a 
power station one of great interest to electrical engineers. In this article 
Mr. G. W. Stubbings describes the most modern methods of frequency control 

0I' the many services rendered by the 
in the domestic field 

that of the provision of accurate 
time is not the least important. It is 
not so very long ago that the indication 
of time in the average household was sub-
ject to an error of the order of five minutes. 
The provision of radio time signals 
enabled domes-
tic clocks to be 
set as often as 
might be de-
sired, but, of 
course, did 
nothirg to im-
prove their in 
lieront accuracy 
The latest sys-
tem of fre-
quency control, 
now general in 
all large power 
stations, has 
carried t he 
matter of do-
mestic time in 

to what 
may be con-
sidered as the 
final stage, in 
that, in all 
houses connec-
ted to a supply 
system of con-
trolled fre-
quency, an in-
expensive elec-
tric clock will 
give time in-
dications with 
an error of but 
a small fractien 
of a minute, and 

ROTOR AND THE 

will never require winding or any other 
attention. 
The frequency of an alternating current 

is a measure of the speed of the generator 
from which it is derived. The numerical 
value of the frequency is equal to the 
product of the number of revolutions per 
second of the alternator and the number 

of pairs of poles 
in the magnet 
system. The 
most modern 
alternators sup-
plying 50-cycle 
current have a 
two-pole mag-
net system, so 
that the nomi-
nal speed of 
these alterna-
tors is 50 revo-
lut ions per 
second, or 3,000 
r.p.m. 

STATOR OF THE 
CLOCK. 

Note that the stator pole is serrated and serrations are 
made in the rotor of a slightly different pitch. The yoke 
of the rotor has been removed, together with the statoicoil. 
The stator coil only is energised from the supply mains 
and when the rotor disc is spun round it automatically 
falls into step with the frequency of the supply. This is 
the type of clock used in thousands of homes to-clay. 

FERRANTI ELECTRIC 

Adjustment of 
Governor 
Control. 

The speed of 
an alternator 
depends upon 
the load it is 
carrying and 
t h e governor 
control. This 
control is ad-
justable from 
the switch room 
of the power 
house, and it is 
by means of 
adjustment of 
governor con_ 
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trol that correct alloca-
tion of the total load be-
tween several generators is 
carried out. If two alter-
nators are operating in 
parallel, an adjustment 
of the governor control of 
one of them, tending to 
increase the speed, will 
cause this machine to 
carry a greater fraction of 
the load. Unless, however, 
another adjustment is 
made to the governor of 
the second machine, the 
frequency of the system 
will rise. Frequency is 
thus controlled from the 
switch room of the power 
station. 

Speed of the Prime Mover. 
Frequency, as we have 

seen, is primarily a 
function of the speed of 
the prime mover, and its 
true values are instantan-
eous. We can, however, 
visualise an average value 
of the frequency as the 
ratio of the number of 
revolutions of the prime 
mover, executed over a 
considerable period, to the 
time of this period. Thus 
the average frequency of 
a power supply over one 
day would be measured by 
the total number of revo-
lutions of the prime movers 
executed during this day. 
If the average frequency 
were constant, then the 
number of revolutions per 
day would also be con-
stant. It is also easy to see 
that, with constant average 
frequency, the number of 
revolutions executed by 
the generators will be a measure of time. 

The Synchronous Motor. 
It is a fundamental property of a syn-

chronous motor that its revolutions are 

LATEST TYPE OF EVERETT 
EDGCUMBE ALL-ELECTRIC 
" SYNCLOCK" MASTER FRE-

QUENCY METER. 
With impulse driven standard 

clock as used in power stations 
The lower left-hand clock dial 

is driven by a synchronous 
motor and the right-hand clock 
dial is an electromagnetic 
impulse type clock movement. 

executed exactly in step 
with those of the generator 
supplying it. If the motor 
and the generator have the 
same number of poles in 
the magnet systems then 
the revolutions they per-
form when electrically con-
nected will be exactly the 
same over any period, how-
ever long. By counting 
the revolutions of a syn-
chronous motor it would 
thus be possible to measure 
the average frequency of 
a supply at any point of 
the system. Conversely, if 
the average frequency were 
known to be constant, the 
counting of the revolutions 
of the synchronous motor 
could be used to measure 
time. 
This principle is utilised 

in the ordinary clock, as 
here we have a spring or 
weight-driven motor which 
is constrained to work in 
exact synchronism with a 
pendulum or balance hav-
ing a constant and stan-
dard frequency. A syn-
chronous motor, geared to 
a clock, could, therefore, 
on a system of constant 
frequency, be utilised to 
indicate time in the usual 
way. 

The Warren Synchronous 
Motor. 

This idea has been prac-
tically realised by the in-
vention of the small syn-
chronous motor, first asso-
ciated with the name of 
Warren. The Warren 
motor consists of an elec-
tromagnet the poles of 

which are fitted with shading rings, to give 
a rotating field. The rotor consists of an 
iron disc, which, due to the action of the 
rotating field and to its own magnetic 
hysteresis, is constrained to rotate in exact 
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synchronism with the supply. 
The rotor is geared down to a 
spindle which makes one revolu-
tion per minute. The whole motor 
with gearing measures only about 
2 in. square, and consumes about 
4 watts. Such a motor can be 
easily incorporated into an ordin-
ary clock case. A clock of this 
kind will indicate correct time 
when operated from a supply 
system the frequency of which is 
maintained at an exact average 
value. 

Instruments for Indicating 
ki.• Frequency. 
Ordinary instruments for in-

dicating frequency depend for 
their action on either electrical or 
mechanical resonance. They in-
herently give instantaneous val-
ues. In other words, their in-
dication is a measure of the 
instantaneous speed of the alter-
nator from which they are sup-
plied. The possible error of these 
instruments is of the order of I per 
cent. 

Suppose that the frequency of 
a power supply, controlled by 
means of the readings of indicat-
ing frequency meters, were main-
tained with an error of one half 
of one per cent. The error of a 
synchronous motor clock con-
nected to this system would be the 
as the error in the frequency. 

y Tune) 

GENERAL ARRANGEMENT OF EVERETT EDGCUMBE MASTER 
FREQUENCY METER WITH IMPULSE-DRIVEN CLOCK. 

Duplicate motors with a change-over switch are pro-
vided for driving the frequency disc and time hand. 
The impulse electromagnets are supplied with direct 

current (at about 12 Volts), which is obtained from a 
rectifier and a step-down transformer. 

same 
Since • 

there are 1,440 minutes in one day, 
the clock would gain or lose about seven 

minutes per day. Now an error 

A 

SECTION THROUGH THE SYNCLOCK (W ARREN) MINIATURE 
SYNCHRONOUS MOTOR, WHICH MEASURES ABOUT 2i IN. 

SQUARE. 
A, shading rings producing a rotating field. B, steel 

disc drawn round thereby. C, brass housing protecting 
the gearing and forming an oil bath, D. 

of frequency control by indicating 
instruments of the order suggested 
is one which might easily arise, 
while an error of seven minutes a 
day in a clock would be intoler-
able. It is thus clear that the 
control of frequency by indicat 
ing instruments cannot be accur-
ate enough for time service. 

Control of Average Frequency. 
The final solution of the 

problem of using an alternating 
current system for time service 
is found in the control, not of 
instantaneous, but of average fre-
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quency. This is carried out in a very 
simple way. Suppose in the control room 
of the power station there are two clocks 
installed side by side, the one driven by 
a synchronous motor supplied from the 
system and the other a standard instru-
ment which gives absolutely accurate time. 
Then all that is required to maintain 
correct average frequency is that the 
speed of the prime movers is so adjusted 
that the readings of the two clocks are 
always the same. Since all synchronous 
motor clocks move at exactly the same 
speed, the error of any clock on the 
system, if initially set correctly, will not 
exceed that of the motor clock in the 
control room of the power station. 

In the Warren master frequency meter 
there are two concentric pointers, the one 
driven by a synchronous motor and the 
other from an accurate master weight-
operated clock. The pointer of the stan-
dard clock makes one revolution in three 
minutes. 

How the Control is Effected. 
the control of the average frequency of 

the system is effected by so regulating the 
speed of the prime movers that the 
pointer driven by the synchronous motor 
never deviates by more than a few seconds 
from that driven by the standard clock. 
The difference between the control of 
average frequency and the maintenance 
of a constant instantaneous frequency 
cannot be too clearly grasped. 
With a controlled frequency the in-

stantaneous frequency may vary con-
siderably due to putting machines into, or 
taking them out of, service, or due to the 
action of the governors of the turbines 
at certain loads. Such fluctuations do 
not necessarily affect the average fre-
quency. All that the operator has to do 
is to arrange that the total number of 
revolutions of the prime mover and of the 
clock motors, executed from the time when 
the controlled system was inaugurated, 
corresponds to the correct value. 

Only Very Occasional Adjustment Necessary. 
When the system of controlling fre-

quency was first suggested, control room 
operators anticipated that considerable 
difficulties would be experienced in main-
taining the system time, as indicated by 
the motor clock, at a value not differing 
by more than a few seconds from the 
correct value. It was thought that, 
unless the prime mover speeds were con-
stantly being adjusted, the system time 
would fluctuate by considerable amounts 
from the true time. This was not found 
to be the case, and the required accuracy 
of the system time can be maintained by 
very occasional adjustment of the governor 
control of the prime movers. A little 
thought will show that this is the case, 
as an error of f per cent, in the frequency 
will only build up an error of three seconds 
in the system time in a period of five 
minutes. 
The fluctuations in the system time are 

thus accumulated gradually, and very 
soon the operator can judge the adjust-
ment required to correct a tendency for 
the error of the system time to accumulate 
in any direction. The adjustments to 
the governor control will naturally depend 
upon the known conditions of load varia-
tion. If, for instance, system time were 
a few seconds fast at a time when the 
load was increasing the operator would 
probably rely on the reduction of fre-
quency consequent on the load increase 
to correct the time. If, on the other 
hand, the system time were slow at a 
time when the load was increasing, a slight 
adjustment of the prime mover speeds 
would be called for. 

Automatic Control Not Justified. 

At the time that the control of frequency 
was first developed, suggestions were put 
forward for automatic gear to maintain 
the speed of the prime movers at the 
correct average value. There would be no 
great technical difficulty in carrying out 
such a suggestion. Experience has, how-
ever, shown that manual control of 
frequency is so efficient and so easy, that 
the additional complication of apparatus 
for automatic control could not be justi-
fied. 
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THE 
QUA/1-ÁRC SYSTEM OF ELECTRIC WELDING 

By H. S. M ARQuAND 

No method of joining, strengthening or repairing metallic structures is more simple or 
efficient than the process of electric arc welding. In this article will be found some 
practical advice regarding the installation and operation of the Quasi-arc system 

FOR many years the metallic arc 
process developed along the lines 
of using bare or lightly coated mild 

steel electrodes and indeed even to-day such 
electrodes are used to a considerable 
extent, unfortunately too often to the de-
triment of the electric arc welding progress. 
The inventor of the Quasi-arc 

Electrode was probably the first to 
realise that the ultimate success of 
electric arc welding would depend upon 
the ability to provide an electrode which 
was based on scientific metallurgical and 
chemical lines in order to ensure the 
deposition of a metal which is free from 
defects caused by oxides and nitrides and 
other impurities, and that the deposit 
would possess the physical and chemical 
properties of the metal parts being 
welded. 

The Electrical Equipment. 
In order to obtain the best results it is 

essential that the welding equipment 
should be capable of giving a stable arc 
at the correct amperage for the electrode 
in use. 

Electrical Connections. 
The diagram of electrical connections of 

a special welding generator is shown 
below. The current for welding is 
regulated by means of a radial switch 
which gives four progressive ranges of 
output in conjunction with a field regulator 
for the necessary finer control. 

The Field Regulator. 
The field regulator is arranged as a 

separate unit which the operator can 
keep at his side when at work. 

DIAGRANI OF CONNECTIONS FOR " QUASI-ARC " SINGLE-OPERATOR W ELDING GENERATOR. 
The current for welding is regulated by means of a radial switch giving four progressive ranges of 

output. 
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Electrode 
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Electrode 
Covering 

This space 
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Penetration 

Crater 

How THE TiP OF THE ELECTRODE SHOULD BE 
BisEPT JUST BELOW THE SURFACE OF THE SLAG. 

Working Off A.C. Mains. 

Il it is desired to work direct off 
alternating current mains a specially 
designed welding transformer and induct-
ive current regulator can be used. These 
transformers can be built for single or 
multiple phase supply, and can be arranged 
for two or more operators. 
The internal arrangement of the special 

current regulator is shown in the diagram. 

Other Equipment Required. 
In addition to the welding machine, it 

is advisable to provide :— 
I. A steel plate, say, 3 ft. by 2 It. by 
in. thick, resting on a bench or iron 

trestles at bench height. 
2. Suitable lengths of trailing cable. 
3. Portable screens about 6 ft. 6 ins. 

high covered with asbestos cloth painted 
green or with lamp black. 

4. A portable drill and grinder. 
5. Convenient lifting gear. 
6. A supply of clamps, copper strips 

for backing up a weld if required. 
7. A steel straight edge. 
8. A hand and face shield fitted with 

a special coloured glass window, for 
welding. 

9. A hand shield fitted with a clear 
window, for chipping. 

An electrode holder with five yards 
of special flexible welding cable attached. 

ii. A pair of leather gauntlet gloves. 
12. An ammeter and voltmeter. 
13. A chipping hammer. 
14. A wire scratch brush for cleaning 

the weld. 
15. An earthing clip for connection of 

supply cable to work to be welded. 

Connecting Up Cable From Plant to Job. 
The negative cable from the welding 

generator or source of welding current 
should be connected to the table or plate 
by means of a clamp or bolt. The plate 
should be efficiently connected to ground. 
The regulator should be in a position 

convenient to the operator's hand, in order 
that he can make fine adjustments of the 
welding current without having to move 
far from his working position. 

Connecting Electrode to Current Supply. 

Connect the socket on the electrode 
holder cable to the plug on the regulator 
or to the positive terminal on the control 
panel of the machine, as shown. 

Adjusting Welcling Current. 

Now grip the bared end of the electrode 
chosen for the job on hand in the holder 
and adjust the welding current, as recom-
mended by the makers according to the 
diameter of the electrode and the class of 
welding. This is done by means of the 
four pole control switch on the control 
panel at the machine, or by turning the 
handwheel on the regulator if using A.C. 
equipment, to the required stop. 

STRIKING AND MAINTAINING THE 
ARC. 

Having connected up the machine, 
adjusted the current to about 85 amperes 
(assuming that we are going to commence 
welding with a No. io gauge electrode) 
and placed a piece of, say, in. steel for 
practice in good contact with the welding 

PcrOul3 

Path of Electrode  

Start Arc Here 

How To EECOMMENCE WELDING WIIEN AN ARC 
IS BROKEN. 

Strike the arc about I in. to # in. in front of 
the crater and travel quickly back over the 
crater and then forward again at the normal 
rate of progress. 
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INPUT 
. r•-•i_UO 

SWITCH 

FUSE 

r1ANDLE 

11 ;THE QUASI-ARC SINGLE-OPERATOR W ELDING GENERATOR CONNECTED UP FOR USE. 

LIFTING EYEBOLT. 

AMMETER 

OUTPUT TYPE AC70/a ' 

PLUG CURRENT REGULATOR 

/ 

AN IMPORTANT APPLICATION OF ELECTRIC W ELDING IS THE REPAIR OF RAILWAY TRACK. 

This shows a welding operator in position, ready to strike the arc. 
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bench, we are all set to commence opera-
tions. Now take the welder's hand screen 
(with the coloured window) and be careful 
to hold it in front of the face well down 
to the work before striking the arc. The 
electrode holder should be gripped lightly 
in the right hand with 
the electrode pointing down 
to the work at an angle of 
about 45 degrees. 

Position of the Welder. 
Successful welding de-

pends very largely upon 
the position taken up by 
the welder. The operator, 
whenever possible, should 
sit to his work, and, rest-
ing his left arm on the 
table or work, hold the 
hand screen over the arc. 
The right arm is best held 
close to the side and the 
muscles of the arm and 
wrist well relaxed, so that 
the manipulation of the 
electrode holder is a free 
natural movement of the 
wrist. 

How To Strike the Arc. 
To strike the arc, lower 

the tip of the electrode 
down to within about 
in. of the work at a point 
where it is required to weld 
and then with the face pro-
tected bv the screen, touch 
the work as though striking 
a match, but only remov-
ing the electrode tip in an 
upward direction about 
in. An arc will then start 
between the electrode tip 
and the plate and im-
mediately the electrode 
end will commence and continue to 
burn away and will be deposited in the 
form of beads upon the plate. 

Not enough heat used. 

How To Maintain the Arc. 

In order to keep the arc going it is 
necessary to feed the electrode down at 

the same rate that it is fused by the current 
in the arc. 
When confidence is gained in striking the 

arc, the next step is to maintain the arc 
until a whole electrode is run out and to 
practise keeping the arc as short as 

possible. 

-.1 4 I-.- 
oVERLAP" 

Welding arc has travelled along 
too slowly. p..4 

SPATTERS 

No FUSION 

Too long arc used or too rapi 
travel. 

No OVERLAP 

PE/VET RA770N 

A satisfactory weld. 

CROSS SECTION OF BEADS 
DEPOSITED UNDER DIFFERENT 

CONDITIONS. 

How the Electrode Burns 
Away. 

With quasi-arc elec-
trodes the special covering 
burns away in such a 
manner that a sleeve of 
insulating slag is main-
tained about in. beyond 
the end of the metal core. 
If this sleeve is kept 
slightly touching on the 
work, the arc will be 
about in. long inside and 
will be protected the whole 
time from the atmosphere. 

Practice in Laying Down 
Deposit of Metal. 

The deposit of metal from 
the electrode should be 
laid down, for practice, 
in smooth straight runs of 
various lengths from one 
electrode, each run being 
of an even thickness and 
width of metal throughout. 

JUDGING CORRECT 
VALUE OF CURRENT. 
The question of the cor-

rect amperage to use for 
various gauges of electrodes 
is one which would seem 
important to the beginner. 

It is not possible to 
fix a standard current 
density, as the amount of 
amperage will vary with 
the thickness and mass of 

the work being welded, the type of joint, 
and position of the work relative to the 
electrode. Generally speaking, the thicker 
or heavier the work the higher the current 
that will be required with a given size 
electrode. 
The correct current is when the metal 

from the end of the electrode flows freely 
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DIAGRAM OF W ELD SHOWING DEPOSITED 
METAL AND THE DIRECTION OF l'OINT OF 

ELECTRODE. 
When reinforcing a surface the second and, 

subsequent runs overlap each previous one. 

and at the same time effects good fusion. 

What Happens When Current is Too Low. 
II the current is too low, the arc will 

be sluggish and difficult to maintain, the 
metal will pile up without penetrating the 
metal of the work, and difficulty will be 
experienced in keeping the slag from the 
electrode mobile. 

Current Too High. 
On the other hand, if the current is too 

high the arc will be fierce and splutter 
and the metal will flow too freely from 
the electrode to be controlled. 

JUDGING THE ARC. 
The welder should, before attempting 

serious welding jobs, be thoroughly con-
versant with his welding arc and the 
behaviour of the electrodes and the 
coating thereon. 

Sense of Touch. 
By keen observation the welder will be 

able to develop a real sense of touch and 
a sense of colour, which are both invaluable 
to expertness in manipulating the welding 
arc. 

What Happens to Metal at Arc. 
When watched through the screen 

window, the molten metal at the arc will 
appear dull red and the molten slag a 
bright red. 
Where the arc strikes 

the work the metal will 
become molten. Due to 
the gyratory action in-
herent in the quasi-arc 
this pool of metal will be 
agitated. The metal 

.V,,v,unber 

TACK W ELDS AT ENDS. 

deposited from the electrode will be 
intimately mixed with the fused area. 
The colour of the metal around this spot 
will gradually shade off until it finally 
becomes black at a short distance from the 
arc. The colour shades indicate the 
temperature of the metal. 

To Get Maximum Amount of Fusion. 
The aim of the welder should be to 

distinguish for a certainty the different 
temperatures and concentrate his arc at 
the hottest spot in order that the parent 
metal and the deposited metal will be 
well fused and united. 

It will be found possible to keep the tip 
of the electrode just below the surface of 
the slag covering all the time and by deft 
movements of the wrist to keep the slag 
floating just ahead of the arc. The welder 
should concentrate on the hot metal in the 
crater, filling it with deposited metal as 
the process of welding proceeds. To 
facilitate this the electrode is inclined 
forward pointing into the crater which will 
then automatically follow the movement 

of the arc. 

Breaking the Arc. 
The arc must never be broken suddenly, 

.for if this is done the hot metal in the 
crater will quickly cool and contract and 
entrap air, gas or particles of slag which 
are dissolved in the hot metal and which 
will not have time to be set free before 
solidification takes place. Each 

time the arc is sharply 
interrupted a weak porous 
spot is left in the weld. 
The correct way to 

break the arc, that is, to 

APPEARANCE OF GOOD RUN OF W ELDING stop welding in order 
JOINING Two PIECES or 1-" OR l',;" PLATE. to replace a new elec-
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trode or for any other reason, is to 
gradually lengthen out the arc, at the 
same time gradually travelling the arc 
back over the welded metal. In this way 
the crater is filled with deposited metal 
before the heat is suddenly interrupted. 

How to Recommence Welding. 

When an arc is broken care should be 
taken in recommencing to close the gap 
in the deposited metal and also to guard 
against leaving a lump of metal on the 
bead. Strike the arc about in. to in. 
in front of the crater and, keeping a very 
close arc, travel quickly back over the 
crater, then move the arc forward again at 
the normal rate of progress. 

Speed of Travel. 

The correct welding speed is closely 
linked up with gauge of electrode, current 
used and arc length, width and height of 
deposit required. However, the chief 
thing to aim at is good penetration while 
using the closest possible arc. The ap-
pearance of a bead deposited under 
different conditions is shown and should 
be studied carefully and results of actual 
deposited beads compared with the sections 
shown. 

FURTHER WELDING PRACTICE. 
When the welder can hold and maintain 

a close arc and can deposit a neat uniform 
single bead of metal, the next step is to 
chip and brush away thoroughly all slag 
covering a run of metal and deposit 
successive runs of metal parallel with the 
first one. Each successive run should 

Single runs No. 10 Electrode. 

Huth up 
Feather 
No 10 
Electrode. 

THE BUILDING UP OF METAL TO REPRESENT THE 
REINFORCEMENT OF A W ORN SHAFT. 

This also shows the building up of a solid 
feather or tooth. 

Corner Weld 
lut run No 10 Electrode. 2nd run No 8 Electrode 

Fillet Weld. loalf• 
length of sample 
from other end. 
One run No. 10 

Electrode. 

Two PIECES OF î IN. PLATE FORMING AN 
ANGLE CORNER, PARTLY W ELDED. 

overlap about one third the width of the 
previous bead, so that a regular and 
uniform surface is obtained, 

Varying Width of Deposit. 

The width of the deposited bead can be 
varied as desired by a gentle side to side 
motion of the arc. 

Removing Traces of Slag from Weld. 

Having so deposited several beads, all 
traces of slag on top of the weld should be 
removed. With quasi-arc electrodes this 
is easily and quickly done by a few blows 
with the chipping hammer, followed by 
brushing. 

Depositing Layers of Metal. 

Next deposit layers of metal, covering 
that already laid down, taking great care 
that each successive layer of metal is well 
fused into the previous layer, thereby 
removing the possibility of slag inclusions 
in the deposited metal. 

JOINING TWO PIECES OF PLATE. 
Not until the welder is really proficient 

in the work already described should the 
joining together of two plates (butt 
welding) be attempted. 

Butt welding presents an entirely new 
difficulty to the beginner, as it now 
becomes necessary to watch the butting 
edges of both the plates to ensure that 
these are effectively fused and thoroughly 
united by the deposited metal. 

Preparing the Two Plates for Welding. 
The two pieces of plate to be joined 

(start off by joining two pieces of flat in. 
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Craft.. 

Two PIECES 01 IN. PLATE PARTLY W ELDED. 
Plate edges not bevelled but set -" open. 

Note penetration at crater. 

plate) should first be bevelled and laid 
parallel with one another, with their 
bevelled edges set apart about in. 
A tack weld is made at each corner. 

The First Run of Metal. 
A run of metal, using a No. io gauge 

electrode, is now made along the bottom 
of V so made. This first run of metal 
in making a butt joint is extremely 
important. Make certain that the depo-
sited metal projects slightly through on 
the underside of the joint. 

REINFORCING W ORN SHAFT. 
New metal deposited in runs parallel to axis 

of shaft in order shown. 

The Second Layer. 
The next step is to chip and brush the 

run of weld metal and deposit a second 
layer with a slight lateral movement of the 
electrode, so as to distribute the heat on 
both edges of the plate. 

The Finishing Run. 
The finishing run should overlap the 

two plate edges by about in. on each 
side. 

Testing the Welded Joint. 
The welded joint should now be gripped 

in a vice with the parallel edge of the weld 
down on the jaws of the vice and the top 
half of the plate given a few sharp blows 
with a hammer. The behaviour of the 
welded plates will be a very good indica-
tion of the quality and success of the 
weld. 

A Likely Fault— 
First attempts at butt welding usually 

show that all the penetration is on one side 
only and that the deposited metal from 
the electrode is welded to one plate 
bevelled edge only. Practice and patience 
will overcome this difficulty however. 

—and How to Avoid it. 
The effective fusing of the two edges of 

ORDER OF BUTT W ELDING THICK PLATES. 
Fill in bottom of V with No. so electrode, 

following on with several successive layers with 
No. 8 electrode. Finishing top layer can be 
No. 6 electrode. 

the plates is obtained by alternately 
pointing the tip of the electrode from one 
side to the other in a slow lateral move-
ment, but pausing rather longer on the 
plate edges and moving slightly quicker 
over the hot deposited metal. 

Butt Welding Heavier Plates. 
Heavier sections of plate can be butt-

welded. 
In this case the first run at the bottom 

of the V joint must be made with a No. Io 
gauge electrode, using 75 to 8o amperes, 
and succeeding runs with a No. 8 gauge 
electrode and no to 115 amperes. Larger 
gauge electrodes and higher currents can 
of course be used for the finishing runs of 
very heavy welds. 

Before commencing to weld the plates 
together they should be set up in such a 
position that the line of the joint is at 
right angles to the front of the welder and 

PROCEDURE FOR VERTICAL W ELDING. 
Note inclination of electrode. 
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the weld should be started at the end 
farthest away from the operator. 

LAP WELDS. 
A lap weld is one in which the edges of 

two plates are overlapped and the welding 
material is so applied as to bind the edge 
of one plate to the face of the other plate. 
The weld so formed is of triangular 
section. To give the maximum strength 
as regards binding the two plates together, 
the vertical height of the weld should be 
equal to the horizontal length of the 
triangle. A " fillet " weld is so formed, 
and is a type of weld which is extensively 
used in arc welding procedure. 

T Joint Lap Weld. 
A T joint, which occurs when two 

plates have to be welded at right angles 
to each other, is made by applying fillet 
welds. The weld may be made with 
either a single fillet weld or with a double 
fillet weld, that is a fillet weld along both 
sides of the vertical plate at its junction 
with the horizontal plate. 

Setting Up the Plates. 
When making a fillet weld with quasi-

arc electrodes, the two plates are set up 
in the correct position and a tack weld is 
made to hold the plates in secure align-
ment. 

Electrode and Current Required. 
Start the weld at the end of the joint 

away from the operator, using a No. Io 
gauge electrode, and about one-fifth more 
current than would be employed for a 
butt weld, say, 90 amperes. 

Making the First Run. 
A sealing run is now made by striking 

the arc in the far corner of the abutting 
edges and keeping a very short arc 
(nearly touching the plate) to ensure good 
penetration and to counteract the tendency 
of the molten slag to run ahead of the 
electrode tip. Draw the arc along the 
apex of the joint at a uniform rate. 
This sealing run is of very great im-

portance. If perfect penetration is not 
obtained right along the two abutting 
plates, a nick will be left which amounts 
to an initial fracture, thereby weakening 

the weld against loading stresses, parti-
cularly when the weld is to be subject to 
bending. 

Completing the Fillet Weld. 
The fillet weld can now be completed by 
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How THE PLATES TO BE JOINED SHOULD BE 
PREPARED. 

Also the manner of laying down the metal 
together with the correct inclination and move-
ment of the electrode. 

using a No. 8 gauge electrode and about 
110 amperes. 

First see that all traces ot slag have been 
cleaned away and that the surfaces are 
clean and dry. 

Start the bead at the top edge of the 
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required width of weld and move down-
ward at an angle ot about 45 degrees from 
the vertical in the direction of the weld 
until the opposite edge of the weld is 
reached; now sweep the arc upwards 
rather more quickly, parallel to the first 
bead, descend again over the upward run 
and repeat the cycle until the length of 
weld required is completed. In this way 

ARRANGEMENT AND M ANNER OF IAKING FILLET 
W ELDS. 

the electrode is kept moving over relatively 
cool plate, so that the deposit cools 
quicker than it otherwise would do if the 
electrode were allowed to stay in the same 
place long enough to deposit the complete 
section. 

This method, if carefully carried out, 
ensures correct contour, facilitates separa-
tion of the slag from the weld metal, and 
permits, if desired, the section to be 
completed in one operation. 

Sizes of Electrodes Required. 
A fillet weld on a kin. lap can be built 

up to the full section with a sealing run 
and one finishing run with a No. 8 gauge 
electrode. 

Heavier sections of fillet welds are made 
by adding successive runs applied in the 
manner already described for the second 
run of the # in. weld. 

Faults Met With in Fillet Welds. 

To turn out a strong neat-looking fillet 
weld with the same amount of deposited 
metal on each plate is by no means easy. 
The sharp wave-like motion of the 
electrode is necessary to keep the slag 
moving freely back over the deposited 
metal, otherwise slag inclusions may be 
found in the weld. 

Again, in a fillet weld the slag has a 
relatively smaller area to cover than in 
any other type of weld, which means that 
there is proportionately more slag to 
contend with. Hence, it will be found 
advisable slightly to increase the current 
value as the section of plates to be welded 
increases or the power of the plates to 
conduct away the heat increases. 

CONCLUSIONS. 

We can sum up by emphasizing that the 
essential factors in producing good welding 
are :— 

Keep a uniform short arc and make 
quite certain of effecting good penetra-
tion. 

Fusing Metals Properly. 

Not only is it necessary for the welder 
to make sure that the weld metal 
penetrates and fuses into the edges of the 
plates being welded, but special care 
should be taken that each successive layer 
of metal is well fused into the previous 
layer, thereby removing the possibility of 
slag or foreign inclusions in the deposited 
metal. 

Cleanliness an Essential. 

See that all joints or parts to be welded 
are thoroughly clean and free from grease, 
dust or other foreign matter; that the 
welding bench is clean and tidy, and that 
the welding tools and equipment are at 
all times in a state of good repair. 
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How AN A.C. MOTOR If MADE 

THE COMPONENT PARTS BEFORE ASSEMBLY. 
Here we see the complete set of parts used in the construction of a typical small A.C. motor. It 

will be seen I hat both stator and rotor are built up of laminations and that the stator is ventilated 
by means of holes behind the slots. The disc at each end of the stator is made of insulating 
material. 

BY the courtesy of the Lancashire 
Dynamo and Crypto Ltd. we have 
been enabled to secure a most 

interesting series of photographs, which 
illustrate the whole process of building a 
fractional h.p. A.C. motor. 

Details of two motors are shown here: 
A, a repulsion start induction motor. and 
B. a three-phase squirrel cage motor. 

A.--Repulsion Start Induction Motor. 
The repulsion start induction motor 

running on a 5o-cycle supply gives a speed 
of approximately 1,490 r.p.m. light and 
1,420 r.p.m. on its rated output. 
The motor is switched direct on to the 

line by means of a double-pole switch 
without the use of a starting resistance. 

This motor is fitted with a rotor wound 
in exactly the same way as a D.C. 
armature and fitted with a commutator. 
The brushgear is similar to that of a D.C. 
machine, but unlike a D.C. machine the 
brushes are shorted by a piece of flexible 
copper wire. 

Operating Details of the Repulsion Start 
Motor. 

With the brushes in the neutral position 
no starting torque is obtained and the 
rotor will not rotate. When the brush-
gear is moved to one side of the neutral the 
rotor will rotate in one direction, and if 

the brushgear is moved to the other side 
of the neutral position, the rotor will 
rotate in the other direction. 
The position of maximum torque is 

obtained on test. The motor runs 
up to approximately two thirds of its 
synchronous speed as a repulsion motor; 
a: centrifugal device on the com-
mutator then operates, shorting all the 
segments of the commutator together 
and converting the rotor into a standard 
S.C. induction motor and it then has all 
the characteristics of an induction 
motor. 
The starting torque of this class of motor 

is very good; 2 to 3 times full load with 
2 to 3 times full load current. 
A brush lifting device is fitted when 

perfectly silent running is required. This 
is a centrifugal device which raises the 
brushes off the commutator as soon as 
the latter is short circuited. 

B.—Three-phase Squirrel Cage Motor. 
The 3-phase type of motor has a S.C. 

rotor. Rods of copper are driven into 
the rotor and solid copper rings are brazed 
to the rods at each end as shown. 

These motors start up with a triple-pole 
switch and are put direct on to the line. 
They start up against twice full load 
torque and will stand an overload of 
too per cent. 
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ASSEMBLING THE STATOR STAMPINGS. 
Note the studs at each corner which ensure that the slots of the complete stator are absolutely in 

line. The built up stator is put under a hydraulic press, and the clamping ring at each end 
riveted on. 

TURNING THE REGISTER. 
The built up stator is 

fitted on a mandril and a 
register turned on each 
side accurately to fit the 
endplates. 
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INSULATINc, 1111 S I.\ 
The insulation consists of a sheet of leatheroid and a sheet of empire cloth, both the same size and 

about I in. longer than the slot, and a second piece of thinner leatheroid which projects through 
the top of slot. The latter is used ta prevent the insulation on the wire being damaged during 
winding. 

INSERTING STATOR COILS IN POSITION. 
The stator coils are former wound. The wires are fed through the openings of the slots, care 

being taken that the wires lie parallel and that there are no crosses. 
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CONNECTING THE STATOR COILS. 
When all the stator coils have been wound, it is necessary to connect them to give the correct 

polarity. The ends of the coils are cut off to the correct length, cleaned and tinned. The starting 
end of one coil is connected to a terminal wire, the finish of that coil to the starting end of the next 
coil and so on. The finishing end of the last coil is joined to a terminal wire. 

SPRAYING THE STATOR W INDING. 
The completed stator is sprayed with an insulating varnish to makv them impervious to damp 
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CONNECTING STATOR COIL 
TO THE MAINS TERMINALS. 

The two terminal leads 
are connected to terminals 
which are fixed in a bake-
lite terminal board. 

BUILDING UP THE ROTOR FOR THE SQUIRREL CAGE, THREE-PHASE MOTOR. 
The rotor discs are threaded on a key on the shaft and the slots are kept in line by means of two 

rods on opposite sides. • 
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TURNING AND GAUGING THE ROTOR. (THREE PHASE). 
The rotor, after building and winding, is turned so that its diameter is slightly smaller than that 

of the stator, the actual size depending on the size of the motor. This operation must be carefully 
performed as the clearance on these small machines is about 6 to 8 thousandths of an inch, and must 
not vary by more than I thousandth. 

ADJUSTING THE BRUSFIGEAR ON THE COMMUTATOR A.C. MOTOR. 
This shows the assembled machine. The position cf the brushgear is adjusted by loosening the 

locking screw as shown, and moving the brush rocker in the slot to obtain the correct rotation and 
maximum starting torque. 
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FINISHED MACHINE ON TEST. 
It is run on its normal voltage for about 2 hours to ensure that the bearings are satisfactory. It 

is then subjected to a brake test, and readings taken of current and watts input when running light, 
on its full rated output, and its maximum overload. The efficiency and P.F. are calculated and 
compared with that specified for this particular type of machine. 
The starting and running up torque are also checked. The motor is then belted to a generator 

and run on its full load current for 6 hours. The temperature of the windings and iron are taken 
by thermometers to ensure that the motor does not overheat. 
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INTERPOLES AND ARMATURE REACTION 
By H. E. J. BUTLER 

Interpoles are used to secure sparkless commutation at all loads within the capacity 
of a D.C. dynamo or motor. This article emphasises why interpoles are necessary. 

OST modern D.C. dynamos and 
motors, except the very small 
sizes, have interpoles. The inter-

poles of a dynamo or motor are the smaller 
pole pieces located mid-way between 
each pair of main field magnet poles. 

The Object of Interpoles. 

The purpose of interpoles is to secure 
sparkless commutation at all loads within 
the capacity of the machine. To obtain 
efficient commutation on a machine with-
out interpoles it is necessary to adjust the 
brush rocker when the load is altered. 

Interpoles must not be confused with 
compound field windings, which have a 
different object. 

Armature Reaction. 
The first illus-

tration represents, 
diagrammatically, a 
plain bipolar dyna-
mo without inter-
poles. The armature 
conductors are re-
presented by a single 
ring of circular con-
ductors between the 
two magnet poles. 
For the direction 
of rotation, shown 
in the diagram, the 
conductors facing 
the north pole are, 
as it were, going into 
the paper, and those 
facing the south pole 
are coming out. 
The field produced 

by the current in 
these armature 
conductors is similar 
in effect to a sole-

noid placed with its axis horizontal in 
the main field. The polarity of the arma-
ture field due to the current in its con-
ductors is as shown. This effect is called 
armature reaction. 
The direction of the lines of force due 

to the armature magdetization will be 
such that they flow out of the north 
armature pole into both magnet poles and 
out of both magnet poles, back to the south 
side of the armature, thus forming the 
complete magnetic circuit of the field due 
to the currents in the armature conductors. 
The lines flowing, or tending to flow, from 
the north magnet pole to the north arma-
ture pole are in opposition to one another, 
and the field due to the north magnet 

pole and the south 
armature pole are 
assisting, or streng-
thening, the main 
flux. Thus, the 
fields between A B 
the geometrical neu-
tral axis and the 
leading pole tips 
L,L, are weakened. 
Conversely, the 
fields between the 
geometrical neutral 
axis and the trail-
ing pole tips T,T, 
a r e strengthened. 
This is in effect as 
though the main 
field was moved 
round in the direc-
tion of rotation. 
That is to say, 
the magnetic neu-
tral axis CD 
moved round in 
t he direction of 
rotation. 

THE THEORETICAL ARMATURE CURRENTS AND 
RESULTING ARMATURE REACTION EFFECT IN A 

BIPOLAR DYNAMO. 
The direction of the currents in the conductors 

crossed is into the paper and the direction of the 
currents in those dotted is outwards. A B is 
the geometrical neutral axis of the main field 
and line C D represents the resulting neutral 
axis produced by the interaction between the 
armature and main fields. 
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the top of the diagram, and the north at 
the bottom. If the interpoles are placed 
with their axes along AB and respec-
tively of the same polarity and strength 
as those of the armature, the armature 
reaction is neutralised. 

Since the armature field varies with the 
load, the strength of the interpole fields 
must vary in like amount. This is done in 
practice by exciting the interpoles by the 
main current, so that on no load when the 
armature reaction is nil, the interpole 
field is also nil, and when the load and 
armature reaction is a maximum the inter-
pole fields are also at their greatest in-
tensity. 

THE CONNECTIONS OF A SHUNT CONNECTED 
BIPOLAR DYNAMO WITH INTERPOLES. 

The Condition for Sparkless Commutation. 

Since the brushes must bear on those 
commutator bars which are connected to 
the conductors passing through the region 
of the magnetic neutral axis, the brushes 
must, for a dynamo, be given a lead, 
corresponding in amount with the angular 
displacement of the main field. The 
armature currents are shown as though 
there were no field displacement, with the 
brushes set on the geometrical neutral 
axis. Under working conditions the 
brushes would be advanced by the amount 
of field displacement, represented by the 
angle between A B and C D. 

It will be seen that, as the magnitude 
of the current in the armature conductors 
varies, due to variations in load conditions, 
the strength of the armature field will alter 
in sympathy. Consequently the angular 
advancement of the main field also varies, 
which explains the necessity for shifting 
the brushe, with altered load condition. 

Neutralising Armature Reaction. 

It is evident that in order to obtain the 
best running conditions at all loads with 
a fixed brush rocker, it is necessary to 
neutralise the effect of the armature 
reaction. This is accomplished by having 
auxiliary poles or interpoles. It will be 
seen that the armature south pole is at 

Motor Armature Reaction. 

The armature reaction in a motor is 
similar to that of a dynamo, but for the 
saine conditions otherwise the polarity of 
the armature is opposite. If the first 
illustration were to represent a motor the 
polarity of the armature and the direction 
of the currents in the conductors would be 
reversed, for the same main field polarity 
and direction of rotation. Consequently, 
in a motor, the main field is distorted 
against the direction of rotation. The 
brushes of a motor without interpoles are 
therefore moved against the direction of 
rotation with increasing load. 

Y 

THE CONNECTIONS OF A SHUNT CONNECTED 
MOTOR WITH INTERPOLES. 
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Rule for Interpoles. 
The interpoles of a motor are of the 

same polarity as the adjacent main poles 
trailing them while the polarity of dynamo 
interpoles is the same as the adjacent 
main poles leading them in the direction 
of rotation. 

Reversing Interpoled Machines. 
When the direction of rotation of a 

dynamo or motor with interpoles i, 
reversed it is necessary also to reverse 
the relative polarity of the interpoles. 
Since the direction of rotation can be 
reversed by reversing either armature or ' 
main field, do not reverse by changing 
over the brush connections, because this 
leave; the interpoles unaltered. The best 
way is to change over the ends of the 
main field connections only, the interpole 
end connections being left unaltered. 

Dynamo Interpole Connections. 
The second diagram shows the con-

nections of a bipolar shunt connected 
dynamo with interpoles. The direction 
of the windings on the main poles and 
interpoles is also shown. It will be seen 
that when the direction of rotation of the 
dynamo is reversed by transposing the 
main field leads X and Y, the polarity of 
the main fields is reversed, while the rule 
that the interpoles shall be of the same 
polarity as the adjacent main poles is 
still observed, because the polarity of the 
interpoles is unaltered. 

Motor Interpoles. 
The connections of the field poles and 

interpoles of a shunt wound motor are 
shown in the third figure. The difference 
between the polarity of the interpoles to 

THE CONNECTIONS OF A SERIES CONNECTED 
MOTOR WITH INTERPOLES. 

those of a dynamo are shown by compari-
son with the previous figure. The direc-
tion of rotation of a motor of this type is 
accomplished by changing over the field 
leads X and Y. The connections of a 
series wound motor with interpoles is 
shown in the last illustration. As for the 
shunt motor the direction of rotation is 
best reversed by the transposition of the 
main field leads X and Y. 

Multipolar Machines. 
The principles explained may be applied 

to machines having any number of pairs 
of poles. The diagrams may be taken to 
represent only one pair of main poles and 
interpoles. 
The term commutating pole is synony-

mous with the term interpole. 

THE INSTITUTION OF ELECTRICAL ENGINEERS 
PROGRAMME OF INFORMAL MEETINGS FOR Dec. 

SESSION 1932-1933. 
At Savoy Place, Victoria Embankment, London, 

W.C.2. 
(Hour of meeting, 7 p.m.) 

1932. 
Oct. 24. Discussion on " The Future Prospect 

for Electrical Engineers." 
(Opened by the President, Pro-

fessor E. W. Marchant, D.Sc.) 
Nov. 7. Discussion on " The Present Depres-

sion—Is Electricity the Way Out ? 
(Opened by Mr. J. F. Shipley.) 

Discussion on " Loud-speakers." 
(Opened by Dr. N. W. McLachlan.) 

5. Discussion on " Street Traffic Sig-
nals." 

(Opened by Mr. E. S. Perrin.) 

„ 19. Discussion on " House Wiring Simpli-
fication and Elaboration." 

(Opened by Mr. F. Raphael.) 
1933. 

Jan. 9. Discussion on " Television." 
(Opened by Mr. II. J. Barton 

Chapple, 13.Sc.(Eng.).) 

Discussion on " The Use of Electricity 
in Agriculture." 

(Opened by Mr. F. E. Rowland.) 
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THE CATHODE RAY OlCILLOGRAPH 
By " ELECTRODE" 

The cathode ray oscillograph can be used for a great variety of purposes in 
electrical work. This article explains the principle of this useful device 
and describes some of the tubes now available on the British market 

COMPLETE ASSEMBLY OF EDISWAN CATHODE RAY OSCILLOGRAPH. 
(This and the following photographs were specially staged to illustrai e this article by.the Edison 

Swan Electric Co., Ltd.) 

IT is now many years since Crookes Measurement and characteristics of 
gave the name of " cathode rays" 
to a certain effect which he observed 

to proceed from the cathode in an evacu-
ated discharge tube. We now know that 
the effect was simply that of obtaining a 
beam of electrons, but the mysterious 
name " cathode ray" still persists, and 
the instrument in which the beam is 
turned to good practical account still 
goes under the name of " cathode-ray 
oscillograph," although there seems little 
doubt that we should now call it an 
" electron-beam oscillegraph." 

Instrument of Many Uses. 
A very wide range of uses is claimed for 

the modern sealed-off glass type of 
oscillograph working at anode voltages 
of 300 to 400 to 1,500 or 2,000, and it is the 
purpose of this article to show how applica-
ble it is to a great variety of electrical and 
allied measurements. Perhaps the best 
proof is to quote some of the uses to which 
it has already been applied. These in-
clude :— 

machine noise. 
Problems of phasing. 
Synchronisation of alternators. 
Standardisation and comparison of fre-

quencies (high and low). 
High-frequency voltmeter. 
Measurement of amplifiers and per-

formance of radio transmitters and re-
ceivers at high and 1Gw frequency. 

Delineation of wave forms of transients. 
sounds, etc. 
Measurement of nerve reactions. 
Reception of radio signals. 
Measurement of signal-strengths. 
Visual radio direction-finding. 
Accurate measurement of small time 

intervals. 
Delineation of valve characteristics. 
Properties of magnetic materials. 
Mechanical problems where mechanical 

impulses or forces can be converted into 
electrical effects. 

Television. 
The last-named application may well 

prove to be the widest of the many uses. 

D 
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STAGES IN THE M ANUFACTU;tE OF A ( AT1B,DE RAY TUBE. 

Sealing an exhaust tube. 

It is true that up to date it has not been 
much used in England, but considerable 
progress has been made in America and 
in Germany. At the recent Berlin Wire-
less Exhibition at least two television 
receivers were shown using cathode-ray 
oscillographs for domestic recep-
tion. This may well be taken as 
an indication of the simplicity of 
their use. 

Production of Electron Beam. 
The general principles of the 

cathode-ray tube are really very 
simple, although it should be 
said that a great deal of work 
has been put into the process of 
applying these principles and 
getting them into their present 
amenable condition of use. These 
principles are iilustrated on page 
131. The containing envelope is a 
glass bulb of the shape shown and 
seen more clearly, perhaps, in some 
of the photographs of actual 
commercial tubes. 
The cathode is a filament 

usually of the typical loop shape 
approximately as shown. The 

filament is heated 
by current (usu-
ally of about 
ampere or so) to 
a medium red, 
when it becomes 
an emissive 
source of elec-
trons. The anode 
is a disc with a 
central hole. If 
a steady voltage 
of, say, 300 to 
500 V. is applied 
between anode 
and cathode, as 
shown, electrons 
emitted from the 
cathode are 
drawn from the 
filament towards 
the anode. Some 
of the electrons 
arrive in the 
vicinity of the 
anode with 

sufficient velocity to shoot through the cen-
tral hole. By various means it can, indeed, 
be arranged that by far the greater number 
of electrons leaving the cathode are shot 
through the hole instead of being taken 
directly into the metal of the anode. 

STAGES IN THE MANUFACTURE ( IF A CATHODE RAY TIRE. 

Showing the electrodes 1K.ing welded in position. 
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How the Electrons are Kept in a Con-
centrated Beam. 

After they have shot through the 
anode there is a natural tendency for 
them, as it were, to repent and try to 
get back into the metal of the anode, 
after the usual manner of the diode or 
two-electrode valve. By still other means, 
however, it is possible to keep them in a 
concentrated beam, which is of fine 
cross-section at the point where it hits 
the inside of the bulbous end of the tube. 
This end is coated internally with a ma-
terial which has the property of glowing 
when it is struck by the electrons, so that 

=.4   C. 

SHOWING THE USE OF A NEGATIVE CYLINDER 
ROUND THE CATHODE TO CONCENTRATE THE 

BEAM THROUGH THE ANODE. 

(a) Shows no cylinder; (b) a cylinder with 
insufficient negative bias, and (c) a cylinder 

with correct negative bias. 

the point S glows with a fluorescence, the 
brightness of which depends upon the 
value of the " accelerating voltage " V and 
whose colour depends on the nature of the 
material. 

Focusing the Beam. 
The methods which are used to maintain 

or, rather, to control the beam so that it 
arrives in the form of a fine point are 
interesting, and, although they do not 
actively concern the user, they are worth a 
brief mention. In the first type of 
cathode-ray oscillograph that was com-
mercially available some nine or ten years 

ffl \WW \ \\\\ 

DEFLECTIONS OF BEAM BY MAGNETIC 
FIELD DUE TO CURRENT-CARRYING COILS. 

131 

PRINCIPLES OF PRODUCING ELECTRON BEAM 
IN A CATHODE RAY OSCILLOGRAPH. 

ago—that of the Western Electric Co., 
later Standard Telephones and Cables Co. 
—the beam was " focused" by means 
of ionisation of the small residue of gas 
(argon) that remained in the tube. The 
anode was in the form of a short fine 
tube which first helped to project the 
electrons in a beam. In their progress 
along the tube the electrons collided with 
atoms of the low-pressure gas and produced 
positively charged ions which tended to 
move towards the cathode in the opposite 
direction to the electron movement. In 
doing so they created a magnetic field 

PRINCIPLE OF DEFLECTING ELECTRON BEAM 
BY MEANS OF PLATES W ITHIN THE TUBE. 

which constrained the electrons in a 
narrow path. 

In the process of design and manufac-
ture the dimensions of the bulb and the 
pressure of the remaining gas were 
adjusted so that, at the normal working 
temperature of the filament, the degree of 
ionisation produced was such as to give 
exactly the magnetic field required to 
focus the beam at the fluorescent screen. 
The degree of ionisation was, in turn, 
controlled by the filament temperature, 
which was thus the sole control. 
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Concentration by Cylinder Round the 
Cathode. 

More recently it has become the practice 
to surround the filament by a metal cylin-
der, an innovation which was due to the 
German, M. von Ardenne. This cylinder 
is made negative to the filament and 
immediately exercises an all-round 
constraint on the (negative) electrons 
shooting off from the filament and gets 
them into the form of a convergent beam, 
which is all the more easily shot through 

TESTING AN EXPERIMENTAL CATHODE RAY TUBE. 
Showing how the apparatus is rigged up in the laboratory. 

the anode aperture. An illustration of this 
process is shown in the sketch on page 131, 
which is traced from photographs made by 
von Ardenne. 
In (a) no cylinder surrounds the 

filament, in (b) the filament is surrounded 
by a cylinder which is not, however, 
sufficiently negatively biased and there-
fore leaves the beam still coarse in 
passing through the anode. In (c) the 
cylinder is adjusted to the correct negative 
voltage and causes a sharp beam to pass 
through the anode aperture. Once through 
the anode, the electrons are kept in a 
fine beam and brought to focus by ionisa-
tion after the manner already considered. 

There are thus two controls involved 
in focusing the beam, one the filament 
temperature and the other the cylinder 
biasirg voltage. In practice, however, 
this dual control offers no real difficulty, 
and the use of the shielding cylinder has 
had a valuable effect in permitting the 
use of much higher voltages, while also 
adding to the life of the filament. The 
whole of the beam-producing system is 
frequently referred to as the " electron 
gun." 

USING THE 
BEAM. 

he 1( degoing 
account deals 
entirely with the 
process of ob-
taining the elec-
tron beam and 
getting it to 
shoot along the 
axis of the tube. 
What are we to 
do with it once 
we have it? In 
the third sketch 
on page 131, we 
have the same 
elementary 
beam - producing 
system as previ-
ously shown. 
Additionally, 
however, two 
parallel metal 
plates are intro-
duced into the 
tube a small way 

along the beam from where it emerges 
from the anode. It must be remembered 
that the electrons forming the beam are 
each small negative charges. 

Applying a D.C. Voltage. 
If, therefore, we apply to the parallel 

plates a voltage of the sense shown, the 
upper plate, positively charged, will 
attract the electrons, while the lower 
plate, negatively charged, will repel them. 
The beam between the plates is thus 
deflected upwards, and the fluorescent 
spot S is moved to a new steady position, 
as illustrated. 

Actually it will be seen that on account 
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of the length of the beam there is a 
considerable leverage applied to the de-
flection of the beam, so that a small 
movement in the neighbourhood of the 
deflecting plates gives a much bigger 
movement to the spot on the screen. 

Effect of Reversing the Voltage. 
If the voltage on the deflecting plates 

be reversed it will be seen that the spot 
would similarly be moved downwards. 

Applying an Alternating Voltage. 
If, instead of the steady D.C. voltage, 

W AVE FORM ON LINEAR TIME BASE. 

we apply an alternating voltage to the 
deflecting plates, it will be seen that the 
fluorescent spot will move up and down 
on the screen in accordance with the 
alternating frequency. If the frequency 
is low, e.g., below about 20 per second or 
so, the eye will be able to detect the fact 
that the spot is vibrating up and down. 
If the frequency is high, say, 50 -- or more, 

ELLIPSE FORMED BY DIFFERENCE OF PHASE 
BETWEEN DEFLECTOR POTENTIALS. 

\t ,fi 
TRAIN OF W AVES SHOWN BY LINEAR TIME 

BASE. 

the spot will still vibrate up and down on 
the screen, but its rate of vibration will 
be so rapid that the eye will not be able 
to follow its individual excursions and 
will simply see an apparently steady 
vertical line on the fluorescent screen. 

How the Beam Serves as an Indicating 
Device. 

The essential use of the electron beam 
is thus to serve as an indicating device, 

W AVE FORM OF I-WAVE RECTIFIER OUTPUT. 

but it is an indicating device which is 
incomparably light compared with any 
other that can be devised. Being merely 
of electrons, it is effectively free of inertia 
and can thus be vibrated at practically 
any frequency. Thus the same electrode 
system shown in the third sketch can be 
used for deflections of mains frequencies of 
25 to 50 -- or it can equally be used at hun-
dreds of kilocycles. A further advantage is 
to be found in the fact that the electron 
beam behaves like a sort of universal 
joint and can be deflected in any direction. 
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INTERIOR OF TIME BASE UNIT. 
Showing mercury vapour discharge tube ; bias battery 

for adjustment of time-base length ; and diode used as 
frequency controller. 

Thus if another pair of deflecting plates be 
introduced at right argles to those ali eady 
shown, they can be used to deflect the 
beam horizontally. 

For example, in this sketch (b) the plates 
VP are those already shown in (a) 
deflecting the spot vertically as considered 
above; H P is one of a pair of plates at 
right argles capable of deflectirg the spot 
horizontally. Practically all the applica-
tions of the oscillcgraph already cited 
involve the use of both deflectir g 

systems. 

DEFLE C rION BY C URRENT-
CARRYING COIL. 

Besides beirg capable of de-
flection in the manner considered, 
it is also to be remembered that 
the electron beam is a stream of 
moving electrons. This is exactly 
the equivalent of a current, so 
that the beam is effectively a 
current-carrying wire, with the 
important difference that it is a 
wire of no inertia. As a current-
carryirg wire, however, the beam 
is capable of beirg deflected by 
a magnetic field. This is easily 
shown by bringirg a magnet close 
up to the tube, when the beam 
is seen to move to a new position. 
Instead of usirg the plates for 
deflection, we can therefore de-

fleet the beam either steadily or 
in an alternating manner by 
means of the magnetic field from 
current-carryir g coils brought 
close to it. 
A sketch shows the neck of a 

tube with a pair of such coils 
attached to it, the two coils being, 
of course, in series and arranged to 
be additive in their effect on the 
beam. Another pair of coils could 
also be used at right angles to 
those shown so as to give two-
dimensional deflections, as with 
the plates. It is indeed possible 
to combine deflection by plate and 
by coil, and some applications do 
use both means of controlling 
the movement of the beam. 

An Important Point to Remember. 
An important point in using 

either system, however, is to remember that 
in the case of deflection by the plates the 
movement of the spot is at right angles 
to the plane of the plates, while in the 
case of coils the movement is parallel 
to the plane of the coils. 

DEFLECTIONAL SENSITIVITY. 

Another point of interest that should 
be mentioned here is the sensitivity 
of the electron beam to deflecting forces. 
Usirg electrostatic deflection by means 
of the plates, the sensitivity of deflection 

NTERIoR EXCITER UNIT. 
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SHOWING THE ELECTRODE SYSTEM AND DEFLEC-
TOR PLATES IN AN EDISWAN CATHODE RAY TUBE. 

varies inversely as the accelerat-
ing voltage (V of first sketch). 
Thus with anode voltages of 300 
a tute may give a spot move-
ment of r mm. for one volt on the 
deflecting plates. If the beam be 
accelerated by r,000 volts, so as 
to give a much brighter spot, 3.3 
volts will be required to give 
the same deflection as before, 
etc. With magnetic deflection 
by means of coils, the sensi-
tivity is inversely proportional 
to the square root of the 
acceleratirg voltage. Thus if a 
certain pair of coils gives I mm. 
deflection for one milliampere 
with an anode voltage of 300, 
1.82 milliampere will be required 
if the accelerating voltage is 
increased to L000. 

FLUORESCENT SCREEN 
MATERIALS. 

A number of materials have 
the property of glowing under 
the influence of bombardment 
by the electron beam. One 

favourite material is 
zinc silicate or Wile-
mite, which glows 
a bright yellow-
green and has the 
merit of giving a 
good response at 
relatively low ac-
celerating voltages. 
Another material is 
calcium tungst ate 
which glows a pale 
blue. It requires a 
much higher volt-
age for equal visual 
brightness—as com-
pared with zinc 
silicate — but its 
colour is more 
photcgraphic ally 
active. 
Thus for maxi-

mum sensitivity and 
visual observation 
zinc silicate is the 

ELECIRDDE SYSTEM OF 
COSSOR OSC I LLOGR A PH. 
C is the contro ling 

cylinder with the 
filament within it. A 
is the anode; P the 
deflecting plates; and 
San electrostatic 
shielding screen. 

135 

COMPLETE EDISWAN 
CATHODE RAY TUBE. 

better material, while for 
photographic purposes, cal-
cium tungstate is more ad-
vantageous, although it is 
accompanied by some loss of 
sensitivity to deflection. 
Mixtures of these materials 
have been used to provide 
a screen which gives a com-
promise of these qualities. 
With modern tubes, good 
photcgraphic response for 
many rapid types of recording 
can be obtained with accelerat - 
irg voltages of r,000 or 
1,200, using a screen of cal-
cium tungst ate. 

BRITISH COMMERCIAL 
OSCILLOGRAPHS. 

The first available tube 
was, as has already been 
stated, that of Standard 
Telephones and Cables. On 
its original appearance, about 
ro years ago, this instrument 
marked a very notable ad-
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vance in raising the oscillograph from the 
level of a laboratory toy to that of a 
working tool. An example of its utility 
is to be found in the fact that it was 
very quickly used to show—for the first 
time—the shape of wireless atmospherics, 
revealing that these are transients having 
an average duration of the order of one-
thousandth of a second. This is surely 
an adequate tribute to the utility of the 
device. The Standard Co.'s oscillograph 
was suitable for working at voltages of 
only 300 or 400. 

After a period of little development in 
tube design, the next notable step was 
that due to von Ardenne, viz., of intro-
ducing a controlling cylinder round the 
filament. Besides improving focusing, 
this permitted operation at much higher 
voltages, i.e., up to 2,000 or 3,000, with 
consequent increa-e of the uses to which 
it could be applied. 

The Ediswan OseillograPh. 
A British tube of appearance and 

construction generally similar to that of 
von Ardenne is that of the Ediswan Co. 
The upper tube has only one pair of 
deflecting plates, but the lower has two. 
The general dispositions of cathode, cylinder 
and anode are approximately on the lines 
shown in the fourth sketch. The connec-
tions to filament, cylinder and anode are 
made by a valve socket of ordinary British 
pattern; connection to the deflecting 
plates is made by side stalks on the tube. 
The Ediswan tube can be worked up to 
2,000 volts. 

All the photographs of apparatus as 
well as the oscillographs shown in page 
133 were specially taken to illustrate this 
article. For the facilities in staging and 
operating the apparatus we are indebted 
to the Ediswan Electric Co., Ltd. 

A Recent Design. 
More recently the Standard Telephone 

Co. has produced a new design, which 
also uses a cylindrical shield, but working 
at a slight positive voltage. The anode 
is very close to the filament and cylinder, 
being separated by mica insulation. Con-
nection to all electrodes is made by a 
socket of American valve type. This 

oscillograph is still of the low voltage type, 
being' intended for operation at 3oc‘i to 
600 volts. 

The Cossor Oscillograph. 

The latest comer to the British market 
is that of Messrs. A. C. Cossor, the valve 
makers. This is an extremely well-
designed oscillcgraph, capable of being 
used from 300 or 400 volts up to 2,000 
volts or so. All eight connection points— 
two for filament, one for cylinder, one for 
anode and four for deflecting plates, are 
brought in special pinches on to an eight-
point cap, fitting with bayonet catches 
into the special low-capacity socket as 
shown. The anode is spaced from the 
cylinder and filament by means of mica, 
capable of high-voltage operation of the 
order stated. 

The Shielding Cylindrical Screen. 

An excellent feature is the addition of 
the shielding cylindrical screen S of 
the sketch on page 135. This is connected 
to the anode, and serves to prevent the 
formation of static charges on the walls of 
the oscillograph. The Cossor tube is avail-
able with visual or photographic screen ma-
terials, and samples which the writer has 
seen in operation suggested that they 
gave an excellent response at the various 
operating voltages appropriate to their 
purpose. 

Operating Voltages. 

It is impossible in the course of this 
single article to cover all the practical 
points that arise in connection with the 
cathode-ray oscillograph. It is hoped, 
however, to give further data later. 
Before concluding the present article, 
however, it may be mentioned that, 
although operating voltages of Loci° or 
more have been quoted, these need 
represent little difficulty in practice. 
The currents taken are very small, being 
less than half a milliampere at even 
L000 or 2,000 volts. If A.C. supply is 
available, the high voltage can be obtained 
from a simple type of rectifier unit, the 
small currents involved making smoothing 
very easy and inexpensive. 
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THE 
INSTALLATION OF UNDERGROUND CABLES 

By C. CAMERON KIRBY, A.M.I.C.E., A.M.I.E.E. 

In this article Mr. C. Cameron Kirby describes the three most modern 
methods of installing cables underground, i.e., the solid system, the conduit 

system and the direct system 

THE general principles involved in 
laying cables apply equally to all 
types of cables, irrespective of the 

electrical pressure for which they are 
intended. Cables may be single core, 
twin, three core, four core or may possess 
additional cores for the purpose of a 
street lighting switch wire. They may 
incorporate small section pilot wires for 
use with protective gear or private tele-
phone systems for communication between 
substations and the central works' offices. 
In the case of super tension cables of 33,000 
volts work-
ing pressure or 
higher, greater 
care in hand-
ling and more 
gentle treat-
ment in bend-
ing the cable 
round corners 
is called for 
than in the - 
case of low 
tension cables, 
but in other 
respects t he 
problems are 
similar. 
M odern 

methods of 
inst ailing 
cables under-
ground may 
be di vided 
into three sec-
tions: (A) 
solid system, 
(B) conduit 
system, and 
(C) direct 
system. 

FEEDING A .5—.25—.5 SQ. IN. Low TENSION THREE-CORE 
ARMOURED LEAD-COVERED CABLE IN TRENCH. 

LAYING CABLES SOLID—SYSTEM (A). 
In this case the cable may be plain lead 

covered with no additional protection over 
the lead sheath or it may be armoured. 
Troughs are laid in the bottom of the 
excavated trench and cable placed in 
position in the trough. Bitumen is poured 
into the trough and the troughing covered 
with bricks or tiles or other suitable pro-
tection. Various types of troughing have 
been used in this method. 
Types of Troughing. 

Creosoted wood has been extensively 
employed on 
many under-

- takings and 
has many ad-
vantages. The 
resistance it 
offers to dam-
age from stray 
pickaxes and 
bars is con-
siderable. It 
can be ob-
tained in long 
lengths and is 
reasonably 
cheap and 
may be in-
stalled with 
comparatively 
unskilled 
labour. Cast 
iron troughs 
make a sound 
job for foot-
path work, 
can only be 
obtained in 
short lengths 
and are expen-
sive. Stone-
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THE CABLL TRENCH BEFORE FILLING IN, 

ware troughs have been extensively 
employed, but here also the lengths 
are limited to about three feet, and 
the frequency of joints in the troughing 
is a source of weakness. Where cables 
have to cross a road carrying heavy traffic, 
both iron and stoneware troughing have 
been found to give rather unsatisfactory 
service as the pounding of heavy vehicles 
in time results in the troughing collapsing 
at the joints and failure of the cable 
ultimately results. Road crossings should 
never be laid at a depth less than three 
feet, and greater depth is always advisable 
with both systems (Al and (B). 

How the Cables Are Installed. 
In installing cables on the solid system, 

troughs are first laid and bedded on sifted 
earth at the bottom of the trench. The 
troughs are jointed for as many yards as it 
is intended to " pitch in " in one operation. 
For an individual cable the internal 

dimensions of the troughing might be 
5 in. wide by 4 in. deep. Saddles are then 
placed on the bottom of the trough from 

ft. to 2 ft. 6 in. apart, the more flexible 
the cable the nearer they are placed. 
Wood bridges or saddles should not be 
used as these absorb moisture through 
joints in the troughing and provide leakage 
paths for stray currents to leave the 
sheaths of lead covered cables. 

Best Material for Saddles. 
The best material for the saddles is 

asphalte which as well as being non-
hygroscopic, softens on the surface in 
contact with the hot compound and tends 
to unite with this compound into a homo-
geneous filling. The cable is now run off 
the drum and laid alongside the troughing 
in the bottom of the trench. Any loose 
soil that may have fallen into the troughing 
is brushed out, the cable is placed in 
position on the saddles, and very hot 
compound is poured in to a depth of 
about ?.; in. After this has been allowed 
to cool off somewhat, the troughing is 
filled up with compound at a temperature 
of from 250° F. to 300° F. 

The Final Stage. 
The final stage is to " top up " and 

j lace the covers on the molten compound, 
thus effectively sealing the troughing. In 
the case of wood troughing the covers will 
normally be creosoted wood planks about 
6 ft. in length. Where sections of the 
trcughing terminate in brick pits, as is 
fi equently the case when disconnecting 
boxes are inserted in circuit, the t roughing 
should be finished off with asphalte. This 
prevents the bitumen from running into 
the pit, and effectively seals the troughs 
should any heating of the cable occur. 
Mains laid on the solid system should lc 
installed in fine weather, as the effect or 
showers on partially completed work is 
very harmful. 

Advantages of the Solid System. 
This system of laying is invaluable in 

those areas where stray currents from 
tramway rails are known to exist and is 
probably the best solution to the problem 
of electrolysis of underground cables. It 
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is also the best method where cables have 
to be laid in " made " ground, consisting 
of clinker or chemically active ground. 
When carefully installed it is a safeguard 
against chemical or electrolytic corrosion. 
The cables cannot, however, carry as 
much current without undue heating when 
installed in this manner as with system (C). 
It possesses similar limitations to this sys-
tem inasmuch as the cables have to be of 
sufficient size when originally installed to 
allow for future development in the load. 

CABLES IN CONDUITS—SYSTEM (B). 
The conduit system consists of ducts or 

pipes laid under the footpath or roads 
into which are drawn lead covered cables. 
These pipes are laid so as to drain into 
pits or draw boxes every 200 to 300 ft., 
and the pits have sumps at the bottom 
which are usually connected to the surface 
water draining system of the local autho-
rity. These pits should be sufficiently 
large and deep for a jointer to work in 
comfort. This size will vary with the 
number and type of cables installed, but 
should not be less than about 4 ft. 6 in. by 
3 ft. wide by 3 ft. deep. 
Where possible the cables should be 

brought out of the duct mouth at one end 
of the pit, round the side of the pit, and 
fastened to the wall by cable hangers or 
brackets, and then into the ducts at the 
other end of the pit. This obviates the 
cables being used as steps to assist a man 
to descend to the bottom, and reduces 
maintenance to a considerable extent, 
especially with the smaller size of cables. 
Pits are normally fitted with double frames 
and covers, these being made especially 
strong for roadway use, and they are 
lifted by means of special keys inserted in 
holes at each side of the covers. 

Materials Used in Conduit Systems. 
The materials used for conduit lines 

may be cast iron, fibre, or glazed stonewat e 
pires, the latter being more genetally 
used than other types. Cast iron pipes 
are very suitable in those areas liable to 
electrolysis, and they can be manufactured 
in long lengths with spigot and socket 
joints. The joints ate made with yarn 
and lead and then caulked. Cast iron 
pipes are fairly exr ensive but are often 

VIEW ALONG CABLE TRENCH. 
Showing tunnel under entrance to works. 

used for cables crossing bridges, where the 
amount of working depth is very limited. 
Fibre conduits are made in 5 ft. lengths, 
and are impregnated with a compound of 
bitumen during manufacture. The joint-
ing is of the spigot and socket type and 
the overall diameter of the joint is the 
same as the pipe. Only single pipes are 
made of this material. 

Installing Fibre Conduits. 
When installing the≤ e pipes the trench 

is excava:cd to the required depth and 
width. A concrete bed is laid on the bot-
tom of the trench to foirn the base for the 
number of duct ways required. This bed 
will usually be from 4 in. to 6 in. thick, 
va:ying with the nature of the ground and 
the weight of the traffic above. The first 
tier of pipes is then laid on the concrete 
bed, and these are evenly spaced by means 
of a wooden comb-like template designed 
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to take the requisite number of pipes on 
each tier. 

Lining Up the Templates. 

These templates are placed about 3 ft. 
apart along the pipe line and are lined up 
and kept in position by means of packing 
from the side of the 
trench. The spaces be-
tween these templates 
are now filled in with a 
mixture of cement, sand 
and fine spar or foundry 
slag, and the sides of the 
trench are filled in with 
rough concrete to the 
level of the pipes. The 
templates are next re-
moved and the spaces 
which they have left are 
filled in with the fine 
concrete mixture. The 
first tier is allowed to 
set for several hours, 
after which the process 
is repeated until the total 
number of duct ways is 
laid, and finally a rough 
concrete is again used to 
complete the block. It 
is advisable that the con-
creting of the ducts be-
tween two pits should be 
completed as quickly as 
possible, to ensure the 
keying together of the 
concrete. 
One of the advantages 

of fibre conduits is that 
the pipes can be slightly 
bent, if desired, by 
warming them with a 
blow lamp, and this 
enables one to avoid obstacles. 

CABLE GRIP ATTACHED TO END OF 
PLAIN LEAD-COVERED CABLE. 

How Stoneware Ducts are Installed. 
Stoneware ducts may be either of the 

spigot and socket type or butt jointed 
type and are manufactured in varying 
lengths up to 3 ft. and from single pipes to 
sections of 9-way conduits. The spigot 
, and socket type are usually manufactured 
with self-aligning joints, and both ends 
have a layer of bituminous jointing 
compound attached to them during manu-

facture. It has been claimed that no 
additional treatment is necessary in order 
to make a waterproof joint. It is, how-
ever, an advantage to paint the joint 
surfaces at each end of the pipe with a hot 
mixture of one part of Russian tallow to 
four parts of resin, melted together. It is 

essential to apply the 
mixture hot and not in a 
thick state, the correct 
consistency being that 
of a heavy motor oil. 

The Butt Joint. 

With the butt join 
the conduits are aligned 
by means of wooden 
mandrils. A band of pre 
pared canvas is wound 
round the joint to pre 
vent loose material get 
ting into the duct line 
during the completion o 
the work. An iron shoe 
or mould is next placed 
in position round the 
joint and a strong cement 
mixture run in to this. 
With both these types 
of conduit, the joints of 
adjacent pipes are stag-
gered. In the case of 
a multi-way conduit of 
the butt - jointed type 
installed in the carriage-
way, it is sometimes 
deemed advisable to 
encase all the pipes com-
pletely in concrete. TM-. 
is shown in the sketch 
which also depicts the 
staggering of the joints. 

When layers of multi-way spigot and 
socket ducts are placed on top of each 
other the spaces between the layers are 
filled with cement mortar to a thickness of 
about in. The ducts are thus supported 
over the whole of their area, and no undue 
weight is thrown on to the socket end. 
Incases where the ducts are laid on earth, 
the earth should be scooped out at these 
points where the collars of the socket end 
will come, and this will ensure a level 
bedding of the duct line. 
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How the Cable is Pulled into the Duct. 
Before pulling a cable into a duct, the 

latter has to be " rodded up." Drain rods 
about 5 ft. in length are pushed into the 
duct and fastened to each other by means 
of a screw coupling and locking catch. 
When the whole length of the duct line 
between the two adjacent pits has been 
rodded up, a light rope is attached to the 
last rod. This is pulled in, and an attach-
ment to it is also pulled through the duct. 
This attachment consists of a mandril, 
about in. less in diameter than the duct 
itself, and if this passes withcut difficulty 
the charge hand knows that the duct is 
clear. To the other end of the mandril a 
stouter rope, sometimes of steel, is tied and 
this rope is used to do the actual pulling 
in of the cables. This rope may be 
attached to a cable grip made of fine steel 
wired which goes over the lead sheath of 

How THE STONEWARE TROUGHS ARE ARRANGED 

the cable and grips the lead sheath tighter 
as the pull on the rope increases. 

Precautions with Heavy Cables. 
With heavy cables there is a danger of 

the lead sheathing being drawn partly off 
the cable or broken or damaged in other 
ways. To avoid this, the cores of the 
cable may be sweated into a special socket 
or lug which is attached to the rope and 
thus the cable cores take the strain 
directly. 

Mounting a Drum. 
The position for mounting a drum for 

running off cable into a pit is shown in the 
sketch. The bending of the cable should 
be as little as possible, and the larger the 
radius of the bend the better for the cable. 
Plain lead covered cable is invariably used 
for draw-in systems, and it should be 
coated with a suitable lubricant such as 
vaseline as it enters the duct mouth. 

CABLE DACIA. 

How THE DRUM IS MOUNTED. 
This shows the position for mounting a drum 

for running off cables into a pit. 

A labourer should be specially detailed off 
to look after the cable as it is being fed 
into the duct mouth, and to grease the 
lead liberally during this process. Another 
labourer should be placed at the top of 
the pit, from which position he can give 
instructions to the men handling the 
drum, and keep an eye on the progress of 
the cable into the duct. At the next pit 
to that at which the drum is mounted 
there will be a gang of perhaps 15 men 
pulling the rope attached to the cable. 
To assist them to pull together the ganger 
may have a small whistle which he will 
blow about every 4 seconds. 

When to Use a Winch. 
With very heavy cables it may be 

necessary to use a winch in order to draw 
the cable through the ducts. The winch 
is mounted immediately above the man-
hole and the wire rope is carried round an 

SECTION OF _W OOD TROUGHING. 
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PARTIALLY FILLED-IN CABLE TRENCH. 
Showing .25 sq. in. three-core o,000-volt 

cable with interlocked warning tiles for protec-
tion. 

idle pulley and then through the duct on 
to the cable. The idle pulley is about 
2 ft. in diameter and its position in the 
pit is adjustable so that its bottom bearing 
surface is in line with the duct mouth. 
The sketch illustrates this point and shows 
both the pit into which the cable is being 
led and the adjoining pit some ioo yards 
or so away where the winch is mounted. 
If hand drawing is resorted to, the pulling-
in gang will take the place of the winch. 
Where the ducts are fairly deep, it may be 
necessary to break away one side of the 
pit to enable the gang to get a more direct 
Pull. 

Advantages of the Conduit System. 
The conduit system is extensively used 

in the centres of large towns for feeder 
cables. It is rarely used for distributor 
cables, where services have to be connected 
every few yards, and has nothing to 
recommend it for this purpose. As the 
load on a network grows, it is a very 
simple and inexpensive matter to draw out 
an old cable and draw into the vacated 

duct a larger size of cable. The system is, 
therefore, very flexible. Cables in ducts 
will not, however, carry as much current 
for the same increase of temperature as 
cables laid direct, but the advantages in 
the directions indicated are so real that 
they are a great asset to large cable 
systems in towns. 

LAYING CABLES DIRECT SYSTEM (C). 

Ground is excavated to a depth of 18 in. 
in the footpath, the trench being about 
15 in. wide, and the bottom is levelled and 
cleared of sharp stones. The cable is 
then placed in position in the bottom of 
the trench and about 3 in. of sifted earth 
is filled in. Protective tiles are now 
placed along the trench immediately in 
line with the cable, these tiles being 
interlocked to prevent displacement. The 
ground may then be filled in and well 
rammed down. The proportion of men 
engaged on punning the loose soil ought 

DRAWING A .5—.25—.5 SQ. IN. THREE-CORE 
LEAD-COVERED AND ARMOURED LOW TENSION 
CABLE ALONG CABLE TRENCH, SUPPORTED BY 

ROLLERS. 
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to be twice as many as those engaged in 
shovelling this soil into the cutting. 
Some undertakings use creosoted wood 
boards as a warning of the presence of a 
cable, but it would appear that hard 
burnt clay tiles have a much longer life. 
These tiles have letters cut into their 
surface indicating the presence of a cable 
beneath them. Thus in the photograph 
shown, the tile bears the inscription 6 kv. 
ELECTRICITY, which informs any sub-
sequent excavator of the proximity of a 
6,000-volt cable, and ensures the cautious 
use of pickaxes. 

Drawing the Cable Along the Trench. 
\Vhen laying cables in a footpath 

entirely free from obstruction, it is pos-
sible to run all the cable off the drum and 
lay it bodily in the trench. More fre-
quently, however, there are numerous gas 
and water services crossing the trench. 

Threading the Cable Under Obstructions. 
Then it becomes necessary to thread the 

cable under these obstructions. The use 
of rollers placed in the trench for cable to 
rest upon speeds up this work, and enables 
longer lengths of heavy cables to be pulled 
in than would otherwise be possible. The 
cable drum is mounted on jacks at a 
convenient position at the side of the 
trench, and a " stocking" cable grip, 
as shown in the photograph, is attached to 
a stout rope, and also to the end of the 
cable. Three men are detailed off to 
attend to the rotating of the drum, whilst 
others pull on the rope and feed the cable 
into the trench. As the cable travels over 
the rollers along the trench, other men 
stand straddle in the bottom of the trench 
and each holds a rope sling which passes 
beneath the cable . As a signal from the 
ganger the men pull on the rope slings and 
the cable moves along the trench a yard 
or so. The men now move their slings 
forward and the procedure is repeated. 
The rollers are placed at 15 ft. intervals. 

Take Care Not to Damage Other Pipes. 

Usually it is not advisable to excavate 

for a greater distance than Rio yards at a 
time. Great care should be taken not to 
damage gas or water pipes, and any 
damage should be reported at once to the 
ganger in charge who will immediately 
notify the proper authorities. Cables 
from which services are to be taken should 
be laid about 2 ft. 6 in. from the property 
line, where possible, and should be at 
least 6 in. from gas mains. Where cable 
is laid through " made " ground such as 
ashes, clinker, etc., it will be necessary to 
bring clay from some other place and 
surround the cable with this to prevent 
corrosive action. Alternatively, the cable 
may be laid solid through bad patches of 
ground. 

Armoured Cable. 

Usually all cable laid direct is of the 
armoured type the armouring consisting 
of double steel tapes which overlap each 
other. These tapes are wound over a 
layer of tarred jute, which provides a 
bedding between the lead sheath and the 
armouring. A similar bedding is laid over 
the armour and this is white-washed to 
prevent the coils of cable sticking to each 
other on the drum. 

The Mangnall Irving Thrust Borer. 

Where a road has to be crossed it is 
often possible to avoid excavating the 
roadway. The Mangnall Irving Thrust 
Borer enables one to do this. Two holes 
are excavated on opposite sides of the 
road which it is desired to cross. A 
special mechanism similar to an hydraulic 
ram is lowered into one hole and adjust-
ments are made to line up the ram with 
the hole across the road. Rods are now 
connected to the piston of the ram and 
hydraulic pressure applied to one side of 
the piston which forces the rods through 
the earth in the required direction. The 
pump for maintaining the water under 
pressure is mounted on the footpath or 
roadway outside the pit, and the high 
pressure water conveyed by flexible tubing 
to the ram below. 
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CORRESPONDENCE 
The Editor invites correspondence from readers on any subject of general interest 
to electrical engineers. Letters should be addressed to THE EDITOR, 
The Practical Electrical Engineer, 8- II, Southampton Street, Strand, W.C. 2. 

Scale Models for Electrical Testing. 
SIR,—A. J. T. (Wembley) raises an interest-

ing point in your first number; interesting in 
more ways than one because the world of models 
is at all times extraordinarily fascinating, but 
I think the answer to your correspondent's 
question is: No; models will not help. 
To use water as an analogy (as is done so often 

in electrical work), your readers will probably 
still have fresh in their minds Kaye Don's feat 
in Miss England III. Before this boat was 
built, experiments were carried out with scale 
model, rocket-driven hulls, in an endeavour to 
ascertain various points. 
At least one authority has subsequently 

definitely stated that with the speeds achieved, 
further improvement can only be reached by 
experimenting with full-size craft. As with 
the boat, so with the switchgear, and the chief 
difficulty would appear to be the resistance, 
since, if a quarter-scale model were made, its 
insulation values would not be a fourth of those 
in the full-size gear. 

L. R. L. (STRoori). 

The Diesel Electric Generator. 
SIR,—Your correspondent A.P.Q. (Yeovil), on 

the subject of " Diesel Electric Generation," 
quotes the" all in" cost of .6d. per unit as being 
the practicable figure for a typical small works 
plant of zoo K.W. capacity. 
I should be obliged if he would itemise it 

under the following headings :— 
Wages (running) Per Unit Generated. 
Fuel 
Lubricating oil .. 
Stores and water 
Maintenance .. 
Interest on capital 
Depreciation .. 
Insurance, rent, rates, taxes and a proportion 

of management expenses per unit generated. 
In arriving at the above costs, the annual 

load factor should be taken as 30 per cent., 
which represents that of the average factory, 
while the running plant load factor would be 
about 70 to 73 per cent. G.H . I-7 (H AROLD WOOD). 

Will .I.Y. (Motherwell), whose letter appeared in the October 
issue, please forward his full addre, (ED). 
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