





HIGH. FREQUENCY TRANSFORMER

in position on the bobbin side, and the rod
ieft of sufficient length to allow a nut and
washer on the outside of the panel, when
the bobbin may be fitted in place.

The wires may now be soldered in posi-
tion, and if these are fastened to the tip
of the terminals and studs with just a
touch of solder, it will not be difficult.
With the bobbin and panel placed upon
the bench with the pair ol terminals,
without flat connecting pieces, towards the
cxperimenter, take the commencing wire
irom the top slot and solder to left-hand
terminal.  The linish of the winding and
the commencement of the winding go to
contact stud No. 1 on the left side.  The
finish of this winding and the commence-
ment of No. 5 winding go to No. 2 stud,

“and so on, the end of No. 7 winding going
to stud No. 4. This will be made clearer
by a study of Figs. 7 and 8.

Exactly the same process is foliowed

with the secondary slots, viz. 2, 4, O, and 8.

H.F. TRANSFORMER COMPLETE
Fig. 9. Enclosed i the case with the panel on
top is the complete high-frequency transformer.
The case is covered with Rexinz

\Ve are thus able to put n circuit progres-
sively one, two, three, or four slots, in
cither the primary or secondary <ide, as
required, which will be found to give a
very uscful choice, whether the trans-
tformer is used in an ordinary valve circuit
or in a valve and crystal combination,
which in many cases works better with
a step down to the crystal upon the
~ccondary side.

The containing box, Iig. 9, measures
4} in by 5 in. and 4 in. deep, being made of
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BASKET COIL H.F. TRANSFORMER

IFig. 10. Basket coils wound with 42 ID.5.C. copper

wire are used in making this high-frequency

transformer.  This is useful for wave-lengths
between (oo and 3,000 metres

}in. wood, two tillets being fitted inside
lor recessing the pancl.

The transformer described above will
appeal to those who desire to cover a
lairly wide band of wave-lengths with one
instrument, whelst the basket pattern,
shown in Fig. 1¢, will be found cfficient in
working over a wave-length range of about
600 metres to 3 000 metres, without tap-
pings or further trouble, thus eliminating
at Jeast one control in tuning-in a station.

Cut out two cardboard disks, 4 in. in
diameter, and provide them with nine
slots ] in. wide to within £ in. from the
centre. The formers should be well
rubbed down with glass paper, given a good

. coat of shellac varnish, which, when dry,

may be lurther rubbed down and again
coated with shellac varnish. 1f the formers
are made perfectly smooth before starting
to wind on the wire, the latter process will
be greatly lacilitated, the wire lalling into
the slots without further trouble. The
formers are filled with 42 gauge double
silk covered copper wire, care being taken
to solder on a short connecting piece. of
thicker wire at start and finish.

The case is made of cardboard by first
cutting out a circle 4} in. in diameter, and
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HIGH.FREQUENCY TRANSFORMER

damping a strip of similar material # in.
wide, which 15 wrapped round, glued, @nd
temporarily held in position with string.
A further strip of cardboard, <lightly less
in width, is now glued in positicn insicde the
caze i order that a recess may be formied
for the cardbhoard Hd to press in with a

g, 11,

_ HIGH-FREQUENCY TRANSFORMER

Tig.x1, or disposed in any other convenient
manner.. The respective ends of the two
basket windings being pushed through holes
in the case, thev may be soldered to the
valve pins, the basket coils being placed
in position within the case with a picce of
waxed paper between them ; the continuity
ol windings may be tested in the usual
way with a small battery and a pair of
telephones. Those who are not accustomed
te: testing the component parts of a circuit
should refer to the directions given under
the heading Faults in this Encyclopedia.
In many cases it will be preferable,
perhaps, to wind scparate plug-in high-
Irequency transtormers to cover only a

porrow band of wave-lengths, this type

CONTENTS OF HIGH-FREQUENCY BASKET TRANSFORMER

This basket coil plug-in transformer is quickly made by the amateur, and will cover

wave-lengths commonly uscd by ship stations and the Iiiffel Tower time signals, The coils
and waxed paper lisk are <hown in their order when assembled

tight fit. When allis dry, the whole may be
given a libeval coat of shellac varnish in-
side, the outside being smoothed with glass-
paper and ultimately covered as desired.
A small foot may now be prepared,
preferably of cbonite, in order that four
valve pins may be accommodatodd, and may
be set out to it a standard velve socket,

I'¢ing particularly suitable for use with
more_than one stage of high-frequency
amplification.

The plug-in transformers illustrated in
Fig. 12 are made up with two circular picces
of very thin three-ply wood, two separating
picees of cardboard, and in the centre of
the whole a piece of mica, thus forming
two slots for the primary and sccondary
winding. The outside diauncteris 2} in., the
ciicles of cardboard being 1} in. in diamcter,

HIGH-FREQUENCY PLUG.IN TRANSFORMER

Tig. 12.

Amateur-made plug-in high-frequency transformers arc not difficult to construct.

The

circular picces upon which the wire i< wound are made from three-ply wood, and the plugging device
comprises four valve legs attached on either =ide of the disk by nuts
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HIGH-RESISTANCE TELEPHONES

The whole is fastened together with thick
shellac varnish, four valve pins Dbeing
fitted in order that they may plug in to
the usual valve holder. The bobbins may
I'e wound by holding the valve pins in the
left hand and the bobbin of wire in the
right hand, which may be revolved round
the stationary high-frequency transformer
bobbin.

A set of seven bobbins may be wound
with from 38 to 42 double silk-coverced
copper wire, an equal number of turns being
put on cach half of the transformer. The
set may start with 50 turns in each slot
for No. 1 transformer, the second having
75 turns, proceeding with 100, 150, 200, 400,
and 0oo turns for a sct of seven trans-
formers, and such larger oncs as may be
necessary. It will be desirable in making
formers for the larger sizes to increase
the thickness of the cardboard separators,
making the slots at least 3 in. wide.

In connexion with the use of high-
frequency  transformers for  dual-ampli-
fication sets which use crystal rectification,
it may be noted that the ordinary one to
one ratio docs not give nearly such good
results as a step-down to the crystal
Consequently it is recommended, for
broadcast wave-lengths, at least, that
variable  high-frequency  transformers
should be tried in such sets prior to wind-
ing special transformers of the plug-in
type after the best ratio has been found
experimentally.  Sec Dual Amplification ;
Reflex Circuits ; Transformer.

HIGH RESISTANCE. In wirelcss, the
property of that part of a circuit whercby
very considerable opposition is occasioned
to the path of an electric current flcwing
through the circuit.  High resistances play
a very important part in wireless, one
common application being the high-
resistance grid leak placed in the valve-
detector circuit. The resistance in this

casc may be of the order of two megohms,

or more. Its function is to allow a charge
of current on the grid condenser to dissi-
pate itself away from the grid of the valve.

Another application of high-frequency
resistances is for the purpose of amplifica-
tion at radio-frequency. This method
calls for the use of suitable wvalues of
non-inductive resistances in the circuits
between two or more valves.

A circuit may have a very low resistance
to the path of a unidirectional current,
but yet have an extremely high resistance
to a current at radio-frequency. In the

latter casc this resistance is called im-
pedance, but 1s measured in the same unit,
the ohm.  An application of this is found
in the tuned-anode method of high-fre-
quency amplification, where the impedance
is greatest when a circuit is tuncd to the
frequency of the current traversing it.

Many other instances ol high resistances
arc found 1 wireless, of which the use of
high-resistance telephones 15 one applica-
tion.  These are wsed in the anode circuit
of a valve without a step-down trans-
former. .\ common resistance for such
telephones or loud speaker would be
2,000 to 4500 ohms,  See LEurcka Wire;
Resistance ; Skin Effect.

HIGH - RESISTANCE TELEPHONES,
Expression applied to telephones having a
resistance of 2,000 ohms or more.  High-
resistance telephones, when employed in a
crystal set, may have as high a resistance
as 4,000 to 6,000 ohms.  In ordinary valve

receiving sets, telephones of 2.000 to 4.000

; N\
HIGH.RESISTANCE GECOPHONES
Geeophones are the standard high-resistance
telcphones made by the General Electric Co.,
Ltd. The headband is a flat metal spring strip
covered with Jeather for comfort in wearing
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HIGH SPEED

ohms arc used, and should be protected by
a suitable value fixed condenser shunted
across the high-tension leads. High-re-
sistance telephones are not used when a
telephone transformer forms part of the
circuit. - The expression is applied to all

makes of telephones, irrespective of their
particular details of construction. The
photograph shows a standard pair of high-
resistance telephones. See Handphone ;
Headphone, and under the names of
particular brands, e.g. Ericsson.

HIGH-SPEED RECEPTION & TRANSMISSION

How Radio-Telegrams are Daily Sent and Reeceived Across the World

The great organization which has been built up by the Marconi Company in sending

and receiving wireless telegraphic trans-continental and transatlantic messages at

high rates of speed is graphically described in this article, with special photographs of

the apparatus used. See also Morse Code; Omnigraph; Relaying; Remote Control;
Transmission,

The term * high speed” as applied to
wireless telegraphy relers to any speed
above that at which a first-class operator
can send or receive. In actual practice,
the latter figure i3 in the region of
30 to 35 words per minute.

The speed of normal  mechanicadly
operated transmission is largely dependent
upon the degree of accuracy required.
Business telegrams, particularly in code,
demand the greatest accuracy, and are
very seldom transmitted above 140 words
per minute. Press reports, the letter
accuracy of which is relatively unimport-
ant, are ifrequently transmitted at a far
rfrca‘[cr speed.

‘Speed 1s, again, very much dependent
upon dtmosphox ic conditions, for reception
must necessarily be made upon auto-
matic mechanical devices, which are not
able to differentiate between Morse or other
code and atmospheric interruptions.  This
trouble is particularly noticed in trans-
oceanic work on high wave-lengths, but
15 not of much conscquence on thg short-
wave Continental work.

The most important private undertaking
in Great Britain dcaling with hlE]l speed
telegraphic  work 1s Marconi’s Wireless
Telegraph Co., Ltd., and a resumé of the
system of this company is given here. The
two chief transmitting stations in this
system arc situated at Ongar, in Essex,
and Carnarvon, in Wales, and the principal
receiving station 1s at Brentwood, Essex.,
Carnarvon station is principaily contined
to the transatlantic traffic, and Ongar to
the Continental.  Brentwood receives from
any foreign station.

From a wireless standpoint the most
remarkable feature of this system lies in
the fact that these stations are controlled
entirely by operators at one point. This
15 at Radio House, London. TFrom this
building land-lines are connected to the

transmitting and receiving stations men-
tioned, and it is by a svstem of remote
control that the respective stations are
operated.  An operator at Radio House
actually transmits the message from Car-
narvon or Ongar, as the case may be,
without any intermediate human relaying,

The operating room at Radio House 18
divided mte a number of sections, each
section containing a bench upon which
the apparatus is located. Above each
bench is o sign-board indicating  the
station with which the operator is working.
These stations are as follows . Barcelona,
Berne, Glace Bay (Nova Scotia), Madrid,
New York, and Paris.

Operators work in pairs, one receiving
and the other transmitting. The recciving
operators are cquipped with Morse writing
machines. typewriters, and telephones.
The transmitting operators have a Wheat-
stone, Gell, or other perforator, and a high-
¢peed transmitting machine, operated by
the tape prepared by the perforator.

A tvpicai perforator, in this case a
Crced machine, is illustrated in Fig. 1.
It will be scen that it is a keyboard-
operated machine, similar to a type-
writer.  The action of depressing the keys

causes a series of holes, corresponding to

the Morse signs, to be pund}ed n a paper
strip.  The latter is driven by the small
clectric motor shown on the left of the
photograph. A portion of the strip may
be plainly seen. The holes on one side
represent dashes, and on the other side
dots.  The paper strip is transferred from
this machine to the transmitter, an illustra-
tion of which is given in Fig. 2. This
machine converts the perforations in the
strip into a series of electrical impulses,
which are the usual Morse symbols.  This
is accomplished by means of contacts
which are arranged on either side of the
paper strip.



Fig. 1. By means of this machine, which is a Creed keyboard perforator, a  series of
holes corresponding to Morse signs are punched in o strip of paper.  This stiip is used
on the transmitter, and is run throngh %5 it at a high speed

TERR LA o,

Fig. 2. Perforated paper strips with holes to correspond to Morse
signs pass through this machine, known as the Crecd Wheatstone transmitter,
and give a serics of clectrical impulses corresponding to the symbols. By these
instruments operators in Radio House are able to transmit messages direct from
Carnarvon or Ongar without human intervention
Courtesy Creed & Co., Croydon

CREED HIGH.SPEED TAPE RECORDING AND TRANSMITTING INSTRUMENTS
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HIGH SPEED

CREED UNDULATOR FOR HIGH-SPEED RECEPTION
Wircless messages are received on this instrument at high speed.

Tig. 3.

Two types of receiving instrument are
used, one of which is illustrated in Fig. 3.
This is known as an “ Undulator,” because
of the type of symbol whicl it reproduces
on the strip.  Reference to Ifig. 4 shows
the appearance of these symbols. They
are in the form of an inverted “ U,” the
dots and dashes being clearly indicated
by the length of the “U.”  The pen

which accomplishes this action is shown in
It may be scen projecting from

Tig. 3.

N8 say
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The strip of paper is
marked with a series of undulating lines, which correspond to the dots and dashes which appear
on the strips in the transmitting apparatus
Courtesy Creed & Co., Croydon

the semicircular-shaped cover, and cou-
sists of a very thin tube through which
spirit ink is svphoned. The message
conveyed on this strip is read by the
operator, who types it out upon the tele-
graph form. Copies of* the latter arc
madc by the surface contact method.

The second method of receiving is shown
m Fig. 5. The received signals are here
made to operate a perforator, which punches
holes in a strip in the same manner as the

AR N A
VLB YU

AT VAR PR SIS I R R

HIGH-SPEED MORSE SIGNALS AS RECEIVED
Tape from a high-speed Creed recciving apparatus is illustrated above.

This is the method
The undulating lines clearly indicate the dot and dash
symbols of the Morse code by their varying lengths

Fig. 4.
employed by the instrument in Fig. 3.
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transmitter previously described. The
strip produced is passed on to another
machine, which automatically types the
nmessage on another strip. The latter is
cut into convenient lengths and pasted
upon the telegraph form. ~ The appearance
ol this is no doubt familiar to most pcople.

Valve amplifiers are used on both the
{ransmitting and receiving sides.  In the
former case thev fulfil the function of
making the current sufficiently powerful
te-overcome the resistance of the land lines,
and in the latter case
they are nccessary to
operate the perforator
or undulator, as re-
quired.

The above is a brief
exposition of the me-
chanical and electrical
methods employed in
high-speed  working.
An  outline of the

pigeon-holes, then, is for one station, and
each individual hole in the group repre-
sents the order of priority for that station.
The pigeon-holes are open at both ends,
and the other side to the sorting clerk
faces the terminus of the conveyor system.
Another clerk places the telegrams on the
conveyor required,

The convevors are of the continuously
moving type, and are automatic in the
sense that they pick up the telegraph form
when the latter is placed in the correct

CREED HIGH.SPEED PERFORATED.TAPE RECEIVER

Fig. 5.

Messages are received on this instrument in Morse code, and instead of an undulating

line making the record, the tape is punctured to correspond to the tape in the transmitting
strument scen in IMig. 2

system uscd to deal with
traffic will now be given. '

Telegrams given in at Radio House or
a branch office are conveyed first of all to
the sorting department.  Here clerks sit
before a desk fitted with a number of
pigeon-holes, from which run automatic
conveyors. Fach pigeon-hole is tor a
particular purpose, and is one of a number
of groups. Telegrams are sorted cither
{or destination or priority. For instance,
by the payment of a higher lee, it is
possible to obtain priority of sending over
the ordinary telegrams. Iiach group of

telegraphic

position.  Again, cachi convevor probably
passes two or three stations, and matters
are arranged so that the form always
drops hiom the convevor only at that
station for which it is intended. By this
means wil running about on the part of
messenger boys within the operating room
15 aveided, and, further, a great deal of
valuable time is saved.

Stations on the conveyors are arranged
on the side of the telegraph operators.
On the arrival there of the tclegraph form
they unfold it, place it on their desks, and
proceed with the transmission.
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I1g. 0. Live rejector circuits are used in the receiwving apparatus, of which this view snows tne
pancls. The object is to eliminate jamming and atmospherics. Each panel contains the receiver
of one foreign station

Fig. 7. Rooms on the left are for operators of receiving apparatus. Each room is employed for
reception from one station, such as Paris, New York, Madrid. On the right the bench contains
relays and amplifiers for direct relaying to Radio House
Courtesy Marconi's Wireless Telegraph Co., Lid,

AT BRENTWOOD WIRELESS TELEGRAPH STATION
1128

HIGH.SPEED APPARATUS




Fig. 8. On the top of the bench appears the receiver, together with four rejector circuits. |
Beneath is the automatic Morse undulator, which records the message. The recorder is for [
testing purposes only, the actual rmessage being passed on. By such an instrument commercial !
messages are conveyed with the precision and accuracy of cable traffic despite all kinds of |
atmospherics and other interference, and a high speed is maintained automatically ‘

Courtesy Marconi’s Wireless Telegraph Co., I.td. '

MARCONI HIGH.SPEED RELAY FOR TRANSMISSION AND RECEPTION
- 1129
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HIGH-TENSION BATTERY

Certain  firms, particuhrlv financial
houses, have special facilities for sending
telegrams direct to the station by telephone
over private wires. In this case the
telephone operators place the message on
aspecial convevor, to which priority over
all others s given.  Received: messages
are all conveved to one room, where they
are sorted. I they are for the country,
they are telegraphed to  the required
district by the ordinary telegraph system.
London messages, however, are dealt with
m a different manner. Should a tele-
glaphic address be given, the latter is
looked up in a very comprchensive card-
index  system.  When the name and
address of the xo(lplcm has been found,
the message 1s placed in aspecial envelope,
with the full name and address printed
upon it.

Very urgent messages, which are tele-
plmnc(l from Radio Huu\c to their destina-
tion, arc also delivered by messenger, in
order that a record may be available which
may Le filed by the recipient.

sSome idea of the cnormity of the
undertaking may be appreciated when it
is realized that there are over eighteen
thousand telegraphic addresses registered
with the Marconi Company, each of which
is provided with printed envelopes waiting
always ready for a message to be received
and dclivered.  This is quite apart from
the casual traffic, the number of messages
of which runs into thousands daily.
Further, the omission or inaccuracy of
one letter or word may mean the loss of
thousands of pounds to the sender or
recipient.  Every effort is therefore made
to see that errors are avoided.

Two illustrations of the Brentwood
station of the company arc given in
Figs. 6 and 7. Iig. 0 shows the receiver
pancls, cach of which contains the appara-
tus from onc foreign station. Great pre-
cautions are taken to ensurc absence of
jamming, and for this purpose five
rejector circuits are used. It is thus
practically impossible for an atmospheric
or other interruption to interfere with the
accuracy of the signal. Fig. 7 illustrates
the relays and other apparatus which are
used in the transference of the radio signals
to the land lincs.  These are shown on the
beneh in the right of the picture.  On the
left are the rooms containing part of the
receiving apparatus.  Each room contains
one receiver, and each receiver is per-
manently tuned to one transmitting

station. Operators are always on the
watch here to see that everything is in
order. The rooms are sound-proof so
that the operator shall not be disturbed
bv external noises.

A typical Marconi high-speed relay i3
shown in Fig. 8. The receiver is mounted
on the top of the bench together with four
rcjector  circuits. B enedth this is an
automatic Morse undulator, which records
the message,  This recorder is purely for
testing pmp(w Such an installation
as this would be used at a station such as
Brentwood, where the radio signals are
not actually terminated, but passed on by
land line to a central clearing house.

Despite the fact that all kinds of
unforescen  atmospheric  conditions  are
always likely to interfere with radio work,
commercial messages are now sent and
received with the same precision and
accuracy by cable. Furthermore,
_cfficiency in methods of traffic handling
“have made them probably even faster than

the older method.—R. B. Hurfon.

HIGH-TENSION BATTERY. Expres-
sion applied to a battery of dry cells, or a

as

storage battery, employed for the purpose

of supplving high-tension current to the
anode circuit of a valve set. It is also
known as the BB battery.

The electro-motive force of a high-tension
battery varies according to the nceds of
the circuit or valves in the set. In the
example illustrated the voltage is 54,
and there are tappings at each 0 volts,
thus allowing of the use of wander plugs,
which can he placed into the appropriate

HIGH-TENSION DRY BATTERY

Voltages vary according to the make and require-

ments of high-tension batteries. This is a 54 volt

battery with tappings at every 6 volts. Wander

plugs are used to allow the required voltage to
be tapped

Couitesy Economic Electric Co., Lid.
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HOMCHARGER

tapping point to give a choice of voltage
and make the battery more cxtensively
serviceable. Itis an advantage to be able
to sclect the Lest voltage by trial, as a
slight variation in the anode current valuc
will offen effect an improvement in signal
strength in a receiving set.  See Accumu-
lator; Battery; I Battery; Cell; ete.
HIGH - TENSION BATTERY BOX.
Term used to describe the container for
high-tension battery, [t is usually pro-
vided with a scries of countacts conncected
by suitable conductors to tappings taken
from the battery, so that various voltages
“may be employed to meet the requiremer:ts
of a circuit.  See Battery Bos.
HIGH-TENSION CIRCUIT. Naiare
given to that part of a transm ssion circuit
comprising the secondary and transformer
leads of a primary oscillating circuit, as
well as the oscillatory circuit comprising a
primary condenser, primary inductance,
and spark gap. In high-tension circuits of
this type the transformer and condenser
should Dbe protected against cexcessive
strains on the insulation by means of
safety gaps, in the form of spark gaps
which will operate automatically when

the terminal voltage of the secondary rises
above its normal working limit. In
receiving sets the expression is sometines
applied to the anode circuit (¢.v.).

HISSING ARC. A phenomenon occurring
m the electric arc when the positive end
of the arc stream travels over the surface
of the electrode at a high speed. It is
accomnpanicd by a Joud noise suggestive ol
a hiss. A sudden increasc of current is one
cause of the trouble.

HOGAN, JOHN V. L.  Amcrican wire-
less expert. Born at Philadelphia, United
States, he was cducated at Shefficld
scientific School, Yale University, where
he made a specinl study of physics and
mathematics,  In 1906 he became assist-
ant to Dr. Lee de Forest, and i 1909 lLe
joined the National Electric Signalling
Co. In 1914 bhe was appointed chict
rescarch  engineer to  the  International
Ra.liotelegraphic Company.

Hogan has written many articles on
wireless, and is a past president of the
Institute of Radio Engineers, member ot
the American  Institute ol Electrical
LEngineers, of the American Association for
the Advancement of Science, of the Radio
Club ot America, and other societies.

HOMCHARGER. Electrical apparatu-
for the conversion of alternating current
to direct current for the purpose of charg-
ing accumulators or other purpose where
a unidirectional current is required. A
{cature of this rectifier is that its operation
1s fully automatic. and does not require
any special knowledge or tuition in order

.

HOMCHARGER AND ACCUMULATOR ON CHARGE

Accumulators may be charged at home from alternating current mains by using the Homcharger,
which includes an automatic rectitier. In this photograph the apparatus is seen conunected to an
accumulator to be charged ; the two remaining wires at the top of the instrument arc inserted into
a standard lamp holder by means ot a plug
Courtesy Carpax Co,, Lid.
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to operate it.  Essentially, it consists of
a closed-core step-down transformer and
a rectifying valve.  An ammeter is pro-
vided to indicate the rate of charge.

As shown in the illustration, the charger
has a compact appearance. It is seen
charging an accumulator, and it will he
noted that the only connexions necessary
are two leads to the source of alternating
current supply and two lcads to the
accumulator.  See Charging Board.

HOME CONSTRUCTORS’ SETS. The
term is applied to all forms of complete
sets of parts adapted for casy assembly
by the amatcur without the aid of elabor-
ate tools or equipment.  There are numner-

ous excellent scts on the market, covering COMPLETED

Fig. 2. Modd
Set is shown

GECOPHONE CONSTRUCTOR'S SET

Iig. 1. Components of the Gecophone set are displayed.

These sets cnable amateurs to build their own apparatus at

considerably less cost than buying ready-madc sets, and also

give an opportunity for studying principles -and working
arrangements

Courtesy General Electric Co., Lid,

HOME-MADE TWO.VALVE SET
B Gecophone Home Constructor’s
assembled.  This contains two
valves with one stage of high
frequency and reaction
Courtesy General Electiic Co., Ltd.

all requirements from the
simplest crystal recciver to
an elaborate multivalve set.

The Gecophone is one of
this class of home construc-
tors’ sets, and is shown In
the state in which the com-
ponents are purchased in-
Fig. 1, except that they are
displayed on a board for
clarity. The case is polished
and ready for use, the ehonite
panel drilled ready for the
parts to be attached, and the
whole of the components are
assembled Into wunits, and
have merely to be placed
and secured in position and
the wiring completed.

The parts as shown arc for
a two-valve set, which, when
completed, is shown in
Fig. 2, and consists of a
two-valve set with one stage
of high-frequency ampli-
fication with reaction, en-
abling most of the R.B.C.
stations tp be received under
normal condttions at good
signal strength.  Under good
conditions, or when well
handled, the set should be
capable of receiving all the
broadcast stations.

Amplifiers can be ddded as
required, to increase the
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range or the power from the set. The usc
of constructional parts of this character
makes the home constructor appreciate the
details of the set and acquire a morc
practical knowledge of the functions and
purpose of the separate parts. In addition,
there is the charm of having actually
made the set. The practical side is looked
after by the makers, as when a completc
set i3 obtained in this way the valnes of
the components are sure to be correct and
well balanced.  See Amplifier; Burndept ;
Crystal Detector Unit; Detector Unit ;
Gecophone.

HONEYCOMB COIL. Coil s6 called
because of its similarity in appearance to
the honeycomb. The construction of a
typical plug-in cominercial honeycomb cotl
may be seen by reference to Fig. 1. It wil
be scen that the windings interlace and
¢ross one another, forming diamond-
shaped spaces between cach wire.  Further-
more, the method ot winding is such that
succeeding layers of wire do not come into
contact with, or lie in the same plane, as
those which precede them.

The object of this method of winding i3
to reduce self-capacity to a minimum and,

STANDARD HONEYCOMB PLUG-IN COIL
Fig. 1. Winding in this form reduces the seli-
capacity of the coil to a minimum, and keeps

the inductive value at & maximum

IGRANIC GIMBAL HONEYCOMB COIL

Tig. 2. Pins at the top and bottom of the coil

illustrated fit 'nto a gimbal coil holder, which

allows a movement on its own axis as well as the
usual swinging motion

at the same time, to keep the inductive
value at a maximum and ensure a Jow
high-frequency resistance. Tl first object
has been achieved by spacing the adjacent
turns of wire in such a manner that, with
the exception of the comparatively small
points wherc the wires cross, they arc
completely surrounded by air.  Air Las
the lowest specific inductive cavacity of
any dielectric, and is theretore thie most
efficient medium to use.  The correct
spacing of the adjacent turns has cnsured a
high inductive value. -

The coil illustrated in Fig. 2 is an
Igranic gimbal-mounted coil. The ends of
the coil are connected to the pins which
project from the coil mounts. These pins
fit into a special type-of gimbal coil holder,

‘which aflows the coils to be moved on their

own axis besides having the usual swing-
ing motion. An exceedingly fine adjust-
ment of relationship may be made by’ this
means.  The relationship varies in two
planes, so that the intcraction can be
made - with a much greater degree of
refinement than with the ordinary plug-in
moving coil.

It is a comparatively simple matter to
wind honeycomb pattern coils by hand
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BOBBIN AND PINS FOR HONEYCOMB COIL
Fig. 3. Preliminary stages in making a honeyv-
comb coil include constructing a former as above,

upon which the coil is wound
and it does not -become at all monotonous,
as is the case with single-laver coils, pro-
viding only that reasonable wave-lengths
arc _desired to be covered.  Procure a

piece of wooden rod about 1in. in
diameter and 14 in. long as a bobbin, and
at 3 in. from cach end mark off and draw
a line around the circumference parallel
with the edge.

The circumference is now divided into
seventeen equal parts.

This is best done

by wrapping the rod round with a piece
of stiff paper so that it just mects, re-
moving, and dividing with a millimetre
rule, afterwards marking the correct
positions upon the wood. Another and
more exact way is to strike a circle upon
paper of the same diameter as the rod
and divide with a protractor, using a
pair of compasses to space off upon the
pencil lines already drawn upon the
bobbin.

Having now marked out the bobbin
satisfactorily on two parallel sides with
small sets of points in line with each
othier, holes should be drilled 1n the wood,
taking carc that they all radiate towards
the central point of each flat side, though
they need not be more than }in. deep.
[t 15 now necessary to obtain sufficient
spokes about 2 in. long. These can.con-
veniently be ordinary 2 in. oval brads ; but
the pins shown in the illustrations are
made from galvanized iron wire cut to
length and pointed with a file, a rather
laborious process.

If oval brads are used the heads arc
not large enough to matter, but should
round nails be chosen it is necessary to
cut off the heads.

One row of pins may now be 1nserted,
and a cardboard ring prepared of sufficient
width to fit between the two rows of pins,
being careful not to make it fit the bobbin
too tightly or it will be difficult to remove

HOW TO WIND A HONEYCOMB COIL BY HAND

Iig. 4. Having made the former shown in Fig. 3, which consists of a bobbin and pins, the wire is

wound, commencing as illustrated in this photograph. The second turn of the wire is laid on, and it
will be noticed that the dircction of winding is from side to side of the bobbin
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Fig. 5. Whei-the-coil

mounted,
connectjng wire is scer on the left.

with the coil.  This ring shoud be notel
in the photographs, and is of practical
importance, as it allows the finished coil
to come away easily after the removal of
the pins and thus preserve the character
of the winding. Each pin should bhe
numbered in order to make the winding
casier.

The cardboard ring being placed ia
position, the sccond sct of pins is insertol
(Fig. 3), and they may all be driven in
slightly with a hammer, nsing a picce of

wood as a support in the ceatre of the

bobbin when so doing. The coil is now
commenced by starting at a pin marked
No. 1, crossing over to the first row of
pins No. g, over again to No. 13 and back
to No. 17, as in Fig. 4.

The wire is now one pin behind avhere it
started in the front row, and thencefortn
the wire will be parallel.  When one com-
plete layer is put on and the pins are all
occupicd, the constructor will start upon a
fresh layer, which will be above, though
separated from, the first.  The photograplh,
showing a layer actually being wound,
clearly indicates the method of winding,
and a few experiments with a picce of
string preparatory to starting with wirc,
and a study of the illustrations. will make
the winding of the coils a very simple
matter. A coil having been wound, the
commencement and the end should be

HONEYCOMB COIL
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COMPLETED HOME-MADE HONEYCOMB COILS
which is shown being wound in Fig. 4 is completed, and the pins and
bobbin are removed, it appears as shown in the centre of this photograph.

This has not yet beeu

On cither side is a simiar ccil, mounted, and the method of making fast thc
An cdgrwise view Is given on the right

bound and tizd with thread, and a picce ol
cardboard just wide cnough to pass be-
tween the pins and long enough to wrap
round the coil should be prepared, and
may be split or decorated with diamond-
shaped openings, as fancy may dictate.

A wooden or ebonite block of the same
width, and r in. high by 1 in. wide, should
be prepared with a slightly curved top
side to fit the circumference of the coil.
This can be pushed tightly against the
outer edge of the winding ; the cardboard
strip, well moistened with shellac varnish,
is dastened to the block on one side,
wrapped round the coil, and fastened upon
the opposite side.  When the shellac has
dried, the cardboard will be found to hold
the coil quite firmiy, - The pins may now
be 1emoved.

In the illustration (Fig. 5) it will be
noticed that round-hecaded brass screws arc
used for connexions, the screws simply
being driven in sufficiently tight for a
slotted plate to make a good fit behind the
screw head: the coil ends being then
soldered  into  the screw  slots.” With
suitable slotted plates, a good coil holder
may be constructed, as deseribed on pages
400 to 409, or the ready-made coil mounts
may be purchascd quite cheaply, together
with a two- or three-coil tuning stand
upon which the coils may be plugged in.
Alternatively, valve sockets and  pins
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HORSE-POWER

HONEYCOMB COIL FORMER USED FOR BASKET COIL
Basket coils may be wound on the same former as honevcomb coils, except that one row

Fig. 6.
of pins must be taken off.

In the photograph above the bobbin and one row of pins are seen in

us>, with a basket coil being wound.

may be used, the sockets upon the tuning
stand and a pair of valve pins upon the
coil base, this method, whether for honey-
comb, basket, or slab coils, being very
satisfactory in practice.

It is interesting to nofe that very
substantial basket or spider coils may be
wound upon the former ‘described above,
using only one row of pins, especially if
two pins are passed each tine, as shown
in the illustration (Fig. 6). This makes a
coil of a much better and more substantial
shape for mounting than is usually the
case with a basket coil wound in and out
of cach following pin, as 1s the usual form
of basket coil.  See Bank-wound Colil ;
Basket Coil; Coil; Duolateral Coil ; In-
ductance Coil ; Plug-in Coil.

HOOK UP. This is a well-known
American term for the circuit diagram
showing the wiring of any wircless re-
ceiving or transmitting set.

HOOPER, STANFORD C. Amncrican
naval wircless expert. Born on August
160th, 1884, at Colton, California, and
cducated at San Bernardino, California, he
joined the Southern Pacific Company as
a telegraph operator.  In 19or he entered
the Naval Academy at Annapolis, and
entering the navy, became Commander in

1918, From 1g10-11 he was instructor in
clectrical cngineering, physics, and chem-
istry at the U.S. Naval Academy, and in
1912-13 Iect Radio Officer of the United
States Atlantic Fleet.  During the great
war he was responsible for the supply of
wireless instruments, ctc., for the American
navy, and he was also respormblc for the
construction of many of the larger Ameri-
can wircless stations, including those at
Annapolis, San Diego, and Pearl Harbour. ,
Hooper was onc of the chief men concerncd
with the radio-compass system now uscd
mn the American navy.

HORIZONTAL AERIAL. General term
given to any acrial in which the wire or
wires are approximately horizontal.  Sce
Aerial.

HORSE-POWER. Unit for the rate of
doing work. In British units a horse-
powcr is defined as the power required to
raise 33,000 1b. one foot in one minute.,
In the C.Gi.S. system the unit of power is”
one erg per second. This unit is too
small in practice, and the watt, equal
to 107 ergs per sccond, is taken. A still
larger unit, the kilowatt, is frequently
used. One horse- -power equals 746 watts,
or about three-quarters of a Kkilowatt.
See Units.
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HOT.WIRE AMMETER

HORSESHOE MAGNET. Name applied
to a U-shaped permanent magnet. This
type of magnet is extensively used in
magnetic machines, and is found in a
modified form in many telephone receivers

PERMANENT MAGNETS
Lig. 1 (left). Standard type
horseshoe magnet.  Fig. 2
(right). U-shaped soft iron
clectro-magnet

and other wircless and clectrical apparatus,
Two exampls arc illustrated. With all
horseshoe magnets the end of one leg is
known as the north pole and the cther as
the south pole.  See Electro-magnet ;
Magnet ; Magnetism.

HOT-WIRE AMMETER. The  hot-
wire ammeter is a  current-measuring
instrument which depends for its action
on the heating cffect of the electric current.

The advantages of this type of instrument
for radio work are that it possesses prac-
tically no inductance and very little
capacity. On this account it may there-
fore be inserted into any circuit where a
reasonable current is passing without
seriously interfering with the character-
istics of that circuit. Against this, it has
the disadvantage that, owing to the fact
that current docs not instantancously heat
a wire, it 1s somewhat sluggish in action.

It is chiefly applied in radio work to
the output circuits of a transmitter, where
it registers the current radiated from
the acrial. Hot-wire instruments, suitably
calibrated, may be used for cither alter-
nating current or direct current.  Their
greatest advantage for the former work
is that they arc entirely independent of
frequency, wave forin, or external mag-
nctic fields. Furfhermore, their construc-
tion, which is very simple, allows them to
be sold at a very reasonable price.

In theory the action of the hot-wire
ammeter Is extremely. simple.  Practical
experiment will show that heat always
accompanics the flow of current through
a conductor, and, further, that the heat
produced is directly proportional to the
squarc of the current, providing that the
conductor is maintained in a constant
physical state. Again, wire, of which
conductors are invariably composed. ex-
pands at a certain definite rate compared
with its temperature. It will thercfore
be seen that a measure of current is
obtainable if convenient means are avail-
able to ascertain the amount of cxpansion

INTERIOR OF HOT.WIRE AMMETER
I'rom this view of the interior of a hot-wire ammeter may be seen the construction. The

Tig. 1.

actuating wire is in the left-hand illustration, together with its central connexion.

On the right

is scen the indication disk and pointer and part of the case

D 26

Courtesy Economic Electric Co.. Ltd
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with a given current. The only problems
which present themselves, therefore, are
the mechanical one of attaching a pointer
ov other system of rcading to the hot
conductor n suclr a manner that it will
give a true indication of the amount of
expansion, and also of rendering the instru-
ment reasonably free from changes in
atmospheric temperature.

The method generally adopted to effect
the movement of a pointer to indicate the
expansion of the wire is illustrated in Fig. 1.
Here it will be scen that the hot wire,
which is usnally a platinum-iridium alloy,
is stretched horizontally between  two
fixed points. At a point near the centre
of this wire is attached at-right angles a
phosphor-bronze wire.  The opposite end
of this wire is also fixed to a sct pillar. A

// A5 .7? 7
/ ﬁ\g\\\\\ \\\\\5\\\\‘\% ALY ,/////://
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HOT-WIRE AMMETER

Fig. 2. This external view of the hot-wire

ammemecter shows the pointer, which is made to

move due to the heating effect of a clectric

current through a wire.  The instrument reads
up to a quarter of an ampere

fine silk fibre is attached, again, at right
angles to this second wire. This has its
other end coiled tightly round a small
pulley situated on a staff or shaft turning
in agate bearings.

A pointer, which moves over a scale, is
fixed on the staff and moves with it. A
scecond pulley is fixed immediately behind
the first, which has a second silk fibre
fixed to it.  This projects on the opposite
side to the first fibre, and is attached at
its frece end to a flat spring, which is
adjusted to keep all the other parts of the
moving system in a state of tension.

The principle underlving the above
svstem is that a very small elongation of a
wire will produce a comparatively large
amount of sag in a lateral direction. This
principle is, in fact, made use of in two
places : first between the hot wire and the
phosphor-bronze, and secondly between
the phosphor-bronze and the silk.  From
this 1t will be evident that a compara-
tively great movement is given to the silk
thread compared with the small lincar
expansion of the hot wire.

An idea of the relative amounts of sag
between the hot and the phosphor-bronze
wires may be gathered from the fact that in
one particular instrument which was tested
a sag of -2 mm in the hot wire produced
one of 6 mm. in the phosphor-bronzc one.
This latter sag was sufficient to move
the pointer through an angle of go°.
The amount of current which was neces-
sary to produce this effect was onlv ‘15
ampere.

The second problem of making the
instrument free from changes in the atmo-
spheric temperature is effected by making
the base ot the instrument of composite
materials.  The illustration shows how
this is done. The main base is com-
posed of cast iron. One pillar only of the
hot wire ic attached to this. The other
one is fixed to an extension of the cast-
iron base composed of nickel-steel. The
effect of this is to make the coefficient of
expansion of the base the same as that of
the wire.

This ensures that both will expand a
similar amount for the same rise mn tem-
perature, and therefore no alteration in
the tension of the hot wire will result.
Should, however, any change ever occur in
the tension of the wire, it would throw the
zero reading of the instrument out.  This
contingency is provided for by an adjust-
ing screw situated in such a manner that
it alters the relative disposition of one of
the pillars to which the hot wire is attached.
The method of effecting this adjustment
will be apparent from the illustration.

The cheaper classes of hot-wire instru-
ment have no damping device, neither is
such a device usually necessary with this
tvpe of instrument. Occasionally, how-
ever, some sudden change in current or
temperature may cause violent fluctua-
tions of the necedle which would render
reading difficult until the fluctuations had
subsided.  To this end a damping magnet
and an aluminium vane which moves

L
.
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through the field of the magnet are fitted.
The action which results through the vane
moving in the field of the magnet is such
that it checks the movement to a certain
extent.—R. B. Hurton.

See Ammeter ; Relay.

HOWE, GEORGE WILLIAM OSBORNE.
British scientist. Born at Charlton, Kent,
1875, he was educated dt the Koan School,
Greenwich, Weolwich Polytechnic, and
Durham Universitv. He obtained much
of his carly eclectrical: training with
Siemens Bros., at Woolwich, and Siemens
and Halske in Charlottenburg. He after-
wards became lecturer at the Hull Tech-
nical School, and assistant professor of
electrical engineering at the Citv and
Guilds  Engincering College, Imperial
College of Science and Technology, at
South Kensington. In 1921 Professor
Howe was appointed head of the depart-
ment of electric standards and electric
measurements at the National Physical
Laboratory. In the same ycar he became
the James Watt professor of electrical
engincering at Glasgow University.

Professor Howe has carried out many
researches in wireless telegraphy, and has
written many papers on the subject. For
his paper on “ Some Recent Developments
in Wireless Telegraphy,” read before the
Royal Society of Arts, he was awarded
their silver medal. Professor Howe is
vice-president of the Physical Society,
a member of the Radio Research Board,
and chairman of the wircless section of
the Institution of Electrical Engineers.
See Aerial ; Capacity.

HOWLING. Term used to describe the
noise produced in, and sometimes by, a
wireless receiving set, usually as the result
of reaction (¢g.v.) applied in such a way as
to set a valve or valves oscillating.

When signals are received in the ordinary
course by a simple valve set not employing
reaction, there is complete interaction
between the aerial, grid, and plate circuits,
with the result that the sounds heard in the
telephone reproduce faithfully, even if
weakly, the signals, whether Morse or
telephony, sent out by the transmitting
station.

The aerial circuit acts as an inlet pipe
through which, at a regulated pressure—-
represented by the process of aerial
tuning—the incoming oscillations are led
in from the source of supply and impressed
upon the grid of the valve. The valve
represents a rather complicated tap, in

which a plate current derived from another
source—the high-tension battery—assists
the current in the aerial and grid circuits,
and helps it to emerge from the ** tap " in
greater volume, as well as in a single
unidirectional flow. The amplification of
the incoming signals in a valve circuit not
employing reaction is appreciable, but only
moderate compared with that obtainable
by means of reaction.

In a circnit employing reaction  the
current is, as it were, fed back to the plate

PROF. G. W. 0. HOWE, D.Sc.

As chairman of the wireless scction of the Insti-
tution of electrical engincers, and vice-presi-
dent of the Physical Society, as well as a noted
professor of several important schools and
colleges, Dr. Howe is regarded as a leading
wireless  scientist
Photo, Elliott & Fry
circuit, the assistance lent by the plate
current to the oscillations in the acrial and
grid circuits being thereby greatly aug-
mented. The process, in its simplest form,
consists of coupling inductively to the

" aerial coil—which thus becomes a primary

winding—a sccondary winding, known as
the reaction coil, one end of which is led
to the telephones, the other to the plate
of the valve. Its immediate effect is to
incrcase both the amplitude of the in-
coming waves and the length of the
wave-trains.,
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In the case of a receiving set not employ-
ing reaction, there is a procession of wave-
trains, or of waves, in orderly sequence,
whether Morse  signals  transmitted by
spark or telephony by means of con-
tinuous wave arc being reccived. This
also happens as long as reaction is kept
within bounds by a loose coupling of the
reaction coil to the aerial coil.

But as the coupling 1s tightened, since
not only the amplitude of the waves, but
also the length of the wave-trains is in-
creased, the latter tend to overlap, and a
mixture ol blurred and harsh  signals
culminating in horrible noises is produced.
Nor is this the only effect. By reinforcing
unduly the oscillatory current in the acrial
circuit a stream of continuous oscillations
is set up, and the oscillating valve thus
becomes a minature transmitter of wircless
waves {rom what ought to be solely a
receiving acrial.  This form of irregular
radiation produces in the reccivers of sets
distant sometimes a good nany miles
very marked ‘“ howling,” and such inter-
ference 1s a serious limitation to the success
of broadcasting, notwithstanding the re-
strictions—irequently altogether ignored—
which have been placed upon the use of
reaction by the Post Office.

Cardinal Duty of the Wireless Worker

The avoidance of any appreach to being
a nuisance to his neighbours should be a
cardinal duty of the wireless worker. He
is accordingly urged to frec himself of the
imputation of being a possible © howler,”
by, in the first instance, keeping his valves
as far as possible from oscillating, and, in
the sccond, conforming strictly to such
Post Office regulations as may from time
to time be in force as regards the mcthod
of employing the principle of reaction.

The first 1s a simple matter, and atten- -

tion to it is in the worker’s own interests.
For when reaction is permitted, the
most f{avourable condition for reception
is comronly just below the oscillation
point, i.e. before the wave-trains have
begun to overlap. It may be ascertained
whether a valve is oscillating by wetting
the point of a finger and applying it to
the aerial terminal.  If a “ plop 7 is heard,
the valve is oscillating owing to unduly
tight coupling of the reception coil to the
acrial or anode coil (sec below) from which
it is deriving current by induction.

The Post Office allows certain forms of
reaction, and although some of these may,

L3

if unskilfully used, cause ‘ howling,”
there is no question that in a two or three
or multi-valve circuit the employment of
tuned anode with reaction on to the anode
instead of on to the acrial coil greatly
diminishes the risk of radiation.

On the other hand in some of the super-
regenerative and other special circuits
now becoming popular there is an addi-
tional tendency to ‘‘howling,” partly
owing to the effort made to force the
amplification to the utmost possible limit.

In certain cases, more particularly when
two or more stages of high-frequency
amplitication are c¢mployed, oscillation
and a conscquent tendency to howl may
be present in tuned anode circuits even if
no reaction is cmployed. It is attributable
to the capacity, minute though it is,
between grid and plate which  exists
within the valve. This is apt to render
fine tuning of hoth of two tuned anode
circuits almost impossible unless special
means are employed to prevent oscillation.

One method is to have a combination of
high-frequency transformer and tuned
plate when listening to transmissions from
very distant stations, the transformer
being of a semi-aperiodic type which does
not require to be tuned by a variable
condenser. The instability may also be
overcome cither by a separatc potentio-
meter to the second anode coil, or by
inserting a graphite resistance of about
80,000 ohms in the high-tcnsion positive
feed of the second anode coil.

How to Trace Faults which cause Howling

If howling occurs which is clearly not
due to tight coupling of the reaction to the
aerial or anode coil, it may arise from
internal oscillation caused by interaction
Letween some parts of the set, such as
parallel connecting wires run at too close
an interval, or other metallic parts acting
inductively or clectrostatically upon one
another. The remedy lies in separation or
better insulation, especially in the case of
the connexions to the grids of the valves.

Howling is sometimes traceable to trans-
formers, both high- and low-frequency.
In the former case, an improvement can
sometimes be effected by using a poten-
tiometer.  In the latter, the trouble may
be due to proximity to another low-
{requency transformer.  [f such proximity
is unavoidable, shiclded or ““iron-clad ”
transformers should be wused. Where
internal oscillation is caused by a flow, in



HOWLING .

1141

the low-frequency transformer or in the
telephone circuits, of high-frequency cur-
rents which have got past the detector, the
primaries of the transformer or the telc-
phones or both may be shunted by fixed
condensers—in the case of a transformer
one of, say, -0o1 mid., and in that of

telephones -002--005 mfd., according to

the strength of the signals.

A. Douglas points out that dual ampli-
fication or reflex circuits are often specially
liable to howling, because when simultan-
eous high- and low-frequency amplification
are periormed by one valve the currents
readily interact and produce reaction
effects, most commonly at low frequencies,
He recommends (1) raising the value of
the grid leak and high-tension battery,
(2) decreasing the filament pressure by
connecting a graphite resistance of about
80,000 ohms across the grid and Jlow-
tension positive leads of the first valve.

If a valve has become too soft, or has
becn gassed by excessive plate voltage, it
may- give trouble unless both the filament
is “turncd down ” and the high-tension
voltage is decreased.—0. Wheeler.

See Oscillation ; Reaction; Regencration -
Valve.

HOYT-TAYLOR BALANCE. Namec
given to a system for the climination of
atmospherics by the use of an underground
wire. See Atmospherics ; Direction Finder.

HUNTING. Word used to describe a
state of momentary fluctuation of pressure

in a synchronous generator or motor
which results in a phase swing or change
of step, often produced by uneven running
of the machine. See Generator.

HYDRARGYRUM. This is the Latin
name for mercury, from which its chemical
symbol Hg is derived. See Mercury.

HYDROGEN. One of the gascous
chemical elements.  Tts chemical symbol
is H, and its atomic weight 1-008 when
oxygen is taken at 10,

Hydrogen is one of the most widely
distributed clements, appearing as a con-
stituent of water, the acids, and i most
animal and vegetable tissues. It is taste-
less and odourless, and its specific gravity
is 0006047 compared with air.

In wireless, hydrogen or one of the
hydrogen compounds 1s widely used in arc
oscillation generators. Tt was in 102 that
Poulsen discovered that if an arc is burnt
in an atmosphere of hydrogen or of an
hydrogen compound, as coal gas, that it
is capable of generating more poweriul
oscillations than when it is burnt in air.
Since his discovery it has now become
general to use some form of hydrogen or
hydrocarbon atmosphere round the arcs.
See Arc Transmitter ; Electron ; Poulsen
‘Arc.

HYDROMETER. An instrument for
measuring the specific gravity of a liquid.
It is used very largely for ascertaining the

" specific gravity of the acid in accumulators,
which indicates to a large cxtent the

AT

BALL.TYPE HYDROMETER FOR TESTING ELECTROLYTE

Syringe or ball-type hydrometers, such as the one illustrated,
and so testing the extent of the charge

of the acid in accumulators,

are uscd for testing the specific gravity
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charged condition of the cell. When the
conditions of the acid are known, the use
of the hydrometer affords the best test for
the state of charge of the cell.  But,
unfortunately, other factors enter into the
rcading which tend to make 1 misleading.

When distilled water has been added to
a cell to raise the level of the electrolyte
it does not combine with the existing acid
for some time, and the hydrometer would
thus show a lower reading than was
actually the case. It will be scen from the
specific gravities which follow of a c¢cll in
its charged and discharged states that the
reading taken under the above conditions
would show the cell to be more ncarly
discharged than it really was. When fully
charged the clectrolyte should read {rom
1-275 to 1-300, and when fully discharged
1-160.

It 1s important, when making a test
with the syringe-type hydrometer, to re-
place the acid from the cell from which it
was taken, as failure to do this will destroy
the uniformity of the clectrolyte, as the
cell that 1s robbed of some of its acid will
probably be filled up with water, thus
lowering the specific gravity.

A type of hydrometer in which a rubber
bulb or piston is used in order to suck the
liquid into the instrument is shown in
the figure.  Such a hydrometer is of the
greatest value for ascertaining the specific
gravity of accumulator clectrolytc.

A syringe hydrometer consists of a glass

tube having one end drawn in the form -

of a nozzle. Inside the tube is a float,
having a hair line described horizontally
aroundit. The outer tube is graduated. one
graduation being marked red. Thé latter
nmrkmg is the correct reading for the acid.
The method of using the hvdrometer is
to dip the nozzle into the top of the acid, at
the samme time compressing the bulb with
the fingers. On releasing the bulb some
acid will be drawn into the instrument.
The float will then rise and indicate the
specific gravity of the acid by a line on
the bulb coming opposite to a line on the
tube. It is important that when a reading
is taken the hydrometer be taken out of
the accumulator and held on a level with
the eye. If this is not done, an incorrect
reading will be made. Readings must
always be taken when the acid is at
normal atmospheric teniperature.
HYGROSCOPIC EFFECTS. The hygro-
scopic propertics of certain materials are
most undesirable in many applications

“menter,

in wireless work, as, for instance, the
use of a cardboard tube as & former
for an inductance coil. .In such a case
the straw and other materials used in
the construction of the tube are hygro-
scopic-—that is, thev possess the power of
absorbing moisture from the atmosphere.
This results in a change of form, and also
has a detrimental effect on the insulating
properties of the tube.

Another material that is hygroscopic is
fibre, and this also changes form when
moistened by atmospheric action, a shecet
often buckling and bulging. High-tension
or high-frequency currents of electricity are
more liable to leak across a surface when
it is damp than when it is dry. This is an
nnportant matter to consider when con-
structing a panel or other part of a wireless
set. Wood is also liable to the same
trouble. When dry, it is a good insulator ;
but unless treated by immersion in molten
paraffin wax or by other effective means,
it will give endless trouble to the experi-
especially with high-frequency
currents, should the weather turn wet.

All wireless apparatus should be kept
quite dry and carefully stored in an equable
temperature.

HYSTERESIS. In dealing with mag-
netic measurements it is found that some
qualities of iron and steel are more
responsive to magnetizing forces than
others. In other words, -the effects of
applying a magnetizing force show a
certain sluggishness in the results which
has sometimes been called magnetic
friction, and for which the correct term
1s hysteresis. The popular definition of
hysteresis 1s the lagging of the magnetic
flux produced behind the magnetizing
force producing it. .

To investigate this attribute it 1is
necessary . to carry a sample of iron
through a complete cycle of magnetization,
that is to say, starting in a virgin condition
with an induction value, B, of zero, a
gradually increasing magnetlzmv force is
first applied in a certain direction, resuItlng
in the well-known curve of magnetization,
A, indicated by the B H values in Fig. 1.

At saturation points the magnetizing
force H 1s gradually decreased, and,
naturally, the iron loses some of its mag-
netic condition, but not to the same
degree as the rate at which the magnetiz-
ing force H diminishes. For instance,
when H has been reduced {rom maximum
positive value to zero, the curve of
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induction falls to a point such as C on the
diagram, which is still a long way above
the zero value, and the harder the sample
of iron the higher will this point be on
the hysteresis curve.  The degree by which
the induction remains above zero with a
cessation of the magnetizing force is a
measure of the “ remanence ’” of the iron.

2|8
‘g-L
S
x .
E S
c
4 A
Magnetisin
y/-‘a/‘(:e g ]
— <] et
H- F H+
o

HYSTERESIS LOOP
Fig. 1. TInvestigation of a sample of iron gives
the above result when the complete cvele of
magnetization is gone through

To bring the iron down to its zero valuc
of induction again it is therefore necossary
to apply another magnetizing force in tle
reverse direction, when the point D is
reached on the curve. On increasing still
turther the negative valuc of ¥, the curve
repeats itself as to general shape and
reaches a saturation point at I, corrce-
sponding to the same position it previously
took up in a positive directiorn. On then
removing the negative magnetizing force
the iron still retains a number of lines of
force, and only drqps back to point I,
and has to be brought back to zero
condition by a further application of
reversed force H. It will be noticed that
this point does not correspond with the
origin O of the curve, 4s the iron, once

having been magnetized, never again
entirely loses its residual magnetism ; but
from this point the curve joins up with
the first saturation point A, and thereafter
the rise and {fall of induction will repeat
itself cxactly along the previous lines in
successive magnetizing cycles.

The height O C on the diagram is a
measure ol the remancnce or retentivity
of the iron, while the amount of reversed
magnetic force nccessary to bring the
curve down to zero again is known as the
cocrcive foree,

A study of such magnetization gycles or
hysteresis Joops throws much light upon
the suitability of various samples of iron
for commercial purposes, since the arca
inctuded by this loop is a measure of the
energy wasted in overcoming the lagging
tendencies of the iron.  Especially” in
alternating current work is this of impor-
tance, since the reversals of magnetization
occur at very rapid rates, usually between
25 and 100 times per second, and the waste
of power attendant is evidenced as useless
heat generated in the iron.

In the case of air spaces a magnetization
curve connecting magnetization and mag-
netizing force would be a perfectly straight
linc, since any increase or reduction in the
magnetizing force would be accompanied
by an absolutelv proportional increase
or reduction in the magnetic lines produced
in the air space. On reducing the mag-
netizing force there would be returned to
the electrical circuit an amount of energy
precisely equal to that which had been
expended in setting up magnetization.

But if the air space is now filled with iron
the power demanded in magnetization is
greatly in cxcess of the energy returned
to the circuit on demagnetization.  If the
magnetism were to die down exactly along
the same curve as that of the rising cycle,
when the magnetizing power were reduced
or removed the work stored up in mag-
netization ol the iron would all be returned
to the circuit.  But it is not rcturned, and
in ‘consequence the reversed magnetizing
torce necessary to reduce the iron to zero
condition again represents so much encrgy
which has to be imparted to it, and which
is irrecoverable.

I the curve represented by any hystere-
sis loop is drawn to scale such that the
C.G.S. unit of magncto-motive force H is
represented horizontally by a length of
one centimetre, and the C.G.S. unit of flux
density (which is one line per square
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B+ sion, the commission which suggested the
P international abbreviations and symbols
- used in electricity and magnetism.  See
14004 Abbreviations and Symbols.

12pod,/ N L7 IGRANIC. The Igranic Electric Co., Ltd.,
Anntaled //// /, of Bcdtprd, are'known for thelr electrical
Mild|Stéel -\?(% controlling devices and switch-gear, and
7 7 as licencees of the De Forest honeycomb

l duo-lateral coil-winding process.
. A low-frequency inter-valve transformer
Hardstekl | |/ /] by this company is illustrated. This
i pattern is made 1n a variety of winding
H--% 80 60 40 %0 60 80 1 +H Tatios to suit individual requirements.
1Al Its outstanding feature lics in the fact that
/T it is completely surrounded by an iron
1Y shroud which, it is claimeéd, screens it from
| Cast Jron 4 © external magnetic fields. Spring-clip terhni-
\, 4 nals are fitted, which render its connexion

7 /// A a very simple and quick process, whilst -
A A ensuring a good contact. Their other
A manufacturces include coil holders, filament
1 // 14 resistances, potentiometers, ~variometers,
16l00d telephone transformers, etcs

The best-known products of the company
r are their Igranic coils.  These are made

EXAMPLES OF HYSTERESIS LOOPS
Fig. 2. Hysteresis loops for variofis samples of
magnetic material are plotted in the diagram above

centimetie) is also represented by one
centimetre in the verticul scale, then the
arca of the loop in square centimetres will
represent accurately the actual energy
absorbed per cubic centimetre of iron by
hysteresis measured in the C.(:.5. unit, that
is, ergs, for that particular sample of iron.
The behaviour of various samples of
magnetic material taken through the com-
plete cycle of operations is well illus-
trated by the curves which will be found
in Fig. 2. See B.H. Curve; Magnetism.
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I.  This is the chemical symbol for
iodine.. It is also the symbol suggested
by the International Elcctrotechnical
Commission for current. .

1.C. Abbreviation often used for inter-
mediate circuit and intermediate con-
denser.  See Intermediate Circuit.

I.C.LW. This is the usual abbreviation
for interrupted continuous waves, the
term applied to that method of signalling
in which the waves are modulated at a
constant low frequency. See Interrupted
Continuous Waves,

LE.C. These are the initials ot the
International Electrotechnical Commis-

in sixtcen different sizes, each size having
a definite wave-length range, and in con-
junction with suitable condensers a wave-
length range with these coils of 150 to
23,000 metres is possible. Some of these
coils and their holders are illustrated on
pages 444, 403 and 464 of this Encyclo-
pedia under the headings Coil and Coil
Holder.

The following table shows the inductance,
distributed capacity, natural wave-length,
and the wave-length obtainable when using
different values of condensers, and will be
found extremely useful to experimenters
who are trying out new circuits.

INDUCTANCE VALUES & WAVE-LENGTHS|

: .)Distri» Wave-lengths in metres obtained
Coil Induc- |buted|when* shuynted by the capacity;
i

No mmi’\(- ; cap- indicated
* ' Microhye.] acity i
‘}Mfds, (I:I)a;‘\;ga}i ‘0001 | '0005 . ‘0OI ‘
- | \ I ;
|25 302 26 | 53] 116 327, 330
35 60°3| 34 85| 170 338, 471
50 134 | 47 148 | 265 510|706

75 297 | 38 200 381! 752 x,o46}
100 517 | 43 281 | 512 1,000| 1,383
(50| I,IST | 31 | 355 732] 1,473 2,053

200, 2,150 | 28 462 ¢ 987 2,010| 2,800
250 3,480 | 22 | 52211,230 2,510 3,560

300 4,980 | 27 692 11,495 3,040 4,268
400 : 8080 | 26 910 iz,oo_si 4,085‘ 5,720
5001 14,510 | 2 1,135 ‘2,538- 5,210" 7,273
600 | 20,110 | 2 1,337 12,970 6,122, 8,545
750 | 32,300 | 22 1,588.3,775 7,720 10,823
,000 | 50,740 | 22 12,160 5,080 10,450 14,725
1,250 | 91,830 | 21 2,680 %6,310'13,100‘ 18,240,
|1 500 136,400 | 21 3,190 17,635 15,900, 22,210,

=
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In sclecting a coil, it is better to take
half the maximum capacity of the variable
condcenser as a guide, so that the full range
of the condenser may be used. Thus
supposc the variable condenser has a
maximum capacity of -oor mfd., and it is
required to choose a coil for a wave-length

IGRANIC TRANSFORMER

Illustrated above is an Igranic low-frequency

intervalve transformer. It is completely sur-

rounded by an iron casing, which screens it {from
external magnetic fields

of 600 metres.
of the condenser, .e. 0005 mfd., it will be

seen that a No. 50 coil will give a rangé

between 150 and 700 metres approximately.
When used in the aerial circuit, however,
it must be borne in mind that the funda-
mental wave-length of the aerial should
be taken into account. .
The size of the reaction coil is not im-
portant, and it is best found by experiment,

It is advisable to begin with a coil about,

two sizes larger than the secondary, and
trial will show, whether increasing or
decreasing the coil will render the tone of
reception more pure. It will generally be
found, however, that the reaction coil
need not be smaller than No. 75, nor
greater than No. 200.

ILH.P. Abbreviation f{for indicated
horse-power, 7.e. the total power a machine
cxerts, including that necessary to run the
machine against its own friction, etc. Itis

If we take half the value-

the actual power exerted by the expanding
steam in the cylinder of a steam engine,
or the power of the explosion and expansion
of the gascs in the cylinder of a gas or oil
engine. It is always greater than the
brake horse-power, which shows the horse-
power delivered from the main driving
shatt of the machine,

IMPACT EXCITATION., Mcthod of
producing free oscillations in a circuit by
an cxciting current whose duration is short
in comparison with the duration of the
excitation produced.  See Quenched Spark.

IMPEDANCE. When a steady clectro-
motive force is applied to a circuit the.
current does not at once reach its final
steady value, owing to a property ol every
clectrical circuit known as impedance.
The final steady value will depend on the
magnitude of the clectro-motive force and
the impedance of the circuit.  In a direct
current circuit of low resistance the im-
pedance of the circuit is generally small,
and is only cffective during a short period
when the current is switched on or off, or
varled in intensity. ’

It an alternating electro-motive force
replaces the direct electro-motive force,
then the presence of inductance has a
marked effect on the current and is cffec-
tive during the whole time the current is
flowing.  When an inductance is included
in an alternating current circuit an elcctro-
motive force known as the electro-motive
force of self-induction is set up which acts
in opposition to the impressed electro-
motive force, If the inductance is very
large and the resistance negligible, then
the electro-motive force of self-induction,
or ‘' back electro-motive force,” will be
equal and opposite to the applied clectro-
motive force. This is shown in Iig. 1,
where A is5he applied electro-motive force,
B the back clectro-motive force, and C the
current. It will be seen from the diagram
that the current is go° out of phase with
the applied clectro-motive force, and go°
out of phase with the back electro-motive
foree.

It. however, the resistance is not
negligible the resistance and inductance act
together, and the applied electro-motive
force required to produce a given current
in the circuit must be sufficient to over-
come the back clectro-motive force of
self-induction and the volts lost across the
resistance—known as the effective electro-
motive force.  When both resistance and
inductance act in a circuit the total effect
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CURVES SHOWING IMPEDANCE

Fig. 1 (left). Phase rclations are shown when

inductance is large and no resistance is present.
A shows the applied LT, 13 the back EMF,,

and C the current.  Fig. 2 (right).

inductance‘arvz present

acting against the applicd voltage is known
as the impedance.  If the resistance can
be neglected the effect of the inductance
acting dagainst the applicd voltage is known
-as the reactance.

In a circuit consisting of resistance and
inductance, the current flowing will be in
phasc with the voltage across the resistance,
and is represented by curve C in Fig. 2,
while curve R; represcnts the voltage
across it. The back electro-motive force
of sclf-induction is represented by the
curve B.EM.F., go° out of phase with the
current.  The applied electro-motive force
is obtained by vectorially adding the

Curves in
this case show relations when resistance and

B

PB\ \

-~

S

,ac,%
R, Ri Zew
|
A ES, CcA -wl, (o

VECTOR DIAGRAMS SHOWING IMPEDANCE
Fig. 3 (left).
LEMT. and back E.M.F. is shown, with the E M.F.
across the resistance in a circuit. Fig. 4 (right).
In this case relation is shown between applied
EAMLF., effective EM.F.,, and back E.M.F,

Relation Dbetween the applied

ordinates of the R, curve and the
B.EALF. curve.

The relationship between the applied
clectro-motive force, the back electro-
motive force, and the electro-motive force
across the resistance can, be shown by a
vector diagram, as in Fig. 3, in which AR’
represents R;, the voltage across the
1esistance, AC represents the back clectro-
motive force, and angle ABC is the angle
of lag, so that BC will represent the applicd
voltage. I'rom the diagram it will at once
be seen that )

E applied = /(R + ES;?
The tangent of the angle of lag =ES

R,
_ Back LML,
" Lffective EALT.
the angle of lag, or the power factor =
R, _ R,
VRFFESY) T E
The electro-motive force of self-induction
depends on the rate of increase and de-
crease of the current, and is measured by
the rate of change of the magnetic flux in
the circuit. The coefficient of self-induc-
tion, or the inductance of the circuit, is the
ratio of the total number of lines of force in
the circuit to the current producing them.

and the cosine of
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IMPEDANCE COIL

The unit of inductance, 1, is the henry,
and the inductance of a circuit is T henry
when a  back electro-motive force of
1 volt is induced by a current changing
at the rate of 1 ampere in 1 second.

The rate of change of a current in an
inductive circuit is a function of the

inductance, and since I, = I,,, sin'g, if
w = 27%
then E ;.. oLl g COS 8

LI, Sin (6 — go°)
wll e 0° out of phase
with I
This relationship is shown by the vector
diagram Fig. 3, where AC represcnts the
applied electro-motive force, ADB the
effective clectro-motive force, and BC the
back electro-motive force = —- LI go® out
of phase with R;.
Then it will be scen that

E = J{(— «LI)2 + (R)%}

©o= IJ{R? = (ol)2}

The term (wL) is known as the re-
actance of the circuit.

The impedance of the circuit is

JIR® - (wL)2h

In circuits where R is smail compared
with L, R can be neglected. This usually
applies to the case of impedance coils
inserted in a low-frequency circuit, where
the resistance of the coil is a fraction of an
ohm and the inductance is comparatively
large.

In high-frequency circuits the resistance
-of the circuit is generally higher than the
direct current resistance, and if the in-
ductance is small—which is often the case

I

—R cannot be neglected, and the whole.

formula /{(R? 4 («L)?} must be uscd.

Measurement of Impedanee. The in-
ductance of a coil should be measured
with the full current the coil is intended
to carry and at the working frequency.
Provided the coil is not wound with very
thin wire, in which case the direct current
resistance will be different from the high-
frequency resistance, the resistance can be
measured by a bridge method, or the
voltage drop noted when a direct current
is passed through the coil.

The coil is then connected to an alter-
nating current supply, and the current in
the circuit and the voltage across the coil
measured. Then the impedance is cal-
culated from the formula

I E
TUIRE L (el

This method is particularly suitable for

measuring the impedance of choke coils, etc.

For the measurement of large im-
pedances, such as that of telephonc re-
ceivers, the above method is not suitable,
owing to the high resistance, and, con-
sequently, the very small current to be
measured.  For such measurements it is
usual to employ a Drysdale alternating
current potentiometer.  This instrument
is in effect an ordinary direct current
potentiometer, but instead of being sup-
plied with direct current for the resistance
coils, a special form of transformer is used,
which is connected to the same generator
supplying power to the - inductance to
be measured. Tle usual direct current
galvanometer 1s veplaced by a vibrating
galvanometer, or a pair of telephones.

To obtain a balunce the volt drop across
the coil being measured must be cqual to
that across the potentiometer coils, and
these two voltages must be in phase. The
first condition s obtained by the usual
direct current potentiometer method. The
second condition is obtained by the use
of a special transformer, consisting of
fixed primary coils and a rotating sccond-
ary coil. Fwo coils wound at right angles
to each other form the primary coils, and
these are supplied with two-phase current.
A rotating field is therefore get up in the
centre, and the position of the sccondary
can be adjusted to give any desired differ-
ence of phase between the supply and the
current in the potentiometer.—R. H. White.

See Inductance.

IMPEDANCE COIL. An added in-
ductance coil used in connexion with
spark transmitters. Such a coil is placed
in the circuit for three rcasons. First, it
enables the maximum possible voltage to
be built up across the transmitting con-
denser for a given voltage applied by the
alternator. Second, it puts the charging
circuit in resonance with the frequency of
the alternator while the condenser is
charging. Third, it prevents a sudden
rush of current through the transformer
while the condenser is discharging.

Impedance coils generally consist of
nearly complete magnetic circuits of lami-
nated iron stampings, having in them
air gaps across which the magnetic lines
of force have to flow. The coils of wire
are wound round these iron cores, and are,
of course, thick enough to carry the
maximum current of the circnit.

By the provision of the air gap the
inductance of the coil remains constant for
various frequencies, which would not be
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the case if the magnetic circuit were com-
pletely of iron. The rcason for this is as
follows :-—The inductance of a coil varies
inversely  with the reluctance of the
magnetic circuit, and the latter depends
upon the frequency of the flux traversing
it.  The reluctance of the iron, however,
is small compared with that of the air
gap, which becomes, thercfore, the con-
trolling {factor. The reluctance of the air
gap is comstant, so the reluctance of the
impedance coil is practically constant,
and, thercfore, its inductance. See Spark
Transmitter.

IMPERIAL WIRE GAUGE. Name used
for the British Imperial Standard Gauge
for wircs, as officially recognized, in
Great DBritain, 'and often abbreviated to
LW.G. 1t is sometimes known as Stand-
ard Wire Gauge, and abbreviated to
S.W.G. Practically all the wires used in
wircless work are measured by this gauge.

It comprises, as far as the experimeriter
is concerned, a table of numbers with
corresponding  diameters of wires. The
numerals commence at 0,000,000, which
represents a wire 4 in. in diameter, and the
highest number is No. 30, having a
diameter of 4456 in.  The numbers most
commonly used by the amateur are set
out 1 the following table, with the
corresponding diameters in 15; . or
decimals of an inch. When purchasing
wires, the diameter is reckoned as that
of the metal, and not of the diameter
of the applied insulation, if any. The
wire gauge is also cxtensively used for
measuring thin sheet metals,

! Gauge Diameter, Gauge ’ Diameter,

| No. Decimal of inch. No. | Decimalofinch,
‘ 16 0004 30 col24

L ¢} I 0048 32 00108

| 20 0036 34 0°0092

| 22 0028 36 0'0076

| 24 0022 38 00060
bo20 ‘ 0018 40 ©'0043

| 28 0'0148 42 0'0040

IMPURE WAVE. A pure sine wave is
of the well-known form shown in Fig. 1,
and may be plotted from the formula
V = Vo sin WT,
where V = the voltage at any instant,
W = 2r the frequency,
T = the time of onc alternation.
A sine wave is taken as the standard for
a pure wave, and any other shape of wave
may be regarded as an impure wave when
considering alternating -currents.  1f the
primary circuit and the acrial circuit of a

ya

PURE SINE WAVE

Fig. 1. As compared.with an impure wave,
illustrated below, this is a pure sine wave

wireless transmitter are not quite in tune
with one another—that is to say, they are
tuned to two slightly different wave-
lengths—when the two circuits are coupled
they will oscillate as one, but the wave
given out will not be a pure one, it will
tend to have two humps, one for the
primary tune and one for the secondary
(scc Fig. 2). Whilst as a rule the difference
between the two tunes will not be enough
to produce the actual humps as shown in

WAVE IN TRANSMITTER INCOMPLETELY
TUNED

Fig. 2. i the primary and aerial circuits of a

transmitter arc not quite in tunc the wave

given out will take this form or the flat-topped
shape shown in Fig. 3

Vig. 2, it may ecasily be sufficient to
produce a wave having a flat top, as
Fig. 3.

Such o wave is fairly common, and
although easy to reccive, it has a dis-
advantage, for if several waves of this
character are in use it is difficult to cut
out those not required on account of flat
tuning. A pure continuous wave is, as a
rule, of such a frequency or wave-length

EXAMPLE OF IMPURE WAVE
Fig. 3. Animpure wave may take the above form,
due to the aerial and primary circuits of a
transmitter being not quite in tune
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that it is quite inaudible in the telephones
of the receiver, but should there be any
rapid variation in the source of supply to
the valve oscillator or other continuous
wave gencrator, then the wave emitted
will not be pure, but will carry with it an
audible ripple.

This form of impurity is fairly common,
and may sometimes be noticed in the
waves emitted from continmious wave

_stations which use valve-rectified alternat-

ing current for their supply, due to the
fact that insufficient precautions are takea
to ensure the smoothing out of the low-
frequency alternating current ripple.

A similar impurity cften exists i
stations which usc direct current gencrators
to supply their transmitting valves; in
this case the audible ripple is due to bad
commutation or tooth effect in the arma-
ture or ficld. This defect may be over-
come by suitably designing the direct
current  generator. It should have a
commutator with very many scctions, =0
that the difference of potential between
adjacent commutator bars is low. The
armature slots should not run parallel
with the centre line of the armature shalt,
but the armature stampings should be
assembled in such a manner on the shaft
that the slots run in "a slightly spiral
manner, as shown in Fig. 4.

Alternatively, or in addition to this, the

pole tips of the field magnets may be

-
—

8

PREVENTING IMPURE WAVES
Fig. 4 (above). Slots in a C.W.
generator armature should Le out
of parallel with the shaft. Fig. 5
(right). Smoothing circuit for gener-
ator. The condensers are of § to

1 mfd., and L, of 50-100 henries

Another impurity which exists in nearly
every wave, to some extent, is the wave of
another frequency superimposed on the
main wave. Such waves have a definite
relation to the primarv wave, and arc
known as harmonics. For instance, any
given aerial can be made to oscillate in
several ways, the most natural being
the quarter-wave condition, in which
the aerial potential increases all the way
up the acrial from the ground, and reaches
a maximum at the top. But the same
aerinl can be made to oscillate at three
times the frequency, f.e. to the first har-
monic, the second, third, fourth, ctc.,
harmonics will be five, scven, and ninc
times the {requency of the fundamental.

Thus any wave may have these higher
harmonics superimposed upon it in the
form of ripples. In practical wircless
stations harmonics intrude themselves
upon very slight provocation. The very
act of keying or modulating introduces
them. They are probably least noticeable
in stations using valves as oscillation gener-
ators, whilst arc stations are. as a rule,
very bad in this respect.

A Jast form of wave which may in one
sens¢ be termed impure is a wave ol
variable frequency, that is; of variable
wave-length.  This  defect is due  to
moderately slow change tn capacity or
inductance of aerials and other cifcuits.
An aerial may be suspended in such a
manner that it moves or swings in the
wind. . As it moves ncarer or farther
from adjacent objects, including the
ground, it changes its capacity, and the
wave-length will ggup and down slowly.

Ly +

%, . DC

Cy C. 4

sloped off in the opposite direction, special
precautions being also taken over the
design and exact shape of these pole tips.
Even after all these precautions have been
taken it is general to add a smoothing
circuit between the generator and the
valve transmitter if perfectly pure con-
tinuous waves arc esscntial.

Such a smoothing circuit is shown in
Fig. 5.

Any single wave on analysis might seem to
be a pure wave, but the waves taken from
diffcrent parts ol the wave-train would be
found to*be different ; it therefore follows
that in the transition from onc wave-
length to the other, each succeeding wave
becomes longer or shorter than the onc
preceding it. These waves cannot there-,
fore be regarded as pure waves.  See
Harmonics . Oscillation.
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INCOMMENSURABLES.  Most ratios
which occur in physics are incommen-
surable : that is, the relation between two
units cannot in general be expressed
numerically, except by an infinite scrics
of decimals. The relations of a yard to a
metre, or a pound to a kilogram, are of
this naturc. But, of course, in any arti-
ficial system of units the ratios are made
commensurable.  There is a definite num-
ber of yards in a mile, a definite number of
pennies in a pound. But the ratio of a
franc to a pound, or a mark to a pound,
varics in a capricious manner, in accord-
ance with humag-—or possibly unhuman—
arrangements.  The ratio of a velt to an
ampere 15 called an ohm, and has to be
determined experimentally, with as much
accuracy as possible—never with complete
accuracy. Butit has the merit of not vary-
ing. A centimetre per second is a definite
velocity and so is the velocity of light ;
but the ratio between the two speeds 15 an
incommensurable number, which has to
be determined by experiment, with as
much accuracy as possible.

A kilometre per hour, however, is a
definite number of centimetres per second.
[t is defined by a definition of the units ;
and there is nothing empirical or experi-
mental about it. These things, thus
defined, are mere conventions, adopted for
convenicnce. It is a convention that there
are 3,600 scconds in a hour. But the
number of seconds or hours in a year have
to be determined by observation, and can
only be expressed approximately. The
number of hours in a day is called 24.
But that involves a definition of a day. It
approximates more or less closely to a real
day. The number of days in a year is
mecommensurable.

The number of volts of a given battery
is also incommensurable ; but it can be
determined with as much accuracy as you
please. The same may be said of the
number of microfarads in a condenser, or
the number of ohms in a given piece of wire
or coll.  When a measurement is made in a
laboratory, the accuracy of the result is
never complete, but is expressed by saying
that the determination is made to so many
significant figures. If it is right to three
significant figures, the error is less than

1 per cent.  The determination to four
significant figures is a very accurate
measurement. In some parts of astro-

nomy, accuracy of measurement has, by
generations  of skilled workers, been

brought to such a pitch that six signifi-
cant figures can be given. But this is
exceptional ; and in ordinary amateur
work accuracy to two significant figures is
not to be despised.—Oliver Lodge, F.R.S.
INDEX. Anindex, or small figure affixed
to a number, which signifies how many
times it is to be multiplied by itself. This
very simple operation is sometimes called
“involution ””; and the index is called the
“ power”” of the number. For instance,

two-to-the-ifth power cquals 32. It is
commonly called two-to-the-fifth. Two-
to-the-tenth (2% cquals 1024. And 2100

Is an enorraous number greater than the
number of atoms in the solar system.

The basis of arithmetic is addition.
When the same number is added to itself
s0 many times, the process is called multi-
plication. When the same number is multi-
plied by itself several times, the process
1s called involution, or raising to a power.

10® will be found to be 1 followed by
six 0's, t.e. a million. Small indices like
2 and 3 are commonly called squarc and
cube, from their obvious geometrical
analogy. Thus three-square is 9, the
number of square feet in a square yard.
And three-cube is 27, the number of cubic
feet in a cubic yard. Three-to-the-fourth
has no geomectrical analogy, unless one
is prepared to deal with space of four
dimensions, which. for wireless purposes
is unnecessary. But indices are by no
means unnecessary. I10% watts equals 1
kilowatt. ro® chms equals 1 megohm.

Fractional indices occur too; such as
¢, which signifies the square root of g,
namely, 3. 27" means a cube root, and 1s
also 3. The statement that 8% = 2 is only
another way of saying that 23 = 8,

The opposite ot addition is subtraction.

The opposite of multiplication is division,
that is, finding how many times one
number will go into another.

The opposite of involution is evolution,
which is also called extracting a root. The
squarc root of 100 is 0. The cube root of
1,000 is 10. The sixth root of 1,000,000 is
10. The cube root of 1,000,000 is 100.
The squarc root of 1,000,000 is 1,000,
The fifth root of 32 is 2. The early powers
of 2 should be remembered. They are 2,
4, 8, 10, 32, 04, 128, 256, 512, 1024. The
last number is 219,

We might go on to say that the opposite
ot differentiation is integration. The opera-
tion of finding an index to which a given
base must be raised to equal a specified

%
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number is called ““ finding a logarithm.”
Thus, 3 is the logarithm of 8 to the base z;
3 1s also the logarithm of 1,000 to the base
10, because it is the number of times that
10 must be multiplied by itself in order to
make 1,000.

Negative Indices. Instead of raising a
number to a positive power, one may lower
it, so to speak, to a negative power. In
that case you get the reciprocal. Thus
2°=8 But 27 =} And 1073 = [
108 = = 107% farad = 1 microfarad.
1073 ampere = 1 milliampere. 22 = 4.
272=1} 2'=2 But2l!=]}

By the use of indices, multiplication can
be turned into addition, and division into
subtraction ; addition and subtraction
being performed among the indices, not
among the numbers themselves.

Thus 2% is 32, and 2% is 8. But 253
s 4. 2°°% might also be written
25 % zm
23 8 2 w
Hence now we can find what 2° means.

i

2 .
For it is 2™, that is prr? which equals 1.

nn

bt

= 4. So in general 2m-"

Any number raised to the power o equals
1. The number whichis gomg to be
raised to any power is sometimes called
‘the base.” The index of the power to
\xhinh it is to be raised is called a

‘ power 7 when thmk]ng of the base, but
is called a ‘“logarithm ” when you arc
thinking of the resulting number.

Some numbers have only square roots.
Some have only cube roots. Some have
both. And many have neither. Some
have no roots at all of any kind; 2, 3,
5, and 7 are all in this predicanient. Their
roots can only be approximately repre-
sented ; though it is true they can be
obtained with any required amount of
accuracy, but never completely. Such
numbers as these, which cannot be ex-
pressed by any finite number of digits, are
called ““ incommensurabies.”  They are
extremely common. «/2 is one of them,
and = is amwther ; for there is no numeri-
cal relation between the circuinference of
a circle and its diameter, nor is there any
numerical relation between the diagonal of
a square and its side.

These ratios—and, indeed, most others--
can only be cxpressed approximately.
Whenever aratio can be expressed pre-
cisely as a number, it becomes a matter
of great importance.—-Oliver Lodge, I'.R.S.

See Logarithm ; Quantum.

INDIARUBBER. In its commercial
state indiarubber is a  manufactured
material cempounding a number of in-
gredients. The raw material is obtained
from various trees, bushes and vines in the
tropical regions. Indiarubber has many
uses in wireless work, chiefly as an
electrical insulation. To render it fit for
service, the raw material undergoes various
manulacturing processes according to the
purposce for which it is to be used, but 1s
chiefly compounded with various mineral
substances, such as hydrocarbons and
sulphur. As much as 65 per cent of
mincral substances can be compounded
with the rubber gum before the character-
istics of the rubber cease to predominate.
Commercial insulating indiarubber may
contain, for examnple, about 30 per cent of
rubber, the remainder being made up of
litharge, zinc oxide, whiting, sulphur, or
other substances in smaller quantities.

Rubber may be used in a more plastic
state, moulded in that condition, sub-
sequently  treated with heat, and con-
verted into hard substances known under
various trade names, the composition of
which may vary considerably, and known
variously as ¢bonite; vulcanite, cte.

The hardness 1s largely obtained by a

vulcanizing process, that is, the soft”

rubber has to be treated with sulphur,
which turns it into a harder material, the
hardness depending upon the completencess

‘of the chemical combination between the

rubber and the sulphur and other ingre-
dients. Hard rubber is a very good
electrical insulator, and may withstand
voltages up to 10,000 for good quality
sheets of hard gubber 44 in. thick; } in.
thickness of hard rubber will generally
withstand 23,000 volts on test; thus its
dielectric strength is high.

The specitic gravity varies considerably
accerding to the composition, and may
range from 1-1 to 14, the tensile strength
also varving, and may range from 7,000 1b.
per square inch downwards. Hard rubber
resists the action of most chemicals, softens
when heated, and can be bent readily at
the temperature of boiling water (212° F.).
To cut soft rubber, such as tube or sleeving,
sometimes ysed as insulation on connecting
wire, it 4s Dest to use a very keen, thin-
bladed knifc, and dip it repeatedly in
cold water.

Soft rubber can be turned in the lathe,
but the process is difficult. It can be done
with a small, round, ordinary wood turner’s
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gouge if it be ground hollow and kept very
sharp. The lathe tools should be razor-
like in keenness. Hard rubber can be
machined more readily with {ools made of
brass than those made with steel, and
cven ordinary soft mild steel tools usually
give better results than the usual pattern
of lathe tool. The tools, however, must
have an absolutely keen cutting edge, and
will last longer if the cutting cdge is coated
with {ine cmery powder. Polishing is
cffected by the use of rotten-stone and oil.
In marking out pancls and the like, the
work is carried out by coating the {ace of
the work with Chinese white diluted with
water.  When this is dry, marks can
readily be made upon it.  Rubber can be
made to attach firmly to any alloy which
contains antimony, all that is nccessary
being to wvulcanize the rubber while in
contact with the metal. Sheet rubber is
somcetimes used in wireless sets for mount-
ing valve holders and the like, to guard
them against the cffects of vibration and
thereby mininmize microphonic  noises.
Similar material may also be used on the
exterior of receiving sets and clsewhere.
Rubber belts are extensively used {or
machine-driving purposes, particularly in
places where they are exposed to the
weather or the action of steam, or when
in damp situations, as they are compara-
tively impervious to damp. The electrical
insulation of rubber varies a good dcal,

according to its composition, @dd particu-

larly when the material is heated. See
Lbonite.

INDIARUBBER SOLUTION. Name
given to a semi-fluid substance consisting
largely of pure rubber and a solvent. It
is usually obtainable in small collapsible
tubes, or in metal containers. It is highly
inflammable, and should, therefore, not be
used in the vicinity of a naked flame. It
is used for cementing articles made of
indiarubber, but only those which are
flexible-~generally, soft rubbers.

The solution is practically uscless as a
cement for hard rubbers. It is generally
applicd by first cleaning the surfaces to
be united, coating them with the solution,
allowing the solution to dry partially. and
then pressing the joint finnly together.
Rubber solution hardens when exposed to
the air, and therefore should be kept in
an airtight container.

INDICATED HORSE-POWER. This is
the total horsc-power a machine exerts ;
the actual horse-power, for example,

exerted by the explosion of a mixture of
petrol vapour and air in the cylinder of an
internal combustion engine. The term is
usually abbreviated L.H.P. (g.v.).
INDOOR AERIAL. Term used to
describe aerials erected within a building.
Grenerally, frame acrials are excluded from
the category, as they are virtually self-
contained wunits, possessing distinctive
features, and are dealt with in this
Incyclopedia under the heading of Frame
Acerial (g.v.). Indoor acrials are essen-

‘tially a convenience for the amateur and

cxperimenter, but even under the best
conditions are not so efficient as the
regular outdoor aerial.  Their convenience,
however, and the general case with which
they may bLe erected justify their adoption,
¢specially in locations in the vicinity of a
broadcasting station or in any circum-
stances where it is not desirable to erect
an outside aerial,

The methods to be adopted will be
governed wlmost entirely by the nature
of the building in which they are to be
placed. It is practically useless to attempt
to make a successful indoor aerial if the
10of is of corrugated iron, sheet lcad, or
other wletal. In the ordinary run of
domestdc dwellings a good plan is to
crect a multi-wire aerial as near to the
apex of the roof as circumstances will
permit, somewhat as shown in Iig. 1.
Points to note are to make a secure fasten-
ing to some dry and strong timbers or
horizontal members known as collars.

The wire 1is best arranged in one
continuous length, as long as possible,
within the limits prescribed by the Post-
master-General, and preferably pointing
in the direction of the broadcasting station
it 1s most desired to hear. The wire must
be very carcfully insulated by the use of
the ordinary pattern of insulation, or may
be fixed to strong insulated screw hooks,
the acrial being insulated by means of
rings of porcelain formed with an eye in
the hook.

The lead-in should be a well-insulated
wire, preferably stranded. The acrial wire
should be the usual stranded copper,
phosphor-bronze, or silicon-bronze.

Another plan when the roof.space is not
accessible is to use separate insulators,
and attach them by screw-hook insulators
or screws driven into convenient parts of
the building, such as the timbers of a
timbered ceiling, into the picture rail, or
in other points where a firm support can

4
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Fig. 1. In the apex of a roof a multi-wire
aerial is crected as high as possible. It is then
© out of the way

i Fig. 2 (right). Over the well of a staircase this aerial is vrected.  Five wires, about 18 in. apart,
arc connected to a common lead-in.  Fig. 3 (left). Screw eyes are fixed to the top cdge of the
l picture rail to support this aerial, which consists of three or more strands stretched across the room

THREE SIMPLE METHODS OF ARRANGING INDOOR AERIALS

he obtained.  TFig. 3 illustrates such an  as in Fig. 2, the lead-in wire being taken
arrangement  that has proved entirely  down the centre of the staircase well as
satisfactory in use. . far as possible before attaching the

In some cases it is desirable to dispose a  insulated  lead-in wire.  This arrange-
considerable amount of wire in the form ment has the advantage of giving con-
of a squarc and to arrange this just under siderable height. In such an arrangement
the ceiling of a staircase well or opening, a number of insulators can be attached to

nes 1D2
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one screw, which itself may be secured to
a strong hook firmly fixed in the angle
of the walls, the aerial being threaded
through the insulators nearest the wall
first, then through the next set of insulators,
and so on towards the centre. The wires
should be placed not less than ¢ in. apart.

An alternative method adaptable to
reception rooms is to fix small screw eyes
in the top edge of the picture rail moulding,
and by means of short lengths of cord to
fasten the insulators to them, arranging
these insulators to come 3 or 4 in. from the
surface of the wall. The wire may then
be stretched from one side of the room to
the other, passed through the insulators,
carried along parallel to the wall for
a foot or so, through another insulator,
and then again across the room, and back-
wards and forwards until as much wire as
possible has been used. A short, insulated
Jead-in wire should connect the acrial wire
to the instrument, as in Fig. 3. In all
cases - thoroughly cfficient  aertal 1
destrable,

When arranging the wires between the
walls, the directional application should be
remembered, and the wires arranged, if

mecessary, to pass angularly across the

room so that the greatest length of wire
15 pointing as nearly as possible in the
direction of the ncarest station.
Numerous other niethods are adopted,
as, for example, placing the aerial on the
mside of a cupboard door.  This gives a
certain measure of directional effect, as
the angle of the door can be adjusted to
a considerable extent by opening or closing
as reqaired.  Other svstems, somewhat
in the nature of freak reception, include
the usge of metal laths of the bedstead,
wire netting laid underneath the carpet,
and attachment to leacled light and other
nietal frames.  Reception in such cases
15 largely a matter of the receiving strength
of the set.  An excellent indoor acrial is
provided b\ the clectric lighting system,
the wires of which may be used as the
acrial.  To do this, a condenser is re-
quired In series \v1t11 the acrial wire, and
this is most conv um*ntlv obtained by the
use of a special appliance, purchasable from
any wircless dealer, and known as the
Ducon attachment (r].v,). See Aerial
INDUCED CURRENT. Tl conditions
of current induction, as istinguished
from current conduction, lie in the fact
that the cffects are produced in the
first case without any actual electrical

connexion between the inducing and the
conducting circuit, whereas conduction of
current cells for an actuai material con-
nexion between all parts of the circuit in
which current is flowing continuouslv. In
both cases, however, current is unable to
flow unless a previous difference of poten-
tial between the cnds of the circuit has
been established.

It is thercfore essential to study the
subject initially from the point of view of
induced electro-motive force, and reference
should be made to this heading. A current
van be “induced” in a neighbouring
wire, provided it is a closed circuit, by
two different means.  One is by suddenly
vlunging the electrical circuit into a
magnetic feld, or, conversely, by suddenly
removing 't (or the field), in which case
the current will reverse its direction as
compared with the previous conditions.

Another way of inducing currents is
0 plm e a closcd circuit in the neighbour-
hood of a similar conducter, and to pass a
current through the latter. On starting
np a curreat in the latter, the former will
show the presence of a. nmiomentary
induced current through a galvanomecter
connected with it, provided the wires are
sufficiently close together and carrving
a sufficiently luavy current.  On inter-
rupting the current which caused the first
deflection, it will be found that the
,Alvanometer shows another deflection,
but in the opposite direction this tine.

The similarity between the two cases
is evident, and, in fact, the inductiva
cffects are really due to exactly the same
causes, namely, reaction between the
magnetic and the clectric circuit by inter-
linking.  Lut whereas the magnetic field
15 assumed to be already in existence in
the first case, it is artificially created in
the second by the fact that all current-
Carrving <*ondu(‘tor; sct up magnetic
stress >s in the cther, and it is the sudden
growth, fol A(mcd by the sudden collapse,
of this magnetic field which is the origin
of the inductive effects experienced by
the conductor in the second case.

The induction of current is thercfore
somewhat of a misnomer, since it is
potential difference that is really set up,
and the resulting current is conditional
upon the presence of a closed circuit and
dependent in magnitude upon its resistance
¢r inductance.

The mere presence of a conductor in a
magnetic field 15 by itself insufficient to
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give rise to an induced electro-motive
force or current ; there must be rclative
motion between the two. Also this motion
must be in a certain sense or it will be
unproductive of results. Stated briefly,
the essential condition for clectro-magnetic
induction, whether of clectro-inotive force
or current (the latter being the result of
the former) is the actual cutting of the
magnetic field by the conductor, that is
relative movement between the two,
irrespective of which is the stationary
unit. They may both be moving, n
fact, but they must move in such a way
as to effect a change in the rate of cutting
the flux in order to bring about induc-
tive effects. See Electro-motive Iorce;
Inductance; Self-inductance.

INDUCED ELECTRO-MOTIVE FORCE.
The meaning of the term indugtion is in
reality action at a distance, as distinguished
from the production of electro-motive force
by means which depend upon the actual
conduction of carrent in the material
sense. IFor instance, electro-motive forces
may be set up by moving a magnetic
field in the proximity of a conducting
wire, and the same result may also be
produced by altering the value of a cufrent
i a neighbouring wire, changing its
direction, stopping or starting the flow, or
even by varying the distance between
the two wires. In all these cases it is seen
that there is no actual electrical connexion
between the two, and it is necessary to
look for the origin of such induced electro-
motive forces in some other direction.

When an clectric current is Howing
along a wire, the surrounding ecther is
subjected to a magnetic strain, which is
equivalent to saying that the wire is
surrounded by a magnetic field, or coa-
centric lines of force having the centre of
the wire as a centre. The effect of
changing the value of the current in this
wire upon any neighbouring wire would be
to relieve or increase the magnetic strain,
causing a transference of electrons along
it, raising the potential momentarily
at one end to a higher value than the
other.

Any such conductor interlinked with
a maguetic field will therefore experience
a potential difference between its ends
if the intensity of the ficld varies or changes
its direction, and this fact 15 taken ad-
vantage of in one well-known piece of
apparatus, namely, the dynamo, for the
purpose of generating clectric power. It

18 necessary to remember, however, that
the production of clectro-motive  force
must always precede the flow of current
and that the value of the clectro-motive
force will depend upon the rate of chang.:
in the flux.

Whether the flux in this magnetic fick]
is duc to the presence of a magnet or a
current-carrying wire is immaterial, and
the so-called * induction of currents by
currents s really the induction primarily
of an clectro-motive force in a closed con-
ducting circuit by varying the interlinkage
between the mragnetic and the clectric
circuits.  Current flows round the closed
circuit by virtue of the potential difference
between its two ends, and the presence of
the magnetic flux is due to the magnetic
region or ether stress inseparable from any
current-carrying conductor.

The various methods by which induced
electro-motive force can be originated
may be classified as follows :—

(@) A stationary flux and a moving

conductor.

(/) A moving flux and a stationary

conductor.

(¢) A variable flux and a stationary

conductor. '

() A variable flux and a moving con-

ductor.

As examples of induced electro-motive
force due to the above-named causes,
may be quoted: (@) The ordinary dircct
current generator, wherein a  system  of
conductors on a moving armature rotates
in a fixel magncetic field. () The
altcrnating current generator, in which
the conductors arc disposed on a stationary
clement called the “stator,” while a
magnetic ficld sweeps across them, origi-
nated by a rotating clement called the
rotor.  (¢) .\ static transformer, consist-
ing of stativnary windings on a stationary
iron core, the magnetic tlux being made to
vary and changc its direction by changes
in the magnitude and direction of the
exciting cwrent in once of the windings.
(d) Alternating generators with a rotating
system of conductors, having their ficlds
excited by alternating current, as, for
example, the various types of frequency
adlders.

To generate an electro-motive force by
induction 1ntroduces scveral factors, all
of which co-ordinate to affect the intensity
of the results. Thus the speed or rate
of cutting, whether it is the flux or the
conductor that moves, is onc¢ thing to be
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taken into account. Another is the
strength of the field, that is, the number
of lines being cut by the conductor in a
given time.  And still another factor is the
angle which a conductor moving at uniiorm
ratc makes with any  muagnetic  field
having a fixed direction in space. If a
conductor is moving at right angles to the
direction of the magnetic lines it will
obviously cut more in a given time than it
it were cutting them at some other angle.

It is obvious that as the angle decreases,
the induced clectro-motive force will fall
off, until when it is moving parallet with
the field there is no cutting action at all,
but the conductor is simply sliding along
the lines. The rate of change then
becomes nil, and likewise the induced
clectro-motive force.  Finally, the length
of the conductor must be taken into con-
sideration, since the longer the conductor
the more lines will it cut, provided it
operates in a magnetic region of consrant
intensity and unlimited extent.

The relationship between the clectro-
motive force induced in a circuit and
the other factors may be expressed as
{ollows :—

Electre-motive force in volts == change
of flux divided by 10® times the time
scconds.

If the number of lines included by
the circuit at onc instant is #’, and at
another instant »”, the intervening time
being ¢ scconds, the average electro-
motive force induced wiIl be

S ="
< (volts) = Io“><l
See Induced Current.

INDUCED MAGNETISM.  Magnetism
can be communicated to a piece of iron or
<teel without actual contact with another
magnet, and without any of the usual
modes of excitation employing the aid of
current-carrying coils of wire.

I a picce of soft iron A (see the figure),
15 brought ncar a permanent magnet, B,
it will exhibit polarity all the while it
remains within the influence of the per-
manent magnet, but will lose its poles to
all intents and purposes when removed to
a sufficient distance.  Its magnetic con-
dition is therelore a transient one duc to
the influence or proxumity of another
magnet ; or it might be said to have taken
up a definite polarity while lying in the
magnetic ficld due to the first magnet.

'111'1t end of the iron bar lying nearest
to the inducing magnet will acquire a

i

polarity of opposite sign to the permanent
magnet pole, and. of course, a pole of
similar sign at its far end, indicated in the
figure by the letters N and S. It is
impossible to produce a magnet having
only one pole, whether by induction or
otherwise.  All magnetic poles  possess
this pewer of inducing in any magnetic
material a condition such that the end
nearest the magnet is of dissimilar polarity
to the inducing pole, and a pole of similar
polarity at the distant end. At the same
tune, the body that has poles induced in it
will be attracted as a whole towards the
mducing magnet, owing to the law that
unlike poles attract, smee the repelling
clfect of the similar but more distant poles
is. exerted under more unfavourable con-
ditions than the attractive cffect of the
dissimilar and nearer poles.

The latter forms a rough test as to a
body being temporarily magnetized by

PARTIAL REPRESENTATION OF MAGNETIC
FIELD

Induction of magn-tic poles in a soft iron bar by
an adjacent permanent magnet is shown in this
diagram

L4
influence from another magnet, or perma-
nently magnetized from within ; for if onc
is allowed to approach the other and
repulsion effects are obtained, it is clear
that both are permanent magnets, since
an unmagnetized body would always
experience a force of attraction by virtue
ot the induction of a dissimilar pole to the
permanent magnet on its nearest end.
The only case in which this law might not
hold would be where an exceedingly
powerful magnet were brought up to
a much weaker and fixed permanent
magnet, whose natural polarity would be
then overpowercd by the more intense
inductive effect it expericnced, and its
poles temporarily reversed.

Any magnetizable body g"nerall\ shows
slight traces of magnetic polarity, as few
samples are sufficiently soft not to retain
a certain magnetic bias after having once
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been subjected to a magnetizing force.
The polarity of the earth is in itselt quite
sufficient to account for this, and all iron
railings or vertical steel masts in the
northern and southern hemispheres will be
found to exhibit more or less prenocunced
polarity, while for the same reason hori-
zontal steel or iron structures near the

equator will show the same condition.
The explanation is that the direction of
the magnet:e meridian, that is the earth’s
fleld, runs more or less parallel to these
structures, hence thev acquire by magnetic
influence a definite  polarity although
unexcited from sny but natural causzes.
Sec Magnet ; Magnetism.

INDUCTANCE IN MAGNETIC CIRCUITS & ITS MEASUREMENT
By Sir Oliver Lodge, F.R.S., D.Sc.

Here our distinguished Consultative Editor, who has also written the associated article

on Inductance, describes the fundamental conditions of inductance in magnetic

circuits, its measurement and its application to inductance coils where maximum

inductance with minimum capacity and resistance are required. See also Inductance;
Magnetism; Mutual Induction; Self-induction

Inductance is a name given by the
mathematician, Mr. Oliver Heaviside, to
the coefficient of induction, especially of
self-induction (g.v.) in magnetic circuits.
The inductance of a coil is measured by the
total number of magnetic lines of force
which thread every turn of the circuit
whe& unit current circulates through the
coil—multiplied by the total number of
turns, or number of times the unit current
circulates round the self-generated lines of
force. The mutual inductance of two coils
is the number of lines of force which effec-
tively thread the second coil when unit
current circulates in the first, multiplied
by the number of turns in thdk second coil.
(Ser, however, Mutual Induction, as well
as Sell-induction.)

The term Induction is more genera,
and signifies not a particular coefficient,
but the phenomenon of action icross empty
space in general ; and it applies to static
clectricity as well as to current electricity
and magnetism. (See Induction.)

The inductance of a coil can pe calculated
if its dimensions and numnber of turns are
known, and also the thickness of its wire,
both covered and uncovered. Tt can also
be determined experimentally ; but these
determinations are better given under the
respective heads of Mutual Induction and
Self-induction.

What is wanted in a coil is inductance

only, and neither resistance nor capacity.

Yet some amount of both resistance and
capacityis inevitable. The best thingis to
keep them low, reducing them to a mini-
mum for a given amount of inductance.
This means winding the coil ¢f such shape
as to give maximum inductance for a given
length of wire ; for both the resistance and
the capacity are proportional to the length
of wire used.

The capacity of a coil is due to the
inductive effect of each turn upon the
others near it. It is not useful capacity.
like that o a condenser : it is distributed
capacity, which is deletersous.  The actual
best shape of a coil can be departed
from, within certain limits, without much
damage, but the theoretical best shape 1s
a coil wound in a squarc channel or cross-
section, with the same number of layers as
there are turns in cach layer, and of such
dimensions that the outside diameter is
seven-fourths of the internal diameter.
Or, to put it another way : if the channcl
in which the wire is to be wound is 3 milli-
metres square, the inside dianicter of the
coil should be 8 miilimetres, and the outside
diameter 1.4 (Fig. 1). The actual size docs
not matter, as far as this condition i«
concerned ;  maximum  self-induction is
given by the shape alone; “ millimetres ”
in the above statement can be replaced by

centimetres or tenths of an inch or any

other unit. The shape here given will be
called “ the best shape,” though there may
be good reasens for departing from it.

The inductance of a coil is proportional
to the square of the number of turns of
wire. Hence to get a considerable in-
ductance in small compass, thin wire should
be used.  But the wire should always be
of the highest conductivity : unnecessary
resistance tends to damp out the oscilla-
tions. The turns of wire need not be very
close together. That is why the wire may
be thickly covered ; or it may be wound
basket-wise, so as to leave some air-spacce
between the turns. What may be called
“ the effective thickness” of the covered
wire is its actual diamcter plus the aver-
age distance apart of neighbouring turns.
It is not really necessary to use basket
winding ; for though it reduces capacity, it

O
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reduces inductance as well. Hence there
must be some compromise. A fairly thick
covering to the wire is sufficient.

If a coil is wound in the best shape,
as given above, its inductance has this
simple value :  three times the total
number of turns multiplied by the length
of the wire, L = 3ul. Thus suppose
10 metres of wire are wound into a coil of
the Dbest shape, with 10 turns in cach
layer and 10 layers, the inductance will
be 300 times 10 metres, 4.¢. 300,000 cm.,
or 300 microhenrics.

How to Calculate Inductance of a Coil

The inductance of a coil can be cal-

"culated only when you know the number

of turns. If a coil is not wound in the
best shape, it is usually cither a single-
layer cylindrical coil or a disk coil. The
number of turns in such coils is casily
counted, as the turns will be exposed.
And the following expression can be given
for reckoning the inductance of coils such
as these :—

For a short fat circular cylinder of
radius @ and short length 0, wound with
7oturns,

L = 2gan? (10;;1(,;—: -k ‘~7)
FFor a long narrow cylinder or solenoid,
of length b, radius @, and # turns of wire,
L = qon*a*/b = square of total length
of wire divided by the
length ot the solenoid.
FFor a disk spiral or flat coil of # turns,
with external diameter D ard internal d,
I D4
L=mn? (D d)(log, ety s, )
The best units to employ for calculated
inductance are length nnits: and the
result so expressed can casily be inter-
preted. LEvery centimetre of inductance
length is exactly equivalent to a 1nilli-
microhenry, or what is somectimes called
a billihenry.  One henry is 10,000 kilo-
metres ;. a microhenry is 1o metres; a
millimicrohenry is I centimetre.
LExample—\What is the inductance of
the small coil of dimensions suggested
above, if wound with a covered wire half
a millimetre thick. The cross-section of
the winding is 3 mm. square, the internal
diameter is 8, and the external I4 mm. ;
so the mean diameter is 11 and the mean
circumference 11w, or, say, 34 mm. The
number of turns will be 6 x 6 == 36.
Hence the total length of wire will
be 36 X 34 = 1,224 mm., and 3nl =

3 X 36 X 1,224 = 132,200 mm. or I3-22
microhenries.

If the coil is magnificd by 10 so that
the dimensions are centimetres instead of
millimetres, the coil would be a large one ;
and if the same wire were wound on it,
which would probably be injudicious, its
inductance would Dbe increased hy the
factor 107 ; 4.e. it would be 1-322 henries.

[n considering the inductance required
to make an oscillating circuit which with
1 given capacity shall respond te a given
wave-lengih, the following formula can
he used i —-

Lo

VTS
remembering that 2 == 10 very nearly ;
md that 1 microfarad = ¢ kilometres.

For instance, to receive a wave-length of
200 metres. with an aerial whose capacity
s I metre, or the ninth of a milii-micro-
microfarad, which would be a likely value
‘or a small amateur aerial, the coil to be
put in series with it should have an
‘nductance comparable to

40,000
=2 T = 1,000 metres
40 .
vhat is, 1 km., or 10° em., or a tenth of a
millihenry,

Practical Applications of Incductance Formulac

To get & wawe-length of 1,000 rgfres
with an acrial of 2 metres capacity would
need an inductance

1098
L= g5 = I2,500 metres,
that is, 12} km. or 1} millihenry. Twice
this value would be needed if the capacity
of the aerial were halved : whereas if the
wave-length to be emitted or received
were doubled, using the same capacity,
the inductince must be quadrupled.

To determine the external diameter of
a best-shape coil which shall have a given
inductance. L, for a given thickness of
covered wire, the following expression
SOIVes [—-

D3 = 66-6 % 1.T4
and ence having determined D, the size
of the coil is known in cvery detail, also
the number of turns of the given kind of
wire and the length of wire necessary.

The use of this formula will be best
llustrated by an example. Suppose the
inductance required is a millihenry, that
is to say, 10 km. or 10° cm.; and let the

thickness of the covered wire (i.e. the

covered wire plus the air space, if any)

-4
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be 2z mm. or . cm.; thcn D® coines
out from the above formuli as

066

625

or a trifle more than 10°; aad, therelore,

the external diameter of the coil should be
D = 10 cm. practically.

The internal diameter, d, will then be

10%

? D =57 cm.

The breadth of the coil, or side of the
square channel in which the wire is wound,

—3p—0pr
~I4D_2142cm.

The number of turns of covered wire of

this size, five turns to the cm., will be
2

7 o= (?) = 1I5

The mean radius of a turnis .
v = HD + d) = ncarly 4 cm.
And hence the total length of wire is
| = 2rny = 27-6 metres.

If, to verify these approximate figuics,
we now reckon 3m/, we shall find that
the inductance comes out g,522 metres,
which is fairly near the 1o km. or 1 milli-
henry aimed at : sufficiently so for most
practical purposes.  All fine adjustmonts
must be made experimentalld by trial.
Simple calculation in such cases can only
give approximate values, but it is very
uscful to know these beforehand.

As regards the size of bobbins wound
with the best shape, for a given thickness
of wire, we can make this statement:
that doubling the lincar dimensions of
the coil, for a given wire, magnifies its
inductance 32 times.

Or, again, if the size of the channcl is
given in which the wire is to be wound,
then the thinner the wire the greater the
inductance. Halving the thickness will
multiply the inductance sixteen-fold. This
is bccause inductance depends on the
squarc of the number of turns. In all
cases, in speaking of thickness, the average
#distance from the middle of one winding to
the middle of the next is meant, whether
the winding be close or open.  This
distance only comes under a logarithm, and
necd not be known with precision.

For a long cylindrical coil, the principal
term in the inductance is the squarc of
the total length of wire wound, divided
by the length of the coil. If the cylinder
is not a very long one in proportion to its
diameter, then we must apply a correction,
which may be written thus. Let “the

ratio of its radius to its length, #/[, be

called x. _

Then L - Square of total l(‘}}g§]1 of wire
length of coil

multiplied by (I ﬁg:r gt .l‘xl)

the last two terms in the brackets heing
usually unimportant
unless the cotl 1s too
stout in proportion
to its length.

All such expres-
sions for Linevitably
involve the square
of the number of
turns and the lincar
dimensions of the
| coil, “so that the
n /14/n answer comes out

I as alength. All the

I rest of the formula

! consists of ratios of

; similar  quantities,

, that is to say, of

, mere numbers. All

;  such formulae, pro-
i vided there is no
| crror, will give the
1 right order of magni-

tude for the sclf-
induction, on the

«BEST SHAPE” assumption, of

INDUCTANCE COIL  course, that the core
Tig. 1. This diagram ig air, and not iron.
shows the theoretical But there will

best, shape and  pro-
portions of a coil for usually — be  some

maximum  inductance. corrections to apply.
Dimensions  may be More accurate form-
read af* m("}‘cs or milli- ulae are given in
metres or other unit N y <o
Iiecles” “ Handbook
to Wireless,” but usually the accurate
value is best obtained by experiment.

Ifor a disk coil of large aperture, with
external diameter D and internal diameter
d, an expression has already been given

N D+d
Let us apply this to a disk spiral of 1o
turns of wire, with external diameter
6 in. and internal diamcter 2 in.

L =2,500 X 16 = 4,000 in., or about 111
yards, which equals 10,150 c¢cm. or about
10 microhenries. A long cylindrical coil
or solenoid may be convenient for sliding
contact purposcs, but it is very far from
giving maximum sclf-induction. A disk
coil, on the other hand, is not usually so
far away; and, indeed, a best-shaped coil
can recadily be built up of disk coils. The

®
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close addition of one disk coil to another
similar one will practically quadruple the
self-induction, and therefore double the
wave-length to be dealt with., A third coil
will dp])l()\lll’ldt(‘ly treble the wave- length,
the acrial or condenser capacity remaining
the same.

When two similar colls are jut togcether,
as two disk coils or two C\lmdu coils
«asllv might be, the combined inductance
is cqual to the sum of their scparate
inductances  plus  twice their mutual
mductance, or

L == L, —-]-— 2M

This is the prmaplc of sliding induc-
tances and variometers. One coxl might,
for instance, be rotated inside the other.
When their turns agree in divection, their
mutual inductance is positive ; when they
are in opposite direction, it is negative.
So, by putting two ()pp(mtdv wound coils
very close together, it 1s possible to reduce
theresultant mdu( tance to somewherce ncar
zero. Forits valuewill be L, + L, — 2M.
And 1t thcy are vay (‘lme together
and similar, Ly =L, % )1«)\1m¢1\1x
Hence, the result is .1pp10\1m( tely 0. But
if one coil is turned round through 130°
so that their directions agree, then thL
result is Ly + L, + 2M, which is approxi-
mately 41, So that the inductance has
been quadrupled, in accordance with the
invariable rule that it depends on the
square of the number of turas; for the
number of turns in this case has been
doubled by the addition of the second coil.

Clerk-Maxwell’s Inductance Formula

The fundamental formula of Clerk-
Maxwell for the inductance of a coil
whose diameter 1s much greater than the
cross-section of its winding is approxi-
mately as follows :

Let # be the mean radius of the coil.

Let & and ¢ be the breadth und depth of
the cross-scetion, which may be very
different, making a very oblong section.
Then S

- 2 2 S - — 2
L == qmn?r (lobu T _)

or, what is almost ex: l(.l]) thu same thing,
{ being the total length of wire, and D and
d the (:xtcmal and mternal diameters of
the winding,

) -+ (i

i;”c)

For maxunum inductance the quantity
in brackets in the fisst expression, or the
logarithiny number 1 the second, will be

L == 20l log, ( :

i; and that is why the inductance of a
Lest-wound coil is
max L = 3u/

Strictly speaking, a correction ought to be
applied for the thinness of the uncovered
wire, for that slightly increases the
inductance. 1f T is the covered and ¢ the
uncovered wire thickness, a more correct
¢xpression is

L=1/(3n+2log.Tjy
But for a coil of many turns the correction
I+ unimportant.

Experimental Methods of Measuring

Induetance. The inductance of a coil
means the number of lines of {force
induced in it by a unit current circu-

lating round the coil, multiplied by the
number of turns of the coil ; that is,
by the number of times the circuit
cicloses those lines of force.  Experimental
nicthods of determining this quantity arc
nearly all based on a modification or
adaptation of the Wheatstone bridge (g.2.).

The resistances have first to be b.lLanLd
i the ordinary way, under conditions which
criable the current to have a steady value.
And then the current is made to vary, so as
to exhibit the disturbance of the balance
due to the inertia or inductance of the coil ;
that is to sav, its choking effcct on a
varying current.  The simplest mode of

varying the current is a make-and-break
arrangement, in which case a galvanometer
can be used, preferably a ballistic galvano-
meter (g..), to measure or indicate the
momentary impulse or disturbance. An
absolute mecasure can be got with a
ballistic galvanometer, but the more usual
method 1s to make compensating adjust-
ment, so as to reduce the momentary
disturbances to zero.  Another plan, used
i comparison and null methods, is to vary
the current sinuously, as by a vibrating
Jud or rotating armature, with a mpldxtv

utftcient to give o musical note ; and then
H u;cphom is used as the detecting
instrurnent m the cross-arm of the bridge
mstead of a galvanometer.

The fund: uncntdi mcthod of this kind,
the toundation of all the more mwodern
devices, was  first planned by Clerk-
Maxwell; and this is still the best method
for obtaining a very accurate result when
all suitable precautions are taken- But
m practice Maxwell’s method is not the
most convenient. It has been ingeniously
modificd by Anderson and othcra These
methods are handier in practice, though
they all depend on Maxwell’s principle.
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When measuring the resistance of the
wire wound on an electro-magnet, it is
mstructive to put a keeper on or pull it
off while the current is steadily flowing,
the magnet being in one arm of the balanced
bridge. In either case a wave of induce:l
current is sent round the circuit, and the
galvanometer shows a sudden kick or
deflection, in one direction when the
keeper is put on, and in the opposite
dircction when it is taken off: Dbecause
the putting-on or taking-off of the keeper
varies the induction (¢.v.) or number of
lines of force through the coil. The
keeper closes the magnetic circuit, and
thereby increases the number of lines of
force (Iig. 2).

The way to get a steady cuwrrent in
Wheatstone bridge for measuring resist-
ance is to close the battery cireuit before
the galvanometer cirenit ; and that is the
object of the two keys supplied in manv
patterns of Wheatstone bridge.  When
the resistance to be measured has anv
inductance, 1if the galvanometcr circuit 1:

1yl

|j||
METHODS OF DETERMINING INDUCTANCE VALUES

Fig. 2 (ieft). With the aid of a condenser of adjustable and known capacity the Maxwell Wheitstone

bridge is used as represented in this diagram for measuring indactance.
If the key A is put down before B a steady current balance can be obiained.

inductive resistances.

denser it is possible to neutralize or
destroy these momentary impulses, and
so to make the dctermination by what is
called “a null method ”: that is, to
adjust conditions so that the galvano- -
meter is not affected either by a steady
or by a transient current. To achieve
this, a double adjustment is incvitable.
The resistance and the inductance must be
balanced separately. A\ sinuous variation
of current, and detection by telephone. is
now convenment (Figs. 2 and 3).

The reason a shunted condenser can
neutralize an inductance is because it
acts just oppositely—not as a choking
oppusition to change of current, but as
an attractive and easy path, which, so to
speak, pulls the current forward instead
of cpposing it. Mence in balancing an
mnductance against a condenser, they
must be put in opposite arms of the bridge.
Inductance usually gives a spark at break.
Capacity gives it rather at make. They
act oppositely in many respects. The
two in series generate oscillations.

N

~ }—

N

P, Q, and S are non

It C be adjusted until galvanometer needle does not kick when A'is closed after 13, then constants of

opposite arms will be equal, or I./R = CQ.

ment for comparing the inductances of two coils.
T, or the galvanometer, G, will not be affected by the alternating curvent.
the time constants of the two currents 1ust then be

closed  before thie battery circuit, then
the galvanemeter is bound to be affected
by the make-and-break of the battery in
a4 momentary manner, which however,
makes the balancing of resistance alone
impossible.  This momentary lick of the
galvanometer constitutes a measure of the
unbalanced inductance in the circuit.
That is the principle on which these
methods act. But by the use of a con-

Fig. 3 (right'.

Maxwell’'s Wheatstone biidge arrange-
Wlhen the balance is compiete the telephone,
LN = R'S = P/} becous
he same.,

It is possible also to neutralize the cliect
of alternating currents of known frequency
by suitable adjustment of resistance
without the introduction  of  capacity.
The possibility of emploving and com-
bining these  three things, resistance,
inductance, ¢nd what is sometimes called
“ capacitance,” has given scope for con-
siderable ingenuity, and some of the
nethods of combining them are highly
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ingenious. But tllcy are I* st described
under the heads Mutual Induction and
Self-induction. Nevertheless,  a briel
account can be given here, to illustrate
what has been said about the genceral
principle of these measurements.

When two coils are balenced against
each other in a Wheatstone bridge, with
the other arms non-inductive, the time
constants of the two coils must be the
same.  The time constant of a coil means
its inductance divided by its resistance
L/R, for this regulates the rate of rise or
fall of the current.  The rise of current at
make is controlled by the equation

Lo+ RI=E
where E is thv battery clectro-motive
force applied.

At any time ¢ after make, the strength
of the current is

T R
am 11(1 - g—il)

R
So in a time L/R it rises to within 3

of its final value, whicly, of course, is IE/R.
Here ¢ is the natural base of logarithins
{gv.). In a time two or three times L/R
it has attained nearly full strength.

So to compare the inductance of two
coils, one of which may a standard,
you connect them in the arms of a Wheat-
stone bridge, with suitable non-inductive
resistances for the other arms. You first
balance for steady currents, and then
for make-and-break or varying currents.
Calling the resistances in the four arms
P, Q, R, S, and the inductances L and N,
as 1 the figure preceding, where S means

not only ‘that coil but en additional
resistance, s, as well, the first adjustment
gives
R D
S0
The second adjustment gives
L N
RS
Henee when both adjustments are perfect
L R P
NTS O

But the double adjustment can only be
performed by varying S, by addition or
subtraction of anon-inductive resistance,
s, which is to be included in S as part of
the reckoning.  The double adjustment is
troublesome, and the employment of
variable capacity in one of the arms is a
help (Fig. 2).

The galvanometer used for these deter-
minations should be a sensitive one, but

while the rough adjustments are in pro-

2ress 1t may advantageously be shunted,
m order te protect it.

The time-constant of a shunted con-
Jdenser is the shunt resistance multiplied by
the capacity, say QC in Tig. 2. Hence
we can arrange a plan for comparing an
mductance with a condenser, 1nstead of
with another inductance.

If capacity i3 expressed in microfarads
and resistance in ohis, the product will
come out in millionths of a sccond, and
can be equated to L/R, where L is in
microhenries and R in ohms. Thus a ceil
of induction 15 millihenries and resistance
5 ohins can be balanced against a capacity
of 3 mfd. shunted by 1,000 ohms, becausce

15,000
s 3 X 1,000

the time-constant in each case being 003
sccond. The general relation for balance or
cquality between the time-constants is

L

1 =CQ
where Q is the resistance shunting the
capacity C.

[n applying the equation

. = ROC
resistance being in ohms and capacity in
microfarads, the induction will come out
in lﬂl(,r()h()rll"lCH Thus, if R = 5 ohms,
Q = 1,000 ohms, and C = 3mfd., the
inductance will be
I. = 15,000 microhenries or 15 millihenries.

INDUCTANCE COIL. Any coil which is
designed to produce an inductive effect.
Coils of this nature are used in great
varictv in wireless work, and are known
by various names, depending upon the
use to which they are put and the particular
qualities which they possess. Certain
torms of inductance coil, however, arc
known simply as inductances, and of
thesc the most familiar take the form of
those illustrated in Figs. 1, 2, and 3

Fig. 1 shows a typical variable induc-
tance coil, using shding contacts as a
means of varyving the number of turns
desired to be used. Such coils are always
of the single-layer varicty, and are wound
with cnanelled wire upon ebonite or
impregnated strawboard formers.

The coil illustrated in Figs. 2 and 3 has
tappings instead of a sliding contact.
In this case it is more convenient to use
silk or cotton-covered wire. This particu-
lar coil has 110 turns, and is divided into
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TWO-SLIDER INDUCTANCE COIL
Flig. 1. Coils of the two-slider variable
inductance type, as illustrated, are wound
with a single laver of insulated wire on
cardboard or ebonite formess
Cowiesy Econgmic Electriz Co,, Lt1.

11 man sections.  Ten of these sectioms
have one tapping taken of cach, while the
remaining one 18 tapped at cvery tuen.
Thus any desired number of turns may
be used from T to 110 In steps of «ne
by means of suitable switches,

How to Make a Tapped Inductance Ccil.
A tapped inductance coil suitable  for
genersl broadeast reception and put up
m the form of a unit is illustrated in
Fig. 4. Arranged in this way, it is
adaptable to a variety of purposes, and
can be coupled up with prectically any
form ol receiving set.  The cuse can be of
any convenient size, and that shown in the
Hlustrations measures 4} in. square and
4in. deep. It can be constructed along
the lines described under the heading
Cabinet.

The top is covered with an cbonite
panct |in. thick and 5in. square, with
neatly rounded edges and both sides
matted, it being secured to the case by
four screws, onc at each corner. The
inductance i1s wound on an impregnated
cardboard former, or, if preferred, an
isolo or cbonite tubk may be substitutcd.
The former measures 4in. in length and
3% In. in diameter, and i3 wound with
No. 24 D.C.C. wire and has a value sutfi-

- g&%\
TAPPED INDUCTANCE COIL
Silk or cotton covered wire is genera'ly
. used in this form of inductance coil
Courtesy Economic Elcctric Co., Lid,

Tig. 2.

__ INDUCTANCE COIL

cient for the whole range of
broadcast wave-lengths in
use with the average P.M.G.
acrial.

The taps are made in the
following way, and taken in
regular intervals, cleven in
all. The winding is com-
menced by fastening the
wire to the former by pass-
ing it through two small
holes made near the edge ol
the former. Seven turns of
wire are then taken round the
former, and a strip of ebonite
41n. in length, 3 in. wide, and
¢ i thick 1s placed over the windings,
and the cighth turn taken round so that it
passes over the cbonite strip.

Seven more turns are taken around the
cardboard tube, the ebonite slip pushed

E
H
-

INDUCTANCE CO!L TAPPINGS
Fig 3. Tapjpings are taken internally in this case
at cvery 10 turns up to 1o turns, and the tapped
wires are paswed through holes in the former and
carried internally to one end
Coustesy Ecoontic Electrie Co.. Lid,

along and one turn taken over it, and
so on, as shown in Fig. 5. The winding
continues in this way until the former is
conplete.  This ebonite strip remains in
position throughout to keep the winding
taut.

The next step is to scrape the insulation
off the sing.e turns of the wire on the top
of the ebonite strip, and to solder a good
length of insulated wire to each tap.
These  wires should be about gin. m
length, and the insulation should be
removed from the end to permit of the
soldering. The soldering should be carricd
out very carcfully and with the point ol
the iron, a- shown in Fig. 6, and cvery



: Fie. Leads from the tapping points are soldercd

Fig. 4. linclosed in a case with a on the inductance coil by removing the insulation from

pancl and switch is a tapped home-  the wire, which is separ«ted from the coil at the tapping
made coil for inductance point by an cbonite slip

5}

Fig. 5. Winding the tapped inductance coil is here scen in progress. Note the method of
g5 1 g tapy ! LCE prog
taking taps.  The ebonite slip is not removed when the taps have been made

Fig. 7. Sleeving 1s attached to the leads from 3- 8. LKbonite strips are used to fix the coil
the tappings in position in the case

HOW TO MAKE A TAPPED INDUCTANCE COIL AS A SEPARATE UNIT
(164
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PANEL FOR INDUCTANCE COIL UNIT
Tig. 9. Terminals, switch, and centre spiadle are
shown mounted on the top panel of the case for

the tapped inductance coil

trace of soldering acid carcfully removed
after cach operation.

The next step is to cover the wires with
a short length of systoflex or mulating
sleeving, as shown wmn TFig. 7 It will he
noted that the last turn of the wire forms
a tap.  The first turn is connected to the
aerial terminal in the usual way.

The inductance is now ready for placing
within the case, and is simply pushed into
position and held there firmly by means of
a small strip or strips of ebonite to prevent
it moving about, as shown in Fig. 8. The
taps arc brought out to the top, and
should be straightened out s shown, to
give as little trouble as possible when
connecting them in their preper order to
the contact studs. The top panel has now
to be fitted with the studs, one in the
centre to act as a pivot bearing for the
contact arm and handle, while a further
cleven studs have to be fitted at equal
distances apart and arranged in the form
of a hall-circle, as is shown in Fig. q.

Two terminals are also fitted to the
opposite part of the panel to the studs, and
one of them is connected bencath the
panel to the centre stud, and the other to
the first turn of the inductancé winding.
The wires leading from the taps have now
to be congected in correct order to the
contact studs, the first tap being taken to
the first stud nearest to the aerial terminal,
the second to the next, and so on. They
may be secured by soldering, or, if
preterred, with lock nuts, whichever is the
most convenient. A good scldered joint
15 better than a nutted joint,

It is very important that the insulation
of the connecting wires is only bared
sufficiently to make contact under the nut,
as there should be no fcar of any of the
wires touching cach other underneath
the panel, or the inductance will not
function properly. The panel is then
securely screwed to the top of the case,
and a test made for continuity by attach-
ing one lead of the terminal of a dry
battery to the aerial terminal, and the
other Jead of the opposite terminal of the
dry battery to the carth terminal on
the pancl. A pair of telephones is then
placed on the head and the tags attached,
one to the centre stud and the other to
one of the contact studs, when at the
noment ¢f making and  breaking  the
connexion a sharp click should be heard

AL

INDUCTANCE COIL SWITCH ARM
Tig. to.  Details of the construction of the
handle and contact.  The arm is bent to make a

springy contact

in the telephones.  Each stud should be
separately tested, and should give similar
signals, those nearest the aerial terminal
giving a slghtly louder click than the
others, as the resistance 15 reduced.

It now only remains to prepare an
cbonite handle by cutting a picce of 1 in.
ebonite sheet to shape and drilling a hole
through it at one end, so that it may turn
freely, but without shake, on the centre
stud. A brass contact blade is then
prepared and screwed to the underside ol
the cbonite handle, and may be a strip of
brass about & in. wide, tapered off some-
what at the contact end, and bent down-
wards so that it presses sulficiently on the
studs to give good contact (Fig. 10).

A hole 1s dnlled through it to clear the
centre stud, and it is sccurcd to the
chonite with two small countersunk brass
screws. Alternatively, a laminated flexible
brass bush can be prepared and similarly
fitted. A flat washer is then slipped
over the centre stud, then a spring washer,
another flat washer, then the handle, still
another washer, and, finally, a nut on the
top of the stud, which s tightened down
so that the handle can move smoothly
and the blade bring pressure to bear on
the contact faces (Fig. 11).
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TAPPED INDUCTANCE PANEL COMPLETE
Fig. 11, In this photograph the panel is shown complete,
with the handle and contact arm mounted

A test should then be made in a similar
manner as before, but in this case the
positive terminal of the dry battery should
be connected to the acrial terminal on the
panel, and a Dbuzzer or bell connected
between the earth terminal and the negative
terminal ot the battery. On moving the
contact handle from the first to the last
stud the buzzer should continue to func-
tion. If it does not, it indicates that the
taps have been connected in incorrect
order. The remedy is obvious.

The construction of other forms of
inductance coil, as well as other methods
ol making taps, are dealt with under the
headings Basket Coil ; Coil ; Honeycomb
Coil (g..). See also Acrial Tuning Induct-
ance ; Loose Coupler, cte.

INDUCTANCE FORMER. Name given
to a foundation whercon to wind an
inductance coil.  With the ordinary form
ol single-slider contact inductance the
former 1s often made of cardboard tube
(g.v.), isolo, ebonite, bakelite, or other
good insulating material, and when the

FORMERS OF INDUCTANCE COILS
Cardboard, ebonite or fibre formers arc usually
employed for winding inductance coils. An

cbonite and a fibre tube are shown

INDUCTANCE COIL UNIT TAPPINGS

Fig.12. With the panel of the complete unit
raised, the tappings are secen connected to the
underside of the contact studs. Leads are made
of sufficient length to allow the panel to be lifted

coll is completed the former is left in
place to support the winding. .
In the case of some forms of plug-n
mductance coil, as well as some forms of
honeycomb coil, the former consists of a
ring of insulating material on which the
wire is wound. In other patterns the
fermer is onjy used as a temporary support,
and is withdrawn when the coil is com-
pleted. In the case of basket coils, for
cxample, the former consists of a reel or
spool and a serics of pegs or plugs, which
are removed when the coil is finished.
Other forms of inductance are cither
built up on a former which subsequently
acts as part of the structure, or they are
removed when the winding is completed.
The figure shows two inductance formers,
one made of ebonite and the other of
fibre.  See Basket Coil ; Coil.
INDUCTANCE SWITCH. An inductance
switch is one intended to be used for the
purpose of cutting in or out of circuit a
certain number of turns in the winding of
an inductance coil. ~ A pattern is illus-
trated in Fig. 1, and comprises an cbonite
base, with mounted upon it a number of
contact studs. A substantial brass con-
tact arm, carrying a separately bushed
laminated contact brush, is pivotally
mounted on an ebonite base, and can
move across the tops of all the con-
tact studs. The terminal and stop pins
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complete the switch, except for the con-
nexions, and these are simply made with
the various tappings on the inductance
coil, and connected in order tc the contact
studs. A connexion is made from the
pivot of the contact arm to one of the
terminals, the other terminal being con-
nected to the commencing end ot the
inductance coil winding.

The pattern illustrated is intended for
mounting on a bascboard, and is suitable
for experimental use, having four small
insulated feet fixed to the underside of the
pancl to provide studs for the connecting
wires.  Many other patterns are available,
the disposition of the parts, the number ot
contact studs and other details varving
according to the requircments of the -ct.

A very useful inductance switch suitable
for amateur construction is illustrated in
Fig. 2, and is a self-containcd
unit adaptable {for experimental
purposes.  The sizes may be
modified, but those given :n
the ilustration comprise a
bascplate 3 in. wide, 2} in.
deep, and a vertical member
3 in. square. Mounted in the
centre  of this panel is a
movable contact arm and
knob, which makes contact with
of the eight separate contact studs,
thus providing eight tapping points.

The construction should be commenced
by preparing the base and pancl from
ebonite {in. thick, cutting it to shape,
and matting all the surfaces. The ncxt
step is to prepare t\\o small brass angle
plates £ in. high and } in. wide, mdlxmg
these from brass strip # in. wide and
1¢ in. thick. The two short .cgs are then
screwed to the ebonite base so that their
faces are at a distance of about 1 in.
from the edge of the cbonive, as shown
in Iig. 3

The next step is to prepare the panel,

marking it out accurately, drilling a
central hole to clear the Lush for the
contact arm spindle, and also holes for
the eight contact studs, and those {or
the uxmﬁ screws, as shown in Fig.
The studs should be equally spaced, and
be sufficiently close together to permit
of the brush bearing on the second stud
before it has entirely left the first, so that
a smooth action may follow., The studs
must all be carefully adjusted for height
for the same reason, otherwise the action
will be jerky and the contact be faulty.

anv
J

The next step is to turn up a bush for
the contact spindle. This should have a
large flange 1 in. in diameter, and is best
prepared bv drilling a hole through a
casting or a piece of bm» rod about 1 in.
in thlLkn(':S, mounting it m the mandrel
ot the lathe, as shown in Fig. 7, and turn-
ing the bush out of the solid, as all the
operations can then be performed at one
sctting, as it is important that the flange
be in a plane at right angles to the centre
line of thc spindie.

Three lxmg holes are drll]ml through
the flangc (md 1t may then be Scrv\\ul
into its po- ition on the pancl. The contact
spindle s simply a lcngth of screwed
brass rod with a double-ended contact
arm made of four or five Jaminac of strip

SWITCH FOR INDUCTANCE COIL

Fig. Five studs are mounted on this pancl.

The sthch arm making contact with studs 1 to

4 1ncludes’ inductance at various values in a

circuit.  'When the arm makes contact with the
stud O the inductance is cut out

copper or phosphor-bronze attached to it
by means oi a circular nut having a small
slot across its upper face so that the
contact blades may rest in the notch. A
hole is drilled through the blades to pw‘mit
the spindle to pass through, and the cbonite
knob is then screwed firmly on, thus .
holding them securely together, as Shown
in Fig. 6

The ends of the contact arms will have
to be carefully filed until the longer
arm bears evenly on the tops of the
contact studs, while the short arm, with

longer projection, bears tirmly on the
flange of the spindle bush. Contact is
cffected by placing a couple of spring
washers over the projecting end of the
spindle and adjusting the pressure by
means of two brass lock nuts, locking then
together securely to prevent ’(l\cm mmlng.
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Iig. 3. Brass angle pieces are attached to an
ebonite base to support the panel in a vertical
position

Iig- 2. LExperimenters can casily make an
ithductance switch, which is shown complete
. as a unit

Fig. 5. This is a back view of the complete
instrument, showing the stud legs

o

Fig. 4. Contact studs are
mounted on the panel, and must
be evenly spaced

e % A ; s L5

A ] ot b, N g
6. Detasls of the knob, Llig. 7. On the mandrel of the lathe is the bush being turned
contact brush, and spindle for the spindle of the switch. The bush has a large flange }
- |

CONSTRUCTION OF AN EXPERIMENTAL INDUCTANCE SWITCH
1168
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INDUCTION: WHAT IT IS & HOW ToO

CALCULATE IT

By Sir Oliver Lodge, F.R.S., D.Sc.

Here in this second of two associated articles our distinguished contributor and

Consultative Editor describes the various forms which induction may take, the

manner in which it acts in each case, and the methods of calculating it. See
Electricity ; Inductance ; Magnetism ; Self-induction

Induction is @ namc first emploved by
Faraday for any magnetic cr electrical
action across empty space.  When a
charged body is brought near a conductor,
it is said to act inductively on that con-
ductor. If the conductor 1s insulated, its
potential is thereby raised by an amount
proportional to the charge, and inversely
as the distance of that charge. Not the
square of the distance.

Electrostatiec Induction. .An insulated
conductor thus acted upon inductively
has not only its potential raised, so
that it can give off a spark similar in
sign to that of the inducing body, but
it has its  own clectricity  redistri-
buted ; the opposite sign being attracied
towards the ncighbourhood of the in-
ducing charge and a charge of similar
sign  being repelled, <o that it has
opposite charges at its two cnds, and is
sald to be polarized. 11 it e earthed,
the repclled electricity escapes and an
extra supply of the attracted sign is
supplicd, sufficient to neutralize its poten-
tial and reduce it to zero in spite of the
continued neighbourhood of the inducing
charge.

For instance, il a positively charged
sphere 1s brought into a room, the floor,
walls, and ceiling of that room, and
especially the table and all neighbouring
objects, arc charged inductively; and
negative clectricity can be removed from
any of them by mecans ol a proof-planc.
If the hand ot an operator is brought near
to the inducing charge, that hand at once
acquires an opposite charge; in other
words, electrons crowd into it from the
carth and {face the inducing positive
charge, until, if the hand be brought ncar
enough, the opposite charges rush together
disruptively, breaiking down the insulation
of the air and causing the momentary
evolution of heat and light called a spark.

Ifinstead of a flat surface a peinted body
be brought near the charge, the electrons
crowding on to that point are able to
break down the air at a considerable
distance ; giving, however, not a spark but
either a luminous glow or a brush. In
other words, they clectrify the air in the

immediate neighbourhood ; which then,
ne doubt, moves towards the charged body
and rapidly discharges it. In this wav
what is called ““ an electric wind ” can be
produced ; which wind can drive a small
paper-mill, or by its action on the point
can propel that backwards, if it is free
to move.

When an clongated insulated conductor
is subjected to induction and then broken
i half or separated (by previous arrange-
nient) into two portions, one half will be
charged negatively, the other positively.
And the two charges can be separated te
any distance by what might be called
“convection though the term con-
vection is 1a0re usually applied to the
automatic carrying of charges by the
atoms of matter, instead of to their
artificial convevance by hand, or othe:
means ol locomotion.

Magnetic Induetion. When one end
ol a long magnet, that is to say, a mag-
netic pole, is brought near a piece of iron,
it, too, is acted on inductively and is
said to be polarized. If, for instance, the
mnducing pole is a north pole, the piece ot
iron will have a south pole at the near
end and a north pole at the far end. But
il it be now broken in half, these poles
cannot be separated. New poles appear
at the break, and each half is a complete
magnet. And the same will occur into
however many pieces it is broken.

This is an important distinction between
magnetism and eclectricity. It may be
said that whereas electric lines of force
terminate or conductors, one end being
positive, the other end negative, magnetic
lincs of force never terminate, but are
always closed curves. Only, when they
quit the air and enter iron or steel, the
change in what s called * magnetic
permeability,” or, more simply, the change
of material, causes poles to appear at
the boundary. And these poles appear
wherever there is a boundary.

Moreover, there is no ordinary con-
duction for magnetism, as there is for
clectricity : and a magnet cannot be
discharged by touching it. Steel magnets
are magnetized bv induction ; and if the
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steel is hard they retain the magnetism
imparted : that 1s to say, the material
does not allow the lines of force produced
in it to subside again. A portion may
subside, but a portion is retained; the
retained portion being called *“ permanent
magnetism.” It can, however, be got rid
of in several ways. It partly subsides if
the steel is treated violently, as by the
blows of a-hammer. It subsides to some
extent by lapse of time. It diminishes
also if the steel is heated: at a certain
temperature it disappears altogether. At
a red heat iron becomes insusceptible to
magnetism. Nickel loses its suscepti-

bility at a much lower temperature.

Cobalt retains it to a white heat.

Concerning  the nature and cause of
these differences, aftd the reason for the
susceptibility of iron and other magnectic
substances, some progress has been macde ;
but there is much still to be discovered.
At present, in an elementary treatment,
we must ascertain and accept the facts.

Hard steel is not easily magnetized ; but
when it is magnetized it retains the mag-
netism, especially if the bar is long and
thin. A short stout bar is quite unsuit-
able for a permanent magnet. If such
a bar magnet is wanted it must be made
of thin bars separately magnetized and
then riveted or clamped together (see
Compound Magnet).

Magnetism Transmitted Only by Induction

Electricity may be conveyed from one
body to another by conduction; but
magnetism can only be transmitted by
induction : and the two opposite poles
can never be separated. .The poles of
every magnet are equal in strength,
though, if they are of different size, ¢ne
may be more concentrated than the other.
Lines of force from every portion of the
north pole curve round to a corresponding
portion of the south pole, and then
continue through the stcel or iron, com-
pleting the magnetic circuit. Such a
circuit is sometimes called “ open’'—
meaning that it has an air-gap; in the
case of a bar magnet a wide and diffuse
air-gap. It may be technically closed, or
short-circuited, by a piece of iron or
“ keeper,” so that the stray field in the
air can be reduced to insignificance.
But all magnetic circuits are really closed
in one material or another.

The same statement may be made for
““ current ”’ electricity, for when a current

flows it must flow in a complete circuit.
But if a diclectric or insulator is interposed
in that circuit, then the circuit is com-
pleted, not by conduction, but by electric
displacement ; that is, it is completed in
an clastic manner: like the stretching of
a membrane across a pipe, which would
be displaced by the flow of water, until
either it bursts or else stops the flow, and
causes an elastic recoil or discharge.

That is just what happens in a con-
denser, though the displacement is not
of a mechanical and obvious kind. The
electric flow is checked and driven back
again when the propelling force is re-
moved and the external metallic circuit
completed.  Some diclectrics are much
more casily burst than others. Glass and
cbonite, and even liquid insulators, such
as oil, can stand a considerable strain.
Airis burst more easily. Induction always
precedes a spark ; and it is induction which
chiefly operates in condensers.

Current Induetion. But IFaraday found
that another kind of induction could go on
from an electric current when there was
a conductor in its neighbourhood. This
kind of induction is very important, and
not quite so simple as static induction.
When a current is steady it has no
inductive effect. To produce -clectro-
motive force by induction, currents must
vary in strength. When they rise in
strength thev induce an opposite current
in neighbouring conductors. When they
fall in strength they produce a current of
similar sign to themselves. And they do
this even in their own conductor, a pheno-
menon  which was called by Faraday
“ Extra Current,” but is now known as
sclf-induction (g.v.), a namec given by
Clerk-Maxwell.

The electro-motive force set up in a
conductor depends on the rate of change
in the number of lines of force which
thread it, and in fact is equal to that rate
of change, dN/d/. As long as the lines
of force are steady there is no visible effect,
but Faraday called that “the clectronic
state,” because when the lines of force
subside, or are removed, or otherwise
destroyed, a wave or pulse of current
circulates in the conductor,- its strength
depending on the electro-motive dN/4¢,
divided by the resistance of the conductor,
in accordance with Ohm'’s law (g.v).

[f the inducing coil has an iron core,
that iron is acted on by the current and
magnetized inductively ; and the lines of
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force duc to the iron add their effect
to those of the coil, and exert stronger
induction at a distance. The conducror
in which induced currents are set up is
called a secondarv circuit, the original
current being called the primary. If the
secondary circuit is wound on the primary,
or wound on some part of its iron core,
nearly all its lines of force can be got
through 1t, and the inductarce is then
a maximnum. This is what is called an
induction coil (g.v.).

The object of an induction coil is to
generate a sudden and violent electro-
motive force in the secondary circuit ; and
for that purpose the strength of the
primary current is varied very rapidly.
It may be made and broken in rapmd
succession.  The break can be made more
rapidly than the make, because a complete
break in the circuit can stop it almost
dead—not quite dead, because vou cannot
introduce the insulator with infinite specd.

If you break it in air there is sure to be
a spark, which prolongs the current for
an instant. If you break it under a liquid,
the stoppage is more sudden. Even in
air, however, the stoppage made be made
rather sudden by supplving a condenser
to the terminals of the break ; for then
the first rush of the self-induced or extra
current c¢xpends itself in charging the
condenser, =0 as to give time for the
terminals to scparate, and so to either
avoid the spark altogether or reduce it to
a minimum.

Induction in the Dynamo

Moreover, the stored charge in the
condenser immediately recoils back, pro-
ducing a current in the opposite direc-
tion ;. so that the primary current is
not only stopped, but reversed, thus
giving a double effect on the secondary.
And if the secondary has a large number
of turns, so as to surround the magnetic
lines of force a great many times, the
induced clectro-motive force may reach
a very high value, giving a spark in
favourable cases a foot or more in length.

A dynamo also acts by induction. But
in that case the current is induced in the
armature not by making and breaking the
primary current, which can remain steady,
but by rapidly moving it; or, what is
more convenient, by rapidly rotating the
armature coils, so that the steady lines of
force of the inducing magnetic field shall
thread the secondary circuit or armature,

first in one dircction and then in the
other. And the more rapid the rotation,
the more vigorous is the induced electro-
motive force.

The total induction in a magnetic
circuit, say a horseshoe electro-magnet
with an air-gap (in which experiments can
be made), is the total number of lines of
force generated. If A is the sectional area
of the circuit and / the width of the air-gap,
if «is the magnetic permeability of the
iron core, # the number of turns of wire
weund on it, and I the strength of current
circulating through it, then a first approxi-
mation to the total induction is ‘‘ the
magneto-motive force” 4xnl divided by
the “reluctance,” IfuA ; in close analogy
with Ohm’s law for an electric circuit.
Consequently, the total induction is

N - 1@;&1

If a wire is moved across the gap it
cuts all these lines, and the electro-motive
force induced in it is proportional to the
speed with which it moves, being dN/d:.
If an armature is revolved in the gap it
can cut all these lines twice at cvery
revolution.  That is the beginning of
dynamo thcory.

What the Act of Induction Is

Since magnetic lines of force always
form a closed circuit, they cannot be
made to thread a coil as you thread a
necdle, by pushing their ends through it,
becausc they have no ends. They have to
be moved sideways into its aperture ;
and when they are removed, they must
shift sideways out. Hence, in entering

and leaving they must cut all the wires

of the coil. That is one way of expressing
the act of induction—a coil is arranged to
cut the lines of force as quickly as possible.

But it is not rcally the cutting that
does the business. Ior if you move a coil
across a uniform field, with the lines always
perpendicular to the coil, the total number
of lines through the coil continues constant,
and then no effect is produced. (It may
be said, however, that one half the coil
is cutting the lines one way, the other
half the other way ; so discrimination is
not easy.) If, however, the coil is turned
through a right angle in a steady uniform
field, all its lines are taken out; and if
turned through another right angle, all
the lines are put in again in the inverse
direction. And this goes on at every
revolution. But such induced currents
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are always and naturally in opposite
directions. Hence, to get a one-direction
current from such a coil you are bound to
have a commutator (¢.v.). And a com-
mutator always means a sliding contact
of some kind.

It is possible to have an cxpanding or
a contracting circuit, and in that way the
number of lines of force can be changed
and a current inducced. But you cannot
go on contracting or expanding for ever
without a sliding contact, such as might
be given by a revolving copper disk
with one spring touching its axle and the
other spring resting on its rim. If such a
disk is rotating in a magnetic field, a
steady current is produced in any circuit
joining the two springs. And this was
IFaraday’s first dynamo, the origin and
precursor of all the dynamos of the prescnt
day. He also made alternating dvnamos
in their most elementary form. But
those do not need a commutator, though,
cven in them, there must be a sliding
contact.

The Universal Magnetic Field

When a primary and secondary circuit
are brought close together, so that lincs
from one easily thread the other, they are
said to be close-coupled. When they are
far apart, they are said to be loose-coupled.
It is possible to put two coils quite close
together, and yet to adjust their position
so that no lines from one thread the other.
Their mutual induction is then zero ; but
it is rather a delicate adjustment to get
such zero, except when they are far apart.

Practically every moving conductor is
moving in a magnetic field, viz., the ficld
of the earth. Hence induced currents of
insignificant strength are exceedingly
common. The rings of a horse’s larness,
as he trots, must have currents induced
in them. If we stir up the coins in our
pockets, currents are induced in them.
Current induction goes on wherever con-
ductors are moving near magnets of any
kind, or when they are in the neighbour-
hood of varying magnets. The magncts
might be permanent steel magnets; they
might be electro-magnets with iron
cores; or they might be mniere coils of
wire attached to a battery.

If the variation of a magnetic field is
considered a kind of moticn, we may
generalize and say that current induction
1s the result of magnetism and motion.
Even if there are no conductors in the

neighbourhood of a varying or moving
magnet, electro-motive force is still pro-
duced ; but that only results in electric
displacement, not in a conduction current,
And such electric displacement would be
permanent as long as the magnetism kept
on varving and would only subside with
a condenscr-like recoil when the magnetic
ficld became constant.

The interlocking of magnetism and
eleetricity is most important. It may he
likened to the interlocking of two curtain-
rings threaded together, like the two
links of a chain. A current started in
one induces magnetism in the other.
And, conversely, magnetism gencrated in
one induces a current in the other. The
fact of this reciprocal interlocking, and
the fact that it goes on, though less
obviously, in insulators, and c¢ven in
empty space—where the current must be
of the displacement and not of the
conduction kind, furnishing, thercfore, an
elastic recoil—is responsible for the genera-
tion and transmission of electro-magnetic
waves. The electric force and the mag:
netic force in space are at right angles to
cach other; and their advancing wave-
motion is at right angles to them both.

The electric and magnetic forces are in
the plane of the wave; and the line at
right angles to them both is the direction
of advance of the wave: The advancing
encrgy depends on the product of the
electric and magnetic forces; and the
spced with which they can advance
through so-called empty space, that is,
through the cther, is the velocity of light.

That is what light is; and there is no
other kind of light. That is what wireless
waves are ; and hence induction domi-
nates the whole field of electrostatics,
cuwrrent electricity, magnetism, and optics.
Induction is a sign that all material objects
arc intimately connected and thoroughly
impregnated with the ether of space.
Without that, there could be no action at
a distance. And it now appears that
gravitation is another manifestation of the
properties of the cther, of a not wholly
dissimilar kind, and that in some recondite
way the velocity of light regulates the
transmission of gravitation also.

INDUCTION COIL. A\ device for obtain-
ing a very small current at high pressure
through conversion by induction of a
current of low voltage into one of high
voltage with a corresponding decrease of
amperage. The most familiar type is the
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so-called Rithmkorff coil, named after a B, This again *“ makes’

Paris instrument maker who, in 1851,
produced a model showing certain impor-
tant advances upon the work of pre-
decessors.  Since  Rithmkortf’s  first  in-
strument fresh improvements have been
introduced, but in his later patterns he
cmbodied the most essential of these,
namely, the hammer break and the con-
denser, the former attributed variously
to C. E. Neef, J. I Wagner, and
J. W. M. Gauley, of Dublin, the latter to
Fizeau.

Fig. 1 gives a clear idea of the working
of an induction coil.

The current from the battery flowing
through the primary windings, P, causesa
magnetic field to grow up around the
secondary conductors, S.  The spring, G,
carries a piece of soft iron, and also a
platinum contact, A, which normally
touches another contact, B, the two con-
tacts together forming part of the primary
circuit.

S
sh Iron Core

N7

]
1>
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INDUCTION COIL AND HAMMER BREAK
I'ig. 1.” Represented in this diagram is the action
of an induction coil.  How the coil is used in the
well-known hammer-break or interrupter. as

with an electric bell, is shown

When the magnetic field of the primary
has grown to a sufficiently high value the
piece of soft iron mounted on the brass
spring G is drawn over to the iron core of
the primary, thus separating the contacts
A and B, and breaking the prirnary circuit.
But, because the primary circuit has been
broken, the magnetizing current from the
hattery ceases and the magnetic field dies
away. There is, therefore, nothing to
attract the contact A to the iron core, and
consequently, through the action of the
brass spring G, it flies back into touch with

INDUCTION COIL

»

the primary
circuit, and so the process goes on auto-
matically, a momentary electro-motive
force being induced in the secondary
circuit for cach make-break. For, as noted
in the article on induction, in dealing
with rautual induction, any stoppage or
variation of current in a circuit produces
an induced electro-motive force in a
ncighbouring circuit owing to the cutting
of the second circuit by the lines of force
produced in the first.

The voltage induced in the sccondary
will be very much higher than that ot the
primary if a sufficiently large number of
turns are included in the former. In the
n:odern indiuction coil the primary consists
ot a bundle of soft iron wires enclosed in an
ebonite tube, the primary circuit being
wound round the latter, usually in several
layers.  No. 14 5.W.G. wire, silk-insulated,
1s very suitable for this purpose. The
sccondary circuit generally consists of a
large number of flat sections wound
scparately, the adjacent ends of the sections
being soldered together and insulated so
that there are no inaccessible joints. The
use of very fine wire such as No. 32 or 36
S.C. for the secondary, coupled with the
sectional method of winding, enables a very
large number of turns to be included.

The condenser, %, shown in the diagram,
is inserted partly to prevent destructive
sparking at A and B, and partly because
a much higher electro-motive force is
induced in the secondary owing to the
more rapid decay of the magnetic field
brought about by the passage of extra
current into the condenser, and the
consequent sharp cutting off of the current
in the primary circuit.

Owing to occasional irregularities in the
action of hammer-breaks, various other
forms of break or interrupter have been
devised, of which the best known are
the mercury turbine and electrolytic
interrupters.

The former were frequently used in
connexion with the large spark coils
formerly employed for transmission .in
wireless telegraphy, but are now rapidly
being pushed into the background by C.W.
and valve methods. The electrolytic in-
terrupters are of value in X-ray work,
but have no special application -to
wireless.

An induction coil for the transformation
of alternating currents is called a trans-
former, an instrument of which various
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types are employed in wireless. But in
this case, as the alternations of current
produce sufficient variations in the mag-
netic ficld to induce a current into the
secondary winding, no automatic make-
break is necded. Nor is a core employed
in high-frequency transformers,

It must be fully understood that the
induction coil increases voltage only at the
expense of current. For instance, a coil
Which is designed to work off a ten-volt
battery and which consumes, say, one
ampere, might conceivably be made to
deliver a voltage of 10,000 across its
sccondary. Thus a wattage of 10 is
applied to its primary. The output would
still be of the order of 1o watts, less the
losses in heat and the current consumed
in providing the power for working the
interrupter. In this case, then, the output
current would be something less than one-
thousandth of an ampere.

Induction coils arc always rated by the
length of spark which they will normally
deliver {rom their secondary, providing
pointed discharge rods are used. Ball or
disk dischargers, such as are generally used
for wireless work, whilst more efficient
than pointed ones for this purpose, cut
down the length of spark according to

INDUCTION COIL DESIGNED TO GIVE HALF.
INCH SPARK

Fig. 2. An ordinary 4 volt accumulator is used

in conjunction with a coil designed as illustrated.

their shape, and therefore may not be
used for rating purposes.

A typical small induction coil for
amateur usc is illustrated in Fig. 2. TIts
construction is of the simplest possible
character, and it is designed to give a
3 in. spark. Such a coil will be found
useful for working small Geissler fubes,
or similar static experimental apparatus.
This coil will work quite well off a 4 volt
accumulator and will consume approxi-
mately 4 amperes. .

The coil itself is mounted upon a hollow
base in which the condenser 1s assembled.
The latter consists of sheets of tinfoil
separated by paraffin-waxed paper. The
core of the coil is shown projecting from
the end-picces, and the iron wire of which it
is composcd may be plainly seen. - The
coil 1s wound upon a bobbin having a very
thin paper centre. At cither end of the
bobbin are the checks, which are of hard-
woor], polished and stained black. The
primary is wound in very close proximity
to the core, the connexions from it being
taken to the two terminals shown on the
near end of the base. It is, of course,
to thesec terminals that the battery is
connected.

A layer of thin insulating material
separates the sccondary winding
from the primary. The sccondary
consists of very thin wire, well
insulated, and wound layer upon
layer with a paper insulation
between cach. The final layer

is  protected  from
mechanical injury by
having layers of thin

This induction coil gives a spark across a gap the clectrodes of which are spaced half an inch.
Small Geissler tubes may be worked with a coil of this kind
Courtesy Economic Electric Co., Lid.
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twine wound over it. The secondarv
terminals are fitted on the tops of the
end cheeks, one being on cach. These
terminals form convenient (lamps for
fitting discharge rods.

The interrupter is of  the simplest
possible character and is clearly shown.
It consists merely of a pillar on which the
armature spring-strip 18 fixed. A {urther
pillar, located by the side of thie armature,
carries a platinum contact, which engages
with a contact on the strip itself.

* A very much larger coil, capable of de-
livering a 6 in. spark, is illustrated in
Ing. 3. While the appearance of this coil
would suggest the same methods of con-
struction as for the smaller one, it
is really very dif-
fcrent as regards
the winding of
the  sccondary.
The winding of a
secondary of such
a coil as thisis a
matter requiring
great care, owing
to the enormous

voltage gcenerated. The insulation of
secondary windings of large induction
coils is a thing which is always likely to
break down.  This being so, it 1s obviously
necessary that any fault occurring should
be easily located and rectificd.  The
secondarics of such coils, thercfore, are
invariably wound in small sections. These
usually take the form of thin flat disks of
wire, very similar in appearance to the
well-known pancake inductance. For a
6 in. coil it is usual to make them about
4 in. thick. The centres of these scc-
tions are made hollow, the holes being of

such a size that they will slip easily over
the primary winding and any intervening
msulation.

The sections, which would probably be
about one hundred in number, are threaded
over the primary and connected in series.
The wire used should be double silk-
covered, and therc should be one or two
paper disks, thoroughly impregnated, be-
tween each disk. It will be seen that such
a construction renders the location of
faults in insulation a matter of comparative
case, and, jurthermore, should a fault

SIX-INCH SPARK COIL
Fig. 3. Sparks up to 6 in. can be
obtained by this coil. On the left is a
pancl-shaped commutator for reversing
the direction of the primary current
Courtesy Marcon’s Wireless Telegraph Co., Lid.

arise, the bad section may be removed
and a new one substituted. Should the
latter not be available, and the coil be re-
quired for immediate use, sections on eithet
<1d-b of the faulty one may be connected

§ether and the coil used with only a
very slight lowering of efficiency and slight
reductionin the length of spark obtainable.

On such a coil as this it is essential that
all external insulation be of ebonite. A
thin sheet of this material is wound round
the secondary winding to protect the
latter from the effects of dust and damp,
and also from mechanical injury.
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A hamumer break is fitted to this coil
This is of very heavy construction, and is
fitted with contacts sufficiently large to
carry a current of six amperes at a pressure
of ten volts. To the left of the break is a
barrel-shaped commutator for reversing
the direction of the primary current. Such
a device is uscful for some experimental
wdrk in static clectricity. .

1t is possible to use an induction coil as
gqn ordinary high voltage step-up trans-
former if a suitable alternating current
supply is available. For this puarpose the
alternating current supply voltage must be
cut down to the same as that if direct
current were used, and the frequency
should not exceed fifty cycles. It is
necessary in this case to disccnnect the
interrupter, as this is not required, the
alternating current of itself possessing the
necessary fluctuating character to perform
the inductive effect.—O. Wheeler and
R. B. Hurton.

See Hammer Break ;, Induction ;
terrupter ; Mercury Break.

INDUCTIVE CAPACITY. Ease with
which a dielectric permits static induction
to act through it. Different diclectrics in
a condenscr, for example, act differently
as regards the induetive action between
the plates. Mica, one of the most com-
monly used dielectrics, will suffer a greater
clectric strain than air, for
example, which i1s another
way of saying that a more
powerful inductive action
can takc place across it.
Other things being equal, a
mica cohdenscr, thercfore,
has a greater cqpamty than
an air condenser.

The ratio of the inductive
capacity of any particular
dielectric to that of air is
called its specific inductive
capacity, or dielectric con-
stant, and this ratio 1is
usually denoted by the
letter K. This constant is
an important one in wireless construction,
and the experimenter will find that it
occurs on every occasion he has to calcu-
late the capacity of home-made condensers.
See Dielectric for a list of dielectric
constants.

INDUCTIVE COUPLING. The arrange-
ment of a coil of wire so placed in
respect to a similar coil, that oscillations or
alternations of current flowing through

In-

AERIAL TUNING COUPLED INDUCTANCE

Fig. 1. Wound on the secondary of this induc-

tively coupled aperiodic aerial tuning inductance

is a primary coil composed of a few turns of stout-
gauge wire

the one coil induce similar oscillations in
the other coil.

The principle of inductive coupling de-
pends on the varving lines of magnetic
force cutting a conductor and creating a
current within that conductor. It {ollows
that the closer the conductor or sccondary
coil is to the coil emanating lines of force,
due to the varying current in it, the greater
will be the induced current. Another

INDUCTIVE LOOSE COUPLER

Fig. 2. Selectivity is the principa! advantage of this type of loose-

coupler tuning inductance
Courtesy Economic Electric Co., Ltd.

factor regulating the amount of induced
current is the number of conductors in the
secondary coil. The greater the number of
thesc conducting lines the greater will be
the current induced.

The methocds of inductive coupling may
be divided into two main classes which
embrace fixed and variable coupling.
High and low-frcquency transformers
figure largely in the former class, while the
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Fig. 3. Inductive coupling between aerial

primary and secondary coils and between

secondary and reaction coil is arranged in this

set. The two outside coils are variable in posi-
tion, and the centre coil is fixed

latter mainly covers methods of aerial
tuning for both. transmitting and re-
ceiving stations.

An exception to this is shown in Fig. 1,
which shows a fixed inductive coupling
applied to an acrial tuning system. It
consists of a secondary coil over the centre
of which is wound the primary coil of a
few turns of wire. The primary is con-
nected to acrial and earth, the oscillations
from which are induced at higher ampli-
tude, but at the same frequency in the
secondary coil.  This is shunted by a small
variable condenser and connected in the
grid or detector circuit of the receiving
set. This inductive coupling is known as
aperiodic, which indicates that it is not
tunable to any wave-length. It has good
sclectivity over a limited wave-length.

Of the wvariable inductive couplings,
Figs. 2 and 3 show two common forms.
A loose coupler is illustrated in Fig. 2
where the primary and secondary coils are
wound on cbonite tubces, variable coupling
being arranged by sliding the secondary
coil inside the primary. Both coils are
tunable, the primary by mcans of a slider
rod, and the sccondary by a seven-stud
switch- giving tappings of this coil.  Inter-
mediate wave-lengths are found with the
use of a small variable condenser shunted
across the sccondary coil.  The method
of connecting this instrument for aerial
tuning is the same as described for the
aperiodic coupling shown in Fig. 1.

A very convenient method of inductive
coupling is shown in Fig. 3. In this case
the inductance coils arc mounted by means

of a plug and socket to similar attach-
ments in a coil holder, the coupling be-
tween the coils being varied by the ex-
tension arms. The illustration
shows a double variable coupl-
ing, the first Dbeing between
the primary and secondary coils
shown to the right and centre
respectively, and the second
coupling between the sccondary
and reaction coil, the latter
being shown to the left.  The
switclies on the top of the pancl
are for switching a condenser in the prim-
ary circuit from series to parallel, and also
for cutting the primary circuit right out
for tuning-in on the secondary circuit.
The coils shown in the illustration may
be substituted by duo-lateral or honey-
comb coils.  Other methods of inductive
coupling employ basket coils.

The effect of inductive coupling in an
acrial tuning system*is to produce a
greater sclectivity and freedom {rom inter-
ference than is obtdined with a direct
circuit. This advantage is obtained at the
expense of ease of tuning, as it is more
difficult to tune two circuits to a desired
wave-length than one. Tor this reason
a stand-bv switch is often used which
cuts out the primary circuit until the
sccondary ' circuit has been tuned to
the wave-length required. See Anode;
Basket Coil ; Coil; Magnetism ; Reaction ;
Tuning.

INDUCTIVITY. This is a word occa-
sionally used for the specific inductive
capacity or dielectric constant of insulating
materials. See Diclectric.

INDUCTOMETER. The inductometer is
an Mnstrument for the measurement of
self and mutual inductance. Many forms
of the instrument have been designed, but
the general principle is the employment
of two coils—a primary and a sccondary-—-
one of which can he moved relatively to
the other, its position being rcad off a
scale usually calibyated to give the in-
ductance directly. .

Lord Rayleigh used a mutual inducto-
meter formed of tWo coils, the sccondary
being of larger diameter than the primary.
The two coils are so mounted that the
secondary coil is fixed, while the primary
can be rotated round a common diameter.
When the two coils are at right angles
to each other, then the mutual induct-
ance is zero, and when parallel to cach
other, the mutual inductance is a
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maximum, There are, therefore, two
positions of maximum inductance and two
of zero inductance.

The Campbel}l form of inductpmeter con-
sists of two primary coils A, B, mounted
with their axes in the same line, as shown
in Fig. 2. They are connected in series so
that their ficlds are in the same direction.

The sccondary consists of two coils,
I, I¥, connected in series. The coil F is
pivoted at a point O, so that it can be
moved eccentrically with respect to the
axis of A and B, the rotation being meas-
ured by a pointer moving over a scalc.
The coils are wound with stranded and
separately insulated wire, -so that the
mutual inductance between each strand of
the primary coil, and each of the strands
of the secondary coil will be equal, and
these inductances can be added or sub-
tracted by connecting the strands in series,
according to the direction of the winding.
The range of the instrument can, thereforc,
be considerably increased by bringing a
suitable subdivision of the turns of both
primary and secondarv turns to terminals.

In the bridge form of inductometer the
variable mutual inductance and two non-
inductive resistance coils are connected
to form three arms of a bridge, the fourth
arm including the inductance to be
measured. To measure a mutual induc-
tance when the value is less than that of
the wvariable standard, the connexions
shown in Fig. 1 are used, where A is the
primary of the standard, B is the secondary
of the standard, C the primary of the
unknown, and D is the secondary of the

unknown. The coils B and D are con-.
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MEASURING MUTUAL INDUCTANCE

Tig. 1. When mutual inductance is less than the
standard against which it is being measured the
bridge method in this diagram is cmploved

nected so that their fields oppose cach
other.  Arbalance is obtained by adjusting
the mutual inductance of the standard,
and when obtained, the scale reading
indicates the value of the unknown
mutual inductance.

It the mutual inductance is greater than
that of the standard, the connexions
shown in Fig. 3 arc used, adding a small
variable inductance C, or a non-inductive
resistance to one of the inductance arms
of the hridge.

-

U
CAMPBELL FORM OF INDUCTOMETER

Fig. 2. Self and mutual induction can be mea-
sured by the Campbell form of inductometer
represented above

MUTUAL INDUCTANCE MEASURING BRIDGE

Fig. 3. Inductance being greater than the
standard against which it is being measured a
bridge of this kind can be used
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The condition of balance is then

PS = RO

NS =1R
where I, S, Q, N, L and R arc the resist-
ances. The sccondaries are then con-
nected in series (in opposition) with the
telephones, and the variable mutual
inductance is adjusted to obtain a bahnce
Then

RN, = Si,,

M, being the mutual inductance of the
unknown.

The alternating  current  supply  for
inductance measurements should, as nearly
as possible, conform to a sine curve.  One
of the test instruments for this purpose is
the microphone hummer, which emits a
very constant note and a fairly pure
wave form.  When an audwo-frequency

note is utilized, the detector can be an -

ordinary telephone receiver, a  balance
being indicated when no sound is heard
in the telephones:

If audio-frequency buzzers do not give
sufficient power, then some form of alter-
nator must be used, and then a vibrating
galvanometer must replace the telephones
for detecting the balance.

INDUCTOR ALTERNATOR. An alter-
nator in which the armature winding and
the field magnet winding are wound on
projections inside the stator, while the
rotor consists of a drum carrying pro-
jections of some magnetic material.

Higher speeds are possible with this type
of alternator by using solid steel rotors,
instead of the ordinary laminated type.
The 100,000 cycle alternator first des-
cribed by Alexanderson in 1908 was an
inductor alternator. The rotor consisted
of a steel disk with a thin rim and a thick

hub.  The edge of the disk was provided’

with slots milled through the rim, so as
to leave spokes of steel between the slots.
The slots were filled with a non-magnetic
material, as phosphor-bronze, and riveted
in place to withstand the bigh strain when
the alternator was running at full speed.
The field excitation is provided by coils
located concentric with the disk. See
Alternator; Dynamo; I'requency Changers;
Generator.

INERTIA. That property of a hody
which tends to keep it in a state of rest,
or to resist a change of motion. In
celectricity there is a very similar property
of an electrical circuit, its self-induction or
inductance. In a circuit containing an
clectro-magnet, for example, the incrtia

Source of
current supply

ELECTRICAL INERTIA

A1 clectro-ipagnet in a circuit demonstrates

electrical inertia. Although the switch is out,

the current still flows, falling comparatively
gradually to zero. .

of the electric current 1s measurable,
That is to say, when the current is switched
on through such a circuit it does not
immediately reach its maxinmum, but rises
gradually, and when the current is switched
off, it does not immediately ceasc to flow.
in the circuit, but falls off from its maximum
to zero. This is easily shown by the
insertion of a galvanometer in the circuit.

The figure shows hoaw the slowing up of
the current may be demonstrated. A B
is an clectro-magnet, C a switch, G a
galvanometer. The switch cats the cur-
rent off from the source of supply, and at
the same time it will be found that the
galvanometer continues to be deflected,
showing that a current is still flowing.
Of course this effect lasts but a very short
while, but is similar to the process of
slowing up a motor car, for example,
when the throttle has been closed. 1t is
the overcoming of the clectrical inertia
as it were, in the same way as the slowing
up of the motor car demonstrates mechani-
cal inertia.  See Inductance ; Induction;
Lag; Lead; Lenz Law; Phase Angle.

INFLUENCE MACHINE. Influcnce, or
electrostatic induction, is a word intended
to convey action at a distance, as dis-
tinguished by conduction, which iplies
the conveyance ol an effect by actual
material conductors.

The presence of an electrically charged
body exerts an inductive influence upon
any other body in its neighbourhood,
although the latter is unconnected in any
way by an electrical conductor of current.
The familiar experiment of rubbing a
stick of sealing-wax with flannel and hold-
ing it m the ])YO\in;it) of a scrap of tissue
paper or other light material which is not
an electrical conductor, is a case in point.
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As is well known, the paper will first stand
up on end when approached by the sealing-
wax, and ultimately will leave the ground
and fly to the sealing-wax, where it adheres
for some cousiderable time wuntil the
charge has leaked away, when it will fall
to the ground, the force of gravity over-
coming the force of electrostatie attrac-
tion.

It is a condition of success i the fore-
going cxperiment that the body to be
attracted must be insulated from earth.
otherwise the charge induced upon it will
be neutralized by an equal and opposite
charge passing to it {rom earth. The
simple laws of magnetism resemble closcly
those of electrostatic influence in that
(r) like charges repel onc another, and
(2) unlike charges attract.  Alsc (3) induc-
tion or influence must precede attraction.

A body is said to be statically charged
when its potential is maintained at a
higher or lower level than that of its
natural surroundings, which can only be
done if the body is efficiently insulatcd so
that the excess or shortage of potential is
prevented from being ncutralized by
drawing upon that of the earth. It is
customary to represent a positive charge
upon a body by a dotted line cxterior to
its natural outline, and a negative charge
by a dotted Hnc internally, as in Fig. I.

The distribution of a charge can then be
conveniently shown by the contours of
the dotted line, indicating whether posi-
tively or negatively charged, as for in-
stance, the body shown at the right-
hand side of Fig. 1. When there is
an equal amount of both negative and
positive chargeson the body their presence
1s not evident by the fact of being opposed,
but on the approach of another charged
body this balance becomes upset, and a
distribution of the charges is brought into
evidence.

This 13 illustrated bv Fig. 2, wherc the
charged body A is supposed to have an
excess or positive potential. and to
approach a normal uncharged body, B. The

CONVENTIONAL POLAR REPR ESENTATION

Fig. 1. Conventional representation of positive
and negative charges upon a body is shown in
this diagram

ELECTRTC FIELD DUE TO INFLUENCE

Fig. 2. How a positively charged body affects
one which is neutral, redistributing the positive
and negative charges on the latter

previously cqually balanced charges upon
B now redistribute themselves as shown
by the dotted lines, and the positive charge
is repelled Irom A, while the negatjve
charge is attracted by A. The electrical
stresses sct up in the intervening medium
may be roughly indicated by the sur-
rounding lincs denoting the electric field,
somewhat in the manner of the magnetic
field surrounding « system of magnets.

If while under the influence of the charge
on A a conducting path is established

“between B and the carth, the repelled or

positive portion of the charge will escape
to the earth, while the attracted or negative
portion of the charge will be held by the
presence of the opposite charge on A.
The negative charge on B would in such a
casc be termed ¥ bound” electrification,
while the positive charge would be
termed “ frec.”

The attractive or repelling forces exerted
between two such charges will vary as
the strength of the charge and as the
square ot the distance separating them.
If" two oppositely charged bodies dre
approached, the closer they get the more
will the space between them  become
stressed, until a point is rcached where the
mechanical resistance of the air can no
longer withstand the stress and becomes
pierced by a spark, accompanied by
the tamiliar crackling noise and flash of
light.

The distribution of charge upon an
electrified body is not cven unless it is
perfectly spherical in shape. The more
angular the outline the more does the
charge ““ heap up ' at the corners, and in
the case of points, the density of the
charge is so great as to actually dissipate
itself by electrifying the air in contact to
a sufficient extent to cause a brush dis-
charge, accompanied by a faint blue light
and a hissing sound. From this it follows
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that all bodies required to retain a charge

ol high potential must not «nly be highly

mnsulated, but must be kept {ree from all

roughness or sharp points (see Fig. 3).
Onc of the carliest examples of influence

machines was the Electrophorus (g.v).

Although entircly obsolete as a useful

picce of apparatus, it retains

a  considerable historical

interest, since the principle

ot its operation is identical

o

Brush
[ Oischarge

- -

EFFECT OF POINTS IN CHARGED BODIES

Fig. 3. Sharp points in an electrified bodv tend
to dissipate static charges, as illustrated above

with that of the modern influence
machine. See Inductance; Induction, etc.

INFRA-RED WAVES. Those heat
waves which are below the ordinary heat
waves of red heat. They are those ether
waves which come in between light waves
and wireless waves. See Ether; Wave.

INKER. An inker is a special type
of automatic Morse tclegraphic writing
machine, which rccords the received
signals upon a paper strip in the form of
dots and dashes. This instrument must
not be confused with an undulator, which
carries out the same operation, but in a
different manner, and which has now
largely taken the place of the inker on
account of its greater speed and reliability.

A typical commercial form of inker is
shown in the figure. The large rect-
angular case, mounted upon the wooden
base, contains a clockwork motor, the
winding key of which projects from it
This motor drives, through suitable gear-
ing, a drum, over which the paper strip
is made to pass. A second drum, which
is weighted, presses on top of the paper
with the object of eliminating all tendency
to slip.  After passing over the drum, the
paper is made to slide under a smooth
brass plate, which takes the thrust of the

INKER OR AUTOMATIC RECORDING DEVICE

Wircless messages are taken down or recorded

automatically by this instrument, which is

known as an inker. The record is made in Morse code on a strip of paper driven by a
clockwork motor
Courtesy Marconi’s Wireless Telegraph Co., Ltd.
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INSULATED SCREWS

inking appliapce. The latter is attached
by a lever to a kind of Morse tapper
situated at the right-hand end of the
instrument.  The magnets of the tapper
are energized by means of the output
current of the wireless receiver. Current
passing through these magnets causes an
armature to be depressed for long or
short intervals, according to whether the
signal is a dash or a dot. The armature is

fixed on the end of the lever, and it is this _

lever which actuates the inked marker.

It is clear that if the paper is moved at
a constant specd past the marker, and if
the latter is pressed against the paper in
accordance with the received signals, the
latter will be recorded accurately upon
- the strip,

INSULATED EYES. Iixpression used
to describe various patterns of screw eye
and screw hook, where the screwed portion
and hook or eye are of metal, and the
interior lined with a ring of porcelain.
cbonite, or other insulating material. A
typical example is illustrated, and shows

that a small slot is
formed in the eye,
and also in the in-
esulated ring, thus
cnabling the ends
connecting the
aerial wire or some
similar part of the
apparatus to he
slipped through the
notches, and the in-
sulating ring turn-
ed partially around
so that the conduc-
tor bears upon the
insulation. The
msulating value of
such  devices s
not high, and they should be sparingly
used in wireless work. They are, however,
admirable for indoor aerial work, especi-
ally when there is a short cord connecting
the insulator on the end of the aerial
wire to an insulated eye, as this provides
double insulation. In use a hole should
be bored with a gimlet or drill, so that the
screw cyc can cnter without hammering
or undue pressure or leverage, as the
porcelain ring is a fragile article.

INSULATED KNOBS.  These  are
moulded pieces of ebonite or some similar
insulating material used for the control
knobs of such parts of a wircless set as
the condenser, filament rheostat, etc.

PORCELAIN EYES
Porcelain is used to in- .

sulate the interior of
these eyes. Ebonite is
sometimes used

The illustration shows  views of two
types of insulated knob. The upright
knob on the left is a small knurled cylinder
of chonite, which may be used at the
end of a long brass rod for the control
handle of a moving coil holder, or as part
of the control handle for a crystal detector.

The circular moulded disk is the standard
insulated control knob used for filament
resistances.  The  corrugations on  this
type of knob allow an  absolutely firm

INSULATED KNOBS

Two kinds of knobs are shown: the round tlat
knobs are used for filament resistances or other
rotating devices, the other kind illustrated may
be used for contiol handles
Courtesy Economic Electric Co., Lid

grip to be obtained, so that the most
delicate movenyent of the control may be
made to find the best position when listen-
ing-in.  See Condenser ; Crystal Detector ;
Filament Resistance, cte. )
INSULATED SCREWS. Term often ap-
plied to a screw which is insulated in some
manner. For example, a screw may be
entirely covered with insulating varnish.
A better plan, however, 1s to employ
small chonite bushes.  These may either
be sunk into the base and the screw
screwed into the bush, or in cases where
the insulation is required above the sur-
face of the basebourd the insulation may
take the form of a bush of ebonite, having

EBONITE.COVERED SCREWS

Screws may be insulated with ebonite, as in
the case illustrated. Short lengths of tube, or
ebonite bushes, are used for this purpose
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a central hole for the passag. of the shank
of the screw and a larger hole counter-
bored to receive the head of the screw,
the hole being subscquently filled with
special compound or wax, the purpose in
cither case being to isolate the screw and
make it impracticable for it to function
as a conductor of electricity.
INSULATED STAPLE. XNamec applied
to a fastening device used for attaching
an (]L(trical conductor. It consists of
a U-shaped picce of metal, the two

AR

STAPLES WITH FIBRE INSULATION
Electrical conductors, such as flex or bell-wire,
may be fastened to their supports by insulated
staples. The examples shown are insulated with

fibre

ends of which are sharpened to a point.
Disposed in the U-shaped portion is a
small picce of insulating material, such
as fibre or ebonite.  In use the conductor,
generally an insulated wire, is placed in
position and the staple placed over it,
with the legs spanning the conductor,
and then driven home o as to hold the
conductor firmly in position, the insulation
preventing any chance of a leakage to
carth.

Such fittings are extensively used in
clectric bell and somc lighting circuits,
and will be found very handy by the
wireless experimenter for fixing con-
ductors to baseboards, to prevent their
moving out of place.

INSULATING MATERIALS.  Those
materials through which clectricity will
only pass under great electrical pressure.
Such materials are sometimes defined as
non-conductors of electricity, but this
definition is only true within certain
limits. It is probably always possible to
break down the insulation of any sub-
stance by the application of a high enough
voltage. But in general it may be stated
that an insulating material is one through
which the normal currents for which it is
designed will not pass. The insulators
on telegraph poles, for example, prevent
any leakage to the ground, but may casily
be broken down if “struck directly by
lightning.

Insulating materials are really those
substances in which the electrons are held
tightly in the atoms. Thus, electric con-
duction currents cannot flow readily in
an insulating material because the elec-
trons are unable togmove easily from atom
to atom. When an electro-motive force is
applicd to an insulating material the
electrons try to get away from the atom,
with the result that a strain is set up in
the material. If the electro-motive force

MATERIALS USED FOR INSULATION IN WIRELESS APPARATUS
Common insulating materials are shown in this photograph. Ebonite, mica, glass, wood, porcelain,
waxed paper, and insulating tape, are included, and in the construction of wireless sets these materials
are constantly brought into use for confining electrical paths to the channels designed for them
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1s great cnough a few clectrons may keep
on breaking away, as it were, and there
1s a leakage across the insulator, or, in
other words, 1t is a bad insulator. The
perfect insulator would allow no electrons
to escape, no matter how high the applied
clectro-motive force, but such an in-
sulator docs not exist.

Among the best insulators are, in the
order of their insulating powers, the best
insulator coming first: dry air, glass,
paraffin wax, amber, jet, mica, cbonite,
shellac, indiarubber, guttapercha, resin,
sulphur, scaling wax, silk, wool, dry
leather, porcelain, oils.

Wood 1s a partial insulator, but it
should be perfectly dry, and it is better
to impregnate it with paraffin wax or oil.
Paraffin wax 1s onc of the most useful
insulating materials for the wircless ex-
perimenter, in fact.  With it many in-
different insulating materials which are
comparatively cheap to buy may be con-
verted into very good insulators at a
much less cost than is required to buy
good insulating materials.  Instead of the
expensive cbonite  formers for winding
inductances, for example, an ordinary
cardboard tube, when  thoroughly  im-
pregnated with paraffin wax, makes a
perlect substitute.

Ebonite is another, and perhaps the
most uscful of all insulating materials
for the wircless experimenter.  The sur-
face, howcever, should be well matted,
as the highly polished surfaces of some
picces of chonite which are sold for the
sake of their appearance prove very in-
cfficient insulators, and are the cause of
much trouble which is often difficult to
trace by the amateur.

Porcelain for insulators and insulating
I ases, ebonite for panels and the insulation
of various parts of a set, and for such
things as control handles and  knobs,
silk and cotton for covering wires, rubber
for the same purpose as the silk and cotton,
rubber insulating tape for binding round
the joints of wires, mica for diclectrics in
condensers, glass for the same purpose,
and paraffin-waxed paper for condensers
comprise the most commonly used in-
sulators in wircless, and many of these
insulating materials are illustrated in the
photograph.

For the further application of many of
these insulating materials the reader
should consult such articles as Ebonite ;
Insulated Knobs; Mica; Paraffin Wax;

Dea

as well as under the names of such parts
that require insculation, as Control Knob ;
Handle ; Panel, etc.

INSULATION. The prevention of the
leakage of clectric currents. The insulation
of all parts of apparatus used in wireless
transmission and reception is one of great
importance, and one which requires careful
attention. In this Encyclopedia the im-
portance of insulation is dealt with in

L

INSULATING A WOODEN BASEBOARD
How a wooden baseboard is insulated by inserting
it in molten paraffin wax to impregnate it is

illustrated in this photograph

many of the constructional articles, and
the methods of insulation are described
under such headings as Insulator, the
various types ol insulator and insulating
materials, as Ebonite, Mica, Paraffin Wax,
etc. Here the subject i1s dealt with on
general lines,

In the case o: acrials and aerial masts,
these should be thoroughly well insulated.
It is a sound principle to over-insulate
rather than to under-insulate. Insulators
only cost a few pence cach, and the ad-
dition of one or two insulators in their
right positions may make all the difference
between good and indifferent reception.

Guy-ropes supporting an aerial mast,
for example, should be interrupted by
insulators, a peoint often overlooked by
the wireless experimenter. Porcelain,
rubber, or electrose moulded insulators

1F2
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with eycbolts m()uldul in t} em \\11] be
tound {lic best. It must not be forgotten
that insulators in this position haw to
withstand a big mechanical strain, and
such insulators should be chosen with
this in mind. Al insulators used in wire-
less for acrial and similar purposes should
be examined Lefore being use:t to see that
their surfaces are free from cracks, and
tvpes should be chosen for outdoor work
which will casily throw off the rain. Any
msulator which has a tendency to ]\ocp
the water on it should be scr: 1pp<d as in
wet weather the insulation will  break
down and spoil reception.

Special care is required, botliin receiving
and transmitting apparatus, where the
lcad-in wires pass through the walls of
the housc. There are many tvpes of
good lcad-in insulator tubes now on the
market, gnd onec of these should be
emploved.  Any  makeshift method of
insulation at this point is bound to give
trouble in the long run. Alternatively, a
llclvll\ insulated wire may be used as a

lcad-in, but care should Fe taken to
lasten 1t securely where it enters and leaves
the house, as the swaying of the wire wili
cause it to fray in time. In the case of
~ome acrial masts it may be found ad-

vantageous to insulate the mast itsell
from the ground.
The Limportance of Aerial Insulation
The aerial should be well msulated

from the mast or the supporting ropes or
wires.  Two insulators joined together, as
shown on page 32 {Fig. 12), should be used
in preference to one. It 1s better to use a
corrugated insulator than one with a
perfectly level surface.  The path along
which the clectric currents might creep is
very largely increased by the corruga-
tions, and, in fact, the length of the
surface path s often doubled or tr(] led
by this means. A long insulator will do
quite as well, of course, th: llllp()lldllt
point to be aimed at being to provide as
long a resistance path as poss:ble.

The insulation of the acrial and the
icad-in should be constantly looked after.
In spells of bad weather the insulators
may casily become dirty, and an accumu-
lation of dirt on the surface of the insulators
will lead to faulty transmission or re-
ception. Wherever an insulator is more or
less vertical it will be found an excellent
plan to protect it against the weather by
means of a conical shicld which throws off

INSULA LATION

the rain from the insulator and. so pre-
vents leakage.  Tor horizontal insulators,
where such a scheme is not practicable, it
will be found a good plan to paint the
insulators with a bitumastic varnish.
By this means the moisture will not form
a film over the surface, but will detach
itself in separate drops.

Only the Best Insulation is Worth While

Although it has been advised to over-
insulate rather than to under-insulate,
it must not be forgotten that cvery
indiffcrent insulator used forms another
leakage path for the high-frequency cur-
rents, and if the experimenter is sure of
his insulators he can use a few in place
of many. For example, in the insulation
of the aerial wires it might be done in
several ways.  An insulator might be
inserted in cach arm of the bridle of the
soreader, or each wire may be separately
insulated from the spreader, or one or two
insulators might be mserted at the end of
the halvard.  Actually, if a long insulator
is used, this last position will be found the
best, and only one, or at the most two,
insulators need be used instead of the
greater number in any other position,

Insulation is as important on the re-
ceiving set as it is in the aerial. If the
cxperimenter uses wood for the base of
his sct he should see that the wood is
perfectly dry, and it will be advisable
not only to give it a good soaking in
paraffin wax, but to set it on four feet
of some insulating material. Such feet
nay be made from good thick rubber, or
oidd pieces of chonite may be used.  The
ordinary tvpe of bobbin insulator will
bo found excellent for the purpose as
well, or glass supports. Inany case the
.hmy c¢honire should be avoided, as this
ix a prolific cause of surface leakage, and
1= worse thon no insulation at all.

It will pay the amateur over and over
azain to insulate all wires he uses on his
set. Ready insulated wires may be uscd,
or bare wircs covered with some insulated
sleeving, as systoflex.  This latter method
not only locks neater, but it is better from
a soldering point of” view when making
the necessary connexions,  Leads to the
batteries should always be insulated.  If
they are not the experimenter will not be
very long in getting a short circuit through
accidentally crossing two cxposed leads.
An excellent method of insulation for
connecting wires is to run them in grooves
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Fig. 1 (top, centre). Fluted monlded
insulator with large shell on its right.
Irig. 2 (left, top). Egg insulator, below
which is a small shell, with umbreila on
its right. Fig. 3 (beneath). Two barrel
insulators
Fig. 1, Courtesy Economic Electric Co., Lid.

cut on the underside of the ebonite panel
and then filled in with paraffin wax. This
makes an exceedingly effective and ncat
job, and though a little laborious in the
beginning, does away with many un-
sightly wires.

For the working of highly sensitive sets,
as the Flewelling or the Armstrong, it will
be found necessary to have long insulated
control handles for the condensers, reaction
coils, etc. Neglect of this point will
cause a great deal of unnecessary howling
while the set is being adjusted for
reception.—J. L. Pritchard.

See Ebonite ; Mica, etc.

INSULATOR. Dcvice {or confining
clectric currents to certain specified paths.
Insulators arc of the utmost importance
in clectrical machinery and electrical
circuits generally, and in wircless circuits,
both transmitting and receiving, particu-
larly. A bad or an indifferent insulator
will spoil reception entirely, cither weaken-
ing the signals received or setting up
parasitic noises which prevent the voice
or music being heard clearly.

There are many types of insulators used
in wireless, some of which are described
under their particular headings in this

and  others are illus-
Figs. 1 and 2 show some

Encyclopedia,
trated here.
types of insulators which arc particularly

uscful  in erection and aerial
construction.

In Fig. 1 is illustrated the fluted type
of moulded insulator with cyes at cach
end. This kind of insulator is made of
various materials and in various shapes,
Materials used are porcelain, fibre, clec-
trose, and cbonite.  These insulators are
uscful for connecting a spreader on to a
halyard or to the supporting rope on a
mast.

The insulator shown on the right of
Fig. 1 15 a large-sized porcelain shell
insulator, a smaller size being shown
below Fig. 2. The large-size insulators
are excellent for "aerial insulation, and
two of them joined together make as
good an insulation as the amateur will
ever need.  Their breakdown voltage is
of the order of 30,000, and similar types
of insulator are wused at high-power
stations. The smaller sizes will be found
very convenient for wuse with indoor
acrials, or the well-known egg insulator
shown in Fig. 2z may be used. How
an egg insulator is wired up for the

mast
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bight of a single-wire acrial and lcad-in
1s shown on page 30, and how two
single-wire acrials may be joined together
and insulated from one another with
cgg and shell insulators is shown on
page 32. -

Below Iig. 1 is shown a special form of
porcclain insulator with an  umbrella-
shaped disk which serves to keep the
lower part of the insulator dry in wet
weather, and also offers a longer resistance
path to the high-ircquency  currents.
A similar principle is made usc of in the
Bradiicld msulator’ (g.2.).

In Tig. 3 are shown two types ol barrel
insulator. These insulators will stand a
considerable mechanical strain.  They are
made of highly glazed porcelain, and a
full description of their various sizes and
the way they should be used, as well as
the fibre barrel insulator, appears under
the hecading Barrel Insulator on page 199

of this Encyclopedia. See Aerial; Bob-
bin Insulator ; Insulation; Lead-in.
INTEGRATING WATTMETER. An

instrument which measures the total
amount of energy consumed, and has a
recorder fitted which makes a record of
its readings in B.O.T. (kilowatt-hour)
units.  These instruments are fitted in
houses and other places where clectiicity

is consumed for the purpose of registering
the energy consumed over any desired
petiod. They are familarly known as
clectricity meters.

The photographs, Figs. 1 and 2, arc
illustrations of a standard meter, as
made by Ferranti, Ltd. It consists
essentially of a small motor, which drives
a recording apparatus giving rcadings in
kilowatt-hours (Board of Trade units).

Its construction will be undcrstood by

reference to Fig. 2. This shows the in-
strument with the cover and recorder
removed. Inside the top of the case,

which is of cast iron, is placed a coil
shunted across the mains. This forms
part of the stator of a small alternating
current motor. Its design is such that it
is very inductive and causcs the current
in it to lag go degrees bchind the electro-
motive force. Underneath this coil, and
separated from it by an air-gap, is another
coil. The winding in this 18 very heavy,
and it 1s placed in series with the mains.
This coil is designed to have very little
inductance, so that the current in this case
is very nearly in phase with the linc
voltage. The combined effect of this
arrangement is to produce a rotating flux.

A thin aluminium disk, which is mounted
on a spindle, 1s situated between thesc two

EXTERNAL AND INTERNAL VIEWS OF INTEGRATING WATTMETER

Tig. 1 (left). Energy consumed over any given period can be measured by this instrument,

which is familiarly known as an electricity meter.

Fig. 2 (right). With the cover of the wattmcter

removed, the rotating disk and retarding horseshoc magnet may be seen
Courtesy Fervanti, Ltd,
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coils. The magnetic ficld set up by the
latter produces eddy currents within this
disk. As a result of the rotating magnetic
ficld and the eddy currents in the disk, the
latter is made to rotate.

Mecans of retarding the rotation of this
disk are necessary, however, otherwise it
would rotate at too high a speed. This is
effected by placing the disk also within
the ficld of a convenient-shaped horseshoe
permanent magnet. This magnet is clearlv
shown in Fig. 2. It will be secn that the
poles are flattened at their tips, and that
the disk is situated so that the poles come
near to its edge.

The disk, thercfore, in its motion, cuts
the lines of force of the permanent magnet,
and thus has a further scrits of eddv
currents induced in it, which results in a
retarding torque being exerted.

As the driving torque exerted upon the
disk by the shunt and series coils i3
directly proportional to the encrgy passing
thHrough them, and as the retarding torque
resulting from the flux of the permancent
magnet is directly proportional to the
speed of the disk, 1t follows that when the
speed 15 constant the two torques must
be equal. Thercfore, the speed of the
disk, providing no allowance 1s made for
frictional losses, must be proportional to
the current consumed.

The recorder in the particular instru-
ment illustrated consists of five spindles,
upon which pointers are mounted, con-
nected by gearing to the rotor spindlc.
The arrangement of the gears is such that
cach successive spindle is geared ten times
slower than the first one. Therefore, if
the first spindle registers one revolution
for one tenth of a kilowatt, the next will
register one kilowatt, the next 1o kilo-
watts, etc. Reference to Fig. 1 will
indicate how the spindles appear {from the
exterior of the case. Behind each pointcr
is a circular scale having ten divisions.
The small scale at the bottomn indicates
one-tenth of a kilowatt, the first one of the
larger scales on the right indicates in
single kilowatts. Iach successive scale
registers a number of kilowatts ten times
greater than that of the previous one, the
final one being for 1,000 kilowatts.

INTENSIFIER CIRCUIT. Whilst the
high-frequency amplifier may be compared
to a telescope in its ability to bring distant
signals or objects nearer, so may the in-
tensifier, or low-frequency magnifier be
compared to a microscope, which will con-

INTENSIFIER CIRCUIT
siderably magnify signals or objects which
are presented close to it.

Low-frequency  magnification  should
only be resorted to alter the signal has
already been brought to a good readable
strength by means of high-frequency
amplhfication. To attempt to produce
loud signals from almost inaudible signals-
by means of low-frequency magnification
18 not to be reccommended, as the note
magnifier will also magnify all other signals,
atmospherics and, to some extent,
mechanical variations coming to the re-
ceiver.  In addition it is very difficult to
employ many stages of note amplification
without bringing 1n distortion.

Probably the best quality of speech and
music is obtainable when using a resistance
intensifier.

The resistance intensifier is the casiest
form of magnifier to construct, whilst it
15 very reliable in action. The trans-
former type of intensifier is, however, more
generally in use, and this will thercfore
be described in its simple and more com-
plex forms before giving a full description
of the resistance tvpe.

Ig. 1 represents the simplest form ol
single note intensifier with transformer
coupling, for usc with any type of existing
receiver.

The terminals A B are the old telephone
terminals ol the existing recciver. The
transformer T, should have a primary ot
moderate impedance, some 2,000 ohms or
so, connected to A B, whilst the sccondary
should be some four or five times this value,
depending on the valve which is to be used.
V, 1s the valve, having its anode connected
to the Digh-tension battery and  its
grid to the transformer.  The high-tension

battery may be from 20 to 50 volts, again

Vi

e
L T
SINGLE NOTE L.F. INTENSIFIER
Fig. 1. A transformer-coupled circuit of

simple form of single note intensifier for use with
any type of existing receiver is shown here

*
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depending on the valve. High-resistance
teiephones should be used, and it is better
to shunt these with a small condenser C,
say 002 1fd.

Having  constructed the single-stage
Intensilier, it is quite easy to make a two-
or three-stage one on the same principle.
Fig. 2 illustrates a three-stage intensificr,
which is of ample power to work a large

frequency intensifier.  One form of circuit
used 1s shown in Fig. 4. Tt will be noticed
that this circuiz requires a valve having
[our electrodes.

The action of the circuit is as [ollows:—

The incoming signal causes a variation
in the potential of the first grid, (i, which
causes a variable current to flow from the
battery B, in the circuit By, T, G, F. This

THREE.STAGE TRANSFORMER-COUPLED INTENSIFIER CIRCUIT

Ilig. 2. A and B are the terminals, to which are connected the leads from the detector unit, or

any existing receiving circuit.  The three valves

arc for intensifying the signals. T, may couple a

low-resistance loud spcaker instead of the headphones in this circuit

loud speaker, even from a crystal set. For
ordinary purposes one of these stages may
be omitted, or may be so arranged that 1t
can be switched in or out at will.

The transformers T, and T should have
iron cores, and have a ratio of 1 to 14, both
windings of high resistance, whilst the
transformer T, should have a ratio of 100
to 1 if low-resistance telephones are to be
ased, or may be omitted altogether if
high-resistance telephones are preferred.

The resistance type of intensifier may
be constructed with many more stages of
magnification than is used with tle

transtormer type.  Fig. 3 illustrates a vy

without trouble.” The con- a[’r_

densers €, C, are 005 mid., il

whilst all resistances, R, 8?;}

Ry are 1 megohm cach, .- i

Resistances RGyand RG, are 2 megohms,
These resistances are more reliable

made of wire, but for two or three stages

three-valve one, but it mav be extended 1= c -
to seven or cight valves . ( S T A

varying current flowing through the prim-
ery winding of T, causes a corresponding
variation in the potential of A, whilst the
current flowing in the circuit T, T,T, G,
has to pass through the primary winding
ct Ty, in doing which it induces varable
potentials in the original grid G,, thus caus-
ng an intensified current to flow from the
battery B, through the transformer T, T,
Gy, F. This current induces a carrent in
the sccondary of the transformer, which
pdsses through the telephones.  See Ampli-
fier; Audio-frequency  Amplifier; Dual
Amplication : Low-frequency Amplifier.

1
~ |
s R|

the paper cartridge type of high resistance
will be found satistactory.

There s still another type of intensificr,
which 35 not only a low-frequency inten-
sifier, for although only one valve is
cmployed this valve and circuit act as a
high-frequency amplifier, rectifier, and low-

L

WA
RESISTANCE TYPE OF INTENSIFIER
Fig. 3. Like the circuit in Fig. 2, this is a three-
stuge intensifier, but instead of transformor
coupling between the valves, resistances are used
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can be employed, but there
are practical limitations to
the number of stages, since

tuning would become diffi-
cult. »

%;

Again, it is possible to use
scveral stages of low {re-
quency or note filters after
the signal has been rectified.
A note filter is a circuit which
only oscillates to a very
narrow predetermined band
of frequencies, and any
signal of a frequency outside

FOUR.ELECTRODE INTENSIFIER CIRCUIT

the filter wave band would
not cause the filter circuit {o
respond. Thus, if a note
filter is designed to respond

Fig. 4. TUsing the same valve as a high-frequency and low- to a trcqu(\ncy of 1,000, then

frequency amplifier, as well as a rectifier, this circuit employs a
four-electrode valve, such as the Marconi FE1

INTENSIFIER HANDLE. Name occa-
sionally given to the ebonite or other
insulated handle on multiple tuners, whicl
regulates the coupling of the intermediate
circuit with the aerial and detector circuits.

INTERFERENCE. The reception oi
wireless signals is liable to interference
from two distinct sources: (1) from a
transmitting station other than the station
required ; (2) from atmospheric disturb-
ances.

Interference from cither of these sources
can be reduced if the ratio of the signal
strength to the interference strength can
be incrcased. The methods adopted to
increase this ratio do not, however, apply
cqually to reduce interference from both
the above-mentioned sources. In other
words, the measures taken to prevent
interference  from  another  station, or
* jamming,” would not nccessarily reduce
the interference duc to X'’s, and, con-
versely, the measures adopted to reduce
X’s would not necessarily reduce jamming.

An oscillatory circuit has a natural
period of oscillation and will be resonant
to this frequency. At the same time it
will oscillate to frequencies nearly the same
if the energy supplied to the circuit is
sufficiently great. Hence a single-circuit
receiver tuned to a definite wave will also
respond to a different wave-length if the
interfering signals are sufficiently strong.

The use of a coupled circuit receiver en-
ables more selective tuning to be obtained,
thereby reducing jamming. Instead of
confining the receiver to a coupled circuit,

several stages of high-frequency tuning’

any {requency  of about
1 per cent above or below
this would only very slightly affect the
filter circuit. and a {requency  differing
by a greater percentage would not affect
the filter.

Great advantage can also be made of
directional selection for reducing both
jamming and atmospheric disturbances.
With this method of reception use is made
of two loop acrials and a vertical acrial in
conjunction with a radiogoniomcter. If
the loop aerials alone are uscd, then a
figure of eight is obtained and the scarch
coil of the radiogoniometer has two mini-
mum positions and twomaximum positions.
If the effect of the vertical aerial is super-
imposed on the effect of the loop acrials,
then a heart-shape reception is obtained.
The search coil will now have one maxi-
mum position and one minimum position.
The search coil is placed to give maximum
signals from any particular station, and
any station transmitting within the angle
defining the minimum of the heart shape,
1.e. the blind space, will be unheard.

The design of the transmitter and its
circuits is also an important feature in the
elimination of jamming. If the wave from
the transmitter is not a sine curve, then
harmonics are transmitted which will causc
interlerence.  Again, the frequency of the
transmitter must be constant, as any
variation will causc receivers tuned to other
wave-lengths to be interfered with.

It is now a fairly well-established fact
that atmospheric disturbances arc largely
directional, and therefore the heart-shape
method of reception is also useful {for
reducing this type of interference.




TWO TYPES OF INTERFERENCE
ELIMINATORS
Iig. 1 (left). External view of
Peto-Scott apparatus for eliminat-
ing undesired waves.  Fig. 2
(beneath). Internal view of elimin-
ator in Iig. 1. Fig. 3 (right).
Tapped inductances are used in
this ecliminator made by Radio
Instruments, Ltd.

The interference produced by atmo-
spheric disturbances is in the forin of shock
excitation, as scemingly N’s have no
defimite frequency.  The receiver circuits
arc therefore caused to oscillate to the
shock excitation of the aerial, an excitation
which will occur irrespective of the
wave-length to which the aerial and its
assoclated circuits are tuned. Never-
theless, the use of high- and low-frequency
filter vircuits and heart-shape reception
will effectively reduce the effect of the
atmospheric disturbance. At the same

_INTERFERENCE ELIMINATOR

time the use of several stages of high-
and low-frequency filters also reduces the
strength of the signals; but this can be
incrcased by high- and low-frequency
amplification, thus increasing the ratio
of interfcrence to signal strength. See
Interference Preventer.

INTERFERENCE ELIMINATORS & HOW TO MAKE THEM

How to Overcome One of the Most Serious Troubles in Wireless Reception

Here is described the best apparatus available for dealing with jamming and inter-
ference in broadcast reception, with full instructions for” constructing a home-made

eliminator illustrated with a photegravure plate.

Information from the transmitting

point of view is also included. See also Atmospherics; Djrectional Wireless; Frame
Aerial; Rejector Circuit; Wave-trap

An interference eliminator is an instru-
ment designed as an addition to any
existing recetving set in order to give
greater sclectivity and  freedom  from
mterference caused by stations jamming
on near-by wave-lengths. While individual
makes of interference climinator vary
shightly in construction and electrical
design, they nearly all use the principle of
the rejector circuit (g.v.) This system

makes use of an additional inductance
across acrial and earth, which is scparately
tuned, usually by means of a variable
condenser, to the wave-length of the
interfering signal. By this means the
Jamining signals on the wave-length to
which it is tuned are by-passed to earth,
and the desired signals should be heard
quite frec from jamming, but slightly
weaker i strength.
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Most forms of eliminator cmploy two g A
circuits, onc tunable to signals al:ove the
wave-length of the one desired, and the
other for signals below it. A typical
instrument embodying this  principle
is that made by Peto-Scott Co., Ltd,,
illustrated in Figs. 1 and 2. Fig. 1 is an
external view of the instrument. In this
illustration the two condenser dials, switch
knob, and coil plugs, together with their
short-circuiting plugs, are shown. .

Reference to Fig. 2 will indicate how the
by-pass inductances and condensers arc
arranged.  These self-contamned induct- INTERFERENCE ELIMINATOR CIRCUIT
ances are wound for any wave-length up to . . ) PIAGRAM ]
500 metres.  Above that wave-length it I‘f%" 4. Two cireuits, each made up of acrial,
3 . < earth, an inductance, and a variable condenser
1S necessary to plug in honeycomb or other 1 ired 1 the above manner to form the
similar coils in order to make the desired interference climinator described on page 1195
change. To effect this, the cbonite-

r
mo

shronded short-circuiting plugs shown in In order to use the climinator, the acrial
Fig. 1 must be removed and the coils. and earth wires arce disconnected from the
inserted in their place. tuner on the recetver and connceted to
corresponding terminals on the additional
\ / instrument.  Connexions from the output
A e —emarras
A
— 0
<©
©
Set oo Ses
4 o
oy E O
_—
] J T }# £
> -0

= Switct i

Fig. 5. Instead of the two clements of the
cmateur-made eliminator shown in Fig. 4, in this
case one element only is used as a wave-trap

Iliz. 6. By the method illustrated in this dia-
gram one element only is used shunted across the

\ receiving set
\ \

A
° £
s A ©
o Set. ° °
) o
¢ -o//qo——(
A » / Set
- o—<
7t .G £ /
£/ Switch / Switch S
o 4 ¢ . ‘ ——
Tig. 7. In this case one element is employed, ° -

being in series with the sct and wired from the  Fig. 8. Two clements are brought into circuit it
earth terminal of the climinator to the original  this arrangerent, onc element being in shunt and
aerial terminal of the set the other in scries

ALTERNATIVE METHODS OF WIRING A HOME.MADE INTERFERENCE ELIMINATOR
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HOW TO MAKE THE CASE FOR THE
INTERFERENCE ELIMINATOR
I1g. 9. Dimensions are given to show the
amateur making his own interference eliminator
how to make the cabinet to house it

terminals on the climinator to
the acrial and earth terminals
of the tuner are then made.

Tuning out the jamming sig-
nals is quite a simple matter.
The switch on the climinator
15 set to whatever position is
indicated by the nature of the
imterruptions—i.e. whether of
higher or lower wave-length
than the desired signals—-and
the interruptions are then
tuned to their maximum.
Thus two scries of wave-
lengths  are  tuned  simul-
tancously : (a) the jamming
signals on the elimmator or
by-pass circuit, and () the
desired signals on the tuner.
The result of this is to by-
pass the jamming signals to
carth and allow the other sig-
nals to come through {ree
from interruptions but slightly
lower in strength,

1194 ~_INTERFERENCE ELIMINATOR

CASE, SHOWING FILLETS

Fig. 10. At this stage in the building up of the

case for the interference eliminator the fillets
which hold the panel can be seen

A somewhat similar instrument by
Radio Instruments, 1Ltd.,-is illustrated in
Fig. 3, on page 1192. Here two tapped
inductances arc used, the tappings being
brought out to stud switches on the top

- of the panel. A different circuit arrange-

ment allows of one tuning condenscr only
being required, the knob and dial with
which it is controlled being shown
projecting from the centre of the panel.
The method of connecting this instrument
to the aerial and earth terminals of the
receiver is identical with that for the first
eliminator described.

Tig. 11, In this photograph the operator is seen fixing the top
to the case with screws from inside through the fillets
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It must be understood that no climinator
will relieve jamming on the same wave-
length as the signals which are wanted to
be heard.  In that cvent the stronger
signal will alwavs override the weaker one.
Occasionally some relief may be given by
carcful tuning of reaction and filament and
adjustment of high-tension voltagc.

How to Make an Interference Eliminator.
The construction of an experimental type
of interference eliminator does not prescnt
any great difficulties, but in designing it
the primary point to bear in mind is the
nature of the prevailing interference, as
upon this will depend the value of the
inductances and condensers which are
incorporated in the apparatus. The pre-
sent design was prepared to deal with
spark and Morse interference in an inland
district some 30 miles from a broadcasting
station, the chief source of interference
being in this case in the lower wave-
lengths in the region of 200 metres, and
also some amount of interference on
wave-lengths from 400 to 600 metres.

The set was designed with a view to
getting the greatest possible number of

o
i

changes of circuit without the necessity
of rewiring, this being accomplished by
means of two control switches and by
suitably connecting the climinator to the
receiving set. The circuit diagram illus-
trated in Fig. 4 shows the gencral Jay-out,
and that the apparatus comprises two
separate inductances of different values,
a small one with four taps for the lower
wave-lengthst and a large one with six
taps for the higher wave-lengths.

Each of these inductances tuned
by a condenser shunted across it. It
should be noted that the first stud of
each of the inductances is blank, so that
when the contact arm is on this stud, the
inductance is cut out of the circuit. The
two separate control switches are for the
purpose of connecting the shunted in-
ductance and condenser to earth, Some
of the possible combinations without
altcration to the set or its wiring are
shown in I'igs. 5, 6,7, and 8, from which
it will be seen that either one or two
separate climinators can be used in series
with the acrial, can be shunted across the
receiving set, or put in series with the

1s
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WINDING SALL INDUCTANCE FOR INTERFERENCE ELIMINATOR

Fig. 22. Lower wave-lengths are received on a smaller inductance coil in the interference eliminator.
The operator has fastened a wire spindle in a vice to hold the spool of wire, and is seen winding the

coil by hand on an ebonite forner.

Two separate inductance coils are used in the apparatus




WINDING COIL FOR INTERFERENCE ELIMINATOR

When the inductance coil for the interference elimi-
nator is wound the wire is twisted into a loop at each specified
number of turns to provide a means of contact for the tap
wires, which are soldered to the studs of the switch.
photograph shows the coil being wound and a loop being made

Fig. 23.

acrial lead-in of the acrial side of the
receiving set, by connccting the acrial
terminal A on the eliminator and taking
a connexion {rom the carth terminal of
the climinator to the aerial terminal of
the set and carthing the recciving set
in the ordinary way.

This allows a variety of combinations,
and from amongst them it is generally
possible to tune out any persistent
mterfercnce by tuning the set or the
climinator to the interfering stations
and then retuning the set to the desired
station.  Some loss in signal strength
appears to be accompanied by any com-
bination, but the resulting clarity and
quictness of reception is well worth the
slight loss in strength.

The dimensions of the case, which may be
of ordinary deal, are given in Fig. 9, while
Fig. 21 on the special plate shows the elim-
inator connected to a set.  The case is illus-
trated in Fig. 10, and Fig. 11 shows how the
cover is screwed to it by passing the screws
through fillets on the top of the case. The

INTERFERENCE ELIMINATOR

panel, illustrated in Fig. 13
on the plate, is prepared from
cbonite to the dimensions
given. After the holes have
been drilled, the calibration
scales for the condensers
should be marked out with
dividers, as shown in Fig. 2.
The condensers can be
ordinary components, prefer-
ably of the centre-fixing
type, and are attached by
means of a lock nut, as.
shown in Fig. 25. The long
ebonite knobs with specially
made pointers are then pre-
pared, the moving plates of
the condenser set to zero,
and the knob secured to the
spindle with a set-screw,
adjusting it as shown in
Fig. 14. The separate con-
trol switches arc made from
strip  brass with ebonite
handles, and make contact
with shouldered studs, as is
clearly visible in Fig. 15.
The contact arms for the
inductance  switches  are
double-ended, and work over
an ebonite quadrant attached
to the panel, as in Fig. 18.
The inductances should be
wound on cardboard or
ebonite formers in the
manner shown in Fig. 22,

This

'INTERFERENCE ELIMINATOR CONDENSER
SCALES

Fig. 24. Special scales are used for the condenser

pomters of the interference eliminator, and in

this photograph is shown how the panel is marke:d
out for engraving the scales
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.ATi'ACHING CONDENSERS TO THE PANEL 1

Fig. 25.The two tuning condensers in the home-
made interference eliminator are fixed to the
panel by screwed bushes and lock nuts

and tappings taken by twisting loops in
the wire, as in Fig. 23, When they are
wound, the inductances are mounted on
pillars made fronm: screwed rod and securcd
with lock-nuts, as shown in Fig. 19. -

The wiring should be carrted out in
square tinned copper bus-bar, and is
clearly shown in Figs. 16 and 17. The
whole of the apparatus is mounted on the
back of the panel, and when
everything is complete and has
been tested it is inserted in the
case, as shown in Fig. 2o, and
sccured with four brass screws,
the apparatus when completed
being shown in Fig. 12.

The eliminator should be
located at a distance from the
receiving set, or at a considerable angle to
it, otherwise there may be some inter-
(Lctlon between it and the receiver.

Various values of inductance coils
should be tested, as well as different
circuit arrangements. This, with careful
tuning, will go far to remove troublesome
interference.

The constructive details for all this
work arc described under the respective
headings in this Encyclopedia, to which
reference should be made. See I'ramc
Aerial ; Wave-trap.

INTERFERENCE PREVENTER. In
the general and commercial applications of
telegraphy and telephony there is no
greater trouble than interference. Yet, in
spite of this, the elimination of interferencc

has been carried to such an extent that it
is seldom indeed that it is sufiicient to
prevent the regular working of commercial
and other transmitting wircless stations.

Interference may be cither atmospheric,
or actual interference of one signal wave
with another.

Intericrence of one signal wave with
another will not take place provided that,
(1) the two waves are of different wave-
length and arc separated one from
another, or (2) that the receiver employed
is capable of sufficiently accurate and
sclective tuning as to pick up only the
destred signal wave.

There are many places in the circuit of
the receiver where the unwanted wave may
be rejected. It is often possible to prevent
the signal from coming much farther than
the aerial. Tof instance, if it is desired to
receive from X, one of two distant stations,
and not from the other, Y, the recciving
station would be equipped with a long
horizontal aerial, bent directly away from
the station X, which it was desired to
receive.
favoured reception of

This would give an aerial which
signals from the

Sending
Stat1oit

PREVENTING INTERFERENCE
- BY FRAME AERIAL
">~ Fig. r. On the left is a frame
acrial in the position relative to
the sending station on the right,
which it occupies to cut out
interference

station X and reduced the strength of
signals from all other directions.

It Y is ncarer to the receiving station
than X, then it would be necessary to instal
a sccond acrial pointing away from Y.
When Y was working it would produce
signal currents in both acrials, and the
current so produced in the aerial which has
been erected for reception from X would
be the unwanted omne. It 15, however,
possible to cancel these unwanted signals
by tuning into the same circuit with them
the same signals from the balancing aerial
and adjusting, so that thesc signals arc of
the same strength, but 180° out of phase
with them. This can be done, and is often
a very good way ol preventing interference
from a fixed station.
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A more convenient method, however, is
to employ directional frame aerials for
reception.  Such acrials in their simple
form are constructed as large closed loops,
cither  square, triangular, or circular in
shape.  They will receive with maxiinum
intensity from a station situated on a line
joining the sides of the frame and the
distant station (see Fig. 1), whilst they will
receive a minimum if the
frame is at right angles to
the direction from which

the signals arc coming (see
I'ig. 2).

Sending

INTERFERENCE PREVENTER

The directional frame aerial described up
to the present will respond to signals com-
ing from two directions, that 18, from A
towards B (Fig. 1), or from B towards A
(Fig. 1), whilst it will not respond to any
appreciable extent  to signals [rom a
direction at right angles to this linc.

A further addition 1s now made to direc-
tion-finding stations which is a simple
vertical aerial. This, when
used in conjunction with the
double frame, gives the whole
combination “ sense,”” so that
instead of responding to
signals from two directions,
it will now only respond to
signals from one direction.

By employing  efficient
directional  reception inter-

Station

k——Wave Length—
Fig. 4

EL

—_—
7o Detector

N

THEORY OF INTERFERENCE AND ITS PREVENTION

Frg. 2. Minimum signals are received when the frame acrial of a receiving set

is in this relative position to the sending station.
of aninductance and condenser.  Fig. 4.
white portion shows the wave to be received.

Fig. 3. This is a simple rejector circuit consisting
The shaded area shows waves which will be rejected, the
Fig. 5. R, and R. are rejector circuits in a three-

valve amplifier circuit

Asstill better form of frame for reception
consists of two frames at right angles to one
another.  Both the ends of wire from cach
frame are taken to two coils mounted at
right angles to onc another. Within
these two coils is a third coil, on a spindle,
so that it can readily be turned. This coil
15 connccted to the receiver. This aerial
system together with the coil system is
known as a direction finder, or radiogonio-
mcter, whilst one acrial of this type is
known as the Bellini-Tosi acrial.” For
further information see under these head-
ings.

ference may be to a very large extent
chminated, but at the same time two
stations, X and Y, both situated on the
samec direct line irom the receiving station,
may both be sending at the same time.

If this is the casc it will generally happen
that one station is slightly stronger than
the other. M this is so, either one receiver
having a split circuit may be employed, or,
alternatively, two separate receivers may

be employed, the final signals from both

receivers being taken to a threc-winding
transformer which has the coupling of cach
winding adjustable. The telephones are

»
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connected to the centre winding, and one
receiver to cach of the other windings., The
signals are then opposed, so that they tend
to cancel once another. As, however, they
are not of the same strength some of the
stronger signals will still be Ieft after the
weaker ones have been eliminated.  This
remainder of the signals may then be passcd
through an intensifier to bring it up to good
readable strength.

“There 1s still another very useful way of
preventing interference, which is by em-
ploying a rejector circuit. A rejector
consists of (Fig. 3) an inductance and a
condenser. It the inductance is made
so that it has a very low resistance, and
of such a value that only a very small
condenser has to be used to bring the cir-
cuit into tune with the wave which it is
desired to receive, then the tuning of tle
circuit (Fig. 3) will be sharp, and it will
respond readily to waves of that wave-
length, but will offer a high impedance o
waves of any other wave-length,

It will therefore be scen that the inclu-
sion of one or more rejeclor circuits
between the acrial and the rectifier will
do much to prevent interference from
unwanted stations.

If this circuit is included in a resistance
amplifier, it may cut down successively
by stages almost all unwanted signals.

Such a circuit is shown in Fig. 5, where
Ry and Ry are the rejector circuits,—-
R. H. White.

INTERMEDIATE CIRCUIT. This ix
the name given to the circuit of a multipl:
tuner consisting of two statically coupled

closed oscillatory circunits, by mcans of-

which selectivity of the detector circuit is
increased and the coupling with the acrial
circuit is more casily varied. The figure

shows the intermediate circuit of
a multiple tuner,, and it will b:
noticed that it consists of two in-

Intermediate
v //'cmt

%é

MULTIPLE TUNER INTERMEDIATE CIRCUIT
Interference may be eliminated by an inter-

mediate circuit of a multiple tuner, as shown iu
the above diagram

»

<

" Symbols will be found a

du( tance coils anmtod by a variable con-
denser,  This intermediate closcd circunit
acts as an interference eliminator.  One
coll acts sccondary to the primnary of the
acrial circuit, and the other as primary to
the secondary coil of the detector circuit.
See Multiple Tuncr.

INTERMITTENT CURRENT. Nanwe
given to any current which is  being
constantly interrupted, 7.e. which flows
intermittently.  The current generated by
a D.C. d\namo is a form of intcrmittent
current.  See Current ; Dynamo.

INTERNATIONAL CODE. Al:o known
as the Continental code, this is a dot and
dash code which is now universally used
in wircless in place of the ordinary Morsc
code. The International code was adopted
on July 1, 1g13. The chiel distinction
between th( Morse code and the Inter-
national code is the climination of spaced
letters in the latter code.  In the Inter-
national code there is a maximum of {four
clements to any one letter, and only one
length of dash 1s used. The time oceupicd
by & dash stould e equad to that oceupied
by three dots. The time occupied by the
interval between two  elements of  one
letter or othier symbol should he equal
to the time occupicd by one dot. The
interval between two letters in L word
should be cqual to the time taken to send
three dots, and the interval between two
words should be equal to the time occupicd
in sending five dots. These time intervals
are, of course, independent of the speed
of transmission. The following is the
International code.

SYMBROLS COn SYMEBOL COHDE
[’\ .. - o— ’l‘ —
D .. emssa U - —
C .. emeoms \ - —
1D .. emes W - ——
DR N —
}“ .o % & amm a \l —— e ———
(G .. e VA —— -
H .. =seux 1 - ———
I .. e 2 P pep——
J R e ———— 3 [P —
I .. e 4 “eo x s
1. .. o e 5 caume
Mol - [5) -—-ee
N |, ==« 7 - —ea
O L - 8 -—— =
P .. tomeme 9} — o — .
(? - — e & o o] .- — e mes =M
R .. awmw ... me =2 -
S .. mas ? " ——uw

Under the heading Abbreviations and
number of the dot
and dash signs used for quick transmission
in this code. See Morse Code ;. Omnigraph.




INTERNATIONAL UNITS

INTERNATIONAL UNITS, These are
the practical clectrical units which were
agreed upon internationally at an clectrical
congress held in London in 1908. At this
congress the ohm, ampere, volt, etc.,
were defined as follows :—

The international ohm is the resistance
offered to an unvarying current of elec-
tricity by a column of mercury at the
temperature  of melting ice, having a
mass ol 14-4521 grammes and a constant
cross-section and a length of 106-3 centi-
metres.

The international ampere is the unvary-
ing current which, when passed through
a ncutral solution of silver nitrate, deposits
silver at the rate of 0-001118 of a gramme
per sceond.

The international volt is that electro-
motive force which, when steadily applied
to a conductor having a resistance of one
international ohm, creates in it a current
of onc international ampere.

The international coulomb is the quan-
tity of current transferred in one second
by a current equal to the international
ampere.

The international farad is the capacity
ot a conductor which is charged to a
potential of one international volt by
imparting {o it a quantity of one inter-
national coulomb,

The international henry is the induct-
ance of a circuit in which an induced
clectro-motive force of one international
volt 15 created when the current in it
varics at the rate of one international
ampere per second.

The international joule is the work done
between two points in a cirenit in which
there is a current of one international
ampere, and between the ends of which
there is a difference of potential of one
mternational volt.  See under names of
various units ; C.G.S.; Units.

INTERPOLES. Small auxiliary poles
which are placed midway between the
main poles of a dynamo. They are wound
in series with the armature, and have the
same polarity as the main poles next
ahead of them in the direction of rotation.
In a motor they are wound i the same
way, but are of the same polarity as the
main poles next behind them.

In the figure N and S arc the main
poles, #, s the interpoles. The interpole
flux opposes that of the armature current.
The interpoles s, » induce polarity ny, Sy,
in the armature and neutralize the induced
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INTERPOLES OF A DYNAMO

Between the two main poles of a dynamo arc
placed interpoles, or auxiliary poles,” which are
wound in scries with the armature

polarity that the armature current tends
to set up. The arrows in the figure show
the direction of rotation and the added
flux.

Interpoles are also used to correct the
sparking defect.  The armature coils,
during their short-circuited period under
the brushes, are influenced by the inter-
poles, and have induced in them the
necessary amount of electro-motive force
in the reverse direction to stamp out the
cutrent and electro-motive force of sclf-
induction before the coils leave the brushes,

INTERRUPTED CONTINUOUS
WAVES. The term interrupted con-
tinuous waves has been applied to that
mcthod of signalling in which the waves
are modulated at a constant low fre-
quency.  Strictlysspeaking, an interrupted
continuous wave is used when the aerial
system of the transmittey is encrgized for
short and long periods corfisponding to the
Morse code and a wave of unvarying
amplitude is transmitted. This, of course,
15 ordinary continuous wave signalling and
necessitates  the use of a heterodyne
receiver,

The term has, however, come into
general use 1o denote the superimposing of
a low-frequency note on the continuous
wave oscillations to act as a “ carrier 7
wave, the amplitude of the continuous
oscillations heing periodically varied at the
low frequency.

Under these conditions the continuous
wave oscillations are suitable for receiving
without the aid of a heterodyne receiver.
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transformer by the alternator. It should
be noted, however, that if twe rectifiers
are used the frequency of the pulsations
applied to the plate 1s double the alter-
nator frequency, and therefore the tonic
train note is twice the alternator fre-
quency. Fig. 4 shows the pulsating E.M.F.
applied to the plate and the oscillations
scet up in the aerial circuit.

(3) The method of generating inter-
rupted continuous waves by means of a
buzzer connected in the grid circuit of a
valve is particularly usefal for small sets
up to about half a kilowatt. The usual
wiy 15 to connect a small buzzer across a
transiormer, the second winding of which is
connected in the grid cireuit.  The buzzer

An A

transmitter generally used for continuous
wave signalling can be employed.

For continuous wave signalling the
transmitting key generally breaks the high-
tension feed circuit or the grid circuit, or
mm larger sets both of these circuits.
Thercfore the same transmitting key can
be used for interrupted wave signalling.

If two rectifiers are used, the frequency
of the train is twice the alternator fre-
quency, and if this frequency be 500, a
very usual one, the train frequency of
1,000 produced in the telephone recervers
15 a distinetive one, and is capable of
being read through a certain amount of
interference,

The method of interrupting the grid

~ circuit by a buzzer is usclul
/ .
/ in those cases” where only
/ one rectifier 1s used and the

/ \ frequency of the alternator
/ is low. It is not advan-

500 tor receiving, hence if the

\/ tageous to use a note of below

1NN alternator frequency is below

- X
4 /.‘L/ T VIS
\./ub ool U ‘:\, )

TONIC TRAINS PRODUCED WITHOUT SMCOTHING SYSTEM
Fig. 4. When the smoothing svstem employed in the circuit

this value it is better to use
a buzzer giving a note higher
than this. The frequency of

i Iig. 3 i3 disconnected, tonic trains as represented above the note produced by the

are produced, which shows in larger curves the puls
m anode circuit and csciliations in aerial

is connected through a transmitting key
to an accumulator.

A smnplified diagram of connexions is
~hown in Fig. 3.

The action of the buzzer is rapidly to
make and break at a constant frequency
the voltage across the primary of the
transformer.  This causes an alternating
EM.F. at the secondary terminals, thus
causing the grid to he alternately at a
positive and  negative potential  with
respeet to the filament.  The valve is,
therefore, conductive during the positive
half-cycles and sets up oscillations  in
the acrial. - During the nega- '
tive hall-cyeles these oscilla-
tions are damped out, there-
by causing a sequence  of
wave trains of a frequency
cqual to the note of the
buzzcr.

The method of producing
imterrupted waves by the use

/ - w T i

ing EME. buzzer should be of as high
an order as possible, as a
bigh-pitched note is more readily singled
out from any interference than one of
@ low pitch. The design of the buzzer
Is therefore a matter of  considerable
mportance, and it should be as light
as possible consistent with mechanical
strength and continuity of action.

A variation is to employ in the grid
circuit a buzzer wheel or motor buzzer,
which by means ol separate contacts and a
brush gear controls the aerial oscillations.
The tonic train thus has a frequency
dependent on the speed of revolution of
tiie buzzer wheel. Sce Continuous Wave,

of the alternator {requeney
when two rectifying vabves
are - usce is probably the

TONIC TRAIN OSCILLATION

Fig. 5. Tcuic train oscillations are produced

e N e l Y in a circuit, given above in simplified form,
most common.  This method -

the oscillator valve

=- ., (B by meansof a buzzer in the gridd circuit of
has the advantage that the Ay g
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INTERRUPTERS: MAKE & BREAK MECHANISMS

Theory and Practice of an Important Accessory in the Transmitter

The interrupter is of considerable importance in wireless work ; as a periodic switch

it is used to energize oscillating circuits in spark telegraphy and similar forms of

radio-communication. Such headings as Hammer Break ; Quenched Spark; and
Rotary Spark Gap should also be consulted. See also Buzzer

The usual function of an interrupter
may be said to be that of an automatic
pertodic switch which opens and closes a
circuit in regular succession. Thus the
buzzer, whether of the attracted-armature
or motor-driven type, the chopper, or the
coil interrupter in one or other of its
various forms, all come under the same
designation. :

The buzzer (g.v.) is used to raise a con-
denser to its discharging voltage in the

“«

manner shown by Fig. 1. Here the “in-

i

X
(6 -r
INNE
[
JIL
Ly

BUZZER-TYPE INTERRUPTER
Fig. 1. Mechanism of an interrupter is shown in
this diagram. The condenser is raiscd to its
discharging voltage by the buzzer

terrupter 7’ part of the mechanism consists
of a fixed platinum-tipped contact A, and
the vibrating contact B with a similar
platinum contact point, B forming the
armature to the pair of electro-magnet
coils below, L, and L, When at rest B is
held in contact with A by a small spring
C. The circuit through the magnets is made
by means of key K, but directly they are
cnergized the armature is attracted down-
wards, and therefore interrupts the current.
The magnets at once become de-energized,
and the spring C returns armature B into
contact with A. This re-establishes the
circuit once more, and the same cycle of
operations is repeated until the key K is
opened. The remaining part of the cir-
cuit is arranged to cnergize a transmitting
oscillator, and is referred to elsewhere,
as the interrupter action alone is hcre
considered.

A more cffective way of cnergizing an
oscillating circuit than the attracted-arma-
ture-type buzzer just referred to is to
employ the motor-driven type illustrated
in Fig. 2. This also gocs by the name of a
chopper, and “ chopped D.C.” current may
be used to cnergize the primary of a spark
coil or static transformer in much the
same way that interrupted direct current
or alternating current would be uscd.

The motor in Fig. 2 has its spced con-
trolled by a variable rheostat, and the rate
of interruptions or “chops” is under com-
plete control. The two brushes are made
adjustable as regards their angular spacing
apart, so that the duration of each contact
can to a certain extent be modified as well,
irrespective of the speed of the disk. The
disk consists of metal, with inserted
sectors of insulating material ; when both
brushes come upon a metal sector contact
i1s established, and when one or both are
upon the insulating material  scctors,
contact is, of course, interrupted.

Another kind of interrupter, such as
would be used with a spark coil, is given in
Tig. 3. This is known as the “ hammer-
head ” interrupter or break, and at one
time was almost untversally employed onall
induction coils. Varicties of this tyvpe are
still in exclusive use for the small ignition
coils employed with internal combustion
engines. The principle on which this inter-
rupter acts can be gathered from reference
to the diagram, Fig. 3. The primary

CHOPPER.TYPE INTERRUPTER

Fig. 2. Direct current may be used in the motor-
driven chopper-type interrupter illustrated above
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HAMMER INTERRUPTER

Ilig. 3. Reference to the above diagram shows
the action of this type of interrupter

winding of the coil 1s represented at A\, the
iron core at B, and the secondary winding
at C. Inseries with the primary are the
two contact points, which arc usually
made of platinum or iridio-platinum, this
being the only material which will stand
the great heat without oxidation, and
that will also resist the hamraering action
of " the interrupter when at work.  To
cconomize cost steel rivets are generally
employed, with iridio-platinum faces clec-
trically welded on. 7

Normally the two contact points D and E
are held together by the tension of the tlat
spring I, but as soon as the primary current
is switched on the core B is magnetized
and draws towards it the ron hammer
head Go This automatically interrupts the
primary  cwrrent, demagnetizes the iron
core, and releases G, which flies back to
s original position.  In deing so it re-
establishes  connexton with the primary,
and repeats the sequence of oscillations,
the rapidity of the interruptions Dbeing
governed by the natural period of oscil-
lation of the w cighted spring I. The con-
denser H ois ]wl’uc(l in parallel with the
mterrupter points D and E. It helps to
reduce the inductive spark wihich a])ponrs
on Interrupting the primdl‘\' circuit, and
also helps to demagnetize the iron core
quickly. :

The lunction of an inte®upter is not
only to close and open the primary circuit
m regular and rapid succession, but it
should keep the primary circuit closed just
long enough to allow the iron core to reach
its maximum saturation point ; the break
must thyn be as rapid as possible, since any
delay after this instant merely leads to
extra primary current being consumed
without any compensating gain in the

energy of the secondary discharge. Also
the break period must continue for a
sufficient interval to allow the iron core
to become completely demagnetized before
closing circuit again. The more or less
perfect manner in which these conditions
are fulfilled influences the intensity of the
sccondary discharges which can be reached
with various types of interrupters.

Hammer-type interrupters have been
superseded to a great extent on account of
their relatively low efficiency, but they still
hold a place in certain equipment where
cxtreme simplicity of operation is de-
sirable. The perfect interrupter must fulfil
certain requiretents ; not only must the
contact period be adjusted to suit the
time-constant of the circnit, but the
primary circuit must be broken cleanly and

quickly, so that the flux surrounding both
primary and sccondary windings may
collapse with the utmost lilpld]tV]n order
to get the greatest inductive eftect. The
time-constant of the secondary must also
be sufficiently low. Considering the im-
portance of these effects, it' is uscful to
attempt an analysis of the actions which
occur during the period of ““make ™ and
“break ” in an interrupter.

Imagine the supply of continuous current
to be first <losed in the primary circuit of
any spark coil, that is the condition of a
constamt clectro-motive force impressed
on an inductive circuit; the resultant
current docs not rise to the value predicted
by the circuit resistance’ alone until an
appreciable interval of time after first
contact 1s established. That is to say,
that althouzh the inductance of the primary
circuit does not affect the final value of
current which flows, it does affect the
interval of time necessary to establish the
full flow. This interval of time depends
upon the ratio of the inductance to the
resistance of the circuit, and the value of
the current is expressed at any time after
closing the circuit by the equation

1“{(1_‘(_%) -

in which ¢ == the current in amperces at time
¢ after closing the circuit, E is the elcctre-
rmotive force of the battery, R the total
resistance of the circuit, including that of
the batterv, in ohms, L the coefficient
of self-induction of the circuit in henrics,
and e is the base of natural logarithms,
namely, 2-718. If a circuit has a very
large value of inductance the rise of current
may be so slow that it can be even observed
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by means of an ammeter. When the
time which elapsed after first closing the
switch is equal to the value L--R, the
current will have risen to (1 — 1/e) of its
final value, or to about 63 per cent of
that value. The time taken by the
current to reach this fraction of its final
value is called the time-constant of the
circuit. -

This gradual rise of cwrent in the
primary of the spark coil may be repre-
sented by curve a in Fig. 4. The mag-
netic flux in the core will, ignoring hystere-
tic lag, which is usually very small, follow
along practically identical lines, indicated
by curve b, Fig. 4. Since both primary
and secondary windings surround the
same iron core, an clectro-motive force will
be induced in both; in the case of the
primary this is the counter electro-motive
force of self-induction ; in the case of the
secondary it will be simply an induced
electro-motive force, and is equal to

dg
J. -~
N
where N, is the number of secondary turns
and ¢ the magnetic flux. The curve ¢ in
this figure indicates the secondary induced
clectro-motive force. At the instant of
first contact in th& primary circuit the
changing flux in the iron core must be just
sufficient to balance the impressed battery
volts. At this instant, therefore
d¢ __ L xT108
at N,
L being the impressed voltage and N,
being the number of turns in the primary
winding. If there were no magnctic
leakage betwcen the primary and secondary
windings the induced secondary voltage
would be equal to
J . \
% X Z? that is, to E —II:~:

Hence, at the instant of *“ make” the
induced secondary voltage is so low as to
be practically negligible compared with
the voltagt obtained at the instant of
“ break.”

When the primary circuit is broken at
the interrupter contacts a high electro-
motive force will be induced in each wind-
ing, the relative values in the two being
determined by the ratio of turns in cach.
The counter electro-motive force due to
seli-induction will tend to maintain a
primary current across the gap on separat-
ing the interrupter contacts, and if per-
mitted to do this the heating effect of the

X
a primaryCurrent”_\

b Flux m

c 0
ﬁhreﬁ / '

arc is not only very detrimental to their
life, but checks the rapid collapsc of flux
which is so desirable. To prevent such
effects from taking place, therefore, a
capacity is shunted across the interrupter
contacts.q The counter electro-motive
force of the primary now charges this
condenser, and since its capacity is large
it does not rise to a very high potential,
limiting, therefore, the potential across the
interrupter contacts and avoiding arcing.

As the condenser becomes charged and
the energy of the magnetic field is dis-
charged a point will be reached when the
potential of the condenser is greater than
that of the coil. The condenser will then
discharge into the coil, but this current will
opposc ghe original direction of current,
and will therefore increase the rate at
which the current decays in the circuit.

The effect of the condenser, so far as the
interrupter action is concerned, is there-
fore to prevent arcing at the contact points
and to increase the decay of flux on break-
ing the primary circuit, which reacts by
greatly increasing the sccondary electro-
motive force.  As will be scen on examin-
ing curve ¢ in I'ig. 4, the period of time
during which the high voltage at the
sccondary terminals is availaple is excced-
ingly small, and unless the” various time
clements arc accurately proportioned in the
make-and-break action of an interrupter
a very poor performance may result from
any spark coil or similar device.

The mercury type of interrupter is
generally recognized as being supcrior to

Break
Make
Break

$
]
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'
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1

Secondary Volts

MAKE-AND.BREAK CURVES
Fig. 4. Rise of current in the primary of a spark
coil is represented at @, magnetic tlux at b, and
periods ot time when high voltage is available at
thz secondary are shown at ¢
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the hammer-break type, and much in-
genuity has been expended in bringing
this to its present state of perfection. The
older types consisted of blades or needles
dipping rapidly into a jar of mercury, and
were either hand or motor driven. Later
patterns took the form of a rotating blade
or segmient at the end of an inclined shaft
which was rotated by a moror, the blade
dipping under the surface of the mercury
at onc point and rising clear from it at
others,  Oxidation of the mercury was
minimized by keeping it covered with a
laver of paratfin or alcohol.

Highly Eificient Mercury Interrupters
\ Y P

These tyvpes required a somewhat hberal
allowance ef mercury, and to minimize this
expense  the turbine type of mercury
mterrupter was brought out. One forn con-
sisted of a motor mounted with a vertical
shaft terminating in a cone-shaped casting.
Two small holes were drilled from  the
bottom of the cone upwards, inclined to
the vertical and communicating with two
omlets on the large diameter of the cone
on an opposite diameter. A small gqnantity
of mercury was placed in the bottom of the
iron containing vesscl into which the end
of the cone dipped.  On rorating it at a
sulficiently high speed the mercury was
forced up the inclined holes and fAung

outwards Dby centrifugal force in two
continuous  streams  against  a copper
contact blade insulated from the rest of

the apparatus, but forming one terminal
of the primary circuit in the interrupter.

The stream of mercury formed a flexible
connexion which, by impinging on the
blade twice in every revolution, established
contact, and also gave an extremely clean
and certain *“ break.”  One of thé features
of this mterrupter, known under the name
of the ** Gaiffe ”” interrupter, was the use
of coul gas as an electrolyie instead of
parafin - or alcohol. By keeping  the
interior of the vessel filled with coal gas
through o small rubber supply pipe,
oxygen was excluded, and the mercury
and contacts kept in a clean bright con-
dition for long pono(L The objection to
the use of H<l fiin or hiquid clectrolytes is
the tendeficy of the mercury to emulsify
with the 1quld and form a pasty mess
which results in uncertain cortact.

In yet another type of mercury inter-
rupter a vertical motor drive is adopted,
the shaft containing a chamber with
sloping =ides, i which is a small quantity

of mercury and a fibre wheel with a copper
bar across its face. The shaft of this wheel
is elcctricelly continuous with the copper
strip, but insulated from the rest of the
mercury chamber, and the wheel is free to
revolve, Onspeeding up the mator the mer-
cury is flung outwards inside the chamber
mto a ring form bV centrifugal effect, and
the cdge ()f the ring, catching the cdgc of
the M)rc disk, causes the latter to rotatc
rapidly, bringing the copper strip in con-
tact with the mercury, so making and break-
mg the primary circnit at a high speed.
For certain purposes where interrupters
are used in conjunction with tacuum
rubes for radiographic work it is necessary
10 cut out the reverse current at * make,”
shown by the lower part of the :;(\condary

clectro-mcetive force at ¢ in g, 4. To
accomplisht this a complete rectification

of the secondary electro-motive force is
secured by arranging a revelving arm or
“windmill 7" opposite discharge points, in
such a way that the small inverse electro-
motive force is unable to jump the %ir gap
these arms introduce, and yet offers little
opposition to the full electro-motive {orce
m the forward scnse.

Extraordinary Characteristics of the Elcctrolytic
Interrupter

There is also an interrup¥er based on an

" .mtirely different principle than any of the

foregoing, known as the electrolytic inter-
rupter. In thi¥ type a thin platinum wire
forming one terminal issimmersed to a
wsrcater or lesser degree throdgh an
aperture in a porcelain tube, the end of
which is placed in a jar containing dilute
sulphuric «cid in the proportion of 1 oz. of
acid to 5 0z, of water.  The other clectrode
consists of a plate of stout lead sheet. A
minimum :lectro-motive force of 50 volts
has to be used with this type of interrupter
to break down the electrolyte, and a
current of not.less than five amperes.

The platinum is made the anode,and the

lead the cethode. On closing the circuit,
the density of the current is so great as to
g ause the formation of steam, and in
addition electrolysis causes hydrogen and
oxvgen to appear, these gases forming an
insulating mantle round the anode which
mterrupts  the current. If there is a
~ufficient amount of self-induction in the
circuit a spark appears at the point of
“break,” that i1s the anode, igniting the
gases. A small explosion ensues, which
gtves the acid access once more to the
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platinum point,. and closes the circuit
again. This process goes on with extra-
ordinary rapidity and regularity.

The intensity of the discharge and the
frequency of the interruptions can be
adjusted betwecn wide limits by varying
the clectro-motive force of the primary
circuit, the exposed surface of the platinum
point, and the amount of self-igduction in
circuit. The character of the spark dis-
charge from a coil actuated by an electro-
Iytic break differs from that of a hammer
or mercury break in an extraordinary
manner, probably owing to its extreme
rapidity of action, and the use of a con-
denser shunted across the terminals of the

ittt break ceems to be
unnecessary. Great
, care is needed in ex-
8, periments with these
interrupters  when
substituting them for
the mechanical or

MOTOR-DRIVEN INTERRUPTER ! ] :
Fig. 5. Motor-driven commutator-type interrupters, as above, some unintentional coupling,

are used to interrupt the primary current of an induction coil

mercury {ypes, or an excellent spark coil
may be ruined in a few seconds.

A motor-driven commutator type of
interrupter is illustrated in Fig. 5. This
particular device is used to interrupt the
primary current of a special form of
induction coil (g.v.) which is used 1In
certain ship installations purely for cmer-
gency use.

The square, box-like casting is the
motor body. The motor itself is driven
from thc same batteries which are used as
the current supply for the primary of the
coil. The brush gear of the motor is just
visible on the right-hand side.

The commutator, which is fixed to the
motor shaft, is clearly shown. A point to
be particularly noted is the rclatively
large amount of insulation compared with
the copper segments. I'our flat brushes
arc fitted, these being arranged in pairs,
and it is from these brushes that the
interrupted current for the primary of the
coil is taken. Adjustment is provided for
altering the relative angle of phasc of the
brushes. The milled hand wheel which
controls this adjustment is shown imme-
diately in front of the commutator.—
A. H. Avery, A.M.IEE.

See Buzzer ; Chopper ;  Hammer
Break.
INTER-VALVE COUPLING. In both

transmitters and receivers for wireless
telegraphy and telephony it is now usual
to use more than one valve.

In order that these valves may work
together it is necessary that they shall
be coupled one to another. This coupling
is necessary in order to keep
the current in each valve
circuit in constant phase
relationship with the current
in associated valve circuits.

Due to the great sensitivity
of valve circuits, such coup-
lings often exist without
having Dbeen intentionally
made. These  accidental
couplings have a marked
effect on the working of the
recceiver or transmitter, and
it often happens that results
arc obtained with wircless
apparatus which are very
difficult to repeat. This is
because in the first instance

either by means of capacity
or inductance, has been made
between two parts of the circuit ; and as
this coupling has not been noted, it is
not intentionally introduced when re-
peating the experiment, with the result
that the second experiment does not
reproduce the first.

Couplings between valves may take
any or onc of the following forms i—

1. Direct or physical.

2. By means of resistance.

3. By means of inductance coils.

4. By means of condensers.

A good example of the direct method
is in the parallel running of valves for
transmitters, in which case two, three,

-
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VALVES COUPLED IN PARALLEL
Figo 1t Two valves of a transmitter are coupled
i parallel by the direct mcthod
or morce valves mayv be connceted in

paradlel in cither o transmitter or receiver
(IFig. 1). The effect is similar 1o increasing
the size of the {ransmitter or other
valve, and cnables larger currents to be
dealt with. In this casc the anodes of
the two valves are direetly  coupled
together by a copper wire, whilst the
filaments are treated in a similar manner.
The grids arce usually provided cither
with separate resistances, R, R, in series
with them, or with separate grid leaks,
across  which  condensers  are shunted ;
but in any case both grids depend on
one reaction coil for the supply
of their variable potential. A
pure resistance counling betwoeen

it
Te

i

HT. Supply

RESISTANCE.COUPLED VALVES
Tig. 2. Control and sub-control of a telephone,
with resistance coupling, R, between the anodes,
is provided in this circuit. The control valve is
at C.V,, and the sub-control valve at S.C.V.

valves Is not usual, although in some
cases resistance may play an important
part in the composition of the circuit ;
for instance, in the modulation of a
wireless telephone it may be desirable
to employ two wvalves for the control
circuit (Iig. 2), a main control valve,

C.V., and a sub-control valve, S.C.V., the
Jatter being a smaller valve than the
former.

If it is intended to use the same

TRANSFORMER COUPLING L
I"¢. 3. Inter-valve coupling between V, and V,
is by transformer T,

INTER-VALVE -CAPACITY COUPLING IN A TWO.VALVE SET
in the set represented by the above diagram

lig. 4. Detween the two valve circuits

capacity coupling cirenit comprising two coils, o ¢ mdenser, A and a variable condenses
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high-tension supply for both these valves,
it will be necessary to reduce the anode
potential which is supplied to the sub-
control valve; this may be effected by
inserting a high resistance between the
anodes of the two valves. When a feed
current is passing to the valve S.C.V,
there will be a potential drop over the
resistance R, and the anode potential
of S.C.V. will be lower than the voltage
supplied to C.V.

The method of coupling inductively
1s well known, and 1s used in most circuits,
such as amplitiers of both high- and low-
frequency currents. It is illustrated n
Tig. 3, where the valve V,, forming part
of an amplifier or intensifier, is coupled o
valve V, by the transformer T, which
in the case of a high-frequency amplifier
would be a transformer having an air
core, and with the windiags wound
closely one on the top of the other, or
in alternate sections ; whilst it the case of
a note magnifier the transformer T, would
be a transformer wound on a closed ircn
core, or a core which was closed with the
exception of a smallfair gap.

The capacity coupling is often present
without being intentionally placed in
the circuit, but capacity coupling is uscd
intentionally in many wireless circuits ;
it is, in fact, almost general to couple
the aerial to a receiver through o con-
denser placed Dbetween the aerial and
the aermal inductance, or between the
imductance and earth, as shown dotted in
Fig. 4, whilst wvalve circuiss may be
coupled through tuned intermediate cir-
cuits broken up by condensers at A and
B, although as a rule only onc con-
denser, as at B, is used. .See¢” Amplifier;
High-frequency Amplification; Intensifier
Circuit; Transformer.

INTER-VALVE TRANSFORMER. Gene-
ral terim used to describe a transiormer
disposed in a circuit between two valves,
as, for example, a high-frequency ampli-
fying transtormer used between the high-
frequency valve and the detector valve,
or between each of two or more high-
frequency valves.

Such an example is llustrated in Ifig. 1,
and shows a standard form of four-pmn
plug-in transformer. This general type
of transformer is characterized by an a.r
core ; that is to say, there are simply two
windings of insulated wire, usually of verv
fine gauge and of an equal number of turn-.
The amateur is mcre concerned with the

INTER-VALVE PLUG-IN TRANSFORMER
Fig. 1. Reversed to show the underside of a
standard plug-in intes-valve high-frequency trans-

{fcrmer.. This form is ecasily interchangeable
low - frequency  inter-valve transformers
used in the low-frequency or note-magnify-
ing side of the circuit, as, for example, the
transformer located between the detector
valve and the low-frequency amplifying
vahve.  These are characterized by the
presence of a soft iron core, customarily
takimg the form of a rectangle, which

LOW.FREQUENCY INTER.VALVE
TRANSFORMER

Fig. 2. Laminations of soft iron {orm the core of
ti:is inter-valve low-frequency transformer
Courtesy Radio Instrumnents. Ltd.
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STERLING L.F. TRANSFORMER

Tig. 3. Inter-valve transformers of this type are
designed for convenience of space. The construc-

is somewhat similar to that of the trans-
former shown in Fig. 2
Courtesy Sterling Telegraph Co, Ltd.

tion

surrounds the windings and having a
bridging piece spanning two sides of the
rectangle, thus forming what is known
as a closed core, Usually such cores
are composed of a Jarge number of thin
soft iron or special alloy laminations.
A typical example is illustrated in Fig. 2,
and shows the instrument complete with
the windings disposed about the central
core.

The windings in this case give a step-up
cffect, the primary consisting of a rela-
tively small number of turns, usually
of comparatively thick wire, the secondary

. LY L4

INTER-VALVE CLOSED.CORE TRANSFORMER

Fig. 4. In thisinter-valve closed-core transformer

the windings are wound on one of the sides of the
rectangular laminated core

being composed of a greater number of
turns of thinner wire. The sets of windings
are thoroughly insulated from each other,
and the cnds of the windings connected
to terminals disposed on the insulated
bar or bars.

Another type, illustrated in Fig. 3, is
similar in its essentials, but all parts are
so disposed that they occupy little space,
the core ir. this example being placed hori-
zontally and the windings vertically.

Another arrangement of closed-core
inter-valve transtormer, illustrated in
Fig. 4, consists of a rectangular laminated
core with the windings disposed on one of
the sides.

Inter-valve transformers may also con-
sist of two windings wound above the other
on a suitable former, as, for example, an
ebonite tube. In this case the windings

should be equal in Value and number of

DRUM.SHAPED INTER.VALVE TRANSFORMER
Fig. 5. Here the windings are wound above onc
anothier on a circular former and enclosed in a
metal or ebonitc case

turns, and the whole may be enclosed
in-a metal or ebonite case with end
caps, as shown in Fig. 5, and terminals

2 mounted thercon té which the primary
#and secondary windings respectively are

connected.

The choice of a suitable inter-valve
transformer for any given service is largely
determined by the nature of the circuit
and the duty it has to perform. See
Audio-frequency Transformer;  Trans-
formers.

INVERTED L-TYPE AERIAL. Name
given to the most general form of receiving
aerial. It consists of one or more hori-
zontal wires with one or more lead-in wires
taken off one end, giving the gencral ap-
pearance of an inverted L. See Acrial.

INVERTED ROTARY CONVERTER.
This is the name given to a rotary con-
verter when -<ts wusual functions are
reversed, 7.e. when it 1s uscd to convert
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direct current into alterr ating current.
See Rotary Converter.
ION. A term originally used by Faraday

to describe the elements given off in electro-

lysis, the element given off at the anode
being the anion, and that at the cathode
the cation.  More recently the term has
come to denote an atom fromn which one or
nore electrons have been removed, or to
which one or more clectrons have been
added.  In the former case it is called a
positive, and in the latter a negative ion.

In electrolysis the presence of ions
carrying charges of positive and negative
clectricity respectively prodices the neces-
sary conductivity on the solition. Monad-
ion is one carrymng unit charge, dyad-ion
one carrying two, and triad-ion one carry-
ing three unit charges, During the process
of clectrolysis the charged ions of the
clectrolyte move with various velocities
towards the two electrodes, the fastest
being the hydrogen ions.  See Electron :
Tonization.

IONIC VALVE, This is 1 term some-
times used for the ordinary thermionic
valve.  See Valve,

IONIZATION. The liberation of ions,
either in electrolysis or in the case of gases
and air, the result in all three instances
being to confer conductivity. The prin-
ciple is made use of in the case of valve
detectors, - in - which, during the incan-
descence of the filament, the space between
it and the plate is rendered conductive in
onc direction only, owing to the fact that
it is filled with a gas permeated with
negative ions. When the process of applv-
ing the plate potential has been carried
to excess, unduc lonization may take place,
causing the valve to * blueglew ” (g.0.).

In less pronounced cases the difference
between a hard and a soft valve may be
said to depend upon the extent to which
ionization has taken place, <. hard vaive
being one in which the vacaum is high,
while in a soft one the spacc surrounding
the filament, grid and plate contains a
much Jarger proportion of negative ions.

The ionization of air and the effect of
the process upon reception n the form
of atmospherics and other phenomena is
closely discussed in Professor Ileming's
“ Introduction to Wircless Teicgraphy and
Telepliony.” He points out th: probabihty
of the existence at a high level nthe cartiv's
atmosphere of free electrons and positive
tons sufficient to give the ravefied air a
considerable clectric conductivity,  Henee

the theory of the Heaviside layer, which is
supported by the independently ascer-
tained fact that the electric conductivity
of the air, small at the earth’s surface,
Increases as we ascend to a great height.
The source from which the electrons and
positive lons that give the upper air its
conductivity arise is explained by another
established fact, namely, that ultra-violet
rays can ionize molecules of oxygen,
nitrogen, and other gases, and liberate
clectrons from them.

In this way sunlight may ionize the
upper air, but when sunlight is with-
drawn, the ions more or less combine,
The sun may exert an additional influence
in the way of ionization by reason of the
continual violent agitation of its incan-
descent atmosphere, which tends to the
creation of imniense masses of clectrified
dust.  As Fleming points out, if the carth,
moving in its orbit, should happen to be
struck by this eclectrified dust, the upper
layers of our atmosphere, which chicfly
consist of hydrogen and helium gases, will
be ionized.

The earth as a whole, however, possesses
a charge of negative electricity. The exact
source of this is not yet known. Neverthe-
less, the negative charge of the carth
exerts an electric force which will tend to
separate these positive ions and electrons
and draw the former to a lower level,

Atmospherics, being largely caused by
flashes of lightning, arc thus originally
traceable to 1onization, a theory regarding
which serves to explain the fact that
(1) wireless signals from a given apparatus
can as a general rule be reccived over
much greater distances by night than by
day; (2) that atmospherics are usually
more prevalent by night than by day,
and (3) that atmospherics arc specially
troubleseme during thunderstorms.  Dur-
ing the -day the earth’s atmosphere on
the side presented to the sun becomes
tonized by ultra-violet rays in its upper
layers, and owing to the earth’s electric
force the positive and negative jons be-
come somewhat separatecd

It may be shown mathematically that
an clectric wave travels rather faster in a
space imprognated with heavy ions than
In an ion-free air. Henee, if a wave is sent
our from a radio station the upper or
higher portions may travel more quickly,
and the rayv or wave dircction is curyed
down so as to bring it to the earth at a less
distance than would be the case if there
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were no ions. This process of ionic refrac-
tion, as it is called, shortens the range

Both by day and night the clectric
waves are guided round the earth—
according to the latest theories—chiefly
by reflection from the permanentlv ionized
layer of the atmosphere. But in the day-
time the ionization by sunlight at lower
levels bends down the electric waves and
so tends to make the range of efficient
reception shorter.

Similarly atmospherics are felt more by
night than by day because the more or
less distant lightning flashes to which
they arc due travel farther. At sunrise
and sunset the applied or withdrawn ions,
by recombining, are apt to produce special
disturbances. To other electric discharges
and recombination of ions in the Heaviside
layer the more permancnt disturbances
heard in daytime may be due.—0. Wheeler.

See Distortion; ILlectricity ; Heaviside
Layer; Refraction.

LR.E. This is the standard abbrevia-
tion for and the initials of the Institute of
Radio Engincers.

IRON. Iron plays a very important
part in wircless and in all forms of en-
gineering practice.  With steel, which
is an alloy of iron, it is the most impor-
tant metal capable of assuming magnetic
propertics. 1t is in this connexion that
iron is of such value in the construction
of wireless and electrical apparatus.  [ron
is used as the core of transformers, as it
affords a path of low resistance to lines of
magnetic force. In this way the lines of
force may be directed to a large cxtent
within limits where their effects  will
seccure maximum efficiency.  An applica-
tion of this is seen in the closed core of a
low-frequency transformer,

Iron has the property of reluctance, by
which is meant its disinclination to change
from its magnetic condition. This is often
a secrious dlsqdvantlge, and two methods
arc commonly adopted where reluctance
would tend to decrease the efficiency of a
particular picce of apparatus. The first
method is to select an iron of the softest
variety, as a soft iron has a lower reluc-
tzmu, than a harder one. Stalloy iron

elongs to this class, and is largely used
in tele ‘phone (hnhtagms The second
method of securing low reluctance is by
the use of laminations of soft iron, as a
small mass of iron will accept or vield up
a magnetic influence more readily than a
larger mass.

Another reason for laminating an iron
core is to break up the addy currents
which develop in the core. These currents
are generated in a dynamo or motor
armature in the same way as the legiti-
mate currents, and unless steps were taken
to eradicate them they would cause a
considerabie loss in efficiency. See Elec-
tricity ; Dynamo; Magnet ] Magnetism :
Transformer.

IRONCLAD EXIDE CELL. A type of
Iixide cell in which the positive plate
consists of an antimony-lead alloy grid
arranged with a number of vertical parallel
rods united at top and bottom with a
strong framework. Each of the vertical
rods is surrounded with a cylindrical pencil
of peroxide of lead, which forms the active
material of the plate. To prevent disin-
tegration of the material each pencil is
surrounded with a hard rubber tube
having a number of horizontal slots
through which the electrolyte reaches the
active material. Two stiffening ribs are
provided on opposite sides ¢f the tubes
which also act as insulating spacers. The
elasticity of the rubber tubes permits of
any change of volume likely to occur in
the actlve material.

The negative plate is of the standard
Ixide type. the plates being separated by
means of wooden scparators.  See Exide.

IRON CORE INDUCTANCE. It is ex-
plained under the heading Induction
that self-induction is most pronounced in
cases where an iron core 1s introduced,
and this fact i1s taken advantage of in the
construction of choke coils, the function of
which is to check by reaction, in the form
of impedance, the amount of current
flowing in the circuit. The iron core of
a choke coil usually consists of a bundle
of wires insulated from one another
to prevent ‘““eddy currents.” A low-
frequency iron core inductance is an iron-
cored choke coil used to resonate the low-
frequency circuit to applied alternating
current frequency. See Choke Coil.

IRON FILINGS. The use of iron filings
i wireless is more or less limited to purely
experimental work., In this connexion
iron filings are of considcrable use in
determining the nature and direction of
magnctic lines of force emanating from
a magnet or electrical circuit in which a
current is flowing. The method of accom-
plishing this is to surround the magnetic
field with a smooth sheet of white paper
where it is desired to find the lines &
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magnetic flux. A quantity of specially
prepared filings is heaped on another
piece of paper and shaken from some
height over the paper where the lines of
force radiate. It will be seen that the
filings take up a definite position where the
lines of force are greatest. If the filings
show any tendency to stick together and
not shake well, they should be washed and
then thoroughly dried. Illustrations of
this use of iron filings are given under the
heading Magnetism.

IRON LOSSES. The losses which occur
in the magnetic portion of «n electrical
apparatus containing iron are usually
spoken of collectively as the iron losses,
whether they arise from hystercsis or
magnetic lag, or whether from eddy
currents  or any  other similar cause.
These losses represent energy imp'xrtgd 1o
the core of a dynamo, motor, or trans-
former which cannot be recovered as use-
ful work, and are’ normally dissipated in
the form of heat.

The two chief losses occurring in iron
which 1s subjected to an alternating
magnetic ficld are (1) the hysteresis loss,
and (2) the eddy current loss. In con-
sidering the first of these, a distinction has
to be drawn between a true alternating
field having a fixed axis in space, and a
rotating magnetic field in which the
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Corrtesy J. Saniey O Sons, Ltd.
oricntation of the magnetic induction is in
continuous rotation. The difference in
the hysteresis loss brought about by these
two causes, according to Prol. F. G.
Baily, 15 represented in Iig. 1, and the
curves there shown indicate that at low
flux densttics up to about 15,000 lines per
square centimetre the rototing ficld gives
a rather greater loss than thc alternating
field.  The upward slope of the two curves
iS seen to be niuch the same, but after

caching a value of B = 10,000, the losses
pr()iluud by the rotating field deercase,
and at B :=20,000 they come down to
almost zero.  On the other hand the losses
due to an alternating iicld increase con-
tinuously up to I3 = 24,000, after which
they remain almost constant,

In practical design, caleulations “for
separating out the relative strengths of the
alternating and rotating ficld losses arc too
coniplex an too lengthy to admit of going
mto great detail, and it 1s usual to compile
curves based upon the actual -measured
losses in the various kinds of apparatus
undcr test, trom which can be read off the
number of watts lost per pound of iren
uncer varying conditions of flux density
and frequency.

It will be readily understood that differ-

ent  samples  of  material  will exhibit
slightly diltorent behaviour, and certain

grades of iron give consistently better
results than others. By courtesy ol
J. Sankey & Sons, Ltd., of Dilston,
Statfordshire, Fig. 2 may be taken as a
representative example.  Four grades of
shect, such as would be used 1 ordinary
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commercial work, are taken through a
serics of tests which consist of magnetizing
them at a constant frequency of 50 cycles
per second. The increase in the losses
which results {rom increasing the thickness
of the sheets is well shown, also the advan-
tages possessed by certain kinds of material
over others as regards low energy loss, both
in hystcresis and eddy current.  Any such
losses that can be saved in the iron core,
whether it belongs to a transformer,
dynaino, motor, or alternator, or, in fact,
any kind of clectro-magnetic apparatus,
reduce the heating and increase the output
capacity, hence the efficiency. Therefore
the carcful choice of material has a distinct
commercial aspect.

That the losses in an iron core bear a
definite relation to the induction value, or
flux density, at which the material is
being worked is made clear by reference to
IFig. 5. This shows the typical perform-
ance curves for -both ““l.ohys” and
“ Stalloy ” grades of sheet, all of the same
thickness and worked at the same flux
densities.

Stalloy, in particular, gives an extremely

good performance, and is almost uni-
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thickness is represented by this curve, at various
frequencics and flux densities

versally used for transformer cores, when
worked at audio-frequencies, and on
ordinary frequencies associated with com-
mercial supply systems. Its composition
is stated to be as follows: carbon -03;
silicon 3-40; sulphur -04; phosphorus -o1 ;
manganese -32; and iron 96-2. A more
detailed performance curve of stalloy 1s
given in Fig. 4.

Contrary to the general impression that
high-resistance steel is only necessary,
or, rather, advantagcous, in the case of
transformer cores and other structures
subjected to a purely alternating flux, core
losses are found to be considerably reduced
by its use in armatures intended for direct
current machinery, and since the reduction
in heat is proportional to the square of the
eddy currents, the saving effected on this
count alone is very pronounced.

For an alternating magnetic flux, and
a flux density not exceeding about 17,000
lines per square centimetre, the hysteresis
component of the iron losses will be given
approximately by the formula

Watts per cubic centimetre = » B¢
where 7 = the hysteretic constant, varying
between -002 and -00076, according to
the grade of material employed.

Eddy current losses follow the law
expressed in the formula below, provided
the direction of the flux is strictly parallel
to the plane of the laminations, and also
that the individual stampings are perfectly
insulated irom one another.

Watts per cubic centimetre =

,",2

I
— x = x I x n?x B2,
6 " p

106
where p is the specific resistance of the
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iron, ¢ is the thickness of the sheet in
centimetres, # 1s the frequency, and B,
is the maximum flux density in lines per
square centimetre.

The actual measured iron loss in a con-
pleted motor, generator, or transformer is
nearly always 1n excess of the sum of the
calculated hysteresis and cddy current
losses, which are due principally to the
hardening cxperienced during the various
5tampmg picrcing, and assembly  pro-
cesses, also to short-circuiting between
burrs on the edges of individual stampings,
bolting-up pins, and.to shaft contact.

Filing slots and grinding suriaces of the
laminated iron cores will always have a
detrimental effect as regards iron losses,
and it Is the practice of many manulac-
turers to re-anneal all iron stamnpings
after they have been finally machined 1o
shape, and to leave them untouched after
assembly. It is also good practice, and
one in general use where large outputs are
concerned, to coat one side of all iron
sheets with a thin hard paper, pasted on
before stamping or notching, and to omit
the re-annealing, which sometimes lcads to
distortion troubles. The slight extra cost
of production is  well ]lhtlﬁed bv the
saving effected in iron losses, and increased
output capacity as a consequence, or the
advantage of a reduced temperature rise,
A good commercial brand of iron will have
an average hysteretic constant of -oo27
after the average stamping processes have
been carried out upon it, and calculations
may be safely based upon this figure,

The high electrical resistance of stalloy

“1s sufficient to prevent the eddy current
component of the iron losses from rising
to an excessive figure, if the thickn
the sheets 13 l\Lpt down to about ‘018 in.,
that is No. 20 standard wire gauge.- -
A H. Avery, MILE.

IRON PYRITES. A natural mincrad
crystal sometimes used as a crystal recti-
fier. In appearance the crystal hasa very
smooth surface with a high polish and in

SPECIMENS OF IRON PYRITES
used for letectors, have
polished sarface and in eolour are a very »ale

Crystals of iron pyrites,

colour is a very pale gold. Iron pyrites 13
a non-battery crystal, and works best with
a fine cat’s-whisker of gold. A steel point
1s also used in connexion with this crystal.
In its natural state the crystal is not
always stable, but mecthods have been
found for treating the crystal which malke
it equally sensitive over its centire surface,

IRON WIRE. The word wire is applicd
to \'arious diameters, from the finest up to
about {5 in. or so in diameter, the larger
s1zes b(lng generally "known as rods or
bars. The wireless experimenter will find
that soit iron wire, cspecially anncaled,
can be serviceably used for the cores oi
various forms of transformers and also in
spark coils, and for other purposcs when
@ magnetic core 1s required.

Iron 1s a poor conductor of electricity,
and [or this reason iron wire is often used
lor resistance purposes, but not
cfficient as the regular alloys made specially
for resistances.  Iron wire 1s olten gal-
vanized and stranded, and is then used in
that condition for the guys for acrial
masts and numerous other purposes, the
object of the galvanizing being to render
the material resistant to the attack ol
dampness and to prevent oxidation.

LR.V.B. This 1s an abbreviation used
to denote th> form of insulation on a wirc.
It means that the wire is covered with
an indiarubber, vulcanized and braided
protection.

ISOBARS. Linc upon a mcteorological
map passing through places at which
values of barometer readimgs, duly cor-
rected to sca level, are the same. They
arc the lines in which the isobaric sur{aces
would cut the earth at its surface if the
latter were entircly at sca level.

General isobaric charts  provide the
means of reviewing at a glance the distribu-
tion of atmospheric pressure over given
arces, and ave based on the average values
calculated from past records.  An annual
map for the globe will show roughly the
exiztence of Ave belts of pressure. \ zone

T low pressure exists near the

15 S

Q)
cquator, on cither side of whiuh
arc belts of high pressure ; beyond
fatter the value diminishes
towards the polar regions. .\
constderation  of the variation
of these curves during the vear
involves  the use ol monthly
charts, particularly  those {or
January and July, as being
typical of winter and summer.

the

a snooth
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ISOBARS ..

The most important application of
isobars to-day lies in the construction of
daily weather charts jor forccasting pur-
poscs. By comparing the variation of
1sobars based on readings taken at regular
and frequent intervals, and so anticipating
their future arrangements, the weather
for a short time ahcad may be deduced.

ISOCLINAL. Line of cqual inclination

of the dip needle, called an isoclinic line.

ISOCLINIC LINES. Name given in
terrestial  magnetism  to  lines  passing
through places on the globe where the
dip ncedle has the same angle of inclina-
tien {rom the horizontal at the same time.

In general, such lines circle the surface
of the earth in a similar fashion to par-

allels of latitude, but are in no way parallel |

to them, the unequal distribution of the
carth’s magnetism precluding any possi-
bility of regularity of form. Their curva-
ture is continually changing, owing to
the variation with time of magnctic dip
at any given spot.

The line along which the angle of dip
has zero value is termed “ aclinic,”” and
runs roughly along the equator.

ISODYNAMIC LINES. Iines connect-
ing places on the globe at which the total
magneiic force of the carth has the same
value for a prescribed period.  In common
with the curves for declination and dip,
their shape 1s subject to change from time
to time.  They will show that the inten-
sity of this force has a maximum value
near the magnetic poles, and decrcases in
strength towards the iagnetic equator.

ISOGONAL. Line of cqual declination
of the compass ncedle.  An alternative
denomination for isogonic line.

ISOGONIC LINES. XName given in
terrestrial magnetism  to lines passing
through places where the declination of
the compass necdle or angle between the
magnetic and geographical meridians is
the same at any prescribed time.  In
conjunction with isoclinic and isodynamic
lines they provide a means for reviewing
the magnetic condition of the earth as
revealed at its surface.

Owing to the uneven distribution of the
carth’s magnetism, isogonic lines assume
a somewhat complex form, but their
general trend is from the north magnetic
polar regions to those of the south. They
intersecct  at  both magnetic and  geo-
graphical poles. The declination of the
compass needle being subject to sceular,
monthly, diurnal and ¢ven hourly changes,

{VORINE

isogonic lines must alter their form accord-
ingly.  In general, these changes are not
erratic, so that they may be predicted ahead
and charts constructed for navigation pur-
poscs.  The isogonic line to which zero
value is allotted is termed agonic.

ISOLIT. An insulating material similar
to adit (g.».). It consists of papier maché

-impregnated and covered with insylating

compounds. Its composition is a trade
secret.

JSOMAGNETIC. Term used in terres-
trial magretism to designate curves which
pass through places on the globe where
the intensity of the carth’s magnetic field
is the same at the same time. Due to the
fluctuating value of this force at any
given spot, the curvature of these lines is
subject to change.

Charts are constructed to convey in-
formation regarding both the horizontal
and vertical components of this force, and
will indicate that the vertical force is
greatest at the poles where the horizontal
component 15 zcro.

ISOTHERMS,,_, Lines upon meteoro-
logical maps connecting places at which
the temperature has the same value. For
general purposes the actual values of
thermometer rcadings as observed are
first reduced to an cstimated equivalent
at sca level, and it 1s from these¢ records
that the icothermal curves are drawn.

An annual chart of isotherms for the
globe will show the general distribution
of temperature, the lines indicating the
existence of a belt of high value over the
equator, decrcasing towards the poles.
Such maps are based on the average value’
of numerous readings observed over
lengthy periods, and therefore do not
actually show the existing temperatures
and cannot be taken as giving a corrcct
impression  of climatic conditions at a
given place. For this purpose, monthly
charts must be consulted, those {or
January and July usually being accepted
as typical of winter and summer.

IVORINE. Manufactured article imitat-
ing ivory, usually white, but somctimes
coloured. Its use in wireless work is
largely restricted to namc tablets, scales,
dials, and occasionally for the control
knobs of the various parts of the apparatus.
The illustration shows a number of
applications of ivorine in the form of

scales, dials, disks, name plates, and
indicating tabs suitably lettered and

calibrated according to their purposc.




