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of Fig. 12s.
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In Fig. 4, terminal 2 of the S.G. coil and the moving plates of the rcaction condenser should
be connected to LT, negative and not to LT, positive.

In Fig. 7, the coils DBG and DBA should be transposed.

In Fig. 9, the lead from terminal 1 of the S.G. coit should be connected to the grid leak side
of the grid condenser, and not to the grid side.

In Fig. 14, the mechanical parts of the crane were made by Messrs. Heywood, of Redditch.
Figs. 7and 8, " N ' and ** 5" signs should be interchanged.
Transpose the captions under Figs. 13 and 14.

In IFig. 13, a .0003 coupling condenser from the H.F. choke should be connected direct to
the anode of the valve and not to the H.T. side of the LF. choke.

Fig. 9. Positive connection of last condenser should be connected to H.T.2 and not H.T.1.
This would not usually affect the working of the climimator or the set to which it is
connected because the decoupling condenser in the set wonld prevent any 1.7, oscillation,

Fig. 18.  Reference letters B and C should be transposed.
Col. 1, line 9.  Should read 1-5000 ohms fixed resistance.

Fig. 0. For greater safety it is recommended that the ebonite adaptor should be provided
with sockets instead of pins. The pins should then he mounted on the kettle.

In Fig. 1, the bo/70 Hys. choke from which the loud-speaker lead is taken should be of the
iron core type.

In Fig. 2, the 50/70 Hys. pentode choke should be of the iron core type.

. 703 and 706. Transposc captions under liigs. 11 and 13.

Fig. 3 is upside down. Last four lines of caption should read : ** The top and bottom
bearings are instantly removable by means of a bayonet catch.”

Fig. 11 (upper half). The horizontal line in this figure indicates the mean value of the
D.C. supply voltage.

”

Col. 1, line 13. ' 20 feet ” should be ** 20 inches.”
Col. 2, last line, ' Thousandth ’ should be ** millionth.”
Fig. 11. Words *“ ON " and ** OFF " should be transposed.

Fig. 1. The main switches should be on the live side, i.e., between the meters and the
fuses.

I'ig. 3 shows a weight-driven master frequency meter, and not the impulse driven types as
described in the article.

Tig. 3, and p. 1719, Fig. 4. For wave-length (metres) read wave-length (mu).
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IMPORTANT ANNOUNCEMENT

With the approach of the final issue of PracTiCAL ELECTRICAL
ENGINEERING, a large number of readers have written to the Editor
asking that the Work should be continued in some form or another.
In view of the exceptional interest which has been shown, he now
has pleasure in announcing that the Publishers have decided to
continue the Work in the form of a monthly Magazine, the first
Number of which will be issued in August under the title of

.......................................................................................................................................

The PRACTICAL

LECTRICAL ENGINEER

I7- Monthly

A Monthly Magazine designed to give practical information
on all branches of Electrical Engineering, Wireless Reception
and kindred subjects.

INTENDED FOR ALL

interested in the latest methods, improvements and in-

ventions in all branches of electrical engineering, including:

Electric Wiring and Contracting. All Branches of Electrical Manufac-
Power Station Work. ture, including Cables, Lamps,
Lighting Accessories, Valves and

Distribution Engineering. Wireless Components

Installation and Maintenance of Elec-

trical Plant. Car Electrical Equipment.
Cinema and Theatre Electrical Work. Electrical Design.
Works, Office and Factory Main-

N Electrical Testing.

Wireless. Telegraphs and Telephones.



Why “The Practical ELECTRICAL ENGINEER”
Will Interest You . . .

This new Magazine cannot fail to interest every reader of the present
work because it will be written in the same practical straightforward
style. Its contributors will be practical electrical engineers who know
exactly the kind of information which is likely to be most helpful-‘_aer
interesting to their fellow engineers. It will combine soundness of
treatment with effective presentation of each subject. No expense
will be spared to secure illustrations showing the best modern methods,
and the Magazine will present for the busy man an accurate and
interesting survey of the rapid development{which is now taking place
in this growing industry.

How “The Practical ELECTRICAL ENGINEER”
Will Help You . . .

It will keep you in touch with new discoverics, inventions and methods
having a bearing on your everyday ‘work.

Whether you are in business on your own account or employed by
an electrical firm it will keep you informed as to possibilities for
advancement in your profession. In these days of intense competition
it is the well-informed, alert man who is going to make the most
progress. The Electrical Industry is one of the livest industries
in the country to-day. It offers you unrivalled opportunities for
securing a really worth-while position. THE PRACTICAL ELECTRICAL
ENGINEER will enable you to make the very most of any
opportunities which occur in your own branch of Electrical Work.

BE SURE TO ORDER YOJUR [COPY TO-DAY
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: The success of the present work and the very large number of complimentary opinions received

: from readers of it, are the reasons for the publication of this new monthly magazine. You asa

: subscriber to the present work are, therefore, indirectly responsible for this new venture. Will you

help us to make it a big success? There are two ways in which you can do this :—
(a) By using the Order Form shown overleaf. (b) By mentioning this new Magazine
to your friends in the Electrical profession.



‘MAIN SECTIONS

GENERATION AND TRANSMISSION

This section will deal with all kinds of practical points in connection with Generation of Power
and the Erection and Maintenance of the Grid Transmission Lines—

Turbo Alternators. Pylons and Transmission Lines.

Switchgear. Transformer Stations, etc.

Protective Devices.
This work is now proceeding infvarious parts of the country, and is of direct interest to every
progressive electrical engineer.

LOW TENSION DISTRIBUTION

In this section will be included articles dealing with the practical side of the Distribution Engincer’s
Work, including— :

The Laying and Jointing of Cables of all k.nds. Sub-Stations and Sub-Station Machinery and
The Installation of Section Boxes. Switchgear, etc.

Feeder Pillars.

The textbooks present this work in a desiccated form. Our object is to bring the dry bones to
life by showing how theoretical principles are applied to the best modern practice.

WIRINGE AND CONTRACTING WORK

This section will contain practical articles illustrating methods of Installing all types of Wiring
Systems, and useful practical ideas in regard to—
Multiple Switching. Fitting Additional Points, etc.
Business Getting Ideas for the Electrical Practical Repair and Service Notes.

Wireman and Contractor.
All new accessories will be dealt with not merely in the way of a write-up from a trade pamphlet,
but by practical examples showing the manner in which the accessories are intended to be used,
with any special methods of adjustment or fixing clearly shown. In addition to Domestic Wiring
the following will receive special attention—

Factory Wiring
This will show Modern Methods of—

Wiring Factories. General Maintenance relating to Electrically
Installing Motors. Transformers and Switch- Driven Factories and Workshops of all
gear, and kinds.

Shop, Office and Hotel Lighting and Wiring

This section will interest Maintenance Engineers, and also Wiring Contractors responsible for
the equipment of buildings of this type. An important sub-section will be that dealing with—

Electric Bells. Lifts, and
Indicators. Other Appliances which are not met with to
House Telephones. any great extent in smaller installations.

ELECTRICAL WORK IN THE CINEMA AND
THEATRE

All the special problems relating to this branch of electrical work will be dealt with and illustrated
from actual practice—

Spot Lighting. Dimming Appliances.
Flood Lighting. Stage Electrical Accessories.
Strip Lighting. Sound Film Equipment.

are some of the items coming under this heading.
L] 3

............................................................................................................

.....................

Any suggestions which you care to send ‘me in" connection with the new Magazine will receive
most careful consideration. Electrical Workshop Hints, Labour Saving Methods, ctc., will be
specially waleomz, and all 'matter used will, of course, be paid for at our usual rates. Address your
wtters to ‘The Editor, «The Practical Electrical Engineer,” George Newnes, Ltd., 8-11,
Southampton Street, Strand, W.C. 2.
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WIRELESS WORK

This will be of special interest to the Wireless Dealer. It will contain valuable ideas relating to
< bread and butter >’ subjects such as—

Running a Battery Service Station. Useful Data Relating to New Valves and

Methods of Converting Battery Sets to Mains- other Wireless Accessories.
Driven Type. Standard Radio Circuits.

Fault Location and Remedy in Radio and New Radio Circuits.
Radio-Gramophone Sets. Important Patents, etc.

CAR ELECTRICAL EQUIPMENT

This will be of special interest to the Automobile Electrical Engineer and will deal with—
Battery Churgg'ng and Repair. Repairing Magnetos and Coils, and
Dynamo and Starter Adjustments and Repairs. Modern Methods of Fitting, Testing and
Cut-Out Faults and Remedies. Repairing Car Electrical Accessories of
Modern Methods of Fitting, Testing and all kinds.

THE BUSINESS SIDE

The point of contact between the plectrical engineer and the rest of the community is through the
Bus@ness side. Every live man in the Industry should, therefore, keep himself in touch with
Business developments. From time to time sections will, therefore, be devoted to such subjects.

ABOUT THE CONTRIBUTORS

The high standard which has been set in the present work will be continued in the Magazine.
Here are the names of some of the well-known electrical engineers from whom contributions are
expected for the early issues—

Kenelm Edgcumbe, M.LLE.E Sir Richard Tetley Glazebrook, D.Sc., F.R.S.

Professor Miles Walker, F.R:S., M.LLE.E. R. O. Kapp, M.I.LE.E.
A. T. Dover, M.LLE.E. H. Marryat, M.I.LEE.
E. H. Freeman, M 1.LE.E. Professor S. P. Smith, D.Sc., M.LEE.

MAKE SURE OF YOUR COPY BY USING THE FORM BELOW

CUT ALONG THIS LINE.

ORDER FORM.

g SO e , Newsagents.

Please reserve for me each month a copy of The Practical
ELECTRICAL ENGINEER,” the new Magazine published by
George Newnes, Ltd., one shilhing monthly, and

CROSS OUT WHICH | Deliver it to my address below.
DOES NOT APPLY | [ gyj] call for it.

NGIE. o ooooeeeeessssres e

AQAYESS oo ooooeoeeeesmmieeseriree e ... am—

WILLIAMS, LEA 4 604, LTO . LONDON
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the four figures of the number required
are indicated to the operator by

ENGINEERING 1881

lighting one of the ten lamps in cach
of the four groups and thus illuminating
the desired figures beneath a green
glass sheet. The manual operator,
therefore, is advised as to the connection
required and does not enter or speak
on the circuit.

Toll Exchanges. _

Thexe exchanges are junction centres in a
large arca and no subscribers’ lines are
connected to it. Their function is tolink
together exchanges not in direct con-
nection with cach other.

TRANSMISSION.

A telephone system is practically unlike

everyvthing else in that it must be designed

[Fig. 30.

as a whole, since any subscriber on the
siwstem must be able to speak to any other
subseriber connected to a telephone system
in any other part of the world.

The Kingdom is covered by a large
number of exchanges cach of which may
be regarded as a collecting point for the
subscribers inits immediate neighbour-
hood. These subscribers must, of course,
be able to speak to cach other, and in
addition must be able to speak to sub-
scribers  connected with the other ex-
changes ; hence it will be clear that it is

Iig. 2q.

LoADiNG CoILs FOR A CIRCUIT CARRYING
PHANTOM,
(Dost Office Technical Pamphiets.)

ARRANGEMENT 0F A Loaping CorL.
(Post Office Technical Pamphlets. )

length of the subscriber’s line increases.,
whereas by putting three or four exchanges
in the same arca the average length of the
subscriber’s line is reduced, but at the cost
of junction circuits connecting the ex-
changes together. Then again, when the
subscriber speaks to another town, the
question arises as to whether the sub-
scriber’s line shall be made of thick wire,
and the long connecting circuits of thinner
wire, or vice versa, But what it is
desired to emphasise is  that the
telephone systemr must be designed as
a whole, and that when circuits are
connected to the Continent via sub-
marine cables, or are connected to
America by radio circuits, complete
international planning is necessary to
sccure that any combination of circuits
shall be eftective.  This function is
performed by the Comité Consultatif
Internationale, known as the C.C.1.
With a telephone connection between
two points the transmitting telephone
may be regarded as a dynamo or generator
whichdelivers a certain amount of power to
the telephone circuit, and at the distant end
the receiver may be regarded as a form of
motor which converts the clectrical energy
received into sound.  As the length of the
circuit connecting the two stations in-
creases, the quantity of energy available
at the receiving station becomes smaller,
and it is the fact that, given any particular
uniform type of telephone circuit, the
decrease in the cnergy received follows
the inverse of the compound interest law.,

necessary  that the various r——— (3 - |
exchanges should be intercon- hf”'ﬁ’f‘“é J‘E 3 E I
nected by junction or trunk -
circuits. The probleminvolved in H pHANTOM

design is chicfly one of economics.

Problems Involved.
If an exchange serves a com-
paratively large area, the average

—_—
}FHYSICALﬁ
SIS 2

Fig. 31.—SUPERPOSED OR PHANTOM CIRCUIT.

FEH

(Post Office Technical Pamphlets.)
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The expression connecting  the  current
received 1, and the current sent out I, is :—

—pt
I,=1e

where ¢=2.71828. ... (the base of natural
logarithms) :—

B =attenuation constant

1=length of circuit.
The factors (Bl) which determine the
amount of energy received are the capacity,
resistance, inductance, and leakage, of the
circuit.

The complete expression for B is com-
plicated, but if inductance and leakage are
ignored

B = ViwCR

where w=2r X frequency

C=capacity per mile in farads.
R=resistance per mile in farads.

For practical purposes o is usually
taken as 8oo periods per- second and
2r times this iIs approximately 5000.

It will be observed that since the fre-
quency enters into the expression for the
value of the attenuation constant, notes
of different pitch will be unequally
attenuated and it is indeed fortunate that
so much distortion in reccived sound is
possible before speech becomes unintellig-
ible.  Actually, inaudibility due to the
weakness of received current supervencs
before distortion becomes serious.

The capacity of an overhead circuit
varies from .00o75 mfd. to .o1 mfd,
whereas the vatlue for a circuit in an
underground cable is from 0625 mifd. to
.066 mfd., i.c., from 6} to over 8! times
that of an overhead circuit.

The resistance of a zoo Ib. copper over-
head circuit is 20 times that of the 101b.
conductors used in many cables. Hence
the attenuation in the latter cases is
exceedingly large and it may be said that
it is only by loading and the use of valve
repeaters or amplifiers that the problem
of long distance telephony on under-
ground circuits has been solved.

Loading.

The addition of uniformly distributed
inductance to a tclephone line greatly
reduces its attenuation. Continuous load-
ing is chiefly used for submarine cables
and consists in wrapping the copper con-
ductors with a permalloy or other nickel-

TELEPHONE ENGINEERING

iron alloy tape, which adds about 144 mh.
of inductance per mile.

Lumped or coil loading is more efficicnt
and, as its name implies, consists in the
addition of loading in lamps by inserting
coils at strictly equal intervals along the
cable. This spacing varies from .508 mile
for music circuits, where the transmission of
higher frequencies is essential, to 2.6 miles.
The standard spacing is 2,000 yds. and the
inductance coils used vary from 8 mh.
with a resistance of .9 ohm to 250 mh.
and 10.5 ohms.

The coils arc toroidal in form and have
a core composed of permalloy powder
conmpressed into solid form and wound
<0 that a current creates a magnetic flux
as indicated by the dotted lines in Iig. 29.
The requisite number of coils is enclosed
in an iron case, which is then filled solid
with insulating compound and the con-
nections led out by short lengths of lead-
covered cable. A large size of loading
case may weigh as much as two tons.

The method of loading a pair of circuits
which carrics a phantom circuit is shown
in Fig. 30. The additional coil is magnet-
ized only when currents flow along the
wires of cach circuit in parallel.

Superposed Circuits.

A third circuit, termed a superposcd or
phantom circuit, can be obtained by the
addition of transformers to two loops,
as shown in Fig. 31. This circuit divides
its current equally between the two wires
of cach loop and consequently does not
affect the side or physical circuits pro-
vided that the wires are all of cqual

resistance, inductance, capacity and
insulation resistance.
Repeaters.

In general, the efficiency of a telephone
circuit can be greatly increased by loading,
but this alone is quite inadequate for very
long circuits.  The discovery of the
thermionic valve solved the problem and
repeaters are introduced at 60 or 70 mile
intervals. Since the valve amplifics in
one direction only, and speech in both
directions is required, an arrangenunt
similar to a duplex telegraph circuit is
required, but, fortunately, the balancing
arrangements are fairly simple.  When
several repeaters are required in the circuit
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Fig. 33 —LARGE MANHOLE UNDER CONSTRUCTION,
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four wires are employed, a pair for speech
in each direction.  The four wires are
combined at cach end.

Four-wire repeatered circuits are used
for the longer trunk lines, whilst two-wire
repeatered cirenits are employed for shorter
distances. By snitable amplification  at
the intermediate repeaters, the overall Toss
due to the transmission of specech currents
along the line can be reduced to zcro, a
condition known as © zero speech.”
Four-wire Circuits.

In  fonr-wire  cirenits,
amplification  neces-
sary  to  give this
condition  increases
the tendency of the @
circuit to sing  or AT
howl round the cirenit \ O
composed of the two
pairs of wires  and
the four-wire termin-
ation at cach end of

the  increased

D QY.
R
\ (9 ‘O

ENGINEERING

that even in the longest case the delay
shall not exceed a guarter of a sceond,
When the delay exceeds this amount, the
pause  between  the  completion of  a
remark and the reply produces interference
and misunderstanding.

LINE PLANT.
Heavy gauge copper conductors carried
on overhead lines eonstitute  the most

efficient circuit for telephony and until
the advent of the thermionie valve long-
distance telephony was impracticable in
any other way. Now,
the  decision as to
whether overhead
lines or underground
cables shall be em-
ploved is solelv one
ol ecconomics.  In
general, all important
long distance circnits
are in cables, partly

/(@)

AV
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the line. This because the number
state  of affairs of wires is now so
is prevented by great  that  special
the inclusion of a roadways  or  tracks
6oo-ohm  resistance - 7 @ /4 would  be necessary
across  the two-wire =0y / for the erection of
terminal  whenever 7-69___?“‘89 Q%, @@4’ huge overhead strue-
circuit conditions )\ ‘8’A§%’ > tures, but chictly on
are  such that : account of the lower
the  two - wire  side 3 . cost per cirenit in a
wounld be discon- 1% 34'—‘1“"\")”‘\"1‘:";'{”)0" CABLE OF 1913 wable,  Also there is
nected. T the much lower cost

In two-wire work-
ing, the increase in
amplification necessary to provide zero
speech also increases the volume of the
echo retlected back along the line from
cach repeater. To  prevent  this  ccho
from reaching the talker’s receiver, echo
suppressors are associated with two-wire
repeaters ; it follows that the greater the
amplification at cach repeater, the greater
the need for echo suppression.

The current received at the repeater is
raised by means of the valve to its original
value, and consequently it is possible to
speak over practically any distance, There
is, however, one defect which arises on a
very long cirenit, and that is the time
which it takes the current to reach the
distant end of the circuit, and it has been
agreed that the circuit must be so designed

cable taid in 1930.

Compare this with Fig. 344, which shows @

of maintenance and

greater immunity
from interruptions or fanlts. Nevertheless,
where a few cirenits only are required, as
from armralexchange toits parent exchange
the open wire line is still the only cconomic
sohition of the problem.

There is, however, one other condition
which lies between the two  extremes
discusscd  needing  consideration. The
reorganisation of the trunk system on the
basis of immediate connection with the
wanted subscriber  will necessitate  the
provigion of farge numbers of new trunks,
Where practicable, these will be contained
in aerial cables carried by poles along the
roads. A simple form of repeater made up
from mass-produced parts  has  been
designed and in this way the cost  per
circnit of the new lines will be considerably
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reduced. Where several cables or cables
of large diameter are required, there is
no cconomic alternative to the use of
underground conduits,

Exchange Subscribers’ Circuits.

Turning now to the same problem
where exchange subscribers’ cirvcuits are
concerned, it will be at once appreciated
thathuge beds of acrial wires in alarge town
are not a practical proposition.  But the

cost per circuit in underground cables is
Large buildings in

actually much less.
the centre of the city
are served by under-
ground cables taken
into, or terminated
on the  ontside, of
the buildings and
distributed thencee to
the varions offices or
floors by one-pair or
other lead-covered
cable which the needs
demand,

In the suburbz quite
a different condition
occurs, Here the
subscribers  are
sparsely  scattered
over a comparatively
wide area and con-
sequently the cost of
laving underground
conduits along both
sides of every street and road is quite
prohibitive.  Hence underground cables
are taken to distributing poles where the
connection to the subseriber is made by
open wires,

See also Fig. 34.

Underground Conduits.

In a large city, nests of ducts are pro-
vided beneath the roads, and where the
number of conduits required is consider-
able it i1s usual to use carthenware ducts
embedded in concrete, with manholes at
176-vd. intervals, in order that new cables
may be drawn in and jointed as the growth
of the system may require. It sometimes
happens that these ducts have to pass
beneath canals or other similar obstruc-
tions in the line of route, with the result
that the ducts may be at a depth of
20 or 30 feet below the surface, The cost

Fig. 334 -L.oNDON-LIVERPOOL CABLE LAID 1N 1930,
345 pairs of 25 Ib. conductors with four pairs
of 4o Ib. conductors for the B.B.C. music circuits.

of providing the plant is so high that it is
essential that adequate provision shall be
made for a long period of years. If,
however, the provision is on too lavich a
scale, then the annual costs involved in
unnccessary idle plant become excessive.
It is, therefore, a problem in engineering
economiics to determine the precise amount
of plant which shall be provided at the
outset.

Types of Conduit.

A large number of conduits is necessary
to provide for all
the cables into a big
exchange. The
carthenware  ducts
used (18 in. in length)
have a circular bore
of 31 or 3} in,. with
anoctagonal exterior.
They are laid up in
the desired formation
layer by layer, on a
reinforced  concrete
foundation and
formed into a solid
mass with Portland
cement mortar,  The
concrete  foundation
is taken up the sides
and over the top of
thenest of ducts, thus
forming a structure
of enduring stability.

If the number of conduits to be provided
is small, multiple way earthenware ducts
are employed. A single conduit is met by
the use of carthenware pipe with a
bituminous joint,

Manholes and Joint Boxes.

The standavd length between manholes
or boxes is 176 vards, but it is often
necessary  to reduce  this  distance on
account of changes in the direction of the
route.

Manholes or boxes are provided for
drawing the cables into the conduits and
for the accommodation of the joints
between the cable lengths. A route of
two or three conduits needs only a com-
paratively small box with a lid of similar
size.  On the other hand a heavy route
requires considerable space and in  this
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Fig. 35.—PULLING-IN A CABLE.

case the removable cover is only of suffi-
cient size to permit men to enter the
manhole. Manholes are generally built in
reinforced concrete and contain a series of
cantilevers or other similar supports for
the cables with their joints,

Star Quad Cables.

In this, the latest type of cable, the
four copper wires of each core are twisted
together in one operation and so occupy
the four corners of a square. Practically
the whnole of the insulation consists of
paper and contrary to earlier practice, no
attempt has been made to provide large
air spaces.  Stiffening of the paper tubes
has resulted in the accurate and permanent
centralisation of the conductors therein,
whilst a central string upon which the
four covered conductors are bedded secures
symmetry in position.  This c¢xtrenely
important feature of centralisation of the
conductors within the paper tubes is
secured either by the use of specially
creased or corrugated surface paper wrap-
pings or by a spiral whipping of string
dircctly next the conductor, over which the
insulating paper is tightly wrapped. The
cable is extremely compact and the elec-
trical characteristics are much more uniform

The requisite number of four-wire cores

TELEPHONE LENGINEERING

are assembled and covered with a
seamless sheathing of lead. A
cable of 127 quads (254 pairs)
with conductors weighing 40 1b.
per mile can be drawn into a
conduit 3} in. in diameter.

A cable with 2,400 pairs with a
diameter of less than 3 in. has
been made, but in general the
largest size generally employed 1s
one with 1,200 pairs of 0} Ib. con-
ductors.

Pulling in and Jointing.

The lead-covered cables are
drawn into the ducts by means
of a petrol-driven winch, and
jointing is carricd out by hand as
indicated in Tig. 35. A lead
sleeve is then pulled over the
completed joint and the cable is
made air-tight by means of a
plumber’s wiped joint. When the
cable scction has been completed,
it is tested for air-tightness by applying
compressed air which has been dried by
passing it through cylinders of calcium
chloride to remove all traces of moisture.
Gauges areadded to the cable and any
perceptible drop of pressure in 24 hours
indicates that there is a defective joint,
and this is located by smearing soap suds
over the wiped joints.

Cable Balancing.

On long trunk or junction cables,
particulaily so on loaded cables, it is
necessary to make a complete set of
measurcements of the wire to wire capacity
values which depend on  the distance
between the wires, and also of the wire to
carth capacity which depend on the dis-
tance of the wire from the cable sheath
and from all the other wires in the cable.
These measurements are made by a motor-
van containing elaborate apparatus, and
it is upon the results of these tests that a
schedule is drawn up which directs the
jointer how to connect the cores so that
the unbalances shall be a minimum, and
consequently that the finished cable shall
be free from appreciable cross-talk. The
technique of this process was devised by
Post Office engineers, and is now in world-
wide use.
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Leakage Current Dangers.

Of all the dangers which menace tele-
phone cables, leakage currents from tram-
ways and power systems are the most
serious. There are stray currents which
enter the lead sheathing of telephone
cables and which produce corrosion at the
point where the current leaves the tele-
phone cable. The remedy in this case ix,
of course, strict observance of the condi-
tions laid down by the Electricity Com-
missioners for the operation of tramways
in the first place, and secondly, the investi-
gation ot the distribution of these leakage
currents and the provision of additional
feeders on the tramway system to prevent
difterences of potential in the affected
arecas, In some cases a branch connection
between the telephone cables and the return
rail for the tramway system, is cffective,
but this remedy often introduces other
difficulties at other points of the system,
since the facilitation of the egress of
current naturally increases the amount,
and sometimes varies the distribution of
leakage current in a way which it is more
or less impossible to predict. Immediately
the sheathing of a cable is caten away by
c¢lectrolytic action, sooner or later moisture
enters, with the result that the cable is
put out of action.

Detection, Location and Removal of Faults,

A technique has consequently arisen for
the detection, location and removal of such
faults. It is impossible here to indicate
the details of these methods, but it may
be said in general terms that in many cases
the tests consist in Wheatstone Bridge tests
taken from both ends of the circuit, and
that it is possible to locate a fault of very
highresistance with extraordinary accuracy

Cable Testing.

Yet another achicvement of Post Office
Engincers lies in the technique of cable
fault localisation. To such perfection has
this process been raised that any fault
can now be located with extraordinary
accuracy even in its incipient stages. It is
possible here only to indicate that the
methods used involve measurements from
both ends of the cable and that it is
possible to locate the precise position even
of a badly soldered joint.

LENGINEERING
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| Cable TerminalionBox

- 22l Y7 Lok
Fig. 36.—NEw TypE oF PoLE For TAKING \WIRES
TO SUBSCRIBERS' PREMISES.

Distribution.

The underground cable system may be
visualised as a number of wvast trees
where the main stem, which corresponds
to the large cable leaving an exchange,
divides into smaller branches and twigs.
The problem involved in securing flexi-
bility so as to avoid large quantities of
spare or unusable wires owing to fixity of
lay-out is an exceedingly difficult one. It
is being met by providing auxiliary joints
to meet rearrangements and in certain
cases by teeing circuits to two or more
distributing poles, but it cannot be said
that the problem has yet been saus-
factorily solved.

A recent development consists in the
introduction of a pole from which pairs of
insulated wires are taken to the sub-
scribers” premises. This has had the cffect
of reducing the number of faults, and has
also made a more sightly erection than is
possible with a pole containing a number
of arms, insulators, and open wires,  This
will certainly best be appreciated by Fig.
30.
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THE TIRRILL VOLTAGE REGULATOR

NOTES ON OPERATION, CARE AND MAINTENANCE

HE best result  fr 3 ‘ic
appliances and consuming devices

is obtained when the
supplicd to them at a constant voltage.
lamps  will only
give their maximum efficiency and useful

Incandescent  filament
lite  when  the  supply
voltageissteady.  Motors
require  enrrent  at o a
constant voltage in order
that they will give a
constant speed and maxi-
mum cfficieney.

The maintenance of a
steady supply voltage by
a power station is there-
fore of primary impor-
tance.
Automatic Voltage

Regulators.

It is almost impossible
to maintain this voltage
steady by hand regulation
and even by using expen-

sive  spectally  designed
generators, owing to the

fluctnating nature of the
demand on the supply
mains, Automatic voltage
regulators are now in-
stalled in most power
stations  to maintain  a
steady  supply  voltage.
The use of these regu-
lators saves considerable
labour which is entailed
by hand regulation aud
also allows of the use of
cheaper generators.  One
of the Dbest automatic
voltage regulators, which
s in extensive use, is the
Tirrill regulator, which
is patented and manu-

By H. W. JounsoxN

be used.

Spring
A({/ustment

e-E
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Lever
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(et]) Core
T Adjustment
Fig. 1.~—THE Maix  CoNTROL

MAGNET AND PIVOTED LEVER OF A
Typre T:D: REGULATOR.

The magnet winding is provided
with an iron core, the upper end of
which is attached to the pivoted
lever. ‘The length of the movable
core which is inside the lower end
of the winding may be adjusted.
The pull of the spring on the
pivoted lever is adjusted by turn-
ing the knurled nuts, and the
downward travel of the lever is
limited with the adjustable screwed
stop.

from clectrical  factured by the  British  Thomson
Houston Company, Ltd., of Rnogby,

current s England. This regulator was introduced

by Mr, Tirrill and was one of the first

suecessful vibrating contact regulators to
It is made in two distinct types ;

one which is suitable tor
selt-excited dynamos and
the other for separately
72 excited dynamos.  Both
tvpes arc made for direct
and alternating current.

The regulatorsfor direct
current  are  designated
type T.D., whilst for
alternating current they
are known as type T.A.
regulators.

The T.D. Regulator for
Self-excited Dynamos.
The instrument consists
essentially of (1) A main
control magnct, which is
connected across  the
circuit where a constant
voltage is to be main-
tained. (2) A differentially
wound  relay magnet
which operates on the field
magnet winding rheostat
of the dynamo. (3) The
main contacts which are
actuated by the main
control magnet and (4)
the relay contacts actu-
ated by the differentially
wound relay magnet.

The Main Control Magnet.

The magnet is provided
with an adjustable core
at its lower end and a
movable core above. The
movable core is connected
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Control Springs of
“Exciter Magnet Lever
{1 /
Cs [0 . )
% \* N 3
:
% H Weight : Main ==
EiiSs: Control BEE==
~ Magnet FEi==
=gt Exciter & ==
Control
Magnet
|
Movable Core
Adjustment
r :‘ 1
Dash- ‘;,.J.i.wé
POt '
[+ A
M !
g 2+ “THE EXCITER AND MAIN CONTROL MAGNET OF
A Tvyee T.A. Regtrator with THEIR RESPECTIVE

Pivoren LEVERS.

The pull on the core of the main control magnet is
balanced by a fixed weight, and its motion damped with a
dash pot. The exciter control magnet has its upper core
attached to the pivoted lever. The pull on the core is
balanced by the force exercised by the control springs.
‘The length of the movable core inside the lower end of the
exciter magnet winding may be adjusted.
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are identical, but when energised
produce magnetic fluxes which are
in opposite directions, and there-
fore neutralise cach other,

The core of the relay when
magnetised, will attract a pivoted
iron armature fixed immediately
above it.  When the core is
demagnetised, the armature is
pulled away from it with a spring
whose pull can be adjusted with
a screw fitted in the suspension
pillar of the spring.

The Relay Contacts.

The lower relay contact is fixed
at the frec end of the armature
on its upper surface, and is pulled
by the spring on to the upper
contact, which is fixed to a
pillar immediately above the lower
contact.

The relay contacts open and
clos¢ the shunt circuit of the
dynamo and are protected {rom
damage with a condenser of sit-
able capacity connected across
them,

HOW THEREGULATOR WORKS
When the voltage of the supply

to a horizontal lever which is pivoted
at one end.

The Main Contacts.

The lower contact is fixed in the upper
face of the pivoted lever, and fixed
immediately above to a fixed stud on the

~.Sprin
Adjustment

regulator panel, is the upper contact. A
spring connected to the free end of the

lever pulls the contacts together when the

downward pull on the lever by the mov-
able core of the main control magnet 1s
overcome, The pull of the spring may be
adjusted within limits, and an adjustable
stop limits the downward travel of the
lever.

The Differentially Wound Relay Magnet.

e

Tt

The U-shaped relay core is provided
with a magnet winding on each limb. One
winding is connected directly across the
terminals of the dynamo and the other is
connected in parallel with it, when the
main contacts are closed. The windings

Fig. 3.—THE DIFFERENTIALLY WoUND RELAY
AND P'IvoTED 1kON ARMATURE oF A Tyre T.D.

REGULATOR.
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from the dynamos falls below the normal the
current through the main control magnet
winding falls and therefore the pull on
the movable core is reduced. The pull
of the spring on the pivoted lever now
closes the main contacts and the circuit
of the second winding of the differentially
wound relay is completed.  The flux
produced by this winding demagnetises
the core of the relay and the attraction
between the core and the pivoted iron
armature now ceases.  The pull of the
spring on this armature now closes the
relay  contacts which short-circuit  the
shunt winding rheostat of the dynamo.
The voltage of the dynamo now rises, but is
prevented from rising above the normal
value by the current in the main control
magnet, whose attraction on the core
fixed to the pivoted lever overcomes
the pull of the spring on the lever, and the
main contacts open. The core of the relay
now attracts the pivoted iron armature,
due to the second winding of the relay being
de-cnergized, and overcomes the pull of
the spring on the lever causing the relay
contacts to open and putting the rheostat
in circuit again with the shunt winding
of the dynamo.

Sensitiveness of the Regulator.

Owing to the lightness of the moving
parts there is practically no time lag in
their operation, the contacts being in a
constant state of vibration, and thus the
voltage of the dynamo is kept within very
close limits, The field winding rheostat of
the dynamo is set so as to maintain about
60 per cent. of the normal voltage.

The T.A. Regulator for Separately Excited
Dynamos.

This regulator differs from that of the
T.D. type in that it has an additional
control magnet whose windings are ener-
gised from the exciter of the dynamo.
The main contacts are actuated by two
levers. The lower contact is fixed on the
upper surface of one end of the lever of
the main control magnet, and the upper
contact to the lower surface at one end of
the lever of the exciter control magnet.
Bothof these levers are pivoted about their
centres,  The movement of the main control
magnet lever is damped with a dash pot.

THE TIRRILL VOLTAGE REGULATOR

The main control magnet is so made
that for a given voltage the pull on the
lever is independent of the position of the
core relative to the solenoid. A weight is
fixed on the end of this lever to balance
the pull, so that to keep a constant voltage,
the force balancing the pull must be
constant. The pull exerted by the exciter
control magnet on its lever is balanced by
springs,

The Regulator in Action.
When the voltage of the dynamo is

Main
Contact:

| Movable
Core

Iron

-Relay
Contacts

&

&

}
Qen. Generator Output
Freld Armature y oF
lynamo

Fig. 4.—SIMPLE DIAGRAMMATIC CONNECTIONS OF
Type T.D. REGULATOR CONNECTED TO A SHUNT
WouNp DyNaAMoO.

decreased the lever of the main control
magnet will tend to rotate in a clockwise
direction, and if increased, in a counter
clockwise direction.

If the voltage of the dynamo falls, then
the main contacts will close. The relay
contacts will now close through the action
of the relay coils, and the rheostat in
circuit with the exciter field magnet
winding will be short-circuited.

The exciter voltage will now rise, until
the dynamo field is strong enough to raise
the dynamo voltage sufficiently to restore
equilibrium in the main control lever.
The exciter voltage continues to increase
by a small amount and the pull of the
exciter control magnet causes the lever to
rotate in a counter clockwise direction,
until the main contacts are open. Directly
the main contacts open, the relay contacts
open, and insert resistance in the field

Condenser
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magnet winding circuit of the exciter.
This type of regulator is more sensitive
than the T.D. type, and because it operates
on the exciter field rheostat and not
on the dynamo, the losses are small.

When the regulator is used with A.C.
dynamos, the main control coil is usually
connected through a potential transformer
to the terniinals of the dynamo, or to the
point in the circuit at which it is desired
to maintain a constant voltage.

Leven

I
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excited dynamo, thus preventing circulat-
ing current between the dynamos,

Tirrill Regulators Used to Maintain a
Constant Load.

Tirrill regulators may be used to main-
tain a constant load on a dynamo which is
used in conjunction with an automatic
reversible booster used in connection with a
battery of accumulators, for dealing with
widely fluctuating loads.

Main Corcacts

Lever)

Exciter
Control
Magnet

o

wYUV

Main Control
// Winding

Add;tional Compensatin
J /;ré/n & SW//},/I g

Dash-pot
Curr ' Paten al
Tran. o/'mer“vw' [m Transformer
R

Field

7 ry Vi
[ERREY

[
[

Exciter

Alternator

Fig. 5—SiMPLE DragraMMATIC CONNECTIONS OF TYPE T.A. REGULATOR CONNECTED TO A THREE-
PHASE A\LTERNATOR.

Simultaneous Operation of Tirrill Regu-
lators.

When it is desired to use regulators for
cach of several A.C. dynamos which feed
common bus bars, the main control coil is
fitted with an additional winding whose
turns can be altered with a regulating
switch., The winding is energised from the
sccondary terminals of a current trans-
former.  The primary winding of the
transformer is connected in the phase not
connected to the potential transformer,
which operates the main winding of the
magnet.

The effect of this additional winding is
to reduce the excitation of an over excited
dynamo, and to increase that of an under

AUXILIARY APPARATUS USED WITH
TIRRILL REGULATORS.
High and Low Voltage Cut-outs.

If there is a breakdown on any part of
the generating plant or the regulator
equipment, the regulator is cut out of
circuit with the high and low voitage cut-
out, and at the same time a portion of the
field rheostat is short-circuited, so as to
give approximately normal voltage at the
dynamo terminals.

The cut-outs are operated with a control
coil which is connected in series with the
main control magnet coil of the regulator.

The iron core of the control coil is
suspended inside the winding from springs.
A pivoted lever which is fitted with a
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contact, is attached to the upper end of
the core, whilst above and below the con-
tact on the lever fixed contacts are
placed,

The Operation of the Cut-out.

When the winding of the control coil
is energised the pull on the lever is opposed
by the suspension springs, which are
adjusted to keep the contact on the lever
midway between the upper and lower fixed
contacts,

H the voltage of the dyvnamo rises or
falls bevond the limits for which the eontrol
coil is set, the contact on the lever bears on
cither the upper or lower fixed contact
and the cut-out solenoid eircuit is com-
pleted. When the cut-out solenoid coil is
energised, a cateh on the cut-out switch is
tripped, and the regulator is cut out of
circuit, and at the same time a portion
of the field rheostat is short circnited.

Resistance Boxes.

The magnet coils of Tirrill regulators are
designed for only a small voltage and it is
necessary to provide a suitable resistance
to be connected in series with them,

The resistance is mounted in a ventilated
metal case which is fitted at the back of
the regulator pancl.

Fixing Tirrill Regulators.

The  regulators  with  their  auxiliary
apparatus are mounted on black enamelled
slate bases and may be fixed on the front
of switchboard pancls as separate instru-
ments, or the separate parts may be
mounted directly on the panels. In some
cases it may be desired to mount the
regulator basc¢ on iron brackets at either

THE TIRRILL VOLTAGE REGULATOR

end of the switchboard ; this methodis not
recommended,

A space of at least go inches should be
allowed between the floor and the bottom
of the regulator so that it is protected
from damage when sweeping or cleaning
the floor.

Cleaning and Maintenance.

The Tirrill regulator when it is once
installed requires very little attention.
The glass dust proof case in which the
regulator is placed should only be opencd
when it is necessary to clean the relay
contacts,

The contacts are cleaned occasionally
with a strip of oo glass-paper.

The strip is doubled longitudinally and
placed between the contacts so that cach
contact is cleaned by the prepared surface
of the glass-paper when it is pulled
backwards and forwards in a horizontal
direction. Remove any dust from the parts
with a soft clean cloth. IExamine care-
fully  the  flexible  connections  to  the
pivoted levers, and make sure they are
tight, The bearings of the levers may be
Iubricated with a trace of clock oil.

Examine the scttings of the various
control springs and tighten up any nuts
which may have worked loose.

The travel of the vibrating contacts
should be 4, of an inch, and it should be
tested with a gauge for being correct.

The settings should not be altered exeept
under the supervision of the B.T.H.
Company.

ParricvrLar arTENTION should be taken
to prevent any dust being raised in the
immediate vicinity ot the regulator when
the glass case of the regulator is open.
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FAULT LOCATION IN ELECTRIC
CABLES

By P. B. Appison, AM.ILEE.

types  of faults still  presents

some difficulty, so much progress
has been made of recent years that the
average fault can now be located with
great accuracy.  The cost of a cable
breakdown will largely depend upon the
accuracy of the location of the fault, and
in view of the high cost of modern high
voltage cable joints, indiscriminate opening
of joints and cable cutting can only be
justified under extreme conditions.  The
various methods that will be deseribed
are those that have been successfully
used for the location of faults on large
power transmission  systems  for many
vears, although it is not claimed that they
are the only ones that can be applied.

ALTH()UGH thelocalisation of certain

Cause of Faults.

When once cables
ground, they are subject to  unseen
destructive forces other than electrical
stresses which cause them to break down,
These may be summarised in the following
crder (—

(@) Vibration.

() Subsidences and ground movement,

(¢) Electrolysis.

(d) External damage.
(¢y Faulty manufacture and workman-
ship.

Experience has shown that the greater
percentage of faults occur through vibra-
tion, subsidences and earth movements.
Cables may break down from precisely
the same cause but the resultant fault
will be entirely different ; in other words,
a cable route subject to subsidence trouble
may at one time affect a joint and another,
buckle the cable.

are buried in the

¢

Instruments.

Instruments for fault location should
be robust and portable. As the tests

carried out for fault location are “ null

methods, the instruments do not depend so

much on their dead accuracy as their

sensitivity.  The following list is suggested

as likely to meet the requirements of the

low-voltage tests that will be described :—
(a) Sensitive galvanometer.

() Wheatstone bridge ” and ““ slide
wire " bridge.

(¢) Standard condenser.

{(d) High insulation charge and dis-

charge key.

(¢) Battery with intermediate tappings
(about 100 volts).

(f) Millivoltmeter and ammeter.

Galvanometer.

In the choice, for fault localisation,
a galvanometer with a  short period
has many advantages, one being that
observations may  be  taken rapidly
while the  conditions of working are
less liable to change during the test,
although the sensitivity is not so high as
one having a longer period. To sccure a
maximum speed and case of working, the
galvanometer should be critically damped.
For measuring high resistance use a high
resistance galvanometer; when measuring
very small EMLFs use a low resistance
galvanometer.  Toobtainreliable readings,
the moving system of a galvanometer
should be shiclded from external ficlds.

Wheatstone Bridge.
A Wheatstone bridge with a wide range

of adjustment for loop testing.  The
total resistance of the rheostat arm
should cover a wide range, say from

0.0I ohm to 10,000 ohms and =0 arranged
that manipulation is simple, and the
instrument capable of use by an inex-
perienced person.  The ratios should have
values of not less than 1,000 ohms in
ranges of I, 10, 100 and 1,000 ohms,
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Slide Wire Bridge.
In  portable form
graduated scale.

provided with a

Standard Condenser.
For the purposes of capacity measure-
ments, a standard condenser in the order

of .5 microfarad is necessary,
Key.

A highly insulated two-wayv kev for
canacity charge and discharge.

Millivoltmeter and Ammeter
with variable resistance capable of fine
adjustiment.

Battery.
A testing battery of not less than 100
volts with internmediate
tappings.
These instruments are D
only suitable for low
pressure tests, A

METHOD OF PRO-
CEDURE IN LOCATING
FAULTS.

Before an attempt is
made to locate a fault,
it is very essential to
ascertain its exact nature
and the following method
of procedure might be

suggested :—

After the cable has been put out of
circuit, it should be permanently isolated
from all live parts and discharged to
“carth.” A very careful insulation resist-
ance test both to ““earth’ and between
conductors should then be made and very
carcfully noted. The result of this test
will have an important bearing on the
method of localisation to be adopted.
[From this test the cable may appear
sound, in which case, the conductors
should be checked for continuity., The
insulation resistance may be high and the
conductivity sound, yet it trips out of
circuit immediately it is switched in.
The insulation resistance under these con-
ditions may be too high for localisation
and a fault of this description would
require the application of special methods
which will be described later to locate it.
This type of fault is now frequently met

B
— X - ‘
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Fig. 1,~~CONNECTIONS FOR ‘' MURRAY " Loop TEsT.

FAULT LOCATION IN ELECTRIC CABLES

with, due to the use of liquid and semi-
liquid oils and compounds.

Switching in a faulty cable should be
avoided wherever possible, owing to risk
of damage to powcr station plant and
transformers.

When a cable is found suitable for a
location test, check the resistance of the
conductors by measuring their resistance
with a “ bridge ” and compare the result
with a table of standard resistances.
Too much emphasis cannot be placed upon
the importance of this, for, should the
conductors be fractured, it is likely that
misleading results will be obtained.

Methods of Location.
Generally speaking, two types of faults

. Yd‘]
]

L

arc met with :—
{(a) * Earthed” or ‘' short-circuited ”
conductors.
(b) Open circuits,

The ‘¢ Murray *° Loop Test.

This test is applied when one or more
conductors of a cable have broken down
to “earth ™ or “ sheath ”’ where a healthy
conductor is available for forming a
loop. Ideal conditions for a test of this
description are for the resistance of the fault
to be low and the insulation resistance of
the healthy conductor forming the loop
to be high. With such conditions the
results obtained by this method are very
accurate, It may be explained for the
guidance of an inexperienced person, that
the healthy conductor having an insulation
resistance value of 1 megohm would be
considered good for the purpose of locating
a fault in the order of 10,000 ohms to
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“carth.” Thejpractical arrangements of
this{test are shown in I'ig. 1.
EC = Total length of loop (twice the
route length).
X = Resistance from
fault.
Y = Resistance from
fault.
AC = Rheostat
arm of
“bridge.”
AE = Fixed or
proportional
arm of
“ bridge.”
AC is adjusted
until equilibrium
is produced.

“C” to the

50 g7 02

to the

Formula.
Distance of

fault X from C=

Length of loop

DI B
ie., Length of
loop 1is Route
length x 2.

Example.

A cable 1,000
yards long having
one of its conduc-
tors ‘‘carthed ”
is looped at the
distant ¢nd to a
healthy conduc-
tor as shown in
Fig. 1. The resis-
tancearm‘“‘ B of
the “ bridge "’ is
adjusted until
cquilibriumin the
galvo. is obtained
the reading being 50 chms with the propor-
tional arm ‘D"’ set at 1,000 ohms ; then:—

Distance of fault X from ““C"”
_ 2,000 X 50

~ 1,000 + 50

It will be noticed that double test leads
are used from the cable ends. There is a
great advantage in this, as it permits cf
small leads being used cf any length that
may be carried to Inaccessible test posi-

= 93.25 yards.
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tions, thus allowing the test to be carried
out in the most suitable place in comfort
without any account being taken of them
as they are not included in the test.

Use as High Resistance as Possible.
In making a test of this kind, it is

Fig. 2-—A PORTABLE SLIDE-WIRE BRIDGE IN ACTION.

advisable to use as high resistance as
possible in “B " and “ D" because the
greater these resistances, the greater will
be the range of adjustment. As the fault
is directly in circuit with the battery, if
the resistance be large, the employment
of high battery power is inevitable. The
best conditions for making the * Murray
loop test is to make “D " as high as is
necessary to obtain the required range of
adjustment in “ B,” as “B"” must be
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adjustable to a fraction of a unit, hence
sutficient battery power must be emploved
to obtain a perceptible detlection of the
galvanometer needle where © B is one
unit, or a fraction of a unit, out of exact
adjustiment.

Although the loop test avoids errors
due to earth currents, it does not avoid
crrors due to cable currents, that is to say,
currents set up by chiemical action at the
fault itself ; this action causes a current
to flow in opposite directions through the
branches of the cable on either side of the
fault ; in othier werds, causes a current to
circulate in  the loop.  This current,
although weak, may be sutheient to cause
slight crrors,

SLIDE. WIRE

FAULT LOCATION IN ELECTRIC CABLIES

sisting of a rotating drum instead of the
Wheatstone bridge, to which is attached a
sliding contact connected to a battery.
A galvo, is connected across the ends of
the slide-wire.  This sliding contact is
adjusted by sliding it along the wire until
a perfect balance on the galvo. is obtained.
A pointer 1s attached to the shiding contact
that passes over a graduated scale divided
into as many as 10,000 parts. On low
resistance faults and comparatively short
cables it is capable of great accuracy, but
on faults of high resistance or long cables
it i3 not so accurate,

Iig. 3 shows the slide-wire  bridge
connections for the  Murray ”’ loop test,
The ratio X/, as a percentage is given

_L

BRIDGE

CABLE ENDS
L.LOOPED

l:[\,)rA 3.

Calculation of Testing Lengths.

[n ascertaining the loop  test length,
it will only be twice the route length if
all the conductors under test are of the
same  scectional arca.  For example, a
faulty: cable is of o.1 sq. inch and the
return cable used for the loop is 0.15 sq.
inch, the route length being 1,000 vards,
then  the total length of the  loop
would be -

1,000 vds., + ((-)‘ L'\(-l'—].”'

- 0.15 3q. 1N,
= 1,600 yds.  In other words, if the cable
making up the loop is of greater section
than the faulty one, its equivalent length
will be proportionately less than the route
length and vice versa.

X 1,000 y(ls‘.)

Slide-wire Method.

This method for making tests
“ Murray " loop principle s very
used and many excellent instruments are
made up in portable form, usually con-

on the

widely

<|m——4

SLIDE-WIRE BRIDGE CONNECTIONS FOR *° MURRAY 7 Loopr TEST.

directly on the localiser scale, “ X7 being
the distance to the fault and L7 the
route length of the cable.

Another Application of the ‘‘ Murray”
Loop Test.

A further application of this method of
testing is when the nature of the fault
is such that no available good conductor
can be got in the faulty cable itself for
conipleting the loop, and some independent
or adjacent cable has to be used. It some-
times happens that all conductors of a
cable  become  “earthed” or  **shors-
circuited.”  In a case of this kind, some
method of utilising an adjacent cable has
to be adopted. A pilot or telephone cabl
Is a very good medium for the purpose,
either of which can be nsed.  As the
sectional area of a cable of this descriptior
would in most cases be much smaller and
therefore the resistance greater than that
of a power or lighting cable, the equivalent
lengths  would have to be taken into
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consideration. In order to avoid long
calculations, use is made of two of the
healthy conductors instead of one. Both
are connected to the faulty cable at the
distant end, whilst at the testing end,
one is connected directly to the galvano-
meter and the other to the “ bridge”
arm. The resistance of the conductor
connected to the ““ bridge ” is added to
the resistance of the arm in the formula
when calculating the fault distance.
Fig. 4 shows the connections of the test :—

AB = Faulty cable with all conductors

1897

Length calculated

in terms of 0.1 sq. in. = 10,900 yds.

approx.
Resistance value of S = 1,000 ohms,
o5 . R= 98
Resistance of tele-
phone wire connected
to bridge arm = 205
Distance of fault
10,900 X 784
- = 4,297 yds.

= 1,000 + 783 -+ 205

earthed. Actual distance of fault was 4,304 yds., or

R = Variable resistance arm of bridge. 7 yds. short, giving an accuracy of

S = Fixed resistance arm of bridge. within .169,.

T =Resistance of

telephone wire. e _ 1 Y - PR

t = Galvo. lead. TELEOHONE  wwEs.
Formula.

Distance of fault X = 8
Route length

% R
S+R+T

(from A), 'M—"'E’

This method will be
found extremely valuable o x o = DN —=—oo=—=

*

for locating many faults
on auxiliary cables, such
as telephone and pilot
cables, by reversing the
order and using the larger cable as the good
conductors of the loop and one or more of
the smaller ones as the faulty conductor,
Other tests will be very readily thought
out and applied from this method.

Example of Actual Test on a 20 kV.
Cable.

A 20 kV. cable 10,972 yards long broke
down and upon being tested was found
with all three conductors “ earthed "’ and
also two of which were fractured. There
was a four-pair tclephone cable laid
alongside and a pair of these wires was
used to make up the loop. TFig. 5
shows the connections of the faulty cable
to the instruments :(—

Route length
of cable = 10,741 yds. 0.1 sq. in.
231 ,, 0I5

10,972 ,,

Fig. 4.—~CoONNECTIONS FOR USING AN INDEPENDENT OR ADJACENT

CABLE.

Checking of Tests.

A check test should be made where
possible, either by taking a test from the
opposite end or by reversing the connec-
tions on the “ bridge” which will give
the fault position the opposite way round
the loop. If the two fault positions
obtained agree, the test may be taken as
accurate. Should, however, there be any
large difference, either bad connections or
some defect in the cable forming the loop
may be looked for. If by chance there be
two faults, the test will indicate a position
somewhere between them, in which case
the cable should be cut at this point and a
tresh location made on each section.

HIGH RESISTANCE FAULTS.
The extensive use of super-tension
cable has brought in its train a number of
subsidiary problems, one of these being

the location of high resistance faults, the
B
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TELEPHONE  WIRES.
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vr\'_ __________

Unit No. 1.

This contains the main
E.HP. transformer
designed for a jrimary
supply of 200—240 volts

and amaximumsecondary

voltage of 6o kV.
A smaller insulated

i, /L

Fig. 5.—11AGrAM sHOWING CONNECTIONS OF THE FarLTty CaABLE

TO THE INSTRUMENTS,

features of which may be enumerated as
follows :—

1. Quick acting protective devices.

2. Thickness of dielectric,

3. Semi-fluid compound in joints,

To make the location of faults possible
in these circumstances it has often been
necessary to connect the faulty cable to
the System, or to a separate generator,
in order to lessen the resistance path at
the fault; such arrangements occasion
appreciable delay, apart from being
injurious to generating plant. To over-
come some of these difficulties, the cable
manufacturers, in  co-operation, have
developed special fault-locating apparatus
for producing a suitable source of high-
voltage D.C. which can be used for
breaking down high resistances and
locating faults simultaneously..

The kVA. required to test super-tension
cables with A.C. current is so considerable
as to be impracticable owing to the testing-
transformers being so unwieldy and heavy.

For instance, a 20 kV. cable, 6,000 vards
long required nearly 11 tons of apparatus
taken some considerable distance to the
site of a test in order to break a high
resistance fault down with A.C. current,
whercas the same object could have been
achieved with D.C, apparatus in portable
form, the weight of which would not have
exceeded 61 cwts.

DESCRIPTION OF HIGH PRESSURE
TESTING APPARATUS.

Before describing the method of this
test, a word or two about the type of
apparatus which is being successfully used
would be helpful. It consists of two main
units Nos. 1 and 2, each of which is
enclozed in a wooden casing.

current transformier is
mounted in  the same
<heet steel tank for supply-
ing the heating to the
filament of a thcrmionic
The primary is arranged
to work from a 230-volt supply, and
the secondary is arranged to have an
output of & amperes at 8 volts. The
secondary winding is insulated from
the primary for a working ypressure of
oo kV, D.C. Provision is made for
mounting an E.H.P. valve on the top of
the bushing from which the leads from
the current transformer are brought.
In addition a filament voltmeter is
mounted on the top of the bushing. A\
sphere gap voltmeter with 62.5 mm.
spheres is provided for measuring the
peak voltage on the cable, and also acts
as a discharge path in the event of surges
being set up on the line. The dimensions
of the case containing this apparatus is
20 inches by 17 inches by 106 inches
high and the approximate weight is
220 Ibs.

Unit No. 2.

This is the control unit and is titted with
the following :—

Auto-transformer control switch,

Ironclad main switch and fuses,

Filament switch and fuses,

Two filament rheostats,

Primary voltmeter five-inch dial.

Milliammeter four-inch dial with ranges
0-5, 0-50 milliamperes,

The panel is mounted in an oak case in
which is fitted a 3 kVA. auto-transformer
having 20 tappings o to 230 volts. Flexible
conncections are provided for the purpose
of making connection between the control
unit and the transformer unit. The
approximate dimensions of this case is
20 inches by 24 inches by 16 inches deep,
and the approximate weight is 8o 1bs,

The cases are provided with sliding lids

rectifying value.
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,mem I

TRANSFORMER

[

g, 6,

into which protective resistances  and

sundry fittings are packed.

Electrostatic Voltmeter.

An electrostatic voltmeter of the Abram-
Villard type is recommended for measure-
ment of the test pressures in addition to
the sphere gap.

Portable Engine Driven Alternator Set.

In order that a suitable L.P. supply be
always available, a special portable alter-
nator set on trailer is provided, comprising
2 cvlinder, vertical, g-cvcle, stationary
water - cooled  petrol  engine,  develop-
ing 5—06 B.H.P. at 1,500 r.pm. direct
coupled to which is a two-bearing single-
phase alternator, developing 3 kVA,,
0.3 power factor, 230 volts, with dircct-
coupled exciter.

High Pressure D.C. Localising Bridge.

In making tests with this apparatus, it
is necessary to have a special * bridge ”
insulated for working at high pressures.
Several “ bridges ”” have been designed for
this purposc and the one used in connection
with the above apparatus consists of a
rotating slide-wire drum localiser mounted
on porcelain insulators. The drum shaft
is coupled through a universal coupling
to a 3-foot insulating rod, the other end of
wliich is terminated by a brass shaft to
which the operating wheel ix attached.
A galvanometer with a vertical scale is
placed on top of the localiser so that the
scale faces the operator.  Near the operat-
ing wheel, attached to the main frame-
work, is areading telescope for magnifying

RESISTANCE
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BRIDGE

CONNECTIONS FOR HIGH PRESSURE TESTING AIPARATUS,

scale of the galvanometer. The
* bridge ” works on the “ Murray ” loop
rrinciple.  Connection is made to the
sliding contact of the ““ bridge ” with a
lead from the high-pressure apparatus.

the

Procedure of Testing.

The principle is the same as that applied
in the low voltage slide-wire bridge tests
previously described. 1t is merely that
the  high-pressure  D.C.  generator sct
displaces the batterv. When a location
test is to be applied, the connections arc
first made according to Fig. 0.

The primary current of the filament
transformer is switched on and regulated
by means of rheostats so as to pass the
correct current fcr the efficient working
of the valve. It is essential that the
correct  filament  voltage should  be
adhcred  to, and for this purpose a
voltmeter is provided with the equipment
connected across the leads to the valve
filament.

The voltage control is sct for the
minimum pressure on the cable before
closing the main circuit. By means of a
special control, the test pressure can be
raised gradually to any required value
within the capacity of the set. .\ mil-
Hammeter is provided to indicate the current
that leaks through the fault to ' carth”
when sufticient pressure has been applied
to the faulty conductor to permit of the
passing of about 15—20 nr.a. The operat-
ing wheel of the bridge is turned until the
galvo. needle settles at zero.  The ratio
X, ,L as a percentage is given directly on
the localiser scale (X being the distance to
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the fault and “ L.
of the cable).

" the total route length

Breaking Down High Resistance.

In breaking down the high resistance
of an incipient fault, such as intermittent
flashovers in a joint, a great deal of care
and paticnce is required.  Cases have
been known where the maximum testing
pressure has been maintained for 24 hours

with occasional discharges through the
fault, before sufficient current could be

held long enough for the location test to
be carried out.

L - Route length of cable.

AA = Faulty conductcer.

BB = Good conductor.

K = Kenotron rectifying valve,

Milliammeter to read fault current in
lcop.

LOCATION IN ELECTRIC CABLIES

reading of 3o.11 divisions was cbtained
on the “bridge’” scale.
Route length of
0.03 <q. in. cable = 3,904 yds.

Test leads, 27 vds. o.1 sq. in. 27,

From this we obtain the position of the
fault as follows :-
Loop length (3. (;()4)(1\ X 2) = 7,928 yds.
l('\t leads as 0.03 sq.

7 vds. X 003 3q. i _
. = 3.5
0.1 8¢ 1
Total length as 0.05 sq.in. == 7.941.5 ,,

Distance of fault

7:041.5 > 30.11
100
Actual distance = 2,361 vds.
1t should be mentioned that immediately
the  pressure
was taken off,

= 2,391 vds.

{ e

AMMETER

'r the insulation

resistance ot
the faultv con-
ductor  was
still  in  the
order of 2

CABLE END:
LOOPED

- megohms.

MILLIVOLTMETER

|

Example of Test.

The following are actual particulars and
figures taken on a cable breakdown where
the location test was made with  the
apparatus :

A 0.03 square-inch 20 kV. cable tripped
out of circuit on fault and the insulation
resistance test revealed the conditions as
follows :

Red phase 2 megohms to “carth.”

White phase 4 megohms to *“earth.”

Blue phase 1o megohmas to ““carth.”

[t was obvious from the test that the
cable had broken down and therefore was
not sound cnough to be switched in again.
The high pressure apparatus was applied
as in Fig. 6 to the red phase conductor,
which, at a pressure of 10 kV., passed a
current of 15 m.a. through the fault. The
galvo, was then adjusted to zero, when a

- @"T—@‘“““TJ

Fig. 7.

«

“FaLL OF POTENTIAL "

The distance
of the fault
worked out
near a joint
whichon being
examined was
found with a small hole in the lead sleeve.
The joint was of an expansion type and
had broken down due to ground movement
on a main road. The actual fault had
developed in the cable outside the sleeve.
The lead was found broken near the wipe,
through which water had entered and
found its way into the joint.

TEST.

‘“ Fall of Potential >> Method.

This is another method that can be
used for locating faults similar in nature
to those located by loop tests, with
this advantage, that it can be applied
whether a sound conductor is available
or not. [t is simple and accurate under
certain conditions, and whcre the fault
resistance is sufficiently low to allow of a
steady current to be maintained through
the fault.  The ““ drop " is noted at both
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ends  of the cable by
means of a millivoltmeter
as the current from a
secondary battery
passedto’ ecarth” through
the  fault, the current
being maintained steady
through a reliable
ammeter,  The  formula

Is

1901

oPEN CiRCWUIT

T/

for obtaining the distance
of the fault would be :

o
Formula.
L == length of faulty
cable.
D, denotes drop from S.—SIMpLy
first  testing
position.
D, denotes drop from second testing
position,
Distance of fault from first testing
position
L
D, +D, " D,

Using a Sound Conductor.

A modification of this test is to use a
sound conductor of the same section arca
as a test lead by passing a current round
the  loop shown in Fig. 7, the
advantage being that no current passes
through the fault.  When it is necessary
to use conductors of different sectional
arca for the return conductor, the equi-
valent lengths, as previousiy explained,
must be calenlated to put them in terms
of the faulty cable.

Formula.

as

COMPARATIVE DEFLECTION
AN OpPEN CIRCUIT,

TEST ror LOCATING

Distance of fault

=32 X e

This method is not to be recommended
for faults that have any resistance in them,
and experience shows this to be the case
with  most  super-tension  cable  break-
downs.  With the “ Murray 7 loop test
it is possible to locate very high resistance
faults by increasing the battery power.
With a primary testing battery of about
300 volts, a fault of 0.5 megohm has been
located to a drum length on a 20 kV. cable
11 miles long. It is much to be preferred,
however, with high resistance faults, to
deal with them by the special apparatus
already described.

In all these tests, particular care should
be taken to see that the instrument con-

L denotes entire loop of sound and  nections are clean, carefully made, and
faulty conductors. perfectly dry, as damp test leads will
A denotes reading on faulty cable, lower the resistance of all circuits and

B denotes reading on sound cable, probably render the tests inaccurate.
Je_A s OPEN CIRCUIT FAULTS

' FALT g Capacity Tests.

.]— This method of location
L { ) is applied to cables that
become  open-circuited
j when the insulation resis-
= =t - ‘ tance of the {fractured
Dr Test D2 Test U_“"; Fonduc&;r (3;1 cond.uct.(){s
= s sound. 1¢ principle
E"” @ IIMI-—"; of the test is tlhe C()Im-
Fig. 9.~TrsTiNG A FAULT CAUSED BY * SHORT CikcuiT ”’ Berwery  Parison of theelectrostatic

PHASES.

capacity of the severed
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conductor against a sound one of the same
cable or standard condenser. The accu-
racy of the test depends entirely upon
the dielectric of the conductors to each
other and the sheath, which should be alike
in quality and thickness. For this reason,
wherever possible, the size, manufacture,
ete., of all cables should be kept unifcrm.

Locating a Simple Open Circuit.

Fig. 8 shows the connection of a
simple comparative deflection test for
locating a simple open-circuit on a con-
ductor where all conductors are found to
be sound between the conductors and lead
sheath. The instruments required are:—

High insulation 2-way key.

Ballistic galvanometer.

100-volt battery.

A charge is given to the severed con-
ductor for a given period by dejressing
the key, which on release gives a discharge
throngh the galvo., a careful note being
made of the deflections. It is always
advisable to have the galvo. shunted
whilst trial readings are taken in ordcr to
prevent damage to the instrument, as the
position and capacity discharge to the
fanlt is unknown. Without removing the
instruments, repeat the test on the con-
tinuous conductor, using the same battery
power and time-charge.

Formula.

I. = total length of cable.

A = deflections on faulty conducter.

B = deflections on sound conductor.

B
When the fault has been caused by a

* short-circuit ”” between phases, this may

give rise to complications with all con-

ductors completely severed and only one

end left for testing purposes. The rro-

cedure in this case would be to measure

the capacity of the broken conductor up

to the break and compare it with the

capacity pcr unit length of the cable.

Distance of break = lLength x

Severed Conductor.

A test is taken at the insulated end of
the severed conductor as already described,
then without moving the instruments,
using the same battery power, charge and

FAULT LOCATION IN ELECTRIC CABLES

discharge a standard condenser of known
cavacity in like manner. Then if—
D, = deflections on severed conductor,
D, = deflections on standard condenser,
K1 = capacity of standard condenser,
Kz = capacity to be found.

Formula.
2 o Pu X K1
D,

Having thus obtaincd the capacity of
the conducter up to the break, by reference
to the cable standard pcr unit length of
the class of cable under test, the tault
position will be:-

. . Unit length < K2

Distance of fault = = ~}i1 ——

Example of Test.

The tollowing is an example of the con-
ditton and test figures of an actual fault :—
A 20 kV. 0.05 square inch cable, 6,350
vards long, broke dewn with all the con-
ductors sevcred, with only the insulation
resistance gocd on cne severcd cenductor

from one ¢nd, the remairder being

“ earthed.” (See Tig 9.)

Test.

D, discharge deflecticns  cn
severed conducter 300

D, discharge deflections on
standard condenscr .. 635

K1 standard condenser o.1 micro-
farad.

D, % K1 =32 o= 0.46 microfarad.

D, 05

0.46 microfarad equals capacity to the
fault.
0.18 microfarad maker’s cayacity jer
1,000 yards.
Then 0'4‘),
0,15
Whilst this form of test is very simple,
care must be taken in obtaining the galvo.
readings. The accuracy depends upon
the insulation resistance across the path
of fracture and also against the other
conductor and the sheath.

= 2,535 vards.

(Photographs and diagrams are by kind
permission of the Newcastle Electric Supply
Co., Ltd., and the British  Insulaicd
Cables, Ltd.
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SOME LABORATORY AND TEST ROOM
APPARATUS

By A. C. JoLLEY, A M.ILEE, F.Inst. P.

T is convenient to divide electrical
Instruments into two classes :
(a) Industrial and indicating instru-

ments,
() Precision and standardising instru-
ments.

Typical instruments of the first class
have been already described in previous
articles. The second group is a very wide
one and includes apparatus for the abso-
hite determination of electrical units and
also for refined research, as well as the
apparatus employed for the prectse deter-
mination and comparison of electrical
quantities, such as electrical pressure,
current, resistance, capacity inductance,
ete.

This article will deal with some tvpical
examples of apparatus which is usually
found in a well-equipped laboratory or
test room.

THE UNIT OF ELECTRICAL PRESSURE
—THE INTERNATIONAL VOLT.

The practical unit of electrical pressure
1s the international volt, and in order to
realise and maintain this unit we must
refer to some form of standard which
takes the form of a primary cell set up
in accordance with a
carefully drawn up
specification,

The Clark Standard
Cell.

The earliest form
of standard cell was
described by Latimer
Clarkin 1874. Essen-

Saturated
Solution of
Cadmium
Sulphate

gl

Crystals of

with a paste of zinc sulphate and mercurous
sulphate, the latter acting as a depolariser.

The Weston Cell.

Dr. Weston in 1892 suggested a standard
cell similar to the Clark cell, in which the
zinc amalgam was replaced by a cadmium
amalgam and the zinc sulphate solution
by a solution of cadmium sulphate.

This type of cell is now almost uni-
versally employed as a standard. When
rroperly set up the cadmium cell forms a
most reliable standard. The E.M.F. at
20" C. in terms of the international ampere
and ohm is given as 1.01830 volts and at
any temperature t C. the EMF. is ex-
pressed by the equation
E, E., — 0.0000400 (t — 20) —

0.000000935 [t — 20]*

The form which the modern cell takes
is shown in Fig. 1, and usually the cells
are mounted in pairs, one of which is
rescrved to act as a comparison cell
against which the other or working
standard can be checked from time to time,

Accurate Measurement of Voltage by
Comparison with the Standard Cell.
The measurement of potential difference
by comparison with
the standard cell* is
usually  made by
means of some form
of potentiometer. The
principle consists of
establishing by means
of a battery of con-
stant E.M.F. aknown
volt fall over a series

Q0000009 ————

R . B . Cadmium Paste of _—
tially this cell con-  $00 o Standard cells should never
.\‘isted Of a })llfG Zi]lC /Sulphate and have appreciable curient

h Cadmium drawn from them and should
clectrode in a neutral Cadmium Sulphate thelrefore always b(fe employed
saturated solution of  Amafan B Morcury Pesistance. alihoadh T o
zinc glll})llflt(‘ the been shown that if given a

L 2 N sufficiently long rest on open
})05111\'0 pole b(’lll{.{ Jio. 1.—THE WESTON NORMAL CADMIUM circnit  after an accidental

pure mercury covered

STANDARD CELL.

short circuit the cell will
completely recover its E.MF,
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of resistance  coils which in some cases
is supplemented by a slide wire.

The P.D. to be comparedis then applied to
the arrangement and two points are found
between  which  the volt fall is equal
to the unknown PD., the equality
being indicated by the absence of current
in a sensitive galvanometer  joined in
series with the unknown P, Thus in
the diagram Fig. 2 A B is a long uniform
slide wire along which a steady current
is maintained by the battery E,, and
since the wire is uniform there will be a
uniform fall of potential along its length,
say, from the positive end A to the nega-
tive end B and we can mount a scale of
uniform divisions beside it.

Let us suppose we give this scale 200
divisions.  We must now standardise the
volt fall and to do this we connect the
positive terminal of a standard cell E to
the end A of the wire and the negative
terminal  through a sensitive galvano-
meter Goto asliding contact C on the wire.
Now suppose we desire a volt fall of o.o1
volt per division on the wire and the
E.M.F. of the standard cell 1s 1.018 volts,
we set the contact C to 101.8 divisions on
the scale and on pressing the key K the
galvanometer will be deflected.

The rheostat R in series with the battery
£, is now adjusted until there is no
deflection of the galvanometer on operat-
ing the key K and we then know that the
current flowing in the wire produces a
volt fall of o.or for a length of it
corresponding to one division on the scale.

We may  then replace the standard
cell by the unknown P.D. and without
altering anything else in the circuits we
find a new point of balance on the wire;
let us suppose that this occurs at 143.5
divisions on the scale, then we know
that the unknown P.D. is 143.5 X 0.01I
= I.435 volts,

AND

TEST ROOM APPARATUS

The Crompton Potentiometer.

Once of the earliest improvements on
this simple form of apparatus was made
by Colonel Crompton and Professor Flem-
ing, who substituted for the long wire a
serics of 14 coils and a comparatively
short slide wire as shown in Fig. 3. Each
coil has a resistance exactly equal to
that of the slide wire so that the whole
becomes cquivalent to 15 slide wires, but
1s obviously much more compact.  We can
now have a volt tall of, sav, o.1 volt per
slide wire and if the straight wire has a
scale of 100 divisions the volt fall along
it will be o001 volt per division.

The galvanometer used with this appara-
tus is usually a reflecting moving  coil
instrument of fairly high resistance and
designed  to have good  zero  keeping
qualities,

The Vernier Potentiometer.

The Crompton form of potentiometer is
usually classed as a low resistance instru-
ment since its total resistance is deter-
mined by the resistance of the slide wire,
There are, however, many modifications
of the potentiometer which aim at obtain-
ing a higher internal resistance and some
climinate  the slide  wire entirely by
emploving a vernier arrangement of resis-
tance coils in which cach succeeding dial
is shunted across two coils of the preceding
dial by means of a double brush switch.

An arrangement of three dials is shown
in Fig. 3, and it will be seen that with
this arrangement the resistance of the
potentiometer may be made as high as

W
-~

o—

[E_"_' FD

Fig. 3.
POTENTIOMETER.

D1aGrAM OF CONNECTIONS FOR CROMPTON
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we desive. For instance, the first dial
may be a scries of 10 coils cach of 1,000
ohms, the second dial will then contain
1T coils of 200 ohms cach, and if the third
dial is the last, as in our diagram, it will
have 10 coils of 4o ohims cach and a single
brush travelling on it.  Obviously, we
may have any convenient number of dials
in such an instrument and cach dial
represents tenths of the preceding unit,

The Tinsley Potentiometer.

Another  arrangement is shown  dia-
grammatically in Fig. 5. The first dial
has a volt fall of 0.1 volt per coil and the
slide wire is connected in series with it.
The second dial shunts two coils of the
first by means of the double travelling
brush switch. The unknown P.D. in
series with the galvanometer is connected
between the travelling contact on the
slide wire and the single brush which
makes contact with coils of the second
dial.  Thus we read tenths of a volt on
the first dial, hundredths of a volt on the
second dial and the remaining fractions
are indicated by the balance position of
the slider on the scale of the slide wire.

The ‘¢ Volt-box.”’

In general the range of a potentiometer
is not much greater than 1.5 volts, since
the potentiometer current is  usually
supplied by a single sccondary cell and
therefore  the total applied EDMEF. s
approximately 2 volts,  To extend the
range to higher values it becomes necessary
to employ what is known as a ““ volt-box,”
which is really a fixed value potential
divider.

Essentially it consists of a high resistance
across which the voltage to be measured
is applied, a tapping is taken off this
resistance at such a value from one
end of it that the volt fall, when the
nominal voltage is across the whole
resistance, is within the range of the
potentiometer.,

Accurate Measurement of Supply Voltages
(D.C.).

Thus suppose we desire to measure a
pressure of 100 volts, we might make the
main resistance 100,000 ohms : there would
then be a volt fall of 1 volt per 1,000 ohms,

1905

76 Coils. 1000% e ach

B .
b 11Coils 200%each
’ 10Corls a0%each

Fig. 3.—ARRANGEMENT For THREE DiaLs,
and it, therefore, a tapping is brought out
from the first 1.000-ohm coil as in Fig. o
and taken to the potentiometer there will
always  be  between  these  leads  one
hundredth of the voltage applicd across
the main resistance.  Obviously, we may
by means of suitable tappings along it
nmake the main resistance serve for a
wide range of applied voltages.

Increasing the Sensitivity of a Potentio-
meter.

When the voltage to be measured is
small the accuracy with which the potentio-
meter may be read becomes very limited.,
To overcome this difficulty a transposition
arrangement is often fitted which is in
the form of a two-way plug switch as
shown in Fig. 7. With the plug in A
the potentiometer reads in the ordinary
way, but it the plug is shifted to position
B a resistance equal to one-ninth of the
potentiometer resistance is shunted across
the instrument and at the same time a
resistance nine times that of the potentio-
meter is put in series.  In this wayv the
current drawn from the battery remains
unchanged, but the current flowing in the
potentiometer coils is reduced to one-
tenth, so that the volt fall over the poten-
tiometer coils is reduced to one-tenth,
and therefore the maximum reading of the
instrument is also one-tenth of its un-
shunted value.

With a good potentiometer, a volt-box
and a set of standard resistances or shunts
it becomes possible to measure voltage,
current, power, resistance and, in fact,
practically all direct current quantities
with considerable accuracy, in terms of
the EMEF. of a standard cell.  The chiet
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defect of the potentiometer system of
measurement is the time required to make
the individual settings, particularly if the
conditions in the circuits under test are
unsteady.

Increasing the Convenience of the Potentio-
meter.

In part, this difficulty is due to our hav-
ing frequently to refer back to the standard
cell to verify the potentiometer current.
To facilitate this being rapidly done many
potentiometers are provided with a supple-
mentary standard cell dial in series with
the  potentiometer coils and graduated
to correspond with the EMLE. of the cell
at various temperatures and so arranged
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Fie.5 -ARRANGEMENT FOR TINsLEY POTENTIO-
METER.

thiat the galvanometer and the standard
cell may be switched across its resistance
without altering the last potentiometer
setting and since it is in series with the
potentiometer if the galvanometer shows
a deflection the current through the
instrument is adjusted to balance, after
which the galvanometer is transferred
to its original position and the readings
continued.

The Brooks Deflection Potentiometer.
Still greater specd of setting is obtained
in the deflection potentiometer of Brooks.
In this approximate settings are made
on the dials of the instrument and the
residuals to be added or subtracted
from the dial readings are read on the
scale of a moving coil instrument. In
order that these detlections shall truly
represent  the residual fractions of the
EME. a special arrangement of the
resistances of the potentiometer has to
be adopted so that the resistance in the
galvanometer circuit remains  constant
for all settings of the dials and the rheostat
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in series with the battery supplying the
instrument.

ACCURATE A.C. MEASUREMENTS.

When we are dealing with alternating
quantities we cannot concern ourselves
only with magnitude, but we must also
take into account the phase of the EALF,
which is being measured.

There are two alternatives open to
us.  Iirst, we may provide some means
to bring the potentiometer current into
phase with the E.M.F. being measured,
or, secondly, we may measure the rect-
angular components of the P.D. under
investigation.  Both these alternatives
have been developed into practical instru-
nents,

The Drysdale Polar Potentiometer.

The polar potentiometer of Dr. C. V.
Drysdale employs the first. It consists
of an ordinary D.C. potentiometer in
whose main circuit is included a dyna-
mometer millammeter, which serves to
indicate  the potentiometer current,
whether D.C. or A.C. A double pole
change-over switch switches either a
secondary cell or the secondary of the
phase shifting transformer,

This latter consists of a laminated slotted
stator wound on a two-phase scheme
like an ordinary induction motor stator;
within this stator is a laminated rotor
on which a secondary coil is wound, and
this rotor may be turned into any position
relatively to the stator winding by means
of a worm gear.

How the Stator is Excited.

The stator is excited from a single-
phase supply on the split phase principle;
that is to say, one of its phase windings is
supplied directly, and the second winding,
which is in space quadrature, is supplied
through asuitable resistance and condenser.
The windings are identical, and when the
phase is properly split a perfectly circular
and uniform rotating field is produced,
which links with the secondary coil and
generates an E.M.F. in it whose R.M.S.
value is practically equal to the E M. F.
of the secondary cell.
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Obviously, the phase of this secondary
E.M.EF. will depend only on the position
of the axis of the secondary in relation
to the primary winding. Thus if this
axis corresponds with the axis of the
directly excited phase of the yprimary,
the secondary E.M.E. will be in phase with
the supply. If the rotor is turned so
that the axis coincides with the other
phase of the stator, which iz excited
through the condenser, its EM I will be
in quadrature and for all intermediate
positions the phase of the secondary
induced EMFE, will be given by the
angular position of the rotor.

A terminal board above the potentio-
meter allows, in connection with the two-
pole =sclector switch of several circuits
being switehed in successively,

Galvanometers for A.C. Working.
Obviously, the ordinary moving  coil
instrument cannot be used since it is an

average instrument and therefere  will
give no indication at all on AC. A

dynamometer or sensitive clectrometer
could be used, but unless both were separa-
tely excited they will have a square law,
and are consequently viery insensitive
near their zero, which is just where we
require the greatest sensitivity to indicate
balance. If the frequency is within the
aundible range, we can use a telephone as
a detector, but a better altcrnative at
moderate frequencies is to cmploy a
vibration galvanometer.

The invention of this type of A.C. de-
tector has marked a very great advance
in alternating current measurenent,

The vibration galvanometer is similar
to a sensitive moving coil cr moving
iron D.C. instrument, the essential dif-
ference being that instead of giving the
noving system  a  comparatively  slow
periodic time we tune it until its natural
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ARRANGEMENT FOR INCREASING SENSI-
TIVITY OF POTENTIOMETER

Fig. 5.

1907

. Mﬂ_/_ﬂ"’"‘ —
100 volts

.
50 volts

To Potentiometer

Fig. 6.—CONNECTIONS FOR ACCURATE MEASURE-
MENT OF SUPPLY VOLTAGES (D.C)).

period is exactly that of the supply. The
tuning in the case of the moving magnet
instrument is done either by altering the
length and tension of the suspension
string to which the magnets are attached
cr by altering the strength of a steady
magnetic control field.  With moving coil
instruments the tuning is always done by
altcring the length and tension of the
metallic suspension of the coil.

Such galvanometers are viry  satis-
factory for all measurements where balance
or null methods are employed. A typical
form of vibration galvanometer is shown
in Fig. 8.

Using the Polar Potentioneter for Measur-
ing A.C. Voltage, Capacity and In-
ductance.

To make a measurement with the polar
potentiometer, therefore, we first connect
the instrument to an accumulator and.
employing an crdinary moving coil gal-
vanometer and standard cell, the instru-
ment is standardised in the manner
already described, and when the standard
cell is balanced, the reading of the dynamo-
nmeter is carefully observed.

This standardisation once made need
not be repeated, except at long intervals
in order to check the constancy of the
potentiometer construction.

The connections of the instrument are
now changed by turning the change-over
switch so that the instrument is supplicd
from the secondary of the phase rhitting
transformer and the potentiometer current
is adjusted by means of the rheostat
until the dynamometer indicates that
the same current is passing as when the
instrnment was standardised with D.C..
and this current is maintaincd throughcut
all observations.

The galvanometer is replaced by a
vibration galvanometer, which is tuned to
the frequency of the supply.
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Fig. 8

METER.

In making anv measurement the circuit
under investigation must alwavs include
a low non-inductive resistance standard
and the P.D. over this is first balanced
by setting the potentiometer dials and
slider until minimuni deflection is ob-
tained ; the final balance is then obtained
by turning the rotor of the phase shifter.
The spindle of this wransformer carries
a system of pointers at right angles to
one another, one of which s marked
“index,” and these pointers move over
a scale graduated in degrees over two
right angles on one side and has a scale
of cosines in the remaining two quadrants.

Now, since we know that with a truly
non-inductive resistance the P.D. across
it must be in phase with the current it
carrics, we can sct the index pointer,
which 15 adjustable o the rotor shaft,
over the zero of the degree scale.

Measuring the Voltage and Phase Dif-
ference.

If now, by means of the selector switch,
we connect in the unknown DP.D. which
we desire to measure we again balance by
dial setting, which gives the magnitude,
and by turning the rotor of the phase
shifting transformer, which, when balance
is obtained, gives the phase angle between
the current and thevoltage being measured.

Impedance, Capacity and Self Induction.
If the first reading was V', on the non-

Tyrean Forat oF VIBRATION GALVANO-
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inductive resistance whose value is R
ohms, and V, iz the second reading on
the apparatus or load under investi-

gation, then I W
R
and Z the impedance of the load will be
Ve
I
The cosine of the angle can be read
off on the cosine scale under  the

pointer marked “ cosine” and the «ine
similarly  under the pointers marked
“sine”” then the reactance of the load
is Zsin 6 and the power taken by the
load is V, I cos 0, the effective resis-
tance is Z cos 0 and if the frequency
is known the self-induction or capacity
of the load is determined.,

A Multi-purpose Instrument.

It is at once evident that such an equip-
ment is probably one of the most widely
usetful measuring devices which has cever
been invented since it allows of nearly
every measurement within the range of
D.C. and A.C. measurements being made
with reasonable accuracy, and practically
without restriction  of magnitude, pro-
viding suitable shunts and volt boxes are
available.  The accuracy is limited to
that to which the potentiometer dynamo-
meter can be made to reproduce its read-
ings, which is high. It should, however,
beremembered that anv measurements made
with the aid of a vibration galvanometcr
or any tuned detcctor must be carried out
exactly at the frequency to which the galvano-
meter 18 tuned, since even a small difference
on cither side between the frequency of
the supply and the natural frequency of
the instrument will result in a serious
loss of sensitivity, At its best, the polar
A.C. potentiometer s essentially a low
frequency arrangement and is very diffi-
cult to apply to frequencies above 1,000
cveles.  This restriction does not, however,
apply to the second alternative, that of
measuring the rectangular co-ordinates of
the voltage under investigation.  In many
instances it is very convenient to do this,
but generally co-ordinate potentiometers
are less simple to manipulate,

The Gall Co-ordinate Potentiometer.

The  co-ordinate  potentiometer  of
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Mr, D, Gall was the first commercial
instrument of this tvpe to be put on the
market,

Essentially it consists of two potentio-
meters, once of which is fed by a current
in phase with the supply and the other
through a phasc-splitting device with a
current in quadrature. The exactness of
the quadrature relation, which is, of course,
of first impertance, is ascertained by
balancing the sccondary P.D. of a tixed
value mutual inductance on the inphase
potentiometer when the primary of the
mutual carries the quadrature potentio-
meter current.  This secondary P.D. is
arranged to be equal in volts to the primary
frequency divided by 100,

The instrument is standardised as in
the polar instrument by balancing the
standard cell on the inphase potentio-
meter, a delicate torsion dynamometer
instrument being used to indicate the
potentiometer current, The slides of the
two potentiometers are interconnected
through the vibration galvanometer and
the unknown P.D. to be measured, so
that balance is obtained by adjusting
both potentiometers until the galvano-
meter is balanced at zero.

The inphase component is then the
reading of the inphase potentiometer, while
the quadrature component is given on the
other.

The Larsen-Campbell Potentiometer.

Another arrangement for a co-ordinate
potentiometer was  devised by ILarsen
and moditied by A, Campbell. In this
case the potentiometer consists of an
arrangement of resistances in series with
the primary of a variable mutual induct-
ance, the combination being put directly
across the supply pressure.

An ingenious thermal indicating device,
which can be calibrated by means of a
direct cwrrent, is put in series with the
potentiometer to indicate when the correct
current is passing.

The pressure to be measured is balanced
by travelling contacts on the resistance in
series with the sccondary of the mutual
inductance, The inphase component is
therefore balanced on the resistance slides,
while the quadrature component is
balanced by varying the mutual inductance.
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This balance is made independent of
frequency by Mr. Campbell’s ingenious
application of the universal shunt principle
to the resistances.

The advantage of the co-ordinate poten-
tiometer, and particularly the latter form,
is that it may be used without modification
on audio frequency circuits,

THE UNITS OF RESISTANCE - THE
INTERNATIONAL OHM.

Nextinimportance to potential measure-
ment are resistance determinations.

The Mercury Standard.

The practical unit of resistance is the
international ohm, represented by the
resistance of a column of pure mercury
106.3 cm. long and weighing 14.4521
grammes at 0° C,

Copies of the Standard for Laboratories.

Such a standard, however, is not
generally suitable for ordinary laboratory
work, so that it is replaced by copies
in the form of wire coils wound in an alloy
of permanent properties and low tempera-
ture coeflicient.

Why Manganin is Used and Why it is
Varnished.

Of recent years all good resistances are
wound in manganin, an alloy of copper,
manganesce and nickel, and containing also
a small percentage of iron, which has
considerable intluence on its temperature
coefficient.  Manganin  has been  found
most satisfactory for the construction of
permanent resistance standards, particu-
larly when protected by a suitable varnish
coating from the selective oxidation of the
manganese, which takes place when the
material is exposed to the air and which

leads to a high positive temperature
coeflicient,
7, ——=
Vo v
13 ——»
- -7 - —
l~ L B =
J—

Fig. 0—SIMPLEST IORM  OF WHEATSTONE

BRrRIDGE,
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How Standard Resistances are Wound.

All resistances are wound bifilarly ;
that is, the insulated wire is bent back
upon itself before winding so that adjacent
turns carry current in opposite directions
and are therefore noninductive. For D.C.
working this is usually sufficient.

Special Types for A.C. Work.

With alternating currents, at audio
and higher frequencies, the residual in-
ductance and capacity ot the coils becomes
of considerable importance and special
methods of winding and mounting the
coils have to be adopted so that these
effects are reduced to a minimum, while
careful attention must be given toscreening
the coils in order to eliminate variable
earth capacities,

The Wheatstone Bridge and Its Use.

Resistance determinations always in-
volve comparison between the apparatus
under investigation and a set of coils
whose values are known, and such com-
parisons are most frequently made by
some form of Wheatstone bridge.

In its simplest form this can consist of
a uniform wire across which a set of known
resistances and the unknown resistance in
series are connected as in Fig. 9. Current
is sent through the parallel combination
by the battery B and the galvanometer is
joined between the junction of the resis-
tances and the slider on the wire.

Then a current i, will flow through
S and X, while another current i, will
flow in the slide wire. The volt fall over
S is equal to i, S, and by moving the
contact on the stide wire a point is found
where no current passes through the
galvanometer ; when this is the case it is
obvious that there can be no difference
of potential between the two points to
which the galvanometer is connected.

Therefore if the balance point is a
distance 1 cm. from the end, we know
that the volt fall over this length must be
i, Rl where R is the resistance of unit
length of the wire. We therefore have

L S=i,RL
Then  obviously we  must  have
1, N =1, R(L —1) where L is the total

length of the wire. Dividing these cqua-
tions one by the other we get
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X L-—1 . L —1
g1 O X=S8 ]

The quantities (I — 1) and 1 form the
ratios of the bridge and the arrangement
becomes more compact and less likely to
damage if we replace the slide wirec by
two sets of fixed ratio coils and make S
an adjustable resistance, which is equiva-
lent to fixing the sliding contact at some
point on the wire so that the volt fall
over it can be matched by varying S.
We have then arrived at the ordinary
form of Wheatstone bridge.

Each ratio arm usually consists of
tour coils having values of 1, 10, I00,
1,000 ohms, These are arranged at the
back with the adjustable resistance form-
ing the third arm in front of them. The
battery is connected to the middle point,
where the ratios join, and to the junction
between the unknown resistance and
the adjustable bridge arm, while the
galvanometer is joined directly across the
ratios.

This is the wusual arrangement, but,
obviously, we may interchange the posi-
tion of the galvanometer and battery
without affecting the principle and under
certain circumstances this may be advis-
able.

Possibilities of the Wheatstone Bridge.

The range ot the ordinary Wheatstone
bridge can be made very wide. For if
we call the resistance of the ratio on one
side N and on the other side M, the
relation

> A
X=S i
holds for all values of N and M. We can
therefore use level ratios or ratio up
for high resistances or down for low values.
In practice, however, the bridge arrange-
ment loses sensitiveness, and there is a
danger of ovcr-heating some of the coils
if the use of unlevel ratios is carried too far.
The practical range is from about 0.1
ohm to 100,000 ohms, and although mea-
surements can be carried beyond this,
other arrangements are then to be pre-
ferred.

The Kelvin Double Bridge.
For low resistances a modification of the
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WWheatstone bridge known as the Kelvin
double bridge gives results of great accu-
racy. Diagrammatically the arrangement is
¢hown in Fig. 10, and it will be seen that
this is an ordinary Wheatstone bridge
except that the two inner ratio coils m
and n have been introduced to shunt the
connection between X and S and the
galvanometer is then taken to their
common centre. Then, obviously, if m
and n are equal high resistances the gal-
vanometer is connected to what is equi-
valent to the clectrical centre of the
connecting bar a.

If «is the resistance of the interconnector
the condition of balance is

n N
N m M
N==85— S —
2> M xn m —+n -+ «
And, obviously, if we make
n_ N
m~ M
then
N
C oY
= M

as in the ordinary bridge.

Many bridges for the most accurate
intercomparison of standards of resistance
are built up on this jrinciple. For com-
mercial and industrial measurements the
bridge is made up with the ratios n and
N of fixed values, say, 1, 10, 100 and
1,000, and are put into circuit by the
ordinary plug arrangement.  The other
ratios m and M are arranged on the decade
system, the brush contacts on each being
mechanically coupled so that they are
varied together,

Wheatstone Bridge for A.C. Measurements.

Apart from the measurement of resis-
tance, the Wheatstone bridge arrange-
ment has been very extensively employved
with alternating currents for the deter-
mination of capacity inductance, etc.,
for the bridge relations hold for the im-
pedances of the arms just as it does for
the resistances. If, therefore, we replace
the battery by a suitable source of al-
ternating current and the galvanometer
bv a vibration galvanometer or for the
higher audio {requencies by a telephone
the bridge can be operated in the usual
way.
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A very great variety of bridge arrange-
ments becomes possible, but the precau-
tions of reducing or eliminating the
residuals of the coils become necessary,

and great attention must be given to
screening  the  various  parts  of  the
apparatus.

Measurement of Very High Resistance.

For high resistance measurement, when
the resistance is of the order of megohms,
it is customary to use either the mcthod
of substitution or alternatively the loss
of charge method. In either case a
highly sensitive reflecting galvanometer
must be employed.

Such galvanometers are of two types,
the moving magnet cr Kelvin galvano-
meter and the moving coil or D’Ar<onval
galvanometer.

Fig. 10.—ARRANGEMENT FOR INELVIN DoUBLE
BRIDGE.

The Kelvin Galvanometer.

In this a double system of small per-
manent magnets  are  arranged in two
groups, the poles of each group being
similarly directcd, but each group having
its polarity reversed in respect to the
other, so that the arrangement is astatic,

The magnets are rigidly attached to a
light non-magnetic spindle, which is
suspended by means of a single fibre of
silk or a very fine quartz tibre, the mechani-
cal control of which is negligibly small,

On this connecting spindle a =mall
mirror is attachcd, usually between the
magnet syvstems, and when light 1= sent
from a tixed source to the mirrer it is
returned to a translucent fixed scale so
that its deflections may be conveniently
obscrved.  The moving system is damped
by means of a light vane, usually mounted
behind the mirror or at the bottom of the
suspension, and this moving in an air
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Fig. 11.—THE BRocA GALVANOMETER.
This is a modification of the Kelvin instru-
ment.

chamber which fits it closely produces the
requisitc damping torque by means of
air friction.

Each group of magnets is surrounded
by a pair of fixed coils at whose centre the
magnets can rotate, and if the four coils
are connected in series so that the current
in the upper pair circulates in the opposite
sense toits direction in the lower pair the
effect on the magnets will be to produce a
deflecting couple in the same direction on
both magnet systems,

The restoring or control torque is pro-
vided by an external permanent magnet,
usually mounted on a vertical rod above
the coils so that it may be raised or
lowered and  turned in a horizontal
direction, and in this way the control is
varied and the sensitivity altered.

The resistance of such an instrument
may be made very high and is capable of
some variation by winding the coils in
sections and bringing the ends of the
sections out to suitable terminals or,
alternatively, the coils may be replaced
by others of the same dimensions
but different  resistance. The Kelvin
galvanometer has been  developed  into
what is probably the most sensitive
current-indicating device which has ever
been produced. The carly trouble of
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loss of sensitivity due to the self-d.-
magnetisation of the small magnets has
to a considerable extent been overcome
by the employment of cobalt steel.

The chief drawback to the general
employment of the instrument is its
extreme sensitivity to external disturbing
fields, which could only be counteracted
by the employment of an eiaborate and
somewhat massive system  of shiclds
round the instrument.

By using the new nickel-iron alloys like
Mu metal or Permalloy C for the purpose
of shiclding, a comparatively light shield
will now suftice.

The Broca Galvanometer.

Fig. 11 shows a modification of the
Kelvin instrument, which is due to Dr.
Broca. In this the needle system consists
of two comparatively long, thin magnets
mounted vertically and parallel to one
another. These magnets are magnetised
with a consequent pole at their centre
so that the whole behaves as a system of
very short magnets mounted horizontally
without having their defect of a short
magnetic memory.

They are suspended by a quartz fibre
and a single pair of coils are placed cen-
trally, one on each side of the suspension
support, and connected in series so that
when current is sent round them a de-
flection couple is produced by the action
of their ficld on the induced poles in the
magnets. The control magnet is carried
on a universal joint behind the instrument
so that it can be moved and rotated
until appropriate control is obtained.
Itisclaimed that with this arrangement the
magnets are much more permanent, and
by retouching an almost perfectly astatic
system can be obtained.

The D’Arsonval Type.

This is much more general. It is
practically the inverse of the Kelvin type.
In this instrument a fixed horseshoe
permanent magnet of tungsten or cobalt
steel provides a magnetic field in which a
light coil of fine wire is suspended by means
of a fine strip of phosphor bronze, which
serves both as the mechanical control
and also to lead the current into the coil,
the lead out being by means of a similar
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strip  below, which s either stretched
straight in line with the top suspension
or may be in the form of a loosely coiled
spiral. A small mirror is mounted above
the coil and moves with it and the light
from a fixed source is returned to a scale,
as already described for the IKelvin
instrument.

Ayrton-Mather Variation.

The D’Arsonval galvanometer is made
in two forms. In the Ayrton-Mather
type the coil is wound in the form of a
narrow loop and is suspended between the
poles of the permanent magnet without
any fixed central iron core. This form
of coil was adopted because it can be
shown mathematically  that the least
moment of inertia for the greatest magnetic
moment is obtained when the cross section
of the coil is two circles touching on the
axis of rotation. Such coils, however,
are difficult to construct without intro-
ducing magnetic controls due to slight
magnetic impurities in the wire or its
111\11}at1(m and this reduces the sensitivity,

For this reason the wide rectangular
coil is preferred because it can be made to
embrace a fixed central iron core, and the
sides of the coil are therefore moving in
a uniform radial field ; magnetic impurities

therefore cannot have any serious eficct,
Damping.
One of the great advantages of the

moving coil instrument is that it can be
very casily damped and rendered  ape-
riodic. In the Avrton-Mather type of
instrument the narrow coil can be slipped
into a thin silver tube and as this rotates
with the coilin the
field of the magnet
eddy currents  are
set up in it which
froduce  the  re-
quired  damping
torque. Rectangular
coll instruments are
damped by winding

(&)
&/

A B8 the coil on a light
metal  former  in
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instrument may, however, Dbe satis-
factorily damped by shunting the coil
with a resistance of such a value that
the induced currents  generated  in
the coll itself by its motion in the field
produce critical damping. This method

necessarily involves some loss of sensitivity.,

Shunts.

A sensitive galvanometer s usually
used with a shunt in order that its sensi-
tivity may be controlled. This shunt is
usually of the Ayrton-Mather or universal
type, which consists of a resistance per-
manently connected across the galvano-
meter terminals,

A series of tapping points on this resis-
tance are brought out to studs and a
rotating brush makes contact to any one
of these. The circuit is connected to
one end of the resistance A and to the
rotating brush, as shown in Fig. 13, Thus
when the brush is turned to make contact
with the stud connected to the point B on
the resistance we have full sensitivity,
and when on any other stud the sensitivity
is reduced by an amount corresponding
to its position.

lf, thercfore, we choose the resistance
of the shunt correctly, it can be made to
serve  the  double  purpose  of altering
sensitivity and  rendering  the  galvano-
meter dead beat.

The moving coil tvpe of galvanometer
has the adv antage over the moving magnet
type in that it is more robust and less

sensitive  to external  disturbing  fields
C
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and is much more ecasily and effectively
damped. 1t cannot, however, have so
high a sensitivity as the Kelvin type of
instrument and it cannot be built to so
high a resistance as the moving magnet
instrument, but for general testing work
it 1s a very valuable instrument and doces
not require magnetic shielding.

BALLISTIC GALVANOMETERS.

In certain methods of measuring capa-
city and magnetic flux, or whenever it is
necessary to measure clectric quantity, a
somewhat modi-
tied type of
galvanometer is
used.  We have
in such case to
measure a tran-
sient current,
and the problem
is very similar
to that of
measuring the
energy of a rifle
bullet when it
leaves the muzzle
of a gun.

In order to do
this the bullet is
fired into a
massive wooden
bob of a pen-
dulum which has
considerable inertia and a slow time
of swing., The bullet is retained by
the pendulum bob and gives up its
energy to it, cansing it to swing out over
an arc proportional to the energy received.

The clectrical problem is treated simi-
larly : the quantity of clectricity to be
measured is suddenly discharged round
the coils of the galvanometcr and the
first swing or throw of instrument, if it
is properly designed, will be yroportional
to the quantity of clectricity discharged.
An instrument designed for this purpose is
known as a ballistic galvanometer and
is characterised by having a moving
system with a large moment of inertia
ax compared with the control or restoring
torque or, in other words, it must possess
a very long time of swing so that the
whole discharge has taken place before
the moving system has had time

Fig.14—THE DUDDELL
THERMO GALVANOMETER,

SOME LABORATORY AND TEST ROOM APPARATUS

apyreciably to move from its position of
rest and for maximum sensitivity the
instrument  should have gpractically no
damping.

It is, however, possible to employ a
critically  damped instrument for the
purpose, and the loss of sensitivity is
offset against the considerable saving of
time in making a series of observations,
but it should be noted that a damped
instrument can only be used ballistically
when  the  damping s produced by
¢ddy  currents in  the manner already
discussed.

Kelvin Type.

The Kelvin type of galvanometer can
be cmployed as an undamped ballistic
galvanometer by replacing the short,
straight magnets by cylindrical  bell-
shapcd magnets magnetised across  the
axis of the cvlinder. In this way the
mass of the moving system is considerably
increased and the damping reduced,
since  the magnets rotate with very
little air {riction; for the same reason
the mirror is reduced to the smallest
possible dimensions and the damping
vane is entirely removed.

Ayrton-Mather Type.

The Ayrton-Mather type of moving
coil instrument makes an excellent ballistic
galvanometer for condenser work or on
circuits of high resistance, When used
for this purpose the silver damping tube
is removed {from the coil and replaced
by an ivery one and, obviously, the air
friction will be very small with this type
of construction.  With rectangular coil
D’Arsonval instruments the usual pro-
cedure is to increase the inertia of the
movement by adding to it a scries of
weights carried on radially projecting
arms or by adding a horizontal disc
to the suspension below the coil. At the
same time the control is reduced by
making the metallic suspension very long.

Such galvanometers are usually cem-
ployed critically damped, and as the circuit
may be of so low a resistance as to make
the movement over-damped, an adjustable
shunt to the magnet is sometimes pro-
vided to reduce the working field until
critical damping is obtained.
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Galvanometers for A.C. Work.

The problem of producing a sensitive
galvanometer for alternating currents is
not casy, for, as already mentioned, most
alternating current instruments follow a
square law,

The Dynamometer Principle.

The dynamometer principle can  be
cmployved, in which the field is provided
by a fixed coil.  Within this coil is sus-
pended a moving coil with its planc at
right angles to that of the fixed colil,
and this moving coil carries a mirror in
the usual way for observing the deflection,

When all the coils are joined in series
and an alternating current is sent round
the combination, the moving coil is
deflected by a torque which is proportional
to the square of the current.

Such instruments, however, have several
disadvantages, for in order to obtain
sufficient  sensitivity the coils must be
wound with a comparatively large number
of turns of fine wire. The impedance of
the instrument is therefore high and a
fairly large voltage is necessary in order
to send the current through it, and this
may lead to troublesome clectro-static
effects.

Moreover, the introduction of a highly
inductive instrument into the circuit may
be very objectionable and, lastly, the
instrument is very appreciably affected
by external disturbing fields.

The D’Arsonval Principle.

Alternatively, we may make an instru-
ment on the same principle as the D'Ar-
sonval galvanometer, replacing the per-
manent magnet by a laminated clectro-
magnet excited by the alternating current.
Verysensitive instruments of this type have
been built, but difficulty arises because of
the phase diffecrence which exists between
the gap flux and the current in the moving
coil, and here also the impedance of the
instrument may be high.

The Duddell Thermo Galvanometer.

The thermo galvanometer devised by
the late Mr. W, Duddell is an excellent
solution to the problem, particularly
where high frequencies are to be employed.,
In this instrument shown in Fig. 14 the
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principle of the radio micrometer, invented
by Professor Boys, has been adapted.

A circular permanent iagnet has a
small gap between its poles, and suspended
in this gap by means of a quartz fibre is
a narrow loop of bare copper wire, which
is closed at its lower end by a minute
thermo couple of two special alloys which
give a high thermo EMLY. for a small rise
of temperature.  Immediately below this
system Duddell arranged a little heater
consisting of a few millimetres of very
fine resistance wire, or, in the case of a
high resistance heater a platinised quartz
thread, and through this the current is
passed. The passage of the current heats
the wire and the heat produced is com-
municated to the tharmo couple by radia-
tion and convection. The thermo EM.F,
set up sends current round the wire loop,
which is detflected like the coil of a D'Ar-
sonval galvanometer. and its movements
are observed by a mirror arrangement.

The original radio micrometcr of Pro-
fessor Bows is preserved practically in its
entirety in  this instrument, the cnly
variation being that of adding the minute
heater.  The instrument is obvioush: very
temperature sensitive, so that the whole
movement has to be buried in a massive
block of brass to delay the effects of
external temjperature change. An outer
wooden cover affords further protection,

The thermo couple consists of two alloys,
both of which are bismuth rich and are
therefore strongly diamagnetic.  They arce
therefore screcned from the stray field of
the permanent magnet by being surrounded
by an iron block mounted below theé
permanent magnet.,

As a sensitive alternating current gal-
vanometer it gives excellent performance.
The resistance is altered by changing the
heater, which is a self-contained unit
and casily removed, and with any given
heater the sensitivity can be somewhat
altered by advancing it towards the
junction above it, a screw motion being
provided for this purpose. Since the
heater is simply a few millimetres of
straight wire of very small diameter, the
inductance and capacity of the instrument
is very small, so that when calibrated with
direct currents it may be used in high
frequency circuits.
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TUBULAR AND PANEL HEATERS

By E. H. FreemaN, M.ILE.E.

only form of heater nsed was the

electric fire consisting generally of a
coil of high resistance wire wound on a
former or frame of some refractory
material and fitted in front of a reflector
such as that of the ordinary bowl fire.
Such clectric fires attained their designed
temperature of 1,500 to 1,600 within a
few minntes and were and are extremely
uscful in providing heat within a confined
arca and i a short time.

The heat given out was mainly radiant
heat, i.e., of a kind that does not heat the
air through which the heat ravs pass but
only the objects on which the heat rays
impinge. A\ proportion, perhaps 30 per
cent., ot the heat is used in heating the air
and the effect of such heaters in warming
a room as distinct from the objeets in it
was not very satisfactory.

Convector tvpe heaters (of which the so
called hot water
radiator is the
most  common
example) on
the other hand
act mainly by
warming  the
air of the room
and are more
effective  than
fires when it is
desired to ob-
tain a generally
even  tenmpera-
ture rather than
to warm actual

I N the early days of electric heating the

warmed room with no radiant heat is apt
to fecl stufty whilst the comfort of a
definite source of radiant heat such as a
coal fire or an electric radiator is a com-
monplace.

Early Forms of Convector Heaters.

The limitations of radiant heat were
realized and early forms of convector
heaters designed to warm the air of a room
were definitely adaptations ot the ordinary
hot water radiator. Some of these
had an independent  boiler  fixed
below, steam passing round the passages
of the radiator and after cooling, con-
densing and passing back to the boiler to
be again converted into steam.  Others
had an immersion heater in the main body
of the radiator and a hot water circu-

lation in the radiator similar to that in
the ordinary centrally heated system of
hiot water radiators,

Electrically
Heated Boilers.
A third ap-
plication of
electricity to
such local heat-
ers was the sub-
stitution of
clectric immer-
sion heaters in
the central
boiler these re-
placing the coke
oroil as a source
of heat,  This
svstem does not

objects. s0 conveniently

Joth results allow the con-
are  desirable trol of the heat
under varving in  individual
conditions  and rooms by
usnally both  pj « prigar” Heamye Paxee 1x Covrse or  tiermostats as
together as a h ERECTION cither  of the
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other systems and it
still involves carrying the
usual system of hot pipes
through  the  building
involving waste of heat
in many places and con-
sequent loss of efficiency.
It is mainly of scrviee
where current can be ob-
tained at very low cost
at certain hours but not
at others as it lends
itself to storage of heat
during low cost periods
the heat being  subse-
quently used as required ,
at times when current T~ ||| 7
would be comparatively 5 U
costly. coor e

Fig. 2.
Low Temperature Heaters.

The growing demand for heating
apparatus of this kind, operating as most
of them do with a surface temperature of
100" to 150" I'., has led to the invention
of several types of apparatus all designed
for local control and each suitable in its
own way for varying conditions. Of these
the best known are as follows ;

(1) The Air Convector.—This consists of
a heating clement enclosed in a suitable
casing with vent holes above and below,
the air passing in at the bottom being
warmed as it passes over the heated
wires, and passing out at the top to warm
the room. This type is illustrated in
Fig. 2.

(2) Tubular Heaters.—These are prob-
ably the most popular form, consisting of
tubes abont 2 inches diameter, inside
which is a wire heating element carried on
a mica or other support and effectively
supported clear of the tube.  The element
warms the adjacent air which in turn
warms the surface of the tube and gives a
large surface of warmed metal which
distributes the heat into the room, partly
by radiation and partlv by convection.

(3) Panel Heaters.—There are various
kinds of such heaters designed for embed-
ding in walls or ceilings. The best known
of these are the Electrorad panel and the
Dulrae panel.

The former has heating clements
enclosed in a flat cast iron housing of

AND PANEL

cO0L MR

AlR CONVECTOR.
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varying size  to  meet
varying conditions which
heats the exposed surface
of the housing on much
the same principle as the

tubular heaters.  An ex-
ample of this is shown
in Fig. 3

The Dulrae panel on
the other hand consists
of heating wires actnally
embedded in the sub-
stance of the panel which
is quite thin and can be
laid over the surface of
the wall or ceiling more
or less like a wallpaper.,
See IMig. 1.

Both these panel
heaters need heat
insulating materials  be-
hind them to ensure that the heat is pro-
jected into the room and not into the wall
or ceiling behind.

(4} Morganite  Heaters.—These heaters
represent another form of panel heater and
consist of flat panels built up of a semi-
conducting material with insulating ma-
terial surrounding this, the entire panel
heating up to a temperature well above
that of the other panel heaters. These
are for use where a greater degree of
radiant heat is desirable, the surface
temperature rising to 450° F.

Relative Advantages.

All these types have their nses and
advantages. Types 1 and 2 (air con-
vectors and tubular heaters) arc easily
installed, can De altered in position or
loading with very little difficulty and are
economical in first cost.  They are exposed
in the rooms and to this extent their use
may be a disadvantage in certain con-
ditions.

The Electrorad ceiling panel is more
expensive than these but can be com-
pletely embedded in the ceilings if desired
or formed into a projecting panel as may
be convenient for decorative treatnent.

The Dulrae panel is still more expensive
but is more easily attached to the ceiling
although special precautions nced to be
taken in providing a suitable backing of
insulation.  The projection or rather
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increased thickness of
ceiling is very slight [=.
but the ctfect of water |
on the enclosing
material is likely to be |
considerable and might
involve  replacement.

Eithertype of ceiling
panel would require
the  redecoration  of
the room in the event
of alterations  being
required.

The remedy tor
avoiding risk of altera-
tion is of course to provide ample margins
of heat in the first place but this may be
expensive,  The use of all such heaters
lias now become sufficiently widespread
for the proper design of any installation
and there should be no dithculty in
carrying out any scheme with any of
these systems without any need to face
future alterations.

o
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Temperature Rise to be Allowed.

The normal external winter temperature
in this country is about 4o and rarely falls
below 30" except for short periods. This
being <o standard practice in heating
design has adopted 30 as the normal
minimum and heaters are installed to
raise the internal temperature to 55, 60
or 65 according to the conditions. This
ultimate temperature is a matter of taste
and also of circumstance, an operating
theatre for example needing to be main-
tained at a higher temperature than a
garage.

For ordinary domestic schemes and also
for offices, factories, etc., the heating
apparatus should be installed suitable for
raising the temperature about 30° to 33
and even if the full load of heaters is not
actually fixed wiring should be provided on
this basis at least.

Load Required.

The actualload required on the heaters to
achieve this result is a matter for rather
complicated calculation and it is impos-
sible in a brief article to go fully into
details,  In close designing many factors
have to be taken into account. Thickness

TUBULAR AND PANEL
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Iig. 3.—ILLECTRORAD PANEL.
Showing details of construction.
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1 of walls, floors and
, ceilings and details of
| their construction ;
whether walls are
exposed on the North,
South, East or West ;
relative areas of win-
dow or skylight; degree
of ventilation neces-
/sary (i.e. number of
changes of air per
hour) ; temperature of
adjacent  rooms—all
these have a consider-
able bearing on the
result as may also the heating effects of the
lighting units. As a rough guide it is
rarely safe to allow less than 1 watt per
cubic foot and rarely necessary to need
more than 1} watts, i.e. a room 20 feet by
15 teet by ro feet high would need prob-
ably not less than 3 K.W. or more than
44 KW, This load might be distributed
in any way convenient though it is usually
desirable to concentrate a considerable
proportion of it near the windows.

Thermostat Control.

If thermostat control is provided the
loading is less important from the point of
view of economical working than if hand
control is relied on. The thermostat
switch, of which there are a number of
reliable types available, can be set to
operate at any selected temperature within
a wide range—say between 45" and 70—
and automatically switches the heaters on
or off as the temperature falls or rises.
Such thermostats can be supplied to
operate within a degree or two of the
selected temperature and can thus main-
tain the room at a constant temperature
which need not vary more than say
between 538 and 62 if the selected
temperature is 60,

Thermostats can be fixed at any con-
venient position in the room but should be
well out of any direct draught.

Running Cost.

As a broad generalization it can be
assumed that with current at ld. per unit
the electric scheme can be compared
favourably with an ordinary central heat-
ing oil or coke fired boiler scheme,
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Alternating current—
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circuit calculations, 1560
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motor calculations, 1728
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SN E—
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lighting, 394
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Architectural lighting, 1571
Armature—
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winding an, 1044

short-
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1913

BAKELITE—
application of, 1464
insulating properties, 113
Bakelised paper, 808
Balanced armature unit, 304
Balancers, 1589
Balancing transformers, 1039
‘' Balata "’ belting, 727
Ballistic galvanometer, 1914
Band-pass tuning, 382, 1543
Bank lighting, 1093
Bar magnets, 274
Barrel plating, 445, 1087
Basalt, 881
Basket aerial, 1242
Bathroom appliances, 114
Battery—
booster, 1147
erecting, 1274, 1594
chargers, how to make, 708
main switch, 1476
receivers, faults in, 461
small generating set, 1131
* Batterium,”” 86
Baudot telegraph system, 1411
Bavonet-tvpe lampholders, 417
Bearings, 1357
Bedroom lighting, 750, 799
Bed switches, 329
Bells, 139, 1497
circuits, transformer for, 2035
wiring diagrams, 1841
Belt—
adjusting tension of, 236
drives, 727
for small motor, 243
" Bing "’ model railway, 1800
Binob switch, 338
Blow pipe, how to use a, 131
Bobbin, for relay, 100
Boiling plate, removing, 852
Bolt anchor, 1200
Bonding, 203
bars, 1455
Boosters, 1593
Bowl fire, how to adapt into
sunshine lamp, 194

Box signs, 321
Brake—

bands, 1202

drum, 1202

train, 582

tram, 353
RBranch switches, 411
Brass, 1000
Brass plating, 1085
Breather, for transformer, 1637
Britannia joint, 11
Broca galvanometer, 1912
Bronzes, 1006

Brooks deflection potentio-
meter, 1906
Brushes—

bedding, 1373

how to fit new, 1377

small dynamo, 87
‘* Buda " petrol borer, 1679
Biirgin machines, 393
Burglar alarm circuits, 1508
Burner, mercury vapour, 143
Bushes, fitting rubber, 221
Business, how to start an

electrical, 1780

CABLE—
aluminium, 125
car, 1333
fault location in, 1893
flexible, 117
laying, 1013, 1705
lead-covered, 1820
rubber, 305
running and fixing, 256
socket joints, 13
transmission, 1001
underground, 1012, 1700
VLR, 1812
why stranded, 370
Cab-tyre sheathed wiring, 272
Cadmium-—
plating, 1081
test, gyo
Calculations-
A.C. motor, 1728
D.C. dynamos, 1729
D.C. motors, 1721
electromagnet, 1044
Calibration chart, 1253
Candle power, 404
Canopy-protected D.C. motors,
150
Carbons—
arc lamp, for, 18006
violet-ray, for, 193
Cardew safety device, 1040
Car dynamo, cut-in speed, 305
Cathode ray oscillograph, 1821
Cautery apparatus, 500
Ceiling—
pateras, fixing, 415
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Ceiling—contd.
TOSCS, 414
connecting wire to, 200
fixing, 22
switch, 398
Cells—
accumulator, removing, yys
Leclanché, 129
photo electric, 1713
Celluloid batteries, 1002
Central batterv—
signalling system, 1869
telegraph system, 1401
telephone system, 1805
Chain drive, 733
Changeable pole induction mo-
tors, 823
Chargers,
for, 215
Charging, battery, 1152
Chatterton’s compound, 371
““ Chicken " bind, 1688
Chokes—
H.T. climinator, 509
smoothing, 1004
variable, how to make, 1331
Chrome plating, 347
Chromium stecl, 1829
Church lighting, 947
Cigarette lighter, 1475
Cinema, controlling lightsin, 73
Circuit breaker, testing, 938
Circuits—
bells, 32, 14yy
caleulations, 1381, 15060
clectric, magnetic, 740
radio receiving, 373, 590
railway track, 754
wiring, 21
Circular welding, 979
Clark standard cell, 1903
Cleaning clectric motors, 1349
Cleat, wiring svstem, 253
Clocks, 480
impulse driven, 1548
Clothes amng frame, 041
Coal mines—
A.C. motors for, 815
lamps for. 1398
Coil ignition svstem, 1444
Coils—
armature, 341
resistance of, 1031
testing set, making, 1708
winding, 40, 1542
wireless tuning, 1541
Colours, reflective values, 1573
Combined switch and plug, 575
Commutator
cleanmg, 773
dynamo, dg
maintenance, 1375
making, 1031
stone, 1379
Compass needle, polarity test,
173
Compound wound D.C. motovs,
100

L.T., transformers

INDEX

Concentric wiring system, 1439
Concrete foundations for mnio-
tors, 721
Condenser—
apparatus for N-ray, 623
wireless, 1429
Conductivity cell, 1716
Conductors—
H.T. transmission, 1664
polarity of, 171
testing between, 169
Conduit capacities, table of, 83
cutting for small house, 221
running, 20
screwing, 23
telephone, 1835
tester, 1120
testing resistance of, or
wiring system, 75, 257
Cone—
joint, 1689
loudspeaker, how to cut, 309
Connections, testing for wrong,
1y
Connectors—
H.T. line, 1089
motor car, 1333

Constant  potential battery
charger, 1153

Consumption, calculation of,
1820

Contactor—

direct starter, 1305
starters, 238
Continuity, testing for, 171
Contractors
law and, 1743
wiring and estimating for,
1730
Contracts, carrying out, 1798
Control gear—
A.C. motor, 1291
D.C. motor, 280
lifts, 919
train, 531
Convector heaters, 1910
Converter, rotary, 188
Cookers, electric, 142
installing, 845
repairs to, 967
Cooking stoves, 020
Copper, 1003
conductors, resistance, 1383
table of, 38
plating, 449
Cornice lighting, 1572
Correction  of power
1709
Cotton, So3
‘“ Crabtree " switches, 330
Crackling in wireless sets, 457
Cranes, overhead travelling,
1271
““ Creda "’ elements, 389
Creed-Wheatstone  telegraph,
1409
Crompton arc lamp, 1809
Crompton potentiometer, 1904

factor,

Cubicle switchgear, 850
Cupboard lighting, 573
Current—

calculating, 116

distribution and transmission

of, 1599

picking-up, methods of, 578
Cut-outs, 122

car, 1660

fusible, 425
Cyanide dip, how to make, 431

D’ARrsoNvaL
1912
Day and night signs, 323
Delay switching, 1531
Diathermy apparatus, 500
Dielectric strength, 647
Dimmers, 701
liquid, 695
switches, 09
Dining-room lighting, 750, 793
Direct current—
battery charger, 708
dynamo calculations, 1729
eliminators, making, 513
machines, load testing, 1579
meters, 1052
motors, design of, 149, 1759
calculations, 1721
testing, 1201
power circuit calculations,
1331
railway track circuits, 756
wireless receivers, 590
Direction indicators, 1474
Director telephone system, 1830
Distribution—
board, a handy, o2
fixing and wiring in small
house, 228
lines and cables, 1661
low tension, 1607
methods of, 777, 1599
switchgear, 853
wiring diagrams, 1837
““ Dolphin " electric cooker, 967
Domestic—
electrical appliances, 1339
electricity, 133
illumination, 777
power appliances, 625
tariff rate, 1813
‘“ Donaldson ”’  wireless
1140
Door switch, automatic, 573
Double-cone loudspeaker, how
to make, 702
Double - current
system, 1403
Double-focus X-ray tube, 624
Double-plate sounder, 1400
Double-pole switch, 336
Double  squirrel-cage
torque motors, 822
Dow-metal, 128
Drawing-room lighting, 790
Draw-out type unit, 36y

galvanometer,

iron,

telegraph

high-



Drip-proof—

ALC. motors, 315
1.C. motors, 150
Drum controllers, 283
Drum controller-type

starter, 1305
Drying closet, making, 139
Dryving out—
motor, 717
transformer, 676
Drysdale polar potentiometer,
1900
Dual  frequency
motors, d25
“ Dulrac " panel, 1917
Duddell thermo  galvano-
meter, 1915
Duplex telegraphy, 1404
buralumin, 123
Dust-proof lighting units, 0352
Dynamo—
car, cut-in speed, 5035
design of, 1759
electro-plating, for, 431
fault tracing in, 760
maintenance of, 87
motor car, 1215
repair of, 87
small generating sets, for
1179
train lighting, for, 839
when used as motor, 143

direct

induction

EARTH—
connections, 174
return systems, 1330
testing poles to, 230
Earthed switch, 335
Larthing—
clip, 201
conduit, 112, 114, 227
H.T. lines. 1080
switch, fixing an, 200
test for continuity, 173
Earths, wircless, 200, 1247
Edison screw-tvpe lampholders,
419
Efticiency of miotors, calculation
of, 1211
Electric—
bells, 1307
circuits, 740
circuit calculations, 1331
circuit, law of, 1384
clocks, 480
cookers-
installing, 845
repairing, o7
fires, 633
gramophone motors, 1007
horns, 1471
irons, 632, 1143
kettles, 030
how to make, 534
lifts, bos, 1477
lighting Acts, 1744
motors, crection, 715
radiators, L33

INDEX

Electric—contd.
railwayvs, 577
welding, 972
Electrical—
accessories, 4oy, 1471
business, how to start, 1780

Contractors’ Association,
1055

Engineers, lnstitution  of,
1814

niachines—

maintenance of, 1347
development of, 1101
special types, 1539
measuring instruments, 11t
taritts, 1817
Electricity-
distribution of, 777
how bought, 731
how to obtain best results
with, 142
manifestations, 107
supply meters, 1048
use in home, 133
Electrode, welding, 930
ILlectrodynamic machine, sim-
plest form, 1102
Electrolytic—
condensers, 1433
copper, 1003
iron, 1328
Lllectromagnets, simplified cal-
culations, 1044
Electro-medical apparatus, 390
Electromotive force, 1101
Electron, discovery of, 7
Electro-plating. 429, 1081
“Llectrorad” ceiling panel, 1917
Electrostatic voltmeters, 1113
Electrotyping, 449
Element wire, repairing, 970
Eliminators, high tension, 210,
500, 1055
Elster-Geitel cell, 1714
Enclosed arc lamp, 180y
End-to-end joint, 14, 16
Engineering, electrical, how
research has helped, 3
Estimating for wiring con-
tractors, 1730
" Everett-Edgecumbe fre-
quency meter, 1119
Extra high-speed induction
motors, 325

Extra high tension trans-
mission lines, 1002
" Eye " splice, 1430
‘“ FaBroIiL " pinion, 733
Faceplate starters, 234
Factory
lighting, 393
maintenance  of electrical

cquipment, 920
' Fall of potential ™' test, 1yoo
Falling gin pole, 1677
Ian
adjusting a noisy, Sog

1023

Fan—contd.

cooled motors, 815
[‘arm, motors for, 254
Faults

in dynamos, 766

in clectric cables, 1893

in motors, 766

in rotary converters, 766

talking picture apparatus, in

533

wireless sets, in, 455
Feeder boosters, 1597
Feeler gauge, how to use, 725
* Ferodo " brake band, 1203
* Ferranti”” A.C. meter, 1049
I\ibre, Soj

Field—
magneto, 94, 1045
windings, calculation  of,
1761

IField's test, 1583
I“ilm recording, 958
Fires, electric, 633
Flaking a cable, 1700
Flame arc lamps, 1808
** Flameproof ""—
ammeter, 602
enclosure, 816
I'lashers, 328
Flash lamps, 1391
Flat-back switchboards, 854
* IFlat hand rule,” 1161
Flat—
lighting, 1405
wiring a, 1524
Flat rate tariff, 1817
Flex, Lot, 122
Floodlighting, 328, 1288
for shops, 001
Floor fixings, 1193
Flush-type switches, 414
Flux, calculation of, 1724
IFluxes, soldering, 130
* Fluxite,” 181
FFocusing, correct, 1395
Forced draught motors, 815
IFoundations for motors, 720
FFour-valve circuit, 380
Fractional—
H.P. motors, starters for, 250
H.P. D.C. motors, 153
Frame aerial, 1240
Frequency
meters, 1113
power station, 1545
disc, 1548
* Fullerboard,” 308
Fully rectified transformer, 620
Furnaces, heat treatment, voj
Ifuse
box, overheated, 122
mending a, 119
renewing, 420
Fused switch, 333
TFuses, 427
motorcar, 1337
overloading of lighting, 115
renewing on switchgear, 367
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Fuses—contd.
small house, in, 228
tetephone, for, 1368
very small current, for, 359
wireless sets, for, 300
Fusible cnt-outs, 325

GALVANOMETER, 1893, 1907
Gallco-ordinate potentiometer,
1908
Ganged condensers, 1433
Garage lighting, 575, 790
Gear drives, 245, 733
Geared motors for trains, 380
Generating sets,installing, 1177
Generators-
high tension, 618
water-driven, 1170
Gilding, 454
Gillett and  Johnston’s clock
svstem, 488
Glass, 882
transmission valnes of, 1577
" Glazite,” 53
Glo Clad lead covered wiring
syvstem, 270
Gold film fuses, 359
Gold-plating, 453
* Graves " bulb, 1393
Grid ecircuits, 377
< Grid T system, 1599
Gramme ring, 1104
Gramophone motors, 1007
record-changing, 1133
pick-ups, 871
Ground floor lighting, 789
Grouting-in, 724
Guarding for H.'T. lines, 1640
Gun-metal, 1000
Gutta-percha, 371

HAIRDRESSERS' equipment, 473
Halt-wave apparatus, 019
Hall lighting, 790
Hard soldering, 177
Harmonic motion, 955
Headphones, 205
Heat treatment furnaces,
Heating
circuit calculations, 1384
trains, on, 582, 889
wiring diagrams, 1842
Helsby ebonite wiring system,
272
Henley bonding clamp, 201
Highticld booster, 1504
High frequency
clectric horn, 1471
Hlashover, 644
transformers, 1328, 1041
High pressure testing appara-
tus, 1898
High-rate discharge test, 990
High tension
climinators, 500
climinator transformer, 216
generators, 018
supply transformer, 207
supply nnits, 1055

605

INDEX

High tension—contd.
transformers, 018
transmission, 1002

* Hill-Shotter 7 maximum de-
mand meter, 1053

Home Oftice type lampholders,
421

Hopkinson test, 1581

Horse-shoe magnets, 270

Hospital lighting, 1437

Hotel lighting, 1408

Hot-wire ammeters, 1113

House
lighting installation, how to

plan, 751
SErvices, 1609
telephione systems, 1333
use of electricity in, 133
wiring for electric light, 217
wiring for, 137
Hypernik, 1828

IGNITION systems, motor car,
1444
[Humination, yo4
domestic installation, 78y
(sce also Lighting
Muminated letter signs, 321
Iminersion heater, 028
Impedance, A.C. circuit, of,
1565
Impulse starter, 1454
Indicators, 1501
Indoor acrial, 201, 1245
Inductance, 1541
Inductor-type loudspeaker, 310
Induction meters, 1048
Industrial motors, A.C., Sog
D.C., 149
Inking devices, 1122
Installation—
domestic, 784
clectric motors, of, 715
clectrical, fanlts and dangers,
13
clectric cookers, of, 845
generating sets, of, 1177
how to plan, 747
power transformer, of a, 673
small motors, of, 231
testing, 230
testing a lighting, 167
testing, in small house, 224
wircless sets, of, 1235
Intermediate switch, 333
" International ' time system,
403
“ Internalite,” 055
Institution of Electrical
gineers, 1814
Instrument transformers, 1637
Instruments, measuring, 1111
Insulation
faults in rubber, 113
materials for, 643
repairing defects in, 113
resistance of a motor, 710
resistance test, 931

kn-

Insulation—contd.
rubber cable, 308
testing resistance, 230
testing switchgear, 861
Insulators-
fixing for acrial, 198
H.T. transmission, for, 1007
Insurance
office Highting, 1097
points, 1800
Irons, 1143, 1827
clectric, 032
soldering, 181
Iron-clad
switches, 411
switchgear, 356
JACELITE switches, 414
Jobbing work, 1799
Jointing wires and cables, 3
Joints—-
H.T. lines, tor, 1689
testing resistance, 601
J. and P. lead-covered wiring
systems, 270
Junction bexes, 201, 1457
Junctions, telephone, 1869
INaLEECO lead-covered wiring
syvstem, 270
Kapp vibrator, 1773
Kelvin-
double bridge, 1910
galvanometer, 1911
Kettle
electric, 030
repair of, 1339
making a, 584
Kev-switch holder, 337
Kitchen lighting, 750, 793

LAMP-HOLDER, assemnbling, 121
Lampholders, 417
Lamps—
low voltage, 1391
table, 1017
Larder, lighting in, 574
La.sen - Campbell  potontio-
meter, 149og
LLaw and clectrical engineers
and contractors, 1743
lLead, 90y
acid cells, 1147
burning, 177, 1001
covered cables, 18206
covered wiring system, 200,
1455
sheathing, 177
tin alloy fuses, 427
Lead-in, 1242
" Leatheroid,”” So8
. Blane's exciter, 1770
l.eclanché cells, 129
Levden jar, oy
l.ight
sensitive cells, 784
wiring a house for, 217
Lifts electrie, gos, 1477
l.ighting-
architectural, 1571



Lighting—contd.
churches, in, 947
circuit calculations, 1381
development of, 393
factory, 893
fitting additional points of
supply, 571
hospital, 1437
hotels, 1468
faults and remedies, 119
tlats, 1465
how to provide adequate, 564
instatlation, how to plan, 747
ottice, 1091
overloading for fuses, 115
schemes, design of, jo4
schools, 1279
shops, 052
street, 983
switches, 413
testing an installation, 107
theatre, 691
trains, on, 532, 883
units, how to space, 506
wiring diagrams, 1833
Lightning—
arresters, 1012
conductor carth plate, 599
Liquid—
dimmeers, 6y3
starters, 1319
Load testing of D.C. and A.C.
machines, 1579
[oft, aerial in, 203, 1245
Loggia lighting, 793
Looping in, methods of, 266
Loudspeaker—
extensions, 12560
how to make a double-cone,
702
position of, 1251
Loudspeakers, 295
Lounge lighting, 747
“ Lowa " dimming switch, 0g
Low—
frequency transformers, 1323,
1033
tension charger transformers,
215
P.C. transformer, 205
distribution, 1007
distribution lines,
tests, 170
voltage famps, 1391
Lubrication of motors, 13538
[Lumen, 403
* Luxometer,” 570
Lvnite, 128

16492

MACANITE wiring system, 272

Magazine ttame arcs, 1308

© Magnavox " loudspeaker,
318

Magnet, lead-covered
svstem, 270

Magneta clock systems, 498

wiring

INDEX

Magnetic—
circuits, 740, 1045
clutches, o1
substances, 370
Magnetiser, using the, 278
Magnetising force, estimation
of, 1702
Magnetite arc lamp, 1809
Magneto- -
how to remagnetise, 274
ignition, 1451
telephone exchange, 1864
testing set, how to make,
1708
Magnets and magnetism, 666
Main switches, 411
Mains—
aerial, 1247
unit, installing, 1254
Maintenance-
electrically equipped factory,
of an, 926
electric lift, of an, gr11
clectrical machines, of, 1347
clectrically equipped stores,
of an, 1073
street lighting systems, of,
933
Making a small motor, 1029
Mandrel, 1302
Manganese steel, 1329
Mangle, driving a, 242
Marble, 832
Marine D.C. motors, 155
Married joints, 10
* Marvel " switch, 32
Master-clock systems, 483
Maximunmidemand system 1819
Mazak, 9ot
Measuring instruments, 1111
* Megger,” 11149
How to use, 34, 078, 772
Merz Price balanced current
transformers, 1033
Metal
rectifiers, 1057
signs, 322
Meter, 1048
master frequency, 1547
supply 123
telephone, 1867
" Metrolun,” 643, 1121
* Metropolitan Vickers *” maxi-
mum demand meter, 1053
Mica, 1275
Micafolium, 1277
Micanite, 1277
¢ Micro fuses,”
© Microid
1170, 1234
Milking booster, 1590,
Mills, D.C. motors for, 1538
Mine
hoists, 150
lamps, 1398
© Minik " plating barrel, 1087
Model electric railway, 1857
Movganite heaters, 1917

" 350
galvanometer,

1925

Morse—
inkers, 1401
sounder, 1400
Motors
A.C. industrial, 8og9
controllers for signs, 328
A.C. tyvpes of, 8og
D.C. types of, 149
electric train, 579
fault tracing in, 700
gramophone, 1007
installing, 715
installing small, 231
making a small, 1029
projector drive, 549
rewinding a small, 30
starters and control gear for
AC,, 12091
starters and control gear for
D.C., 280
starting D.C., 013
talking picturc apparatus, for,
525
terting, 1201
used as a dynamo, 148
Motor-car
accessories, 1471
dynamos, starters and cut-
outs, 1215
electric horn, 1471
ignition systems, 1444
lamps, 1391
radiator heater, 640
switches, cables, connectors,
1333 .
Moulded compositions, 1344
Mountain railways, 891
Moving coil loudspeaker, 317
Moving iron ammeter, 1111
Muftte chamber, rewinding, 611
Multiple switchboard, 1865
** Murray "’ loop test, 1894

NATIONAL register, 1803
Negative boosters, 1508
Neon—
lighting for shops, oo
tube, 324, 1142
** Neophone,” 1530
Nickel, 1425
plating, 440
Non-alkaline batteries, 1150
Non-flush switches, 413
Non-magnetic cast steel, 1530

Orrick lighting, 1oyt
Ohm, Inte:national, 1909
Ohmmeters, 1119
Oil, 1462
for transformers, 635
switches, 800
One-way  underslung  switch,
335
Open circuit fanlts, 1901
Oxscillograph, cathode ray, 1821
Outdoor aerials, 193, 1241
Overhead—-
lighting wires, 930
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Overhead—contd.
lines, 1602
train system, 579
travelling cranes. 1271

PANEL—
heaters, 1916
lighting, 1575
Panostat, 390
Pantry lighting, 795
Paper, So3
Parattin wax, 1463
Parallel circuits, 21, 1566
Paste for battery plates, 1340
Pateras, how to fix, 267, 315
Pear switch, 329
Pedal-operated switch, 242
Pendants, 227, 117
Permalloy, 1828
Petrol—
borer,
gauge,
pump,
Phase- -
advancer, 1769
difference, 1561
Photo
clectric cells, 784, 892, 1713
emission cells, 1717
Photometers, 509
Pick-ups, gramophone, S71
Pilot light, 85
Pin-type insulators, 1663
Pipe ventilated—
A.C. motors, 815
D.C. motors, 150
Planning an installation, 747
Platform lighting, &8¢
Plating vats, 441
Platinum, 1422
Plug adaptor, nsing a, 574
Plugs and—
adaptors, 420
sockets, 423
Plng-in clocks, 480
Plumber's solder, 177
* Plymax.” 50
Pneumatic electric lamps, 1398
Points-
clectrically operated, 1264
of supply, fitting additional,
S
Polar inductor magneto, 1453
Polarity—
of magnets, 275
rule for, 1644
testing the, 275
Pole to pole test, 168
Poles, 1679, 1675
Polyphase machinery, 1109
Porcelain, 113
electrical properties of, 880
Porch Jamp, 571
Post office—
telephone transmitter, 1863
teleprinter circuit, 1400
Potential transformer, 870
Potentiometers, 1904

1697
electric, 1476
electric, 1475

INDEX

Power—
appliances, domestic, 025
cables, underground, 1700
factor, apparatus for correc-
tion of, 1769
factor calculation, 12171
factor meters, 1117
station frequency, control of,
1545
transformer, installing a, 673
transformers, small, 204
Prepayment meters, 1054
Prescott, lead covering wiring
system, 250
Presspahn, So8
Programme-—
cabinet, 308
clocks, 1008
Projector—
drive motors, 530
floodlighting, 1285
Prony brake, 1584
Propulsion D.C. motors, 157
Protected type D.C. motors, 146
Protective gear, 1611
Pulley
belts nused on, 244
how to find size required, 246
Pul-syn-ctic clock svstem, 491
Push-button trip, 869
" Pyrene”’ glass, 882
Pyrometers, 610

QUADRUPLEX telegraphy, 1400
Quartz, 882

RapiaTor heater, 30
Radiators, electric, 633
Radio-
fault tracing chart, 355
gramophone, making, 47
receiving circuits, 373, 590
transformers, 1323
Radiovisor bridge, 787
Railway
engineers, how
helps, 883
signalling, automatic, 753
station,electrically equipped,
1250
telegraphs, 1399
Railways—
electric, 577
model electric, 1857
" Rawlplugs,” 261, 1193
Ray, ultra-violet, 143
* R.C.A.” photophone equip-
ment, 539
Reactance, A.C. circnit, 1563
Reaction coils, 1544
Rebabbitting, 1300
Record - changing  electric
gramophone motors, 1133
Recording of sound, 953
Rectifier cell, 1714
Rectifiers, 1057
Rectifving valves, 1523
for H.'T. climinators, 507

clectricity

Reed type loudspeaker, 304
KRetlectors-
floodlighting by, 1234
illumination for, 500
shoplighting, for, o3n
Refrigerators, 637
Relays, 98, 1301, 1503
track circuits for, 7535
wireless sets for, 100
Reluctance, 607
Remagnetising a magnet, 274
Remote control, wireless, g8,
1257
Repulsion - indiction motors,
813
Resin, 1462
-cored solder, 131
Resistance
measurement of, 1909
of joints in conduit, o1
standard required by supply
companies, 230
Resistances—
for H.T. eliminator-, 511
how to test fixed, 54
in theatres, 64
** Resilia ”’ snspension, 6o7
Resistivity, 048

Reversible battery  boosters,
1594
Revolution counter. 1204

Rheostatic starting, 12035
Root-mean-square values, 1501
Rope drives, 731
Ropes, lift, 1482
Rose, fixing a ceiling. 315
Rotary

converter, 188

fault tracing in, ;oo

Rotating—

armature magneto, 1451

magnet magneto, 1454
Rotor resistance starter, 1297
Route indicators, 885 1205
** Routiner,”” 1380
Rubber, 305

covered wiring system, 1455

insulation faults, 113

SAcK cell, 1498
Saddle, for fixing conduit, 261
Safety—
belt, 1698
devices, 1639
rules, 599
Sags on overhead lines, 1667
Sal-ammoniac
for Leclancheé cells, 129
block for soldering, 183
Salesmanship, 1795
Sausage aerial, 1242
Scarf joint, 12
School buildings, lighting, 1279
Schrage type motors, 323
Scialvtic fitting, 1441
Scott transformer, 1630
Screen—
protected A.C. motors, 815




Screen—contd.

protected D.C. motors, 149

wipers, electric, 1472
Screcned-grid wireless circuits,

380
Screw head, a broken, 1826
Sealing compound, 188
Section pillars, 988
Selenium—-

light cells, 784

substitutes for, 1716
Self-wonnd clocks, 480

Series—
circnits, 22, 1565
mcthods of charging bat-

teries, 1153
parallel circuits, 22
windings for D.C. motors,

103
wound A.C. motors, 833

Shades, for table lamps, 1617

Shaft, for small motor, 237

Shafting, small motor, 232, 237

Shaving mirror, 574

‘“ Sheringham *’ unit, 655

Shop lighting, wiring, 052

Showrooms, 1793

Shunt windings for D.C. motors,
101

Signalling, 883
automatic railway, 753

Signals, 1205

Sign flashers, 1854

Signs—
letters, electric, and, 321
used in wireless diagrams,

374
Silicon steel, 1829
Silumin, 128
Silver, 1422
plating, 453
soldering, 180
© Simplex ** hexagon grip, 81
Simultancons telegraphy and
telephony, 1418
" Sindanyo,”” 1192
Sine quantities, how calculated,
1560
Single-phase-—
induction motors, 8§13
niotors, 812
repulsion motors, 813
series-wound motors, 813
synchronous motors, 814
Slate, 882
Sleeve joints, 18
Sliprings, 1375
‘“ Slow-to-release  relay, 1876
Small power transformers,1552
Smoothing—
choke, 1064
chokes for H.T. climinators,
509
Soft soldering, 178
*“ Solarium "’ bulb, 194
*“ Solderine,”" 181
Soldering, 10, 177
irons, 182
tags, 54
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‘“ Soldo,” 184
Solenoid brake, 941
Sound, recording of, 133
Sparking at brushes, 774
Specification for a lighting in-
stallation, 752
Specitic resistance, 1381
Speech, transmission of, 1862
Speed indicators, 1125
Spindle, lengthening a motor,
254
Spirit lamp, an casily made,
199
Spirit level, using, 230
Stage lighting, 691
Stalloy, 215, 1557, 1828
Stampings, assembling, 213
Stannos wiring system, 271
Star-delta starters, 1305
Star quad cables, 1886
Starters, 1230
A.C. motors, for, 1291
wiring diagrams for, 1849
D.C. motors, for, 280
wiring diagrams for, 1845
Start-stop telegraphs, 1414
Static balancer, 15¢2
Stays for H.T. lines, 1681
Steatite, 881
Steel, 1827
tape, use of, 1531
tower lines, 1091
Steelworks, D.C,
158
“ Stirrup 7 bind, 1688
Stoneware, 881
Storage batteries, 1147
Stores, maintenance  of  an
clectrically equipped, 1073
Straining insulators, 1668
Street lighting, o83
Striplighting, 185
shops, for, 655
testing, 1076
Stripping deposits, 1088
Stroboscope, 1011
Study lighting, 790
Sub-aundio telegraphy, 1419
Submarine telegraphy, 1420
Substations, 1010
Sunk switch, 412
Sunray -
lamp, 148
Tricity cooker, 851
Superheterodyne receivers
ALC. operated, 388
battery operated, 384
D.C. operated, 595

motors  for,

Supply-
meters, 1048
points, fitting additional,
DY

Surface wiring systems, 1455
Surge protection, 1611
Suspension insulators, 1668
Switch—

control, 21

lampholders, 421

pedal operated, 242
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branch, 411

var, 1333

dimmer, 6g

fitting, 409

additional, 329

fixing, 227

main, 411

mounting, 30. 33

* Uniselector,” 1873
Switchgear, 1011

distribution, 853

erecting, 859
Synchronising clocks, 3450
“ Synchronome U elock, 434
Synchronous-induction motors,

N2
* Syvnclock,” 1068
Synthetic-resin-paper

8o8

boards,

T JoixT, 15
Table standard lamps, 1617
Tachometers, 1205
Talking picture apparatus, 521
Tariff, two-part, 140

clectrical, 1817
Telegraph svstems, 1399
Telephone—-

automatic, 309

engineering, 1861

engineering, traffic problems

of, 460

manual, 467

syvstems, house, 1533

testing, 1079

wiring diagrams, 1355
Teleprinter, 1415
Telescope joint, 17
Temperature rise, 1721
Testing—

brakes, 1201

D.C. and A.C. motors,
“Texrope " belt drive,
Theatre lighting, 691
Theodolite, using a, 1650
Thermal relays, 1302
Thermionic valves, 1513
Thermo-couple amineters, 1114
Thermostatic control, 625, 1918
Third-rail train systems, 5738
Three-heat rotary switch, 631
T'hree-phase—

circuits, 25

commutator motors, 311

induction motors, 811

svnchronous motors, 312

transformer, 622
Three-pin-

cirenit, 379

socket switch, 330

switch plug and socket, 422
Three-way

switch, 332

two-pin plug adaptor, 572
Thyratron relay, 1720
Time lags, 801, 1299
Time switch for—

shop window lighting, 603
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Time switch for—cont. |
street lighting, g1 |

Time switches, 328, 1008 |

Tin, [VI9X1 |

Tinman's solder, 177
Tinned copper fuses, 427
Tinning, 183, 1083
Tinplate, model electric rail-
way, 1857
Tinsley potentiometer, 1903
Tirrill voltage regulator, 1888
Tools, portable electrice, 55
Torque, caleulation of, 1725
Totally enclosed
A.C. motors, Sts
D.C. motors, 151
Touch welding, g7
Towel rail, clectrically heated,
035
Track circuits, 754, 1207
Tracking for a pick-up, 879
Traction motors, D.C. 161
Trade associations, 1802
Trattic-
lighting, 888, 1397
signals, gyt
Tramway systems, 343
Transformer
for all-mains set, 208
for metal rectifier, 1053
power, how to install, 673
radio, 1323
small power, making, 204
testing, 1035
theory  and
1633
valve rectifiers for, 1060
winding, resistance of, 1539
Transformers
bell circuit, 1500
cooling, 1630
high tension, 618
designing small power,
Transmission
of electricity, 1oo2
lines and cables, 1061
Telephone, 1881
Transmitters, telephone, 1802
Treadles, 700
Treated fabrics, Sot
Tripeoils, Soo l
Trotley-bus svstems, 348
Truck-tvpe switchgear, 850
Trunk exchanges, 1872
Tubular heaters, 1910
Tuned
anode cirenit, 380
grid circuit, 380
Tuning coils, 13541

construction,

1553

INDEX

Turning a table lamp, 16018
Twin acrial, 1242
Two-way and off switch, 339

ULTRA-VIOLET ray apparatus,
143

Undercutting mica, 1379
Underground

cables, 1012

power cables, 1700
Understung switch, 335
* Uniselector ™ switch, 1878
Universal D.C. motors, 155

Vacues cleaners, 640
Valve—
coupling circuits, 370
rectifiers, 1057
Valves, thermionic 1513
Variable—
arca recording, 958
choke, how to make, 1831
condensers, 1432
density recording, 959
-Mu valves, 1523
Varnishes, 1462
Vats for electro-plating, 431
Vectors, 15602
* Venner ' time switch, 1008
Vernier condensers, 1432
V.1.R. cables, 1812
Violet-ray apparatus, 18y, 1042
Voice frequency  telegraphs,
1414
Volt, international, 1903
Voltage—
drop, calculation of,
1662
measurement of, 1903
regulator, 73, 183838
Voltaic cell, 1715
Voltmeters, 1111
Vulcanising a joint, 308

1579,

“WartinG Train 7 clock, 393
Wall fixings, 1193
Ward-Leonard B.T.H. planer
equipment, 154
“ Warren ' svnchronous
tor, 1118, 1540
Wash boiler, 642
Washing machines, 634
Water-cooled brake, 1208
Water-driven generators, 117
Water, heating, 142, b27
Watertight
fitting for light, 572
surface wiring, 1401

mo-

Wattmeters, 1114
Wave-changing switches, 1543
Wayleaves, 1675
Welding, 972
* Western  Electric ”  talking
picture apparatus, 524
" Westinghouse
netal rectifier, 1057
optical route indicator, 835
Weston cell, 1903
Wheatstone  automatic
graph system, 1408
bridge, 1893, 1910
“ Whittle ** belt drive, 732
Winding -
armature, an, 340
machine, how to make, 297
resistances of, 1721
Wireless—
condensers, 1429
fault tracing chart, 455
headphones, 296
inductances, 1541
loud-speakers, 296
photo electric cells for, 735
receiving circuits, 373, 590
remote control, 98, 1257
sets, installing, 1235
transformers, 1323
tuning coils, 1541
valves, 1513
Wire—
aerial, 199
Wires, sizes of, 116
\Wiring-
conduit syvstem, 75
diagrams, useful, 1330
estimating for, 1730
tlats, 1524
" looped,”” 1106
regulations, 1301
shops, for, 652
systems, 272
surface, 1455
" Won peace " insulator
Wood, 1190
casing, wiring svstem, 272
Wringer, driving a, 242

tele-
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apparatus, 610
transformers for, 1043
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Zeiss fitting, 1441
Zine, yog
plating, 1081
rods for Leclanché cells, 131
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PREFACE TO VOLUME V

LECTRICAL Engineering is a fascinating profession,  Practically everyone
who enters this profession does so because he has a natural inclination
towards engineering. It is comparatively rare that a boy is forced to

become an engineer against his will. It 1s perhaps still rarer that @ man takes
up engineering solely with the object of making money.

The practice of Electrical lingineering is so interesting to the people who
are engaged in it that they are apt to lose sight entirely of the commercial side.
The danger of this is that people with a well-developed business instinet are often
able to achieve controlling positions in the industry because the engincer has
been too wrapped up in the technical side of his work to acquire the elements of
business knowledge which are so neeessary for the man who wishes to get the best
return for his daily work.

In the present volume will be found @ most interesting article, ** How to
Start an Electrical Busiiess,” written by Mr. 1. Winton Thorpe, AN LI,
dealing with the Business Side. Mr. Thorpe combines with his professional
attainments a broad outlook on the human side.  However impatient  the
it must be admitted that whatever

N3 'y

engineer may be with * sordid commeree,
his position in the industry, he only lives by sclling his work to other members

of the community.,

No work on Electrical Engineering would be complete without an adequate
reference to the Institution which has done so much to raise the status of electrical
engineering to a profession, viz.,, The Institution of Electrical Engineers.  An
interesting article on this subject will be found on page 1814.  Another Association
which is of special interest to those engaged on the Contracting side of the
Industry 15 the Electrical Contractors” Association.  In the article dealing with
this important association will be found Standard Conditions of Contract and
Tender for electrical work,  Every clectrical engineer who aspires to a responsible
position should be familiar with the requirements and conditions set out in this
section,

Another article which comes outside the strictly technical aspect is that
written by Alderman Tweedy-Smith under the title of * Law Relating to Electrical
Lngineers and Contractors,”

It is difficult to select from the remaining scections of this volume those
which are likely to be of most direct interest to the reader, so varied is the work
which an clectrical engincer may be called upon to do in the present highly
developed state of the industry.



“Power Factor Correction Apparatus,” by Professor Miles Walker, MAL,
Dose. FORS.is of particular interest to those engaged on the generation or
distribution side of the industry. The same applies to the article on “ Electrical
Tariffs,” by Mr. IL. W. Johnson,

Those interested particularly in the more scientific aspeet are referred to
Dr. Norman Campbell’s article on ““ Photo-Electric Cells”; Mr. €. A. Ouar-
rington’s article on *“ The Cathode-Ray Oscillograph,” and Mr. C. A, Jollev's

¢

contribution on *“ Laboratory and Test-Room Apparatus.”

An article of special interest nt the present time is that by Mr. R, F. Mark-
ham, Cable Engineer to Messrs. Johnson and Phillips. 1t deals with the © Erection
of Transmission Lines and the Laving of Distribution Cables,” and presents a
masterly survey of this important subject written from the special viewpoint of
the practical engineer,

No etfort has been spared to miake this work representative of best modern
practice, and special thanks are due to the contributors who have placed the
results of their practical experience at the disposal of our readers.  In particular
we should like to thank Messrs. Johnson and Phillips, Ltd., the well-known
underground cable and overhead line engincers, for much of the information
given in the article entitled © How Current Reaches the Consumer.” The tables
i this article were taken from »The Eeonomic and Engineering Features of

»

Electrification in Rural Arcas,” published by Johnson and Phillips,

During the passage of this work throngh the press many valuable
suggestions have been received from people in the eleetrical industry, and
wherever these could be usefully included this has been done.,

Any snggestions which readers may make for the improvement of this
work in later editions will receive  careful consideration.  Communications
should be addressed to the Editor, ¢ ‘o George Newnes, Ltd., 8-11, Southampton
street, Strand, London, W.C 2,

I, M.
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