





!  To Our Readers

SOME little time ago, in connexion with one of our other fortnightlies,

a schoolmaster in Australia wrote to me that he was so delighted
with the various part publications issued by this house that he felt he could
only express his opinion by saying * If it's Harmsworth'’s, it’s good.”

S the editor who has been responsible for so many of these works I

was greatly pleased to have this very high testimony to their useful-

ness, and | am glad to say that my readers in all parts of the world are good

enough to leave me in no doubt as to the high value they place upon

HARMSWORTH'S part publications, by writing letters of appreciation, sugges-
tion-or helpful criticism.

' @UR WireLESs ENCYcCLOPEDIA, the very first work of its kind to be {
published—immeasurably -morc - comprehensive than any of the
multitudinous books on the same subject that have appeared in this country
or in the United States——has differed from most of our part publications
in being limited to one, and that a highly specialized, subject. Yet I think
we have succeeded in presenting every feature of Wireless as 1t 1s known
to-day with the most illuminating detail and in a manner so attractive
that even stark technicalities have become interesting. !

-~

: : WITH the completion of the WIRELESS ENcycLOPEDIA and the con-
i cluding of the very famous HousenoLp ENcYCLOPEDIA, my readers
| will rightly suppose that we are likely to be coming before them at an early
date with new enterprises. Within a very few weeks they will see announce-
, ments of another HARMSWORTH fortnightly, and although it will have no
x remote association with Wireless, it will probably attract ‘many of those
| who have been subscribing to the popular work, in the concluding part of
which these notes appear.

THIS new publication, the title of which is to be HarmsworTH's HoME
: DocTor, will be found of engrossing interest to all who are in search

\ of physical fitness.... Within recent years there has been a very definite and
E il {{ growing movement irt favour of raising the physical standard of the nation, %
F : ‘4% and nothing that ha$ been attempted in a literary way so far can be said to
. "Rave offered anything comparable with the practical help provided in
| HarmswortH's Home Doctor.

HT is an entirely new work, every line of it written by eminent and ex-

perienced general practitioners and specialists in. medicine and surgery
and physical culture. Utterly free from all pruriency, splendidly illustrated
with thousands of new and specially taken photographs, there is really no
one who can fail to benefit by a study of its pages, so that | anticipate for it
a very wide circulation. All Wireless enthusiasts who know what we have
done for them in the WireLESs ENcycrLopEpiA—the thoroughness, the
! “accuracy, the suggestiveness of it—can be assured that in the larger sphere
’ of personal health and fitness, into which so many thousands of considera-
tions enter, we shall provide in HarmsworTtH's Home Doctor a work
equally detailed and vastly wider in its scope.

J. A. H.
Look out for Part I on October 14th.
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the wood of the baseboard to avoid risk
of their short-circuiting.

The intermediate connexions ketween
the units, when needed, are best macle with
No. 16 gauge insulated copper wire. A
small stock of these connecting wires can
be cut to lengths of 6 or 7 in., and kept
on hand with rcady prepared barcd ends
to save time. A convenient number of
units, cnabling practically any two-valve
circuit, with or without crystal detector,
to be put up, should comprise two tuning
units, two valve units, one low-frequency
transformer unit, one crystal detector
unit, one telephone connexion unit, one
grid leak and condenser unit, and one or
two fixed condenser units, although a
greater or less number can be built at the
start, according to circumstances.

Some possible combinations arc illus-
trated in Figs. 17 to 24. Tig. 157 shows
three units set up to form a completc

= S

REACTION WITH UNIVERSAL UNITS
Fig. 22. Thix circuit diagram illustrates the con-
nexions for the single-valve set with reaction,

shewn in Fig. 21

50 honeycomb.  The crystal 1s adjusted
to a-sensitive spot, and the signals tuned
in by the rotation of the

-

condenser knob in the usual
way.

A set up for a <1ngle valve
set is shown in Fig. 18, and
the corresponding theoretical
circuit diagram is given in

Fig. zo. In this case the
length of the Dbaseboard
permits  the accumulator

and high-tension battery to
stand at either end, and

crystal detector, while Fig. 19 shows the
theoretical circuit . diagram. It will be
noted in this case that as no batteries are
needed, one of the bus bars

can be used for the aerial ]/
connexion and the other for Y
the carth connexion, the only I
bridging wire that is needed (N
being that between one side
of the erystal detector and the
telephone unit, the telephones
themselves being attached to
terminals thereon. Inuseacoil
of appropriate value should be e
plugged into the coil holder.
[For ordinary broadcast recep-
tion on an avcrage aerial,
this may convenicently be a
No. 2} Burndept or a 35 or
D7

Fig. 24.

]
——ﬂ]”H] A
TWO.VALVE SET WITH UNIT COMPOI\ENTS

Fig. 23. In page 2170 is shown the complete two-valve universal
set with crystal detection, for which this is the circuit

the acrial and ecarth con-
- nexions are made direct to
the coil holder, the bus bars
being used for the high- and
low-tension battery current
distribution purposes, as al-
readyv explained.  The units employed are
onc tuning unit, grid leak and condenser
unit, @nd the valve and telephone units.

L{l}kj!l--»l" |

NORMAL TWO-VALVE CIRCUIT

When the experimenter wishes to construct an
ordinary two-valve set he will find that it is quickly set up

with the universal umt set
103
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The only bridging wires in this case are
those from the aerial side of the plug-in
coil holder to one side of the grid leak
and to the grid terminal of the valve unit.
Another bridging connexion is made
between the anode terminal of the valve
unit and one side of the telephone unit.

If it be desired to make a single-valve
set with reaction, the samc units are
employed, with the addition of a second
tuning unit, which in this cass is used for
reaction purposes. This arrangement is
shown in Iig. 21, and the corresponding
theoretical circuit diagram in Tig. 22

It will be noted in this case that the units
arc turned around so that the two coils
are facing ecach other, the variation of
coupling being cffected by sliding the
acrial tuning unit nearer to or farther
from the rcaction unit, thus providing
the requisite adjustment in an efficient
manner.

Another system consists of a stage of
tuned-anode high-frequency amplification
with reaction on to the aerial.  Rectifica-
tion is by a crystal detector, which is
followed by a stage of low-frequency ampli-
fication. The circuit arrangements are
shown in the thcoretical circuit diagram
in Fig. 23.

Many other circuits can be put up
without altering the units, their number
being practically only limited by the
time and patience of the constructor,

MW\.’\I\/VWV\MI\AMN

VACUUM. Space that has been emptied
of all ponderable matter. In wircless
the term i1s most generally used in con-
nexion with valves and vacuum tubes,
There is no such thing as a completely
exhausted vacuum vessel, though a very
high state of rarefaction may be produced
by several means.

It is important in wireless, as well as in
the study of the phenomena of vacuum
tubes, that the vacuum should be main-
taincd constant, or should be controllable
in some way. Valves which contain any
amount of gas give very different results
from those which are almost entirely free
from gas. A valve which contains a
fairly large amount of gas is said to be soft,
and one 1n which the vacuum is high is
said to be hard. Nearly all the early
valves, including the famous Round
valve, were soft vacuum valves. See
Round Valve ; Valve.

A

VACUUM TUBE. Glass tube made in
various shapes and filled with air or gases
at pressures below that of the atmosphere.
The pressure in any particular tube, as
the cathode ray tube, may be consider-
ably below that of the atmosphere, i.e. the
vacuum may be high. There are many
tvpes of vacuum tubes. All have two or
more clectrodes fused through the glass of
the tube so that electric charges may be
passed through the tube.  The effect of a
high potential in a rarefied gas is to cause
the interior of the tube to glow, the char-
acter and colour of the glow varying,
naturally, with the nature of the contents.

The investigation into the character of
the glow led ultimately to the discovery of
N-rays and other rays, and the study of
the rays now known to be given off when
the tube is electrically excited has led
to many further discoveries which have a
most important bearing not only on an
understanding of the nature of electricity,
but also on the ultimate constitution of
matter. See Cathode Ray Tube ; Crookes'’s

Tube; Electron; Geissler Tube; Ultra-
violet Rays; Valve.
VALLAURI, GIANCARLO. Italian

wireless authority. Born in Rome, 1882,
he was educated at the Polytechnic School
in Naples, making a special study of
clectricity.  He was appointed lecturer
in succession to the Polvtechnic schools
of Padua, Karlsruhe and Naples, and
adviser to many commercial electrical

frms. He inaugurated in 1912 at Naples
one of the carliest courses in wireless
telegraphy. In 1916 he was placed in

charge of the Institute of Electricity and
Wireless Telegraphy of the Italian Navy,
and shortly afterwards was appointed
professor of electrotechnics at the Univer-
sity of Pisa, and in charge of the super-
visory work for the great wireless station
of Coltano-centre. He is the author of a
frequency doubler which employs a special
three-leg transformer with two printary
windings and two secondary windings on
each of the two outer limbs and a common
magnetizing winding on the central limb.
Vallauri has made a special study of {erro-
magnetic phenomena, and has published
a series of papers on ionic valves and
other subjects connected with wireless.
VALVE HOLDER. Term used to
describe a small component for the recep-
tion of a thermionic valve used in wireless
work. The bulk of the valves employed
by the amateur are of the standard four-pin,
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three-electrode pattern, and the holders
are gencrally composed of ebonite, either
moulded or machined from the solid. In
some cases chonite substitutes or other
compositions are employed. It is usually
considered that the genuine chonite
holders are to be preferred on the score of
good insulation.

VALVE LEG

to reduce capacity losses as much as
possible, and consists of an ebonite plate
with four sockets mounted upon it, cach
socket having a single metal contact to
which ¢onnexions are made by means of
round-headed screws and washers.  Valve
holders for Myers valves, and some of the
Marconi and other makes which  are

TYPES OF VALVE HOLDERS IN COMMON USE
Three varieties of ordinary thermionic valve holders are shown here. Left to right they are:
the ordinary solid type, panel-mounting type, and the flanged varicty, also for panel mounting
Courtesy Feto-Scott Co., Lid.

Three useful types are  illustratecl.
That on the left is the ordinary solid
pattern, in which a circular pilece of
ebonite supports four valve sockets pro-
vided with nuts whercwith to fix the holder
to the panel, and also to receive the ends of
the connecting wires. On the right is a
standard flange-type holder, the plate or
anode terminal of which is clearly marked]
with the letter A. Connexions arc
made by soldering to the underside of the
sockets, the wires passing through grooves
tormed in the flange.

The middle pattern has becn designed

arranged to be mounted parallel with the
surface of the panel, usually employ four
separate angular strips of metal, suitably
shaped in accordance with the shape of the
pins or terminals on the valve itself.
See under the titles of the particular valves
in this Encyclopedia, and also under
Portable Receiving Set ; Valves.

VALVE LEG. XName given to o small
but very useful component chicfly em-
ployed by the amateur in the construction
of various picces of apparatus in which
the ypins are emploved in conjunction
with sockets to make a form of readilv

VALVE LEGS FOR USE IN WIRELESS CONSTRUCTION
Above are illustrated various common types of valve legs and their corresponding sockets
The amateur will find these extremely useful 1n construction for quick contacts
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detachable connexion. Valve pins and
sockets as usually supplied are illustrated.
Four pins are shown in the centre. Those
which are simply screwed are usually em-
ployed in valve caps and other small places.
When provided with a collar and a washer
they can be attached to ebonite plates
and other devices for the construction of
various plug-in contacts.

VALVE OSCILLATOR. Name given toa
reaction or regenerative circuit so arranged
and tuncd that the coupling between the
anode and the grid circuits is sufficient to

VALVE RECEIVING SETS:

maintain a continuous interaction. See

. Armstrong Circuits ; Oscillator ; Reaction ;

Regeneration.

VALVE PANEL. Term used to de-
scribe a panel on which are erected the
various components for the reception of
valves in a wircless set. In large trans-
mission stations the expression * valve
panel " is often applied to composite struc-
tures used for a somewhat similar purpose.

VALVE PINS. Name sometimes applied
to the peg or terminal attached to the cap
of a valve. See Valve Leg.

THEIR USES AND CONSTRUCTION

How the Amateur may Construet Two Efficient Valve Sets
Many valve receiving sets have been described in this Encyclopedia, and they cover

a wide enough range to suit any requirements of an amateur.

The reader should

consult all those headings dealing with particular sets, as Armstrong Receivers ;
Flewelling Receivers, etc., and also such cognate entries as Amoplifiers ; High-

frequency Amplifier ; Regenerative Sets, etc.

For further information see such

general headings as Tuning ; Valves, etc.

Here is described the making of a simple
two-valve and crystal set and also a set
containing Myers valves, which have the
advantage of being far less fragile than the
ordinary valve.

The amateur-constructed set illustrated
in Fig. 1 was designed with a view to
cconomy in cost of construction and
simplicity. It is a straightforward circuit
of one high-frequency valve, a crystal
detector, and one low-frequency valve,
with reaction on the aerial tuning induct-
ance. It is effective in operation and
brings in, near 2 LO on a poor acrial, the
local broadcasting quite loudly enough for
good strength in the loud speaker (12
miles), whilst Birmingham, Bournemouth,
Radiola, the Ecole des Postes et des
Télégraphes and the Eiffel Tuwer come in
cxcellently on the headphoncs.

Fig. 1 shows the gencral arrangement.
It will be noticed that all terminals and
fittings requiring insulation are mounted
on pieces of ebonite, whilst the pancl itself,
measuring 13 in. by gt in., is of threc-ply
wood, large Loles being cut so that all
terminals, etc., may be clear. The three-
ply should not be less than § in. thick, and
if faced with hardwood will polish up well.
A strip of ebonite 10} in. by 1 in. is cut
for the terminals, spaced 13 in. apart.

The valve sockets are mounted on similar
ebonite 14 in. square. The telephone ter-
minals are on a strip 4 in. by 1.in., whilst
the two valve sockets to accommodate the
tuning coil are mounted on a piece similar
to that for the valve holders. The arm for

the reaction coil is 4 in. long by 1in, wide.
All these pieces may be seen in Fig. 2.
The crystal detector is purchased ready
made mounted on ebonite. The two
terminals may be removed and a pair of
contact studs substituted in order that they
may project well through the panel.
Similar ebonite parts may be purchased
rcady assembled, and save the time of
cutting and drilling.

The chonite portions being prepared
or purchased, the panel may be drilled
with large holes for all metal parts to
clear, which, with the cxception of the
valve sockets, will be £ in. in diameter. It
will be convenient at this stage to pre-
pare the containing box, which is 6 in.
deep and 13 in. by 9} in., inside measure-
ments.  The box illustrated is cleaned up
at the corners and edges and covered with
imitation leather paper. A small fillet is
fastened } in. from the top edge, and the
panel may be placed in positien.

Two variable condensers are necessary,
one for the aerial tuning of ‘0005 mid.
capacity and one for the anode of ‘0003 mfd.
capacity, though two of ‘0005 mid. vaiue
will give somewhat sharper anode tuning.
The filament resistances may be of stand-
ard make, although those illustrated
simply consist of two disks of wood 1% in.
in diameter and # in. thick, around which
is wrapped a piece of fibre 1 in. wide.
Upon this is wound three yards of No. 24
gauge Eureka resistance wire, the con-
tacts and stops being fashioned in the usual
way, as described under the heading



VALVE RECEIVING SET 2181

VALVE RECEIVING SET

Filament Resistance (g.v.).
The low-frequency trans-
former needs no comment
and should be fitted to the
panel as indicated.

Care should be taken in
setting out the various com-
ponents to see that a reason-
able margin is left all round,
as it is of considerable assist-
ance in wiring to be able to
turn the panel completely

= Qé N
CIRCUIT DIAGRAM

Fig. 2. Here is given the theoretical circuit of
the two-valve and crystal sct shown in Fig. 1

upside down, the box then forming a pro-
tection for components fastened to the
front while wiring.

COMPLETE TWO-VALVE AND CRYSTAL SEi
Fig. 1. In this set is employed a stage of higl
frequency and one of low, with a crystal as
rectificr and detector. This set works a loud
speaker at 12 miles ‘rom a broadcasting station

The wiring, shown in Figs. 4, 5 and 6, 13
carried out with stiff tinned copper wire,
which should be cut and bent to shape
before soldering.

The set should operate without difficulty.
Having joined up the batteries, connected
the telephones and plugged in the coils,
which may be of standard pattern honey-
comb, basket or the like, the anode coil

ig. 3. Front view of the high-frequency,

crystal and low-frequency set, showing the

componentsin position and the various terminals
for the connexions

the back. This view will help to make the

| wiring clear

‘ Iig. 5. Transformer side ot the panel seen from

Fig. 4. DBack of the panci, showing the wirmg.

Leads from the movable reaction coil arc fastened

by two ecoatact studs mounted on cbonite
+2 which the stiff leads are soldered

e b A A 1 i
7 -

psns - E

5:» %:‘
Fig. 6. Comlenser side of the panel, showing
the connexions in the wiring of the telephones

and loud speaker

HOW THE VARIOUS STEPS IN THE CONSTRUCTION OF THE TWO-VALVE SET ARE CARRIED OUT
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MYERS VALVE

Fig. 7. This type of valve is used in the con-

struction of the set shown in the following

illustrations. It is of unusual coustruction and
practically unbreakalle

. should be swung out at right angles to the

acrial coil. The two condenser knobs
should now be slowly revolved.

When a signal is heard, find the Dbest
positions for condensers and filament
resistances.  Now  turn  out the Ingh-
frequency valve and readjust the crystal
to the loudest signals.  The high-frequency
valve may now be relit and adjusted to
the best results. If it is dblrcd to use
reaction, the anode coil may be carefully
brought closer to the aerial coil, readjust-
ing both condensers as may be necessary.
With careful adjustments a very great
increase of signal strength may thus be
cbtained, care being taken to loosen the
coupling as soon as any™ hissing or
whistling is heard.

The Myers valves, Fig. 7, are made in
two patterns for dry battery or accumu-
latoroperation, and areknown

modified Flewelling, and has a stage of
low-frequency amplification.  The case
shown dimensioned in Fig. g, is } in.
thick with three-ply wood sides, is hinged

-on both sides and is provided with a

handle for carrying.  The two smaller
central compartments, Figs. 13 and 14 on
the plate, are occupied respectively by

two Myers valves, a variable grid leak

and condenser and the filament resistance
and low-frequency transformer.  The
space between is occupied by the aerial
coil, spade tuning plate and reaction coil
separately adjustable, and as illustrated
in Fig. 11 on the plate.

Details of the holders are given in
Fig. 15; the angle brackets are screwed to
the face of the case at the notched part
seen in Fig. 18. The mode of mounting
the valves and grid leak on an angular

cbonite plate is clear from Fig. 10 on the ~

plate. It should be noted that the valves
are set with the red caps uppermost.

A similar angular piece is made and
carries the filament resistance; the low-
frequency transformer is screwed to the
case side beneath the resistance coil.
The various condensers are placed on the
sides of the partitions and the whole
is wired with flexible silk-covered wire.

as dull or bright emitters,
according to the voltage.
They are neat, compact,
efficient in usc and admirable
for a portable set such as
that shown in Fig. 13 on the
photogravure plate.

The circuit of this portable
sct is giversin Fig. 8; itis a 0”/%”5”

CABINET FOR THE MYERS VALVE SET

Fig. 9. Herce the case for the set is illustrated.
For the constructor’s assistance all the main
dimensions are given

MODIFIED FLEWELLING CIRCUIT
Fig. 8. Theoretical circuit showing the con-

nexions to be made in the building of the Myers

valve set

The Myers valves are supplied with a
sct of parts for the construction of the
holders, which consist essentially of angu-
lar plates of springy metal. These have to
be bolted to the ebonite panel, and to fit
properly the fixing screw holes should be
drilled to accord with the paper template.

One way to do this is shown in Fig. 19.
The paper is placed on the top of the panel
and secured with a trace of some adhesive,
and the holes marked by punching with
a centre punch. In the present set the
valves areset side byside,and consequently
all the holes should be similarly marked
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and drilled. The angle pieces are then
screwed and nutted in place and the
screw heads well countersunk below the
surface, the holes being filled with insu-
lating wax as shown in Fig. 20 This
is best melted in a small saucepan and

INTERIOR CONSTRUCTIONAL DETAILS

Fig. 18. The ebonite angle-piece in the left-hand
compartment carries the grid leak and Myers
valves as seen in Fig. 10

the surplus scraped off with
the end or side of a blunt
chisel.

This panel forms an inner
lining to the valve chamber
in the case, the top being
enclosed by another smaller
panel, to the centre of which
1s fixed the variable grid leak
in the usual way. This pancl
is then secured to the valve
panel by small brass screws
passed into the edge of the
valve panel, as shown in
Fig. 16 on the plate. The
whole is then secured in
place in the case by means
of two small turnplates of
brass (Tig. 18)

The other panel is made

in a similar manner and placed in

- position in the other partition in the

case, but as the space is limited, select
a filament resistance that is thin and
small in diameter, so that it will 1t
casily beneath the panel, as shown in
Tig. 23. Tuning is cficcted in this set
by the use of basket coils, which can he
wound as described in the article on
Basket Coils (¢.2.), and the value should
be that most appropriate to the local
station’s wave-lengths, so that when in use
the spade will not have to be very closely
coupled to tune the set.

The reaction coil is a similar basket coil,

and both are mounted between two
strips of thin ebonite screwed to the edge
of ebonite disks about an inch in diameter,
as is shown in Figs. 11 and 15 on the plate.

The disks should be knurled on the
outside and mounted on a short length of
screwed rod, each disk being separated by
a spring wisher. The rod is supported on
small angle plates, as shown in Fig. 15
on the plate, and secured to them, when
the holder is fixed to the case, by means
of lock nuts. )

The spade is a simple disk ot aluminium,
and sccured, like the coils, by a central
screw passed through the two blades on
the holders.

Owing to the restricted space it 1s
advisable to carry out the bulk of the
wiring with single insulated flexible wire.
This is readily done by drawing out the
panels until the tcrminals are accessible
and connecting the wires with nuts or
bv soldering. The high-tension battery

HOW THE DRILLING TEMPLATE IS USE
Fig. 19. Iiere is shown the method employed with the Myers
valve-drilling template when marking out the panel

i d it} b i

V REMOVING SURPLUS WAX

Fig. 20, After filling up the scrcw holes in the
panel the surface wax is'scraped off the underside
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THE SET COMPLETELY WIRED

Fig. 21. In the building of this set the making of
connexions is greatly simplified by using flexible
wires

connexions terminate in wander plugs,
which should be of different colours.  They
are scen to the left of Fig. 21, where they
arc shown in the high-tension battery com-
partment.  The two connecting wires for
the low-tension battery terminate in the
opposite compartment and may have
spade terminals.

The acrial may be a simple frame with
collapsible members, which can be packed
into the lid of the case.

The frame is composed of four tele-

i’ .

FILAMENT RESISTANCE
Fig. 23. It is important that this component
should fit centrally on account of the very

limited space available for it

COMPLETE SET CLOSED
Fig. 22. When it is packed up the Myers valve
set has a very neat and compact appearance.
The weight is not heavy

scopic rods about 10 in. long, with a brass
ferrule at one end, as shown in Fig. 12
on the plate. Two ebonite strips, about
I in. wide and ¢ in. long, are hinged to a
small piece of hardwood, which has a
hole through the centre for the passage
of the central rod.

The cnds of the ebonite strips have little
strips of leather which hold the acrial wire
in place. The lower of the strips, as
shown in Fig. 17 on the special plate, has
terminals for the two connexions from
the frame aerial to the carth and aerial
terminals on the set respectively. The
acrial wirc s preferably Litzendraht.
Five or six turns are taken around the
frame while it is laid flat on the workbench,
and the cbonite strips supported in
position by nails or blocks.

When the wires are wound and connected
four struts of thin wood are cut to span
the angle between the ebonite strips and
the central rod, and arc fitted into notches
cut for the purpose of holding them in
place, as in Fig. 17, where the aerial is
held in an upright position by placing it
in an inverted flower pot.

The frame aerial, batteries and tele-
phones all pack into the case, as shown in
Fig. 22.  The frame is set up by pressing
the end of the rod into the ground and
connecting the set as shown in Fig. 10 on
the plate, although better results are
sometinies found by suspending the frame
from a branch of a tree by means of a thin
string, and using temporary longer con-
nexions to the set. Tuning follows the
system detailed under the heading Super-
regenerative Set.  See Portable Receiving
Set.
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VALVES EMPLOYED IN WIRELESSARECEPTION
By E. V. Appleton, M.A., D.Sec.

The choice of suitable valves to employ in a receiving set requires careful considera.
tion, as certain circuits call for particular types, and the experimenter should study
this detailed account of the different varieties that are available. Other references to
the subject will be found in the constructional hints on different types of receivers

and under names of specific valves,

In choosing a three-electrode valve for
use as an amplifier or detector in a wireless
receiver we are assisted by being able to
predict its performance to some extent
by an inspection of its static characteris-
tics.  These characteristics are curves
lustrating the relations between the
currents between the various electrodes
and the potentials applied to the clec-
trodcs.

Before considering the various functicns
of a valve in a receiver it is therefore of
interest for us to consider briefly the way
in which the modern valve is designed.

The modern three-electrode valve con-
sists essentially of a highly evacuated
vessel containing a thermionic cathode
(usually in the form of a filument which
can be heated by passing a current through
it), an anode and a current-controlling
electrode, which generally takes the form
of a wire mesh or grid, placed between
the cathode and anode. " It is essential
for stability and constancy that the valve
should be highly evacuated, and that the
metal electrodes and the glass walls should
ke free from gas.

Modern valve technique in manufac-
ture has been developed to such a stage
that the ordinary hard recciving valve
contains gas at a pressure as Jow as
1/100,000 mm. of mercury. In this wiy
remarkable constancy of electrical action
Is attained.

In the design of the three clectrodes of
a valve, threc factors are of importance
and require specification. In the first
place we wish to specify the total amount
of electron current emitted by the fila-
ment when a certain power is dissipatcd
in it. This will depend on the size of the
filament and also on the nature of the
material of which the filament is made.
Secondly, we wish to specify the amplin-
cation factor (K) of the tube so that
we may predict its performance as an
amplifier. The amplification factor de-
pends only on the geometrical shape of
the electrodes. Thirdly, we wish to specify
the internal resistance (R) of the tube,

which depends on both the electron emis- |

sion and the geometry of the electrodes.

See also Valves for Transmission

These three quantities may, of course, be
determined by an inspection of the static
characteristics mentioned above. We can
best realize their significance by a brief
survey of the physics of the action of a
three-clectrode valve,

Fig. 1 shows a valve diagrammatically.
Here F s the filament, heated to incan-
descence by current from the battery B,,
G represents the grid or perforated cloc-
trede, while A is the anode and has a
continuous surface. The anode is normally
maintained at a positive potential with
respect to the filament by the high-ten-
sion battery B,, while the potential of
the grid can be made positive or negative
with respect to the filament by means
of the battery B,. .

Since the positively charged anode at-
tracts the negative clectrons cmitted by
the filament, some of the latter in normal
cases pass through the holes in the grid,
arriving at the anode, so that an anode
current (ia) is registered. But the journcy
of these elcctrons is made difficult by the
repulsion that they exert on one another.
For example, an electron just leaving the
filament is repelled by the electrons which
have got some distance on their journcy
towards the anode. The result is that all
the clectrons emitted by the filament arce
not collected by the anode unless the
latter is very strongly positively charged,
in which case a large anode battery {B,)
would be required.

We may, however, use an anode battery
of mcdium voltage, which alone will cause
only a fraction {¢.¢. a quarter to a half) of

(G -

:Bg

~w=—_B, —
= ]

THERMIONIC VALVE THEORY
Fig. 1. This diagram illustrates the working
of a valve. F is the filament, G the grid and
A the anode




VALVES, RECEIVING 2186

VALVES, RECEIVING

Ihig. 2.

will Le scen that the outer supports are for grid anl anode. ~ The grid is seen in position in the

ucxt illustration, while the ancde is shown attached toits supportin the third. On the right
the construction is at the stage prior to fitting inside the bulb

the clectrons to reach the anode, and use
the grid to cnable us to control the amount
of eclectron current the anode reccives.
FFor definiteness let us suppose that the
action of the anode is such that an in-
crease of 20 volts in anode potential is
required to increase the current to the
anode by one milliampere.

Further, let us suppose that we now
make the grid slightly positively electrified
with respect to the filament by means of
battery By Since the grid is nearer the
filament than the anode, only a com-
paratively small grid potential is neces-
sary to give it a large positive charge,
and so give the electrons near the filament

HOW THE MARCONI.OSRAM R VALVE IS ASSEMBLED
On the left are cshown tle supports of the electrodes with the filament attached. It

the extra pull necessary to get them
started on their journey to the anode.

These electrons very soon acquire a very
high velocity (of the order of 10,000,000
centimetres per second) and, although
they are all attracted by the positive
charge on the grid, practically only the
ones that hit the grid wires directly are
caught by the grid, the remainder having
sufficient momentum to enable them to get
through the holes, after which they are
caught by the anode.

The grid is therefore efficient in at-
tracting the electrons but inefficient in
catching them. Thus if we increase the
grid potential we find the current to the

DULL EMITTER VALVES IN CONSTRUCTION : THE D.E3

Iig. 3.

vertical filament has a globular picce of glass attached.
to support the tops of the grid and anode, and the threefold purpose of this rod is secen on the

An interesting feature of this valve is that the rod supporting the upper end ot the
Into this glass two wires are fused

right. The central illustrations show the fixing of grid and anode

Al
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anode is increased, and in a typical valve
we may find that this increase of anode
current may be of the order of one milli-
ampere for 2 volts increase of grid poten-
tial. Comparing this with the figure men-
tioned above for the change of anode
current with change of anode potential,
we sce that the grid has 1o times the con-
trol action of the anode current possessed
by the anode itself.

The figure 10 here represents the am-
plification factor of the tube, which de-
pends on the dimensions of the grid and
anode. For cxample, the closer the grid
wires arc together, or the bigger the dis-
tance between the grid and anode, the
greater the amplification factos. Matle-
matical formulae have been derived which
enable us to calculate the amplification
factor (K) from a knowledge of the dimn-
sions of the electrodes, so that in most
cases this quantity is known before the
valve is exhausted.

The internal resistance {R,} of the valve
is the effective resistance between the
filament and the anode for small changes
of anode current. Thus in the example
we have considered above the internal
resistance is 20,000 ohms, since 20 volts
anode potential charge produce a current
change of onc milliampere.  Its value
can be determined mathematically if the
electron emission and the electrode
dimensions are known.

The total electron current is deter-
mined by the size and value of the fila-
ment and the temperature to which it is
raised by the heating current. In the
older type of R valve filaments of *‘ purc
tungsten (they actually contain a small
percentage of thoria to increase the tencile
strength) are used. The high tempera-
ture (2,300° to 2,500° absolute) required
to give the necessary emission requires
a comparatively large consumption of
power in the filament (¢.g. of the order of
3 watts), so that recently makers have
developed filaments which are made of
thoriated tungsten, and which give the
same order of electron emission at much
lower temperatures. Thoriated tungsten
containing one to two per cent of thoria
is used for most of these filaments.

It is only necessary to raise the tem-
perature to I,200° to 1,600° absolute to
obtain the required emission, and this can
be brought about by the expenditure of
only ‘18 watt in the filament. Fila-
ments of platinum or platinum alloy

’

1the tube is pinched to hold the electrodes.

coated with oxides (generally of the rare
earths) are also made. Tliese give a good
emission of electrons at a very low tem-
perature (1,000 to 1,200° absolute).

The grids and anodes of receiving valves
are usually made of nickel, though molyb-
denum is sometimes used. The arrange-
ment of these electrodes round the filament
is usually one of three types, as follows 1~

(a) Cylindrical type. Here the anode is
a cylinder with the filament along its
axis, while the grid is a helix of wire or a
mesh tube between the filament and anode.
This design is the most suitable one for
quantity production.

Examples : Marconi-Osram R (Fig. 2),
D.E.2, D.E.3 types (Tig. 3).

th) Ilat-plate tyvpe.  Here the grid
and anode consist of pairs of plane rect-
angular electrodes of grid and plate form
respectively, placed on opposite sides of
the filament.

IExamples : B.T.H. B.4 valve, Western
Electric Co. 102 D.W.

Fig. 4 (above).
construction of the Cossor valveare the cutting
off of the foct tube to length and the bellying

Two preliminary stages in the

out of its end.  Tig. 5 (below). Afterwards

Then, as the right illustration shows, they
are bent to position

HOW COSSOR RECEIVING VALVES ARE MADE
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them for a limited time, vary-
ing from one to three hours,
with normal filament current
and grid and anode potential.
The testing itsclf is very com-
plete for every valve. The
following tests are normally
carried out.

(1) The insulation between
the electrodes is tested. The
resistance should Dbe
“infinite.”’

(2) The filament current

. ancd voltage to give correct

ERECTING FILAMENT, GRID AND ANODE OF COSSOR VALVES ~ clectron emission are meas-

Iig. 6. To the left of the illustration the hooped filament is

ured to see that they are

seen: in the centre the grid is attached, and to the right the- according to specification.

anode is seen completed

(¢) Helmet-shaped type. The filament
is a loop covered by a hood-shaped grid
and an anode of similar shape.

LExamples : Cossor P.1 (Figs. 4-7) and
P.z valves.

When the electrode dimensions of a
valve have been decided on and the
clectrodes fixed in the glass bulb, the valve
is then exhausted. The object aimed at is
to obtain as high a vacuum as possible,
and that in the process the filament should
suffer as little as possible so that it may
have a long life afterwards. The gases to
be removed come from the electrodes and
the glass bulb.

The glass is heated by placing the whole
valve in an clectric oven while pumping
is carried out, but the clectrodes have
to be heated by clectron bombardment.
To this end the filament current is run at
about its normal value, while a potential
of 1,000 to 1 500 volts is applied between
it and the anode, the grid being connected
to the filament. In this way it is possible
to bring the anode to a temperature not
far from its melting point. While these
operations are Dbeing carried out, the
exhausting procceds simultancously until
finally, by the aid of a mcrcury ejector
pump, the pressure is reduced to about
10 to 5 mm. of mercury. The valves are
then scaled off and are ready for ageing
and testing. The Marconi-Osram mcthod
of doing this will be described here.

‘It is found that, however complete the
regular bombardment and exhaust may
be, there is always a subsequent clean-up
of gas while the valve is run under
normal conditions. Before testing, there-
fore, all valves are aged by running

(3) The degree of vacuum
is tested by measuring the
amount of ‘“backlash.” In this test
the anode is maintained at a positive
potential high enough to produce ioniza-
tion by collision if gas molecules are
present. The presence of positive ions
is indicated by the presence of a grid
current when the grid is maintained at
a negative potcntial with respect to the
filament. If this positive grid current
is greater than a certain amount the valve
is rejected. This test for “ softness”
is one which the amateur can carry out
easily himself.
(4) The slope of the anode current-grid
voltage characteristic (K;) is found.

o

ADJUSTMENTS IN THE COSSOR VALVE

Fig. 7. On the left the jig is shown placed on the

anode support to adjust the correct height ot

the filament; to the right another jig is similarly
used for the grid
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MARCONI-OSRAM POWER VALVE
Fig. 8. This is a powerful amplifying valve.
taking an anode potential of 120 to 130 volts

(5) The slope of the anode current-
anode voltage characteristic K,) 1s found.

Irom these quantitics we can derive
the amplification factor (K) and the inter-
nal resistance (R;) of the valve, since

K=

K,

and R = i
<,

It ought to be mentioned that in many
modern receiving valves the exhausting is
not carried out solely by means of pump-
ing. The clean-up of the gas can be
assisted by chemical means. The chemi-
cals used (e.g. phosphorus or magnesium)
are known as ‘ getters,” and recently
a procedure has been developed whereby
valves are exhausted using a moditied
bembarding schedule in conjunction with
chemical agencies. Valves made in this
way can be recognized by their colour
or sheen. For example, if phosphorus is
used, the glass is amber or straw-coloured,
(e g. B.T.H. B.4 valve), while if magnesium
is used the glass exhibits a silvery, mirror-
like appearance (e.g. Marconi-Osram D.E.2
or D.E.3, Figs. 8-13).

Before 1920 almost all the valves sold
in England for receivers were of the R
type and had filaments of tungsten. But
in 1920 the Gencral Electric Co. produced
commercially the first low-temperature
filaments, using thoriated tungsten. {We
except herc the oxide-coated filaments of
low-temperature type made by the Western
Electric Co. of America, and which are now
also made by the Mullard Valve Co.).
The General Electric Co. dull emitter valve
reproduced the characteristics of the well-
known R valve, but its filament required
only 30 amperc at 1-8 volts (i.e. 05
watt) instead of the 2:8 watts required by
the ordinary R type.

A few months later a further step was
made, and a valve requiring a filament
current of only -06 ampere at 3 volts
(1.e. -18 watt) was designed, but it was
not at first put on to the market owing to
ditticulties of mass production. Ultimately,
Lowever, the difficulties were overcome,
and these valves were sold to the public.
For these low-temperaturs valves a very

.
Nl

MARCONI-OSRAM R. 5V VALVE

Fig. 9. This type is one of proved efficiency
that has a reputation for good results
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high vacuum is cssential for the main-
tenance  of low-temperature emission.
Now, the action of magnesium as a
“getter 7 is even more efficient than
phosphorus, so the former is used in the

MARCONI.OSRAM D.E.R. VALVE

I'ig. 10. This type, an oscillating, rectifying and
amplifying valve, is suitable for replacing the
Lright emitter R valve

oblong support attached to the rear pillar.

manufacture of nearly all dull emitter
valves. The magnesium is introduced in
the form of a wire or ribbon heated at a
definite stage in- the bombarding process,
and is finally deposited on the bulb walls.

Nowadays the tendency is all towards
low-temperature emitters for reception
purposes, and it is safe to say that the old
R type, which certainlv has played its
part in wireless history, is obsolescent.

We now procced to give an #ount of
receiving valves made in England by
standard makers. This is most con-
veniently done in the form of a table.

From the table (page 2191) it will be seen
that therc is a wide range of valucs from
which we can choose for use in a valve re-
ceiver. Before giving further details asto
the suitability of various types of valves for
vartous functions in a valve receiver, it is
necessary for us to consider in somewhat
greater detail what these functions are and
how far we can assist the valve to perform
its functions by the use of suitable clements
in our circuit design.

For simplicity we shall consider that
each valve performs mainlyv only one
function (though it is possible for a
valve to do more than one). The

LOW.CAPACITY THREE-ELECTRODE TYPE
Fig. 11. In this valve the electrodes are painted
n different colours to distinguish them. This
valve is also a uscful low-power high-frequency
generator in local oscillators

INTERNAL CONSTRUCTION OF THE MARCONI-OSRAM D.E.R. VALVE
Fig. 12, On the left are the supporting pillars of the electrodes. Next arc the grid and its

The third illustration shows the anode fixed

to the {ront support, while the last shows the complete interior structure
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RECEIVING VALVES: THEIR CHARACTERISTICS AND USES

This table, prepared by Dr. Appleton as a result of experimental determinations carried
out in his laboratory, covers 16 of the valves in general use, and is of considerable
value to the experimenter in determining the choice of a valve to meet general or
special requirements

Maker

Tvpe

Filament

Volts

Amps.

Electron
Emission

Anodc
Volts

Ampli-
fication
FFactor

Anode
Resistance

Remarks

Marconi-
Osram Co.

R.

[e]

6 m.a.

60-8o

9

40,000 .

R.Z.

Y[~
%

O m.a.

D E.1

5 m.a.

40-00

9

40,000 (.

‘ General purpose
' valves. Require ac-
_cumulator 4-6 volts.

40,000 .

D.E.2

5 m.a

40,000 .

(General purpose
’ valves of dull-emuitter
ltypc, Require only

one-cell accumulator.

D.E.3

Hm.a

22,000 w.

Suitable for detector,
amplifier, and for
loud speaker. Re-
quires 4 volt accu-
mulator with resist-
ance, or can be run
from dry cells.

.33

‘05

6 m.a.

100

vt

A valve for medium-
size loud speakers.

50 m.a.

150

Suitable for use with
large loud speakers,
and for telephone-
repeater work.

B.T.H. Co.

R

‘03

45-00

Tungsten  filament.
Requires two-cell ac-
cumulator.

B.g

tv
w

40 m.a.

40-100

)

7,000 .

00

o-8¢

15,000—~
18,000 w.

Suitable for detector
with 4o anode volts.
For amplifier or loud-
speaker work use 6o—
100 anode volts with
negative grid bias of
3—-35 volts. Dull emit-
ter filament.

Dull emitter filament.
Can be run from dry
cells.

Cossor
Valve Co.

P.1

Exceeds
6 m.a.

30

66

18,000—
20,000 .

Used as detector or
LL.F. amplificr.

P.2

Exceeds
30 m.a.

60-80

50,000~
00,000 w.

Specially designed for
high-frequency  am-
plification.

Edjison-
Swan Co.

R.

50-100

25,000 g.

AR,

30-80

w
[

122,000 w@.

f(}oncral purpose
lvalvcs, Require two-
cell accumulators.

AR.D.E.

‘30

20-50

25,000 w.

Requires only one-
cell accumulator.
Dull emitter.

A.R. 06

‘06 to
‘07

20-50

Can be run from dry
cells, Dull emitter
filament.
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B

HOW THE MARCONI.OSRAM
This type is of soriewhat similar

Tig.
although shorter, is supported in the same way.

13.

three functions which valves may perform
in a receiver arce those of

(1) High-frequency amplifier

{2) Rectifier

and (3) Low-[{requency aniplifier.

Thus a typical receiver is one of three
valves in which the three successive valves
perform functions in the order specitied.
these

R5V VALVE IS CONSTRUCTED
construction to the L.S.5 valve.

The filament,
The anode, as shown in the third illustration,
has a single support, which feature is also shared by the grid

(1) High-frequeney Amplification. The
essential connexions of the high-frequency
valves in three mnethods of high-frequency
amplification are shown in Iig. 19. In
cach case the aerial circuit is connected
to the grid and the filament of the
valve responsible for the high-frequency
amplification. In each casc also a vario-

We  now  proceed to  consider meter is shown for tuning the aerial circuit.
{unctions in greater detail. As the high-frequency valve is a potential-
Type R Type RZ
et e s 7 N s sl I B B B
—  AnodeCurrent - Grid ¥olts % y) :
vy node Current - Grid Volts.
Characteristics / L Wgﬁﬂ/ﬁ

[~ Fitament Voltage-4-0 volts.
» Current -0-67amps.
» Emission-9-0milliamps. _|

[

| Alament Voltage - 5 volts.
w lurrent - 0-65 amps.
v Emission-4-45 milliamps.

L /l /| @ L Anodevoltages - 40,60,& 80 volts 4w
Amplification Factor-8 to 10 / 7S e
[~ Internal Impedance-40.000 0hms 4 ' E r Approximnate Values i &
- Impedance ~ 40,000 ohms ﬂ—' e &
) " :
I - Amplification factor-8 Aﬂ7/ Ve /]/ 3'§
% - i]_"“LAA"‘—- h / / : §
§ i I 4 Vi -1 8
/ ] - 4
4 ABn R | / S
o e d A Qb + ]
sojvolts] /" 50 voIts. 8 i / &
Y 1 13 T —Z2 3
// . /_ - © o ] <
| Al 3 - / T
4 yANN g Bl I
4 ! = 7/ ] <
4 NER 1 ) / -
L i ; 05 1= 7 : ’
%@ ~ 04 | - : 8
] A 0 S ; -6
L = o | / | s
L | L e , / - 2
Negative | 1 Positive | Negative 4 1/ | Fositive
4 3 2 10 12 3 4 108 6 42 024681011 RKI6
Grid Volts. Grid Volts

R TYPE MARCONI.OSRAM VALVE
Tiig. 14. Characteristic curve of the R valve, show-
ing theeffectsof boand Sovoltsappiied to the anode

CHARACTERISTICS OF THE RZ VALVE
Fig. 15. The curves shown here are for anode vol-
tages of 40, 6o and 8o and a filament voltage of 5
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operated deviee, it is advisable to make the
capacity of the circuit as small as possible,
so that if a variometer is used no further
tuning capacity is required.  For example,
the varioneter niade by the General Radio
Co. has an inductance range of 100 to
1,230 microlienries, giving a range of 300
to 1,000 metres on a P.AL (r acri 11

In the tuned anode picthod (Ihg. 19 a)
the oscillatory circuit is tuncd in the same
way.  The connexion from the first high-
Irequency amplifying valve to the second
is made via the grid condenser ond the
anode battery. This method is very selee-
tive and satisfactory in every way.  In the
method (Iig. 19 4) using a high-{roqueney
transforner, air-core coils are normally
used. A gm n pair of coils is usually only

“efficient as a transformer over « short

range of wave-lengths, but it is possible to
design a transformer with a tapping switch
having a greater range.

In the anode reactance method (I'ig. 19.¢)
an air-core inductance 13 includec in the
anode cireuit, and the potential changes
across it are transferred to the grid and fila-
ment of the next valve stage via the gril
condenser and the high-tension battery.
For convenience a tapped coil may be
nsed. Thus the H.I reactance made by
Radio Instruments, Lid., is suitable for

Type D.E3
| S S R R S B ri"_‘*ﬁfiﬁfﬁ"' |
f— Anode Current_Grid Yoits. |-+ ! | l—‘
- Characteristics 4_,1,,}, ,,*'_1,4;
- Grid Volts. Grid Current 1,

L Characteristics

"Flament Voltage - 3 0 vts
o Curreént - 0-06 aimps
L Anode Voltages -20. 508 6 volts

[~ lmpedance - 20,000 oh:s
—Ampiitication factor -5

Anode Current 1n Milliamperes
Grid Current i Mithamperes

/Ve:qap'vgz
w 8 6 4 2 2
Grid Volts.
CHARACTERISTICS OF THE D.E.3 VALVE
tig. 10, Curves of the D.E.3 dull emitter,
requiring only 3 volts and ‘06 ampere in the
fitament and 25-45 volts on the anode
Laos
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Type LSS
— = -2
- Adngae Current CridVolts - — %__-
Characterist.cs S j .
_Fiament eltage- 45 volts | / :
w Current-07.amps I L/ |
|~ Arode voltages - 120 & 150 voi?s. 1 / 20
" Armpiiticatron factor ﬁ‘} A/égjr’;;ﬂb/gsw' 0\"5 —1T1 3 -l
L - S A/IS
N In:vedance 6250 ¢hm's | LT Fa i 7 é‘ 6
g T 7 ViR 8
g i IS
Q P4 N 3.
g i 5\ 1 B8
1N e I [
N r i S 3
S i (S s
S R ! &
s ‘ L
g | 8
bt ' E
§ g—-T—IU \\_
S - +
S N
S ST a ~
© Sl o3
< X ! <
< S§—6 &
4
2
i i | - Pasmve
Lg,:_;lg,,n - L 1,

8 & a4 2
Grid Volts
L.S.5 VALVE CURVES
Fig. 1+ Charactceristics of this  loud-speaker
valve.  Anode voltages should be of the order of
120-15> for the best results, with a generons
gril-bias vultagc

Ty pe DER
R R A e A e 3
Anode Cur/‘ent— Grid Volts

— Characteristics

==

[~ Fitament Voltuge-1 75 volts

T e e Current -0-35amps b
(o w Eussion-5¢ mitliamps L
|_Anode voltages - 40& o0 volt:

= Amplif.catiorn Factor- 75 4=

B i T s TR S u PSR S A (U S

N

Anode Current in Milliamperes

- —— ’
/ / 05
Negative Positive
6 4 2 o0 2 4+ 6
Grid Volts.

D.E.R VALVE CHARACTERISTICS
Fig. 18. Curves of the D.E.R type, which requires
only a one-cell accumulator and a H.T. battery
of 40-50 volts

1X3
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VALVE CONNEXIONS IN HIGH-FREQUENCY AMPLIFICATION

Fig. 19 a (left).

Tuned anode method of H.F. amplification.

b (centre). Transformer coupling

11.F. amplification. ¢ (rght). Anode reactance method of H.I'. amplification

0-0003 mfy.
-——~«l -

HF . 2
Signat <

HT -

HY+
Output
—HI+
input
- ———
H= HT-

CONNEXIONS FOR DETECTING AND L.F. AMPLIFYING
Fig. zo. « (left). TIn this circuit the valve is used for reception and detection. b (centre). Here the
valve receives, detects and rectifies. ¢ (right). The valve and L.I%, transformer method of reception

use in this way over a range of 200 to
20,000 metres.,

(2) Reetifleation. Therce arc two standard
mcthods of rectification: (a) anode rectifi-
cation ; () cumulative grid rectification.
The essential connexions of detector valves
for both methods are shown in Fig. zo. In
hoth cases the high-frequency signal to be
amplified is applied to the grid and filament,
while the resulting low-frequency signal is
withdrawn from the anode circuit.  Anode
rectification (IFig. 2o @) depends on the non-
uniform relation between the anode current
and grid potential, and in choosing a
valve for this function it is cssential that
the characteristic for normal operating
anode voltage should be curved,

Cumulative grid rectification (Fig. 20 8),
on the other hand, depends on the non-
uniform relation between grid current and
grid potential. Thus in cheosing a valve
for this purpose it is cssential that the
grid characteristic for ithe working ¢rid
and anode voltages should be curved.
The grid current should wlso e of suitable
magnitude.

(3) Low-frequency Amplification. The
most efficient  low-frequency  amplifying
circuit is the combination of a valve and
a low-frequency transformer (see Fig. 20 c).
The transtormers usegd are of the step-up
tvpe.  Examples of standard transformers
with winding ratios are :

Radio Instrumcnts inter-valve

audio-frequency transformer 4:1
Igranic intcr-valve transformer,
shrouded type 5.1

Formo inter-valve transformer .. 5:1

With these tronsformers and a valve (R
type) it is possible to obtain a low-frequency
amnplification ol the order of 2o, which is
actually higher than the amplification
factor of the valve. This amplification
is not, however, usually maintained over a
very large range of frequencies, so that for
tl:e amplification of speech and music the
resistance-capacity method of amplifica-
tion (Fig. 21) is sometimes used.

The amplification obtained by this
method can never be greater than the
value of the amplification factor of the
valve, and is usually not more than 6 if R
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type valves are uscd. .\Iurcme r, a high
anode potential has to be used owing B
the drop of potential across the high
resistance R, The latter difficulty is to
some extent obviated by using a choke
inductance, T, of small ohnic resistance
in place of the high resistance R (Fig. 22,
But even in this case the amplification caa
never reach a value as high as that of the
valve amplification factor, whereas, as
mentioned abeve, the amplification factor
can be excecded if a step-up transformer
13 used.

We now consider the factors influrncing
our choice of vaive in any given case. Tle
main consideration is usually found to te
the convenience the experimenter has for

é——— _______
ol

1
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supplying filament-heating current.  If a
6 volt accumulator is available, and there
i3 no difticulty about charging, valves of the
R and RZ tvpe may h(, “recommiended
becanse of their cheapness. But in most
cases this is not <o, and the choice has to be
made between the two types of dull emitter
valves, of which the DIz and D3
valies may be said to be ty pic:xl

An actumulator is necessary if the former
is used, but only 24 ampere per valve is
taken from at, so that with a good accu-
mulator of kirge capacity the charging need
not be a ve r\ frequent matter. On the
other hand, when the charging of accumu-
lators is quite out of the question, as in
country districts, valves of the D.E.3,

— HT+

LOW-FREQUENCY AMPLIFICATION BY TWO METHODS

Tig. 21 (left).

Fig. 22 {right).  Amplificat

The valves here used obtain amplification by

the resistance coupled method.

ion is obtained here by the choke inductance method

CONSTRUCTIONAL DETAILS OF THE L.S.S VALVE

Fig. 23. Shown in the illustration to thc

left,
the right photograph by a rad with a spring-ended hook. )
the grid construction, and the third the method employed for attaching the oval anode.

the filament is supported as indicated in
The second illustration shows
The

completed clectrodes are seen on the right
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B.5, and A.R. ‘00 types mav be run on
dry cclls, as a current of only 60 milli-
amperes is required.  All the valves mnen-
tioned above are of the gereral purpose
type, and will act efficiently as high-
frequency amplifier, detector or low-
frequency amplifier.

Tor loud-speaker work a valve with a
low internal resistance and tigh emission
Is most suitable (e.g. 1..5.5 or B.4). The
low internal resistance is usually provided
at the expense of the amplification factor,
which is low in loud-speaker valves. For
high-frequency  amplification  a higher
amplification factor is desirable.

The dull emitter valves mentioned alove
have a long life so far as filament burn-out
15 concerned.  Useful life is thercfore de-
termined by the number of hours for which
the initial emission is maintained, and is
usually of the order of 1,000 Jwours.

Recently, valves with coated filaments
have been made in England by the Mullard
Radio Valve Co. and the Western Electric
Co. The power for heating the filament is,
for a given electron emission, verv much
less than that of the pure tungsten fila-
ment, and nearly as small as that of the
thoriated tungsten filament. The Weco
valve has a coated filament, and tukes
25 ampere at -8 to 141 volt for normal
operation. Its lifc is found to be several
times that of a pure tungsten filament, and

VALVES, TRANSMITTING

to excced that of the thoriated tungsten
dull ¢mitter filament.

A typical power-amplifying valve is the
Marconi-Osram type 1..S.5, illustrated in
Fig. 23.  This valve is a comparatively
recent development in power amplifiers,
for it is a dull emitter. The filament con-
sumes approXimmately -8 ampere, at 45
volts, while the anode requires a potential
of from 120 to 150 volts.

Reference to the illustration will show
that the anode is oval in section, and that
it is supported on cither side by a very
stout wire pillar. The grid, which is also
oval, and which closcly follows the interior
of the anode, is supported on an inverted
Us-shaped framework of heavy wire. A
double filament of an inverted U shape
is fitted, the top of which is supported
from a hook attached to another pillar
situated at the rear of the anode.

The contacts fitted to this valve are
worthy of note. It will be seen that they are
not of the wusual split wire type,” but
arc made in two parts. There 1s a wire
pillaruf rather smaller diameter than usual,
surrounded by a stamped metal thimble
forced upon the central wirc. It has been
found that this construction climinates
the tendency of repeated removal and re-
placement of the valve in its socket to
reduce the efficiency of the contact be-
tween the hollow socket and the valve pin,

VALVES FOR WIRELESS TRANSMISSION
By Professor W. H. Eceles, F.R.S.

During recent years the developments in the broadcasting of wireless transmissions

- have been phenomenally rapid: and no component has more quickly evolved to assist

this advance than the three-electrode transmitting valve. Dr. Eccles contributes an

excellent study of its principles and its practice in working. See also Broadcasting;
Transmission; Valves for Reception

The rapid development of  wircless
telephony which has taken place during
the past ten years has been made possible
by the application of the three-electrode
thermionic valve to  the generation of
clectrical oscillations,

As soon as it was proved that oscilla-
tions so gencrated gave exeellent wircless
telephony, great attention was dirceted to
the development of the  three-clectrode
valve, and very soon the valve was being
made of a size and quality that fitied
it for Morse transmission over hundreds
of miles as well as for telep:hony over
tens of miles. As carly as 1015 the
American  wircless  engineers  showed,
however, that they had greater ambitions
for telephony than mcerely to use it

for short-distance work ; for in that
vear they succeeded by a special effort in
transmitting speech across the Atlantic
from Washington to Paris by means of a
battery of 300 thermionic tubes operating
in parallel. These tubes were of about 25
watts output cach, and were then the
largest made. Since that date the size
of the threc-elcctrode valves has Dbeen
gradually increased, until to-day they have
been butlt about four thousand times as
powerful. -
The valves uscd in transmitting stations
arc of two kinds, those with two clectrodes
and those with three clectrodes. 1In either

casc one ol the electrodes, called the

cathode, is heated in order that it may
eniit electrons ; the electrons are attracted
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across the evacuated bulb {ror the cathode
to the anode when the latter is raized to a
high voltage.  When thev reach the anode
they enter its substance und flow along the
metal conductors leading to the outside,
thus forming an ordinary clectric current.
The circuit is completed outside the valve
by connexions of various kinds, including
the source of high voltage, and thus the
clectrons enter the cathode again and con-
stitute a negative current circulating con-
tinuously so long as the cathode is hot and
the high voltage is applicd to the anode.
The most convenient way of providing
a hot cathode in an evacuated bulb is to
make it in the form of a fila-
ment which is capable ol being
warmed by the passage of an
auxiliary current through it
Another way 1s to make it in the
form of a metal tube inside the
bulb and then heat this tube by

A two-clectrode thermionic valve mav
be called a diode valve for short, or a
Fleming velve.  The anode may in genceral
be of any shape.  An obviously con-
venient formi of anode is a flat plate fixed
parallel to the fiiament.  Another obvious
form is a evlinder surrounding the filament.
Both forms were used by Fleming, and
betore him by experimenters on electrons.

-

MARCONI-OSRAM 100 WATT
POWER VALVE

Fig. 1. In this valve the circular anode

is supported by metal tripods.  The

t T S s s T —
Scale of /nches

TRANSMITTING VALVE TYPE T.4.A
Fig. 2. This diagram illustrates an Admiralty
type of glass valve for transmission. The sizes
of its different components may be judged from
the scale
Couriesy ““ Journal of the Institution of Elecctricai I-nginecrs”

an mcandesced filament inside it or by the
process of electronic bombardment.

In transmitting valves, as in receiving
valves, the most useful conductor for the
filament is tungsten, which can be heated
to very high temperatures without undue
evaporation. At 2,000° absolute, the emis-
sion is about 5 milliamperes per squure
centimetre of tungsten surface, at 2,500°
it is about T ampere per squarz centimetre,
and at 3,000 it is more than 30 amperes
per square centimetre.  The rate of emis-
sion can be increased by introducing
thoria into the filament during the process
of manutfacture. Such a filament emits at
1,400° the same electron current as would
be emitted at 2,000° by pure tungsten.

SR filament s kept tight by a helical
i spring fixed in the glass at the
top end

- When, as in large power valves, a high

voltage is to be applied between anode
and filament, the cylindrical form is best
for withstinding the strong mechanical
attraction that may arisc between twa
conductors at very different potentials.,

In fact, 1t the filament is a straight one
and it 1s fixed accurately along the axis of
the surrounding cylindrical anode, there is
no attraction upon it at all, and cven if it
departs slichtly from the ideal centre line
the attraction is relatively small.  The
attraction can also be made very small when
the anode is of plate form by making
it of two plates, connected together elec-
trically, ove on cach side of the filament.
For mediuim power valves the plate form
is therclore sometimes adopted, but for
large power valves the cylindrical con-
struction i~ almost necessary.

In most diodes the anode is situated
within a glass or <imilar bulb, and is held in
position round the filament by means of
rigid supports resting on the glass.  The
variations of design are innumerable.  One
example is seen mn Fig. 1, which shows a
100 watt power valve of Marconi-Osram
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design. The cylindrical ancde is here
supported both above and below by metal
{ripods, which bear on the narrowed parts
of the bulb. The lcad from the anode is
taken through a scal in the wide part of the
bulb, in order to obtain between anode and
cathode a long leakage path over the glass
and thus sccure excellent insulation
between these conductors.

It will be noted that the filament is
a hairpin filament kept taut by a helical
spring anchored in the glass and attached
to the bight. Inmounting the electrodes
inside the bulb the glass-Flower must
adjust the tension of this spring, and
therefore the tension of the filament, by

at a speed of 11,000 miles per second when
they strike, and the kinetic energy they
possess is dissipated by heating the
anode. This waste of energy during the
use of a rectifying tube is inevitable until
someone invents a way of landing the
clectrons on the anode without con-
cussion.

This heating of the anode affects con-
siderably the design and the manufacture
of large valves. In the first place, the
metal must be shosen to withstand easily
the effects of high temperature. The metal
ordinarily used in receiving valves is
nickel ; but in power valves the most
suitable metal ismolybdenum. A few years

VARIOUS PARTS OF THE M.T.6 TRANSMITTING VALVE

Fig. 3. llere arc portrayed the different stages of the construction of the M.T.6 valve.

From

leit to right are shown : anode mounted ; anode unmounted; grid mounted; grid unmounted;
filament mounting and seals
Cowrtesy Marconi’s Wireless Telegraph Co., Lid.

pulling out or pushing in the glass part
while 1t is being heated in the blow-pipe
flame. The Mullard Company cmiploy
a small metal index which is also
anchored in the glass, and which lies
alongside the spring to serve as a gauge
for helping the glass-hblower to give a
predetermined tension to the {ilament.

In the operation of these power recti-
fiers the anodes become very hot and are
often worked at a red heat. The heat is
produced by the impact of the electrons,
which, after emission from ihe filament,
attain high velocity and bombard the
anode violently. For example, if the
anode is I,000 volts positive relative to
the filament, the electrons will be moving

ago molybdenum anodes were made by
weaving molybdenum tape into a basket-
like cylinder, but nowadays they are simply
rolled sheet metal. It is found that a
molybdenum anode candissipate four times
as much heat as a nickel anode ; so higher
voltages can be employed with a molyb-
denum ancde of the same size as the
nickel anode, and there is less danger
of damage by accidental overheating.

In the second place, in using power
valves, provision must be made for get-
ting rid of the heat.  Ina bank of rectifiers
for a big transmitting station about 2o or
30 kilowatts must be disposed of. A
certain amount of the heat is radiated to
a distance; but if the bulb is of glass this



Tig. 4. Anillustration of the Western Electric Fig 5. M. T.5 transmitting valve, which dissipates
Co.’s latest type of water-cooled transmitting 23 watts at the anode, suitable for voltages up
valve to 1500

Courtesy ** Electrical Coomvmuitication ” Courtesy Marconi's Wireless Telegraph Co., Lid.

Fig. 6. Four types of transmitting valves. From left to right these are: M.R.G rectifier;
M.T.6; T.450 high-power valve ; and M.R.4 medium-power rectificr
Cotvrtesy Mayrconi's Wireless Telegraph Co., Lid.

MODERN TYPES OF HIGH.POWER TRANSMITTING VALVES
2199




VALVES, TRANSMITTING |20

_ VALVES, TRANSMITTING

M.T.4 VALVE FOR TRANSMISSION
Lig. 7. Tests of this valve have shown that it will
dissipate 200 watts at the anode and is suitable
for voltages from 7,500 to 10,000
Courtesy Marcont’s Wireless Telegraph Co., Ltd.

absorbs some of the radiation and gets
very hot. Tt then has to be cooled by
the use of an air-blast furnished bv a
constantly running blowing engine or
COMPressor.

In the third place, the manufacture of
power valves is much more difficult than
that of recciving valves. The fact that
the anode becomes very hot in use com-
pels the manufacturer to get rid of ab-
sorbed gas more thoroughly than is neces-
sary in the manufactnre of receiving
valves.  The process of exhaustion is
pursued  to extreme lengths, and  the
pumps arc kept running some  hours
while the anode 1s bombarded by elee-
trons from the filament in the same way
as it will be bombarded in use.

Indeed, the bombardment during manu-
tacture should be carricd on at a higher
voltage—that is to say, with even more

vigour—than will be experienced later. At
the same time the glass must be heated by
an external agency to a higher temperature
than it is likely to experience in action,
and this is best done in a furnace which can
itself be partially evacuated to remove
the pressure of the atmosphere from the
bulb while it is heated almost until the
glass softens.

While applying to the anode a voltage
higher than will normally be applied to the
finished article, the manufacturer meets
a rather curious difficulty which causes a
number of failures during the bombarding
process. The high voltage on the anode
accelerates the clectrons from all parts of
the filament and attracts most of them
to itself ; but some of the electrons from
near the ends of the filament may, after
getting up a high speed, shoot past the
anode and strike the glass. When this
happens to a sufficient extent the bom-
barded area of the glass may get so hot
that the atmospheric pressure blows a
hole in it and ruins the valve. This acci-
dent may be prevented by making the
cvlinder long enough to cover the ends of
the filament. !

The object of the elaborate manufactur-
ing process indicated above is the com-
plete removal of gas, whether free, or oc
cluded in metal, or absorbed on glass. The
free gas 1s easily removed by modern
pumps, but gas in the solid parts is less
easy fo eliminate, and gradually comes out
in working. This free gas is casily ionized
by the high-spced clectrons—that 1s to
say, the gas molecules are broken into
positive ions and negative clectrons. The
negative clectrons join the main electron
torrent and rush towards the anode. The
positive ions are repelled from the anode,
gain speed, and msh at the filament.

Doubtless most of the ions, in passing
through the dense cloud of electrons just
leaving the filament, are neutralized ; but
their momentum carries them right on to
the filament, and they may heat portions
of it so greatly as to cause actual evapo-
ration of the metal. This is the beginning
of the end of the filament. In the carly
days the endeavour to use high voltages
in order to handle large powers resultec
in rapid destruction because the art of
cvacuation was not systematized.

The life of a filament might then be
one or two hundred hours. To-day many
hish-voltage valves live two or three
thousand hours. It may indeed be said
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that the life of a properly exhausted valve
is a matter of filament thickness, and that
the end comes because of unevenness
in gauge or texture. The initially thin
parts of a filament tend to become thinner
still because the heat developed by the
heating current is greater at the thin
parts, and the evaporation of metal in
the emission of clectrons is therefore
greater there. Obviously, thick filaments
can be made of more uniform gauge
and quality than thin ones, and on this
account their life should be longer.

A thick filament requires a greater
heating current than a thin one, and,
other things being equal, costs more per
hour in working. The designer or pur-
chaser has therefore to balance shortness of
life against running costs when deciding up-
on the thickness of filamenf he will specify
in ordering a quantity of power valves.

Practically all that has been written
above about the manufacture of valves
with two electrodes applics also to valves
with three clectrodes, which may be called
triodes.  The triode differs from the
diode only by having a grid intcrposed
between the filament and the anode. The
theory of the grid is the same in trans-
mitting as in receiving valves.  Because
the grid is necarer the filament than the
anctle 1s, a small voltage applied to the
grid is cquivalent to a large voltage applied
to the ancde, and therefore small changes
of grid voltage produce relatively large
changes of anode current.  The difference
between transmitting and receiving triode
valves lies solely in their size and design
in detail.

The chief points in filiment and anode
design have alrcady been explained for
dicde valves; the only additional feature
in triode valves arises in the design of
the grid, which must be supported to
withstand great electrostatic pulls and
must be thick enough to endure consider-
able bombardment.

During the war triode valves were
made of gradually increasing size, until at
last glass valves capabice of dealing with
half a kilowatt of input cunergy were
standarized.  The British navy mean-
while developed silica valves of even
higher power. Silica has many advan-
tages over glass; it allows of the anodes
being worked at temperaiures so high that
glass would soften and collapse, and it is
more translucent to heat rays, and there-
fore keeps cooler than glass.

The metal parts of both the glass and
the silica valves are practically the same,
but in silica valves the anode is made
smaller than it could be made in glass
valves of cqual rating. A dimensioned
sketch of an Admiralty glass valve Is
given in Fig. 2, which is taken from a
paper read by Gossling before the Institu-
tion of Electrical Engineers.  Recently
Colonel Morris Airey, of the Admiralty,
has exhibited a silica valve capable of
dealing with over 50 kilowatts.

The latest devclopment in valves, both
diode and triode, consists in cooling the
anode by flowing water or oil. Such a valve
presents the appearance of a metal cy-
linder with a flat bottom, surmounted by
a bulbous top of glass. The exposed n:ctal
cylinder is the anode, the grid and the

M.T.2 TRANSMITTING VALVE

Fig. 8.  This_high-power transmitting valve
dissipates 6oo watts at the anode, and is suitable
for voltages up to 1200
Courtesy Marconi' Wireless Telegraph Co., Ltd.
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flament Leing held in place swithin 1@ by
means of leads and supports sealed inte the
glass 1op. The glass top is itgelf scaled
to the metal anode.

The water-cosled valve made by the
Western Electriec Company is illustrated
m Iig. 4. This type of wvalve is also
made by the General Electric Company of
America and by Phillips of Holland.,  Some
of these valves have been built of large
size. The standard Western Electric valve
is capable of dealing with an input of
more than 15 kilowatts at 10.000 velts on
the anode ; but experimental valves have
been built by the company to deal with
more than 2oo kilowatts. .

As an example of & modern large valve
cquipment that at the Radio Corporation’s

# stalion at Rocky Point, Long Tsland, may
be cited. The valve equipment was SUP-o
plied by the General Electric Company of
America. It consists of a bank of thice
50 kilowatt  diode rectifiers and a bank
of six 20 kilowatt triode oscillation gene-
rators.  The primary supply of clectric
energy s 30,000 volts alternating cuor-
rent 5 this is rectified by the first bank
and passed to the wicde Hank, which
converts it to high-freguency current. A
current of 350 amperes was maintained
in the aerial during o test of sixteen
hours.

VALVE SOCKET. Namc given to a sinall
brazs component chicfly emploved by the
amateur constructor as « means of making

MOUNTED VANE CONDENSER
Tig. 1. Tt is best to mount vane condensers in
a casc as shown to prevent dust or dirt accu-
mulating on the plates and altering the capacity
Courtesy Peto-Scott Co., 1td.

_ VANE CONDENSER

VERNIER VANE CONDENSER
Fe. 2. In this exomple a vernier adjustm:
s fitted for fine tuning.  This instrument is
of very accurate construction
Courleny Peto Scoit Co,, Lid.

.

ub a holder for an ordinary three-clectrede
vadve.  See Valve Leg.

VANE CONPENSER. Namc applied to
nany patterns  of variable  condenser
characterized by the use ol a number of
flat plates. One example is illustrated in
Fig. 2, showing a Pcto-Scott pattern with
a vernier attachment.  The condenser is
composed o1 fixed plates arranged parallel
to cach other and secured to three tie rods,
the plates being separated by small washers,
The end plates are thicker than the others
and act as the supports for the rods and
the bearings for the centre spindle. Other
and sialler plares are similarly mounted
on the spindle, which is free to turn within
tlic fixed plates, under the control of the
dial and knob. A separate movable plate
acts as a vernicr, and is actuated by a
small lever and knob.  Vernier condensers
arc also dealt with under the heading
Vernier in this Encyclopedia, and under
the heading Condenser.

Vane condensers should be kept free
from dust and dirt, and the method of
mounting them in a small case with an
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ebonite top is shown in Fig. 1.
See Air Condenser ; Condenser.
VANNI, GIUSEPPE., Italian
wireless authority. Born at
Albano Laziole, Rome, 1862,
where he was first educated, he
continued his studies of electri-
city under Professor Kohlransch
at Strassburg. In 18g4 he was
appointed a lecturer in

G. Vanni. Inthe Vanni microphone a jet,

J. of some conducting liquid, as acidu-

lated water, is made to impinge on a
sloping metal plate, F, which forms one
terminal of the microphone. This sloping
metal plate is fixed in position.

The othcr electrode of this microphone
is also a metal plate, M, but it has a certain
frcedom of movement, so that onc edge of
it can just dip into the thin stream

physics at the Collegio
Romano, Rome,

and professor T J
and director of &
the  physical

-

SANARRNRNY

VANNI'S LIQUID MICROPHONE
This illustration portrays diagrammatically the
liquid microphone of Giuseppe Vanni, and
indicates clearly the principles of its action

laboratory of the Military Radio Tcle-
graphic Institute in Rome, 1912. The
same year he took part in the International
Radiotelegraphic Conference in London.
and also in those held in Paris in
1912 and IQI3.

Professor Vanniis one of the
most Dbrilliant of the Italian
wireless authorities.  He is
the inventor of an ingenious
form of liquid microphone,
seperately described in  this
Iincyclopedia, with which he
carried out telephonic ¢om-

munication between Rome and Tripol.

He has written a number of standard
books on electrical engincering and wire-

less, and in 1914 was awarded the Cagnola:

Prize of the Royal Lombard Institute of
Science and Literature in Milan.

VANNI’S LIQUID  MICROPHONE,
Tvpe of liquid microphone due to

of conducting liquid that flows over
the fixed electrode.  The play of the
moving electrade is controlled by
means of a lever mechanism, A,
attached to the diaphragm, D, of the
microphone.  The vibration of the

diaphragm causes the movin
SS-IT clectrode to dip in and out 0%

the stream of liquid between
the  two clectrodes, and this varies
the resistance to any current which
may be passing.

VARIABLE CONDENSER. The
expression  variable condenser s
chiefly applied to instruments of the
moving-vane type, a development of
which is illustrated in Fig. 1. This

is known as the 3 E.V.C. con-
denser, and has many applica-
tions in conjunction with the
elimination of interference and
for many forms of bridged or
balanced circuits. There are three variable
elements in this condenser, the outer pair
of moving plates and the inner or bridging
plate, the plates of which are adjustable
scparately and relatively to each other.

Other forms of variable condenser are
illustrated and described under the headings
Air Conderser, Condenser, Tubular and
Vernier Condensers (g.v.). A more compact

3 E.V.C. TYPE OF CONDENSER

Fig. 1. Here there are three variable condensers
in one. This type of instrument is particularly

valuable in interference-eliminating circuits
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LISSEN VARIABLE CONDENSER

FFig. 2. Compactness is the striking feature of
this instrument.  In this type mica or some

similar diclectric 1s employed instead of air
Courtesy Lisen, Lid,

tvpe of variable condenser 15 lustrated in
Figo 2, and 1s known as the Lissen.  This,
and others ol other miakes, incorporates
the principle of two or more adjustable
plates separated by a diclectric of mica or
other material not air. One plate 1s usually
«Oxed and the others adjustale, as regards
their distance from 1t, by means of an
chonite knob.  Such condensers have the
merit of considerable range of capucity

aE—

LISSEN VARIABLE. GRID LEAK
Suitable for pancl mounting, this component
has soldering tags attached for conncecting the

wWires In position
Courtesy Lissen, Lid,

while occupying small space.  See Air
Condenser ;. Condenser;  Tubular  Con-
denser.

VARIABLE GRID LEAK. Term used
to deseribe all forms of grid leak with
ready means for altering their value. One
deviee, known as the Lissen, is shown in the
iflustration. It has an ebonite case with a
centre hole fixing for panel mounting, the
alteration of value being obtained by
rotation of the cbonite knol Soldering
tags arc fitted for the attachment of the
connecting wires.  See Grid Leak.

VARIABLE INDUCTANCE. Term ap-
phicd to all forms of inductance which are
=0 arranged that the effective value can be

altered at will, \monff the methods that
have been adopted are the sliding type of
inductance, and the use of tappuws and
contact points of studs controlled by

ah inductance switch.  See Coil; Induct-
ance; Tapping, etc. :
VARIABLE RESISTANCE. Strictly

speaking, an expression covering all forms
of adjustable resistance. In wircless work
the term i1s more applied to those resistances
of high value required in many circuits,
lhen. are many patterns, but these illus-
trated are characteristic, and known as
the Lissen. The actual resistance is a
compound of high resistivity and is varied
by alteration of the pressure exerted by the
screwed spindle rotated by the small
chenite knob. See Resistance ; Rheostat.

VARIO-COUPLER. Name given to a
tuning device. A vario-coupler consists of
two (lummts first a fixed portion which
is virtually an inductance co1l wound upon
a tubular or spherical former, and often
known as « stator, and a movable portion
known as a rotor. The latter may take
the form of a basket coil, spherical rotor
ball, or other convenient form. In addi-
tion, a vario-coupler may actually consist
of two plug-in type coils, suitably con-
niected and tapped. In this Encyclopedia
the application and construction of vario-
couplers are fully dealt with, e.g. under
Armstrong and Reflex Sets.

As regards the rotor ball type of

VARIABLE RESISTANCES

Three standard types of high

variable resistances which de-

pend upon pressure for their
varying values
Courtesv Lissen, Lid,
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* COMMON TYPE OF VARIO-COUPLER
Fig. 2. Hcre a lattice-wound basket coil is used

GECOPHONE VARIO.COUPLER
In this type the rotor is mounted inside
a tubular tapped inductince as the stator
Courtesy General Electric Ce., Ltd.

Tig. 1.

instrument, such as that illustrated in
Tig. 1, which is known as the Gecophone
vario-coupler, this part of the device
follows the same mecthods of construction
and winding as that described in the article
onrotor {g.v.). The Gecophone vario-coupler
compriscs a tapped stator in the form ot an
inductance on a tubular {former, the retor
being mounted within the tube and con-
trolled with an ebonite knob and dial.

In another pattern, illustrated in Fig. 2,
a somewhat similar arrangement ol a
tapped inductance is uscd in the primary,
while the rotor in this case consists of a
lattice-wound basket-type coil mounted on
two short spindles in a similar manner to a
variometer, the movement of the rotor
being controlled by an eboniie knob.

In instruments of this general type the
wiring may he carried out in various ways.
The tappings in the primary are usuclly
carried to a stud switch controlled by a
movable contact arm and connexions
made in the usual way to aerial, carth «nd
the detector. The rotor may be wired into
the circuit either as a reaction coil or as a
coupling coil to a secondary inductance of
suitable value, in which case the primary
is connccted to aerial and carth and one
side of the sccondary taken to the de-
tector. The vario-coupler is in this sensc a

as a rotor, movement being controlled by the
knob

most adaptable * instrument for tuning
purposes. See Coil; Rotor; Stator;
Variometer.  See also under the names of
Viarious scts using vario-couplers.
VARIOMETER. A form ot variable in-
ductance mn which the variation is made
without alteration to the amount of con-

i
i
i
S

GECOPHONE VARIOM ETER

Tfig. 1. The rotor here is mounted on two half-
spindles projecting through the stator walls
Ceurtesy General Elecivic Co., Ltd.




VARIOMETER

FOR HOME CONSTRUCTION
w2 (above).  Four ebonite plates are cut to
shape and driied to form end supports of the
home-made vasiometer.  Fig. 3 right).  knd
plates of the rotor are now in position and the
central spindic fitted

variometer  usually  comprises  either a
tubular or spherical exterior member or
stator, with a spherical internal member
known as the rotor.  An exaraple of this
type 15 tire Gecophone varioncter, illus-
trated in Fig. 1. The rotor 13 mounted
on two half-spindles which project throngh
Lushed holes in the walls of the stator,
movenient of the rotor being  controiled
by omeans of @ dial and knob.

G.R.C. VARIOMETER

Iig. 4. DBoth stator and rotor in this example
are wound without formers, an insulated outer
cage carrying the spindle and ebonite blocks
Cowrtesy General Radio Co,, Lid.

A variometer is wired so that there are
only two ultimate ends to the winding
proper.  The outer windings commence at
one terminal, the requisite number of
turns are made outside the stator lormer,
and the end of this wire connected to the
commencement of the rotor winding, such
connexion being effected by micans  of
bushing and half-spindle and by contact
strips.  Other methods include the use of
flexible wire, contact brushes, and so forth.
The end of the rotor winding is similarly

VARIOMETER

cennected to the other hali-spindle, and
tLis is connected to the second terminal.

¢ A particalarly good cxample of a
variometer suitable for broadcast band of
wave-lengths is that illustrated in Iig. 4,
as supplied by the General Radio Co., Lt
This 1s built up so that only the winding
itvelf is needed to form the major portion
of the ~tator and rotor, the Iatter having a
small ring or flange which acts as a sup-
pert to the spindle, the stator having an
mn-~ulated cuter cage of metgl to carry
cbonitc Dlocks and  supporting bashes
ior the rotor spindle.

The small ebonite plate is connected by
means of a screw in the end of the stator
framework and enaldes the frame to be
fixed under anv reasonable conditions.
The modes of wiring and making vario-
meters of the spherical type are described
n the articles Stator and Rotor (g.0.).

IS

HOME.CONSTRUCTED VARIOMETER

Figz. 5. This simple variometer is easily made
at home. Two rectangular formers are used in
place of the more usual spherical ones

3



VARIOMETER
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WIRING THE ROTOR

Fig. 6. To hold the wiring of the rotor firmly
in place notches are cut in the end plates. Note
the positions of the hands

A suitable simple and effective construc-
tion for amatcur purposcs is illustrated in
Fig. 5, from which it will be scen that the
spherical formation is substituted by the
use of two rectangular windings supported
by flat ebonite end plates. These ure
connected together by means of chomte
or brass rods to form twao pairs, the smalier
being arranged to rotate within the other.

For broadcast purposcs, when used in
conjunction with the average aerial and a
low value serics condenscr, the variometer
plates may mecasure 4 in. long, 3 in. wide
and 17 in. deep for the stator, and 3% in.
long, 2% in. wide and 14 in. deep for the
rotor. These ebonite plates are then squared
up and radial notches cut in the ends of
them, as shown in I'ig. 2. Centrel -holes
arc drilled for the bush and spindles re-

- 1 .
spectively.  Other holes arc drilled ncar
the corners for the passage of the tie-rods.
Two holes should also  be
drilled and tapped in onc of
the plates so that the vario-
meter may be screwed to the
panel.

Aiter the plates have been
prepared they should be tested
by mounting themon arod and
rotating them to see that the
radial slots are correctly cut,
and that the ends of the picces
for the rotor are also cut to
a radius. There should be a
gap of about [ in. between the
outside diamecter of the rotor
plates and the bottom of the
radial walls on the fixed or
stator plates. The rotor is
then assembled, as shown in

HOW THE ROTOR IS FITTED IN THE STATOR

VARIOMETER

about % in. in diameter. The ends of
these rods are drilled and tapped, and
No. B.A. countersunk screws passed
through the holes in the rotor end plates
and screwed into the rods.

Two short lengths of screwed rod are
then fixed in the centre holes and sccured
with lock nuts in the usual way, to act as
spindles.

The next step is the wiring, which may
be performed with ordinary No. zo gauge
enamelled copper wire.  As many turns as
possible slhiould be made, commencing
from one of the outside corners of the
notches until the notches on one side of
the spindle are completed. The wiring is
then swept across to the next notch and
continued as in Iig. 6.

After the wiring 1s finished, the two ends
should be connected one to cach of the
spindles by means of lock nuts. The stator
plates should then be assembled on the
rotor by 1neans of rods, which may be
screwed into the holes in the end plates
andesceured with lock nuts. Two terminal
nuts should be fittéd on the outside end
of the top pair of rods, cach of these rods
being connected to onc of the hall spindles
of the rotor by means of a copper contact
strip, the whole arrangement being clearly
llustrated in Iig. 7.

To keep the rotor in place and keep the
winding “rom rubbing against the end plates
of the stator, one or two spring washers
should be interposed between the two
pairs of end plates, and the length of the
stator rods, being rather longer than those

Fig. 3, by means of four equal-
length rods of brass or ebunite

Fig. 7. Here the variometor is nearing completion, and the

rotor is fitted iniide the stator. Note the connecting strip
hetween the central spindle and the stator terminal
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for the rotor, gives suflicient clenrance,
These spring washers and  other con-
structional details are shown in Fig. &
The stator is wound in a <imilar manner
to the rotor, but it is necessary to interpose
a thin strip of insulating material between
the winding and the contact strips.  The
final stage m the wiring, as well as these
contact strips, is illustrated in Iig. 9.
The stator winding has to be carricd out

'
i

. SR R Y
LAST STAGE IN THE WIRING
Fig. 9. The final stage of the wiring is shown
here. The rotor winding is completed and the
last stage of the stator winding is in progress

ot coupling between the rotor and stator,
Results may only be obtained when the
rotor 1s turned through 180 degrecs.  This
may arise should the winding be arranged
in  opposite  dircctions, See  Coil ;
Inductance.

VARIOMETER WAVE-METER. Form
of wave-meter employing a variometer as
the variable inductance. The best form
of variomcter wave-meter is that due to
Professor J. S Townsend and patented
by him.  This form of wave-meter, by
means of a two-wav switch, mayv be used
Lk tor long or short wave-length ranges.
Fig. 8. Spring washers are employed to keep See Wave-meter
the rotor end plates from Jamming against the :

stator end plates VERNIER CONDENSER. A condenser
of Jow value used in a circuit for fine

alter the rotor is assembled in its place, tuning purposes.
as it is otherwise  difficult properly to A vernier variable condenser of such
conncct the rotor to the spindles.  The construction ix  illustrated  in Fig. 1,
commencing end of the stetor winding and in this three end plates are uscd,
should be attached to one of the vrods  thus providing for adequate support of
having a terminal on it. the vernier spindle, Imparting to it an
The winding is then continued 4s In the
casc ol the rotor, and should be in the s ume
dircction. The ultimate end of the rotor
winding is connected to the other rod of
the stator, which is also provided with a
terminal. - On making a battery test with
telephones in the usual way, the circuit
should now be completed  through the
terminal. The current should have an
unbroken  metallic path from the first
terminal, around the stator winding to the
sccond rod, which is connected to the
variometer spindle by means of a contact .
strip, shown in Fig. 7. -
The current then passes through this-

DIAL AND SPINDLE DETAJLS

strip, through the rotor half-spindle, ~ CONDENSER WITH VERNIER ADJUSTMENT
Fig. 1. Betwcen the lower end plates an addii-

t_anCLl‘ lhrou_ghl the contact St_rlp]to the tional moving and tixed pair of plates, controlled
second terminal on the stator. — In use, separately, previde vernier or fine adjustment of
tuning is effected by varying the degree capacity
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VERNIER CONDENSER DETAIL

2 (above).

p:{nc! beneath the dial. Fig. 3 right).

independent means ot adjustment. Such
condensers are w=ually reliable an<d robust
i usc and not casily deranged.

The experimenter will otten Te called
upon to convert an ordinary  variable
condenser to a vernier condenser. Onge
mcthod by which an extensivdy used
make of variable condenser can be adapted
as a vernder is iflustrated in Fig. 2. The
method consists essentially of  attaching
a fixed plate to the outside of the
panel, attaching to the undersid.- ol the
dial another metal plate, and altering the
dial knob so that the dial only may be
rotated while the knob remains stetionary.,

The first step'is to take an ordinwry fixed
condenser plate and screw it by means of
countersunk brass screws to the outside
ol the pancl, as 1s shown in Tig. 3. The

e 4

SPECIAL ADJUSTING PLATE

tig. 5. Here the special metal plate is being

fixed in position on the dial.  This part of the
construction calls for careful wo-k

, D 103

i i aseat it b SR RIS
f

In this form o fixed plate is secured to the
Attaching the fixed
plate to the panel by means of countersuni serews

next operation is to part the knob from
the dial, if necessary sawing them asunder,
A special metal plate is then cut from
brass or aluminium and should be similar
i general shape to the ordinary moving
plates, but shy have an outwardly

DIAL OF THE CONDENSER

Plan view of the dial, showing the

knob for the vernier plate of the
condenser

quA G
control

WIRING THE VERNIER CONDENSER
Fig. ¢. In wiring the condenser one lead is
brought through thc panel to the fixed plate
beneath the dial

1Y3
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__VERNIER DEVICE

projecting arm.  The shape of this arm,
as well as the small ebonite knob whicli is
connected to it, is shown in Fig. 5.

The dial should be provided with a small
bush and spring to keep it in its place,
this detail being also visible in Fig. s,
where it is shown held between the opera-
tor’s finger and thumb. The whole purpose
of this little spring and bush is to provide
a bearing for the dial to retate upon.
A plan view ot the dial, knob and ad-
justable handle is shown in I'ig. 4.

The wiring necessary for such a con-
version 1s illustrated in Fig. 6, and consists
merely of a single length of tinned copper
wire, which is soldered to one of the screws
securing the fixed plate to the panel,
this wire being brought out to the opposite
end plate of the main condenser and con-
nected to one of the terminals in contict,
with the fixed plate.  After assembling
the dial, the knob proper is screwed on
to the condenser spindle and  secured
with a sct-screw, as illustrated in Iig. 2.
In wse the main part of the condenser
is controlled in the ordinary way by
rotating the knob. fine tuning beng
mparted by movament of the hand lever
connected to the dial.

An alternative method is to leave the
knob and dial in touch with the moving
plate by mecans of the lever. Either plan
gives very good results in practice. In a
general sense any small variable condenser
will act as a vernier if it be shunted across
the ordinary type of variable condenser.
See Billi Condenser; Condenser.

VERNIER DEVICES. This term em-
braces numerous mechanical arrangements
for imparting slow motion to a control.

One of the simplest devices for the
nome constructor is illustrated in Fig. 1.
It consists of an ebonite rod, about ¢ in.
long, with a tapered brass blade about
3 in. in length, attached to it. It is used
as shown in Fig. 1, by resting the end of
the blade on top ol the pane] and using
the rod as a lever to move the pointer
ol a filament resistance. It will be found
that if the lever is simply lifted, the move-
ment imparted to the knob will be very
small, thus providing fime tuning. -

The most convenient method of making
this lever consists of first cutting the
blade to a taper shape and cleaning off
the edges.  An cbonite rod, 4 in. in dia-
meter and g in. in length, has a slot cut
in the end with a hack-saw, as shown in
Fig. 2. The blade is then inserted into the

slot, two holes drilled through the cbonite,
and the blade secured by careful riveting.
The method of using this vernier lever
for the fine tuning of a condenser dial
is shown in Fig. 3, the end of the blade
being inserted between the dial and the
panel and the lever twisted. Thus a very
small motion is imparted to the condenser
knob or dial. and fine tuning results.
Another type of detachable vernicr
arrangement, illustrated in Fig. 4, has
1 Jong ebonite rod provided with a rubber
disk at the extremity.  This is inserted
into a bushed hole on the panel in such a
way that the rubber disk bears against
the rim of the condenser dial, so that

SIMPLE VERNIER DEVICE
In this device a tapered brass Llade is
employed which enables a very fine adjustment
to be made

Fig. 1.

by slowly rotating the vernier a very
small amount ol motion is imparted to
the condenser.

The bushes are easily made up from
terminal nuts, which may be shouldered
and pressed firmly into holes drilled and
counterbored in the panel, as shown in
Fig. 5. These should be placed at such a
distance from the rim of the dial that
the rubber disk or wheel will press firmly
against the latter. The components of the
vernier handle consist of an ebonite rod
about ¢ in. in length, and one end should
be drilled and tapped for a piece of screwed
rod which is fitted mto it.  One cnd of
this screwed rod is turned down so as to
provide a smooth end. A solid disk of
rubber about 1} in. thick and £ in. in
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_VERNIER DEVICE

Tig. 2. An ebonite rod has a slot cut in it with
a hack-saw to receive the metal blade for the
vernier control

Ilig. 4. In this control an cbonite rod with
a rubber disk at one end provides fine move-
ment of the dial

Fig. 3. How the wvernier control lever is
uscd to obtain fine adjustment of a con-
denser

ig. 3 Here the panel hicles are drilled and
counterbored  to receive the vernier control
shown i Fig. 4

FINE ADJUSTMENTS OBTAINED BY USING VERNIER CONTROLS

diameter is then grasped between washers
and another nut placed on the end
of the rod and the whole assembled.

A good example of an amateur-made
worm-driven vernier device is illustrated
in Iig. 6. This consists of a simple worm
lormed on the cnd of an ebonite rod. A
little angle bracket ot brass is atrached
to the cbonite pancl on the sct, and
drilled to receive the end of the worm
shaft. Teeth are then cut in the worm
and the dial, so that when the worm is
rotated the dial is moved a verv small
amount. The worm is detachable, and

can thercfore be used to control several
dials, providing they are cut with tecth,
It will be found quite cffcetive i the
teeth are cut with ‘a three-square Gle, as
illustrated in Iig. 7. The notehes should
be untformiy spaced and of equal depth.

The spacing should be determined with
the aid of a pair of dividers, which may
be used to scratch the edge of the dial
where 1t is 9 be notched.

The worm can'be made from an ordinary
wood screw by choosing one which 1s
comparatively small in  diameter, such
as @ No. 4, about 1} in. in length. The
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WORM-DRIVEN VERNIER CONTROL

Fig. 6 (above). Amateur-made worm-driven
control which is simple and efficicnt in use.
Iig. 7 (right). Cutting teeth on the dial for

control with the worm-driven device

pointed end is cut off, and the thread
filed away to form a peg to fit into the
hole in the angle plate. The head of the
screw is then cut off, and the shank
mserted 11 the hole drilled in the end of
the cbonite rod, and fixed thereto by
means of sct-screws.

The notches in the rim of the dial are
greatly improved if the dial be unscrewed
from the condenser spindle and arranged
to rotate on a simple peg.  The worm
is then brought into engagement with
the notches on the rim of the dial, and
rotated as  rapidly and steadily as
possible, cither by hand or with the aid
of a brace and bit.  This has the cffect
of smoothing and more accurately shaping
the teeth of the worm wheel, which will
result in @ much smoother action.  Sce
Condenser ; Fine Tuning Devices.

VERTEX AERIAL. The name of a
patented acrial consisting of a drum-like
structure built up in sections and covered
with mesh wire. The example illustrated
shows the simple way in which this aerial
may be erected on a pole set upright in
the ground, or attached to the rool of a
house.  The framework of the acrial is
ol galvanized iron  wire, The drum
measures about 4 {t. across and 1 [t. deep.

Four insulated cross-bars are connected
to the frame and are united in the centre,

______ VIBRATION GALVANOMETER

where they are provided with plates for
attachment to the pole. See Aerial;
Frame Aerial.

VIBRATION GALVANOMETER. Typc
ol galvanometer in which the moving
clement is adjusted to work or vibrate
in resonance with the alternating current
which is being mecasured. Such galvano-
meters are the most sensitive means of
detecting and measuring minute  alter-
nating currents, and, {urther, fhey
are sclective
in the sense that
they do not readily
respond to any
components of the
current the fre-
quencies of which
arc not of the
resonance ire-
quency.

Onc of the best-
known types of
vibration galvano-
meter is the Camp-
bell pattern,
illustrated in Iig. 1. This pattern is
notable for posscssing an  inductance of
a low order and a moderate effective
resistance, while it is  readily tuned
to drequencics letween forty and onc
thousand periods per sccond.

The moving element consists of a very
narrow coil having a low moment of
inertia, held within the air gap of a
permanent magnet by a system ot double
bifilar suspension. The upper portion of
the suspension system is adjustable by
rotating a pinion which moves a rack.

B " VERTEX AERIAL

This is a patent form of aerial which may be
casily erected and has no directional cffects
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planc mirror  which reilects  the  light
through o lens having o focus of 100

VIBRATION 200
GALVANOMETER g Ji
Fig. 1 {above). In E&0 7
this instrument the g l\
moving clement is ad- « 00
justed to vibrate in ;% / \
rcsonance  with  the § 50 \
A.C. being measured. % / N
Fig. 2 (right). Reso- S 3
nance curve of vibra- 98 99 100 0/ 102
tion galvanometer Cycles per Second

Fig. 1, Courtesy Cajthridse and Poul Instrument Co,, L'd,

Attached to the rack is a slide-Dlock
upon which are mounted two phosphor-
bronze wheels, between which the sus-
pension rests.  Thus the length of the
suspension may be varicd to any point
within the limits imposed by the rack
without fear of breakage.

Turther suspension adjustinent is pio-
vided by which the tension may be varicd.
The latter motion is applied to the lower
*su“pcn%i()n By suitably uu‘r}mg out these

adjustments for different supply frequen-
cles, it is possible to make the instrument
vibrate in resonance with any of the
[requencies before mentioned.

The moving coil itself has a resistance of
12 ohms, and the suspension has onec of
12 ohins also. Attached to the coil is a

centimetres. A movable cover is supplicd
with the Instrument.

A curve showing the sharpness of the
resonance ()bhum o with tlu c¢ m\tlum(nts
appears in Fig. 2. The high sensitivity i
due to reducing lh( damping to a very
small amonnt, and it the full sensitivity
15 to be employed the frequency must be
kept constant.  In cases wlere this s
unpossible 1t will be found desirable to
flatten the resonance curve by mserting a
suitable shunt in the circuit. See (,ml\u-
meter ; Moving-coil  Instruments,

VIRTUAL VOLTS. Readings of alter-
nating current values based on the root
mean square of the average values of their

clectro-motive forces. See Root Mean
Square.
VOLT. The unit of clectro-motive forve.

The practical unit of 15T, or potential

difterence 15 the Imternational volt. It
s detined as being that  clectro-motive
force which, when  steadily applied  to

a conductor  having o resistance ol
one International ohm, creates in it a
current of ane International ampere. The
potential ditference between two points on
a conductor may be measured in terms of
the work done in conveying a unit quantity
of vlectricity from one point to the other.
In general E = W/Q, where E is the
potential difference in volts, W the work
done in joules, and ) the quantity of
clectricity measured in coulombs,  See
Ampere;  Electro-motive Force ;. Ohm;
Resistance ; Units,

VOLTAGE TESTING OF INSULATORS.
Method of testing insulators by which their
breakdown strain may be ascertained.
The materials of which insulators are made
must necessarily be tested from time to
thme to ensure uniformity of their import-
ant clectrical function.  Apart from the
actual material of which the in<ulator is
composed, its shape and the conditions
uniler which it is to be used are important
factors upen which its officiency depends.
For instance, a porcelain eylinder with a
perfectly smooth and plain exterior will, i
exposed to damp or wet weather, allow
current to leak around its surface, even
though no current is . actually passing
through its body. For this reason insula-
tors which are exposed to the atmosphere,
or which have high voltages to contend
with, are ribbed or grooved on their outer
surfacc in order to prevent surface leakage.
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VOLTMETER

When such insulators are under test, it
Is important that the test be made under
the most adverse conditions that the
insulator is ever likely to experience. To
this end, high voltages are applied across
the insulator under test and at the same
time water is liberally sprayed upon its
surface in order that no doubt may exist
about its insulating properties ~under
exceptionally bad conditions.  See Insu-
lation ; Insulator.

VOLTAIC CELL. Primary cell in
which chemical energy is converted into
clectrical energy. Most of the voltaic cells
are scparately described in this Encyclo-

pedia under their own titles e.g. Clark

Cell.  See also Primary Cell.

VOLTMETER. An instrument for mea-
suring the potential difference between
two points of a conductor. There are many
forms of voltmeter so far as external
appearance is concerned. Those principally
used by the amateur for wireless work are
often of the watch type, so called because
the mechanisin is enclosed within a case
similar in_appearance to a watch. In
others, such as that shown in Fig. 1, the
mechanism is enclosed within a polished
wood case. T

As a fixed instrument, such as might be
mounted upon a papel or charging-board,
a pattern similar to that illustrated in
Fig. 2 would be very serviceable, the case
being made entirely of metal, having a
glazed window for inspection of the pointer
and dial.  Apart from their size, however,
voltmeters and ammeters are very much

SMALL VOLTAGE VOLTMETER

Iig. 1. This instrument is used for registering

small voltages, and is adjusted to shew fractions
up to one velt

Courtesy J. J. Grifin & Co., Ltd,

DOUBLE-RANGE VOLTMETER

Fig. 2. In this type of instrument voltages from
0 to 3 may be measured, or from o to 30, as
may be required
Courtesy General Electric Co., Ltd,

alike, the internal construction of these
instruments being described in this En-
cyclopedia under the headings Ammeter,

Hot-wire  Instrument and Moving-coil
Instrument.
The essential  difference  between a

voltmeter and an ammeter is that the

voltmeter is a high-resistance instrument.

This is Lecause the voltmeter has to be con-
nected in parallel with that part of the
circuit where the potential difference is to
be measured.  The usual type of volt-
meter is calibrated to cover a compara-
tively limited range of voltages.  \When,
however, one instrunient is to be used to
cover  considerably  divergent voltages,
such, for example, as the requircments
of the low-tension battery, a commonly
adepted plan is to provide an instrument
with a scries resistance.  Means are pro-
vided, by the use of separate leads, by a
small switch, or other convenient means, to
enable one or other part of the circuit to be
uscd at will. The one part would be pro-
portioned to read for the lower-range
voltages, and when the resistance is brought
inte play the higher voltages can be read.

A double-range instrument of this type
is illustrated in Fig. 2.

[t should be remembered that to function
properly the voltmeter has to be very
acenrately made and well balanced, and
should thercfore be treated with every
consideration  and  be  prescrved  from
mechanical or electrical shocks of any mag-
nitude. ce Anuneter;  Galvanometer
Hot-wirc Ammeter ; Moving-coil Instru-
ment ; Wattmeter.



VREELAND ARC 2215

VREELAND ARC Mdhodot ge nemting
undamped oscillations from a direct current
supply, duc to F. Vrecland. A special
mercury vapour tubc is used, having one
mercury cathode and two carbon anodes,
The latter are arranged in parallel through
choking inductances and resistances and
an oscillation circuit is connected Letween
them.  The coils forming the inductance
in the latter circuit are arranged that their
magnetic fields cause a divect defletion of
the stream of mercury vapour toward one
or other of the carbon anodes. The oscitfa-
tions are maintained in a steady state by
the discharge of the condenser through the
inductance coils.

VULCANIZED UBBER. Namwe given
to the hard rubber largely used for insulat-
ing purposes in wircless.  See Elbonite ;
Vuleanite.

VULCANITE, Namec given to hard
vuleanized rubber, better known in wireles$
as chontte or hard rubber.  In the con-
struction of the marerial pure rubber is
mixed with about one-third of sulphur
by welght and then heated up to ;00 I
for @ considerable time. For awireless pur-
poses Vileanite is usually black and i3
supplicd in sheets of convenient thickness.
The outer skin often has poor insulating
properties and in the construction of wie-
less instruments 1s best removed.  This
may be done by rubbing the surface on
either side with g]dn OT ¢MCIy Paper, as
described under the lieading Ebonite.
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W. This is the chemical symbol for the
metal rungsten, Jargely used in wireless for
filaments of valves and for electrodes of
spark gaps. See Tungsten.

WANDERING. The alteration of ap-
parent direction of received signals due to
changes not caused by cither the trans-

WANDER PLUG

mitting or the receiving station.  See
Fading.

WANDER PLUG. Name given 1o a
small metallic plug usually fitted with an
insnlating handle or knob. Some types ol
wander p]uo\ are illustrated in g 2.
The plug end 1s usually tapered and has o
saw-cut along the mpcla,d portion, thus
assuring a good tight [it into its socket.

PANEA WITH PLUGS AND SOCKETS
Iig 1. Wander plugs and sockets are fitted
to this panc! for case of alteration in circuit

arrangements
fi

WANDER PLUGS FOR USE IN WIRELESS SETS
Fig. 2. Above is shown a group of wander plugs such as are largely used in wireless in connexion

with tapped high-tension batteries.

A black plug is used jor the negative and red for the

positive tappings
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The plugs illustrated to the outside left and
right have a solid knob having a screwed
hiole into which the plug portion screws.
The connecting wire s twisted round

between the pair of brass washers. In the”

central wander plugs in the illustration the
knob in cach casc is hollow, and permits
the connecting wire to pass through the
hole. .

The wander plug is largely used with the
high-tension battery for rapidly selecting
the required value of potential.  Another
and similar use allows the correct adjust-
ment of grid bias to a valve. .\ convenient
nicthod of obtaining this is illustrated in
Fig. 1, which shows a valve pancl arranged
for usc with plugs and sockets. See Plug ;
Socket,

WASHERS. Name .given in wircless to
the flat ring; of metal, ebonite or other
material placed between a nut and the
surface against which the nut is tightened
for obtaining a required effect. In wircless
the washer 1s largely used, and in many
different connexions and for varipus pur-
poses.  One important application is its
use as an insulating washer between two
clectrical conductors. A\ common usage irf
this direction 1s with insulating terminals
sceured to a wdod or other semi-conduct-
ing panel, where a washer of
ebonite, celluloid or mica is
placed between the terminal
and its point of contact with
the panel.

The spacer washer 1is exten- |
sively used in wireless in the
construction of the variable
condenser. In this case the |
washer is of a definite thick-
ness, and spaces cach adjacent
pair of condenser plates.

The spring washer usually
consists of a phosphor-bronze
spring used on the spindles of
moving parts such as filament
resistances and variable con-
densers. See Air Condenser ;
Spacer Washer. |

WATT. Unit of clectrical
power. It is the equivalent
to the work done at the rate
ol one joule per sccond. A
kilowatt is a thousand watts,
and 740 watts cqual one Lorse-
power.  The comigercial unit
ol clectric work is the watt-
hour. It is the work done
in one hour by a current of

A

Fig. 1.

one amperc flowing between two points
of a conductor having a ditference of po-
tential of one volt. One watt-hour equals
3,600 joules = 2,654 foot-pounds. This
unit is too small in practice usually, and
the legal unit of electrical energy is the
kilowatt-hour or Board of Trade (B.O.T.)
unit, sometimes called the kelvin, equal
to 1,000 watt-hours. See Joule; Units.

WATTLESS CURRENT. When a cir-
cuit is so inductive that the A.C. current
lags practically go®, or when the circuit
has such a capacity that the current leads
practically 9o over the volts, the current
is said to be a wattless current.

At any instant the power = E.C. cos ¢
watts, where E is the pressure in volts,
C the current in amperes, and ¢ the angle
of lag or lead. If ¢ is go”, cos ¢ is zero.
The net work done in the circuit is zero
except on account of the resistance. Watt-
less currents do no useful work, though
the current still lows in the circuit.

WATTMETER. An instrument for in-
dicating in watts the ratc at which elec-
trical energy is being consumed in any part
ol a circuit at any particular instant. In
direct current work the wattmeter finds
little application, for the measurcment of
power or watts becones simply a matter of

. ey

SUMPNER WATTMETER

With the Sumpner wattmeter a quadrature trans.
former 1s always used.

In the illustration the latter appears
in the smaller cabiuet on the right
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Amount by A Scale

w/lz{c;; g]/ts arg/l !

out of Phase wi Volts

Cur/‘eﬂt\kja [
!
Amperes

l
I L
% Pointer
| F/e/a
| W//z ding
l
B

A.C. AND E.M.F, CURRENTS
Fig. 2. In this diagram the lag of the EALT.
behind the alternating current is illustrated

multiplying the ampercs by the volts, as
shown on an ammeter and voltmeter. In
+ alternating current work, however, this
simplicity does not obtain, for it is very
seldom that the pressure (volts) is in phase
with the current (amperes), and the angle
by which the current lags or leads with
respect to the pressurc must be taken into
consideration.
This condition is illustrated in Fig. 2,
where the curves of an alternating current

DETAILS OF THE WATTMETER

Fig. 4. This instrument is due to Dr. Sumpner,

and is onc of the best-known and most widdy

used wattmeters for measuring the rate at which
encrgy is being consumed

Laminated
Lore
SUMPNER WATTMETER THEORY
Fig. 3. This illustration portrays the working
parts and the principle of the action of the
Sumpner wattmeter

and clectro-motive force are plotted out
together on a timie base.  They are shown
with the current lagging behind the pres-
sure, which 1s the condition generally found
in normal .\.C. circuits. Assuming that in
the circuit which is here diagrammatically
portrayed a voltmeter gave a reading of
100 and the ammeeter 5, then the ™ appar-
ent 7 watts are 500.  This is the number
of watts that are actually being generated
by the alternator, but it 1s not the number
that are actually being consumed by the
load on that circuit.  The latter value,
which 15 the one desired, is shown in the
diagram by the line A B, which is a line

X

Freld W/’/‘/ng

Quadrature Iransformer
WIRING OF THE WATTMETER
Fig. 5. This diagram shows the wiring of the
Sumpner wattmeter shown in Fig, 1, and is
sclf-explanatory
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FERRANT] INTEGRATING WATTMETER
IFig. 6. This example registers up to 1000 kilo-

. watt-hours at a maximuni of 1o amperes and
200 volts

*Courtesy Ferranti-Ltd.

drawn vertically through the ampere and
volt curves, and crosses both, therefore, at
the point where one is assisting the other,

11 the true watts are to be ascertained,
it is cssential that an instrument be used

" INTERIOR VIEW
7. Front interior view of the Ferranti

Iig.
integrating  wattmeter, showing the
magnet and control magnets

Courtesy Ferranti, Ltd,

clectro-

which itself takes the power lactor into
consideration and indicates the “ true”
watts and not the “ apparent” watts.
The latter figure is ahways in excess of the
former, and the power factor can never
exceed the value of 1, and is usually -7
or -8.

An carly forin ol imstrument that
functioned us a wattmeter was the Kelvin
clectrostatic balunce.  This was of prac-
tically no commercial importance as a
measuring instrument, and required calcu-
lation after obtaining readings to ascertain
the measurements required.

One of the best known and widely used
commercial indicating ®wattmeters of to-
day is that invented by Dr. Sumpner and
manufactured by the General Electric

QUADRATURE TRANSFORMER

Iig. 8. Intcrnal construction of the quadrature

transformer as uscd with the Sumpner wattmeter
is shown here

Courtesy Generol Electric Co., Ltd.

Company. This is illustrated in Iig. 1
in the form of @ portable instrument, while
a circuit diagram appears in Fig. 5. In
Iig. 3 is given an explanatory diagram of
the mechanism of this instrument, and this
illustration and Fig. 4 should be studied
together.  Referring, now, to Fig. 3, 1t 1s
clearly shown that between the poles of a
peculiarly shaped electro-magnet a moving
coil, wound upon a light rectangular former,
swings. The core ot the clectro-magnet is
laminated, and it carries at its upper ends
two windings, one on each limb. A
pointer is attached to the staff of the mov-
ing coil, and both swing together.  Control
is ctfected by the usual phosphor-bronze
hair-springs, but these have not been shown
in the diagram, Fig. 3, for the sake of clarity,
although they appear in Fig. 4.
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WAVE-LENGTH

When this instrument is used as a wart-
meter the field windings of the electro-
magnet are connected directly across the
mains, while the moving coil forms part of

. a closed circuit, which includes also a non-

inductive resistance and the secondary of

“a quadraturc transformer.  These con-

nexions are clearly indicated in Fig. 4.

The quadrature transformer forms part.
of the essential equipment of the Sumpner
wattmeter, and is illustrated connected
to the instrument in ‘Fig. 1, a jurther
illustration, showing its mtcrrnl construc-
tion, appearing in Iig. 8. For the correct
operation of the wattmeter it is essential
that the current in the 1moving coil
circuit be strictly proportional to that in
the main circuit and in quadrature with st,
and it is to satisly thesc conditions that the
quadrature transformer is used. In the
design of this transformer a long air gup
is Introduced between the central limbs
of the I-section iron laminations. The
net result of this featurc is to bring the
magnetic flux to be practically co-phasal
with exciting ampere-turns.

An air-cored transformer would, of
course, fulfil this condition, but the iron
core plays the important parts of reducing
the magnetic reluctance of the circuit
and thereby reducing the size of the
instrument (important for portability),
and also of shiclding the mndmffs from
stray magnetic felds. The moving coil
of the wattmeter has a resistance whose
value 1s such that its self-inductance mauy
be considered negligible, therefore” fhe
current in the :e(ondary circuit of the
transiormer (to which the moving coil is
connected} will be co-phasal with the
clectro-motive force, and therefore in
quadrature with the main current.

There are actually four primary wind-

ings, each individually connected to the
terminalsron the upper panel, while theve
is only one secgndary. The primary
windings should be selected according to
the difterent current values in the main
circuit, directions for their coupling being
given on the blue print inside the hd of the
instrument.

With regard to the design of the watt-
meter itself, there are three conditions
which must be fulfilled. These are:

(1) The field of the magnet within the
air gap must be uniform throughout the
whole working range, and to this end
very precise manufacturing methods must
be used.

(2) The resistance drop in the field
winding must be sufficiently small to allow
the counter electro-motive force to be
practically equal to the P.D.

(3) The ficld at any point within the gap
must be strictly proportional to the total
flux.

Wattmeters  of the type described
possess considerable advantages over other
systems (such as the electro-dynamometer)
in that they are substantially independent
of Irequen( v, wave-form and external
magnetic ficlds. On the other hand, they
are not adaptable to range-extensions by
the application ol external apparatus or by
altering internal connexions.

The mstrumcnt illustrated may alter-
natively be used as a voltmeter by the

simple expudient of using ditfcrent con-
nexions and rotating the 1\1]()])5 shown on
“the lower panel ot tl;(‘ mstrument to their
other position.  The latter adjustment
causes an internal switch to move, and
alters the connexions within the instrument
to conlorm to the purposc indicated.
Figs. 6 and 7 show the Ferranti integrating
wattmeter. It registers up to 1000 kilo-
watt-hours, with maximun amperes of 10
and a voltage of 2zoo. Fig. 6 shows the
external view and Fig. 7 the view of
the front with the case removed.  See
Ammeter ; Electro-dynamometer ; Power
Factor : Voltmeter.

WAVE-LENGTH. The distance be-
tween corresponding phases of consceutive
waves in a wave train measurced in the
direction of propagation at any instant.

The wave-lengths and frequencies of
the most important cther waves arc
given in the table below.  See Frequency ;
Waves.

Ray or Wave | I'requency Wave-length.

Gemma rays 3x 10" cveles| roocoooor mm.

N-rays f7x 10" ] 0000638 mm.
Ulrra-violet rayvsl 3¢ 10" ., | o001 mum,
Violet light rays| 8-33% 10'% |, | "00036 nun.
Blue o loenx1ot ‘000454 M.
Green . Grexro't | 00049 mm.
Ycllow , s rx 1ot 1000538 mm.
Orange . gox10t 1000052 mm.
Orange-red . 38x 10t ) oco759 mm.
Red . z7x 1o 0008 nun.
Intra-red Down to 1 mm.
W, T Waves 6:x10% ,, | 50 metres to
to2x1o!t | 30 kilometres

incommon usc.
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WAVE-METER: ITS T

HEORY AND CONSTRUCTION

How to Use and Make Instruments which Help Accurate Tuning

To the wireless experimenter the wave-meter is a most useful instrument and a

knowledge of its principles is invaluable.

Full details for the construction of a

wave-meter are included. Reference should also be made to the heading Waves,
and to such cognate headings as Broadcasting; Frequency; Transmission, etc.

A wave-meter 135 an instrument  {or
measuring wave-lengths. DBelore passing
to the construction of wave-meters and
the methods #sed it is important that the
relationships of  velocity, frcquency and
wave-tength should be fullv understood.
In the first place, clectro-magnetic waves
travel through the cther at the speed
of Hoht, which 1s 3 0 1010 centimetres
per second, or approximately 186,000 miles
persecond.  The field formed by these
waves  possesses a rhythmic  character,
having a certain definite frequency, the
Tatter depending on the characteristics of
the oscillator by which they are generated.

It is apparent that no usciul purpose
15 served 1 the wave-length of the waves
through any oscillatory circuit is ascer-
tamed, but on the other hand, 1f the
frequency by which the waves are pro-
pagated at the
place of  tians-
mission 1s found,
the knowledze 1s
of  considerable
utility,  for by
that means the
wave-lengthmay
be  ascerteined
with reference to
a fixed known
standard ol velo-
city.  The sim-
plest method of
cffecting thisis to
utilize the induc-
tive  propertics
of the oscillatory
circuit  through
which signals of
unknown wave-
length are pass-
mg to induce
wavesol asimilar
character 1 a
wire whose
length may be
MARK 1V WAVE.METER varied untl a
Fig. 1. Pancl view of the state 01‘ oo
Government Mark 1V wave. A0¢e exists  be-
meter. It is a very useful tween the two
experimental instrument crcults. ¢

Obviously this system has many practi-
cal limitations, chicfly on account ol slze,
and this drawback las led to the develop-
ment of other types. )

Most  forms of. wave-meter, as the
x-Government Mark IV instrument illus-
trated in Fig. 1, have a buzzer to provide
an audible signal.  The particular wave-
meter illustrated is a three-range instru-
ment, and gives direct readings from 100
to 2,000 nmetres.  These different ranges
are obtained by switching in or out a
series of fixed inductances arranged with-
in the cabinet. The switch which operates
these changes is shown' to the left of the
top of the panel. A carborundum detector
is fitted, and operates without the use of a
potentiometer.  The detector is simple in
construction, a sieel strip making contact
en the crystal, and adjustment  being
(ffected by screwing up or down a small
Lnob.

On the extreme right of the panel, at
the top, is the Tuzzer. This 1s of the high-
frequency type, and emits a note of a very
high pitch and pure character. It is
designed te work for long periods without
change ol pitch and quality, and works
well off a single dry cell. To the left of
the buzzer is another switch, by which it 1s
possible to arrange the instrument to work
with a transmitting or receiving sct.

The terminals below the buzzer connect
that component to the battery, while
those at the bottom of the panel connect
to the telephones. A similar commercial
buzzer wave-meter 1s shown in Fig. 2.
This tvpe of wave-meter 1s very simple to
use, 1ts operation, in conjunction with a
receiver, being as follows.

First ot all place the wave-meter in
some position near {o the tuner of the
receiver and start the buzzer into action.
Do not connect the telephones to the wave-
meter, but keep them on the receiver.
It i3 now possible that the buzzing will
be heard faintly in the recciving tele-
phones, but whether this occurs or not,
rotate the wave-meter condenser until
it is heard at a maximum. This point
will be found to be very sharply defined

and readily distinguishable.
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DUBILIER TYPE WAVE.METER
Fig. 2. This illustration ~hows o commercial
type of wave-meter suitable for broadcast
wave-lengths
e

Should no maximum occur at all, but
the buzzing be heard at about the same
intensity throughout the whoie period of
condenscr rotation, it is an indication that
the wrong scale is in use,
and that the switch which
controls the ranges must be
moved to another position.

When the maximum buzzer
note has been heard, the
reading at which it occurs
will indicate the wave-length
to which the receiver is set,
for it shows that the two
circuits arc 1n resonance.
Greater accuracy will result
it the meter 1s placed sufhci-
ently far awayv from the re-
ceiver to give the [faintest
audible buzz, for by this
means the maximum will be
more sharply defined, and no
doubt will occur at which
division on the condenscer the
optimum point occurs,

A useful function of the
wave-meter lies in tuning a
receiver to any desired wave-

the receiver. This obviates
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the process of searching for the station that
it is reqmired to receive, and makes only
fine tuning nccessary. The wave-meter 1s
put into the “send” position, and con-
nected to a suitable battery for operating
the buzzer. The dial is then turned to
the wave-length reading required and left
with the buzzer in operation. The re-
ceiver is then tuned in the manner pre-
viously described until the transmitted
oscillations of the buzzer are reccived at
an optimum point.

With the wave-meter, the maximum
and minimum wave-lengths of a receiver
or inductance can be measured. Fig. 3
shows the lay-out required for obtaining
the wave-length range of a variometer.
The wave-meter is sct into operation in
the manner employed in the last test.
The variometer 1s connected in  serics
with a crystal detector and a pair of tele-
phones to form a closed circuit.  Having
obtained a good spot on the crystal,
the wave-meter dial is rotated until the
buzzing is heard at an optimum point.
By simultaneous adjustment of the
variomeier and wave-meter controls, the
optimum buzzing point can be regulated
to the maximum and minimum limits of
the variometer.

To find the fundamental wave-length of
an open outdoor aerial two opcrations are
required. The first determines the natural

S0 . WAVE.METER TEST
length within the range of Tig. 3. Here the experimenter is seen testing the wave-length

range of an ordinary variometer with a wave-meter
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WAVE.METER TEST FOR AERIAL
Iig. 4. In this photograph is shown the method
of ascertaining the wave-length of an outdoor
acrial, using an inductance coil of knowi wave-
length.  Note the connexions

wave-length of an inductance coil, in the
manner cmployed for the variometer.
The acerial and carth are connected to
either side of the inductance, as shown in
ig. 4, and a fresh reading with the
wave-meter taken. The difference between
this reading and that of the coil itself
gives the fundamental wave-length of the
acrial and carth system.

Another usc for the wave-meter is as
o wave trap, where advantage is taken
of its tuning elements.  The buzzer and
crvstal detector are not required, and
ar¢ omitted from the circuit. One applica-
tion 15 Hlustrated in Yig. 5. In this the
acrial and carth terninals of the receiving
apparatus arc connected across the wave-
mcter to form a parallel circuit.

An essential feature with all wave-meters
15 that they should remain absolutely

1 4

4

o

constant and stable, as regards
their amounts of inductance,
wlter thev are once calibrated.
Totlisend the inductances must
be wound on formers of con-
siderable mechanical  strength
in order that thic effects of heat
and damp will not cause warp-

ol ing and shrinking. A slight
; variation in shape will cause
e serions alterations in values.

The heterodyne wave-meter
:‘; consists  essentially  of a

valve oscillator having vari-
able inductive and condenser
components. By adjusting
these values it 15 possible
to make the circuit oscillate
at any desired {requency be-
T tween the limits imposed by
the inductive and capacitative
quantities.

S

USED AS A WAVE.TRAP

Tig. 5. Where interference from an unwanted

transmitter is experienced the wave-meter may
often be used as a wave trap
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EXPERIMENTAL LAY.OUT

Fig. 6.

meter. Note the connexions here also

The wave-meter circuit is made to
function and the condenser rotated until
the well-known heterodyne whistle 1s
heard in the telephones. The condition of
resonance between the two circuits i3
indicated when the “nul’ or silent point
between descending and ascending whistles
is obtained. An 1llustration of this form
of wave-meter appears under the heading
Heterodyne Wave-meter.

The main components required in the
construction of a scnd and receive
wave-meter include a duo-lateral coil, a
crystal detector, a high-note buzzer, and a
variable condenser ot -0or mfd. capacity.
The variable condenser should be of the
best quality, as an inferior make may tend
to change its capacity after it has seen con-
siderable usage. The buzzer used should
be selected for its high and constant note.

The completed wave-meter operating in
conjunction with a receiving set is illus-
trated in Iig. 6. A substantial box fitted
with a hinged lid, and with the right side

of the box also hinged, is required. This
A
Ji B (L/L o—— ,_J_o Telephones
i == or
_L{ 4 L l’*’[wtte/;y
T co At
I il
E
CIRCUIT DIAGRAM
Fig. 8. Wiring of the home-constructed wave-

meter is carried out as here. This should be done
in heavy-gauge wire

Here is shown the lay-out required to tune a recciver
to a definite wave-length of oscillation emitted from the wave-

should be ymade from 1 in.
prepared wood to thg s1zcs
given in Fig. 7. As shown in
this illustration, the buzzer is
secured to the inside of the
hinged side, which is kept
closed by means of a brass
right-angle bracket screwed to
the top of the front side of
the box. A hole is drilled and
tapped into the bracket on the
side in contact with the hinged
side. When the bracket is in
position the hinged side is
closed and a pencil mark is
made corresponding to the
hole in the bracket. A hole
of clearance size is drilled
over this mark, and permits
a screw to pass through from
the outside of the box.  This
screw may be made from a

k-5t -

CABINET FOR THE WAVE.METER
Fig. 7. The experimenter who wishes to construct

a wave-meter at home will find the
dimensions of the case here

leading

contact stud, through the head of which a
short bar of stout brass wire is soldered.
The posttion of the bracket and the screw
used are also shown in Fig. 7.

A panel of { in. cbonite is cut and
made a tight fit to the inside of the box.
All Joints should be as dust-proof as pos-
sible to obviate the possibility of alteration
of the value of the components.  To the
extreme leit of the panel as it [its into the
box with the lid at the back an acrial and
carth terminal are placed te the back and
front of the pancl respectivelv. At the
opposite end two terminals are required for
connexion of the battery operating the
buzzer and also for telephone terminals
when the instrument is determining the
wave-length of a transmission. To ﬂlc left
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Fig. 11,

WIRING COMMENCED
Here  th
connected to the centre contacts of the switch
crystal

anid

In this

e ‘L\lll‘.llg components

WIRING COMPLETED

illustration

detector

the

wiring

finished, the tlexible leads connecting 10
buzzer on the hinged side of the case

g, 12,

are

s
the

AMATEUR.MADE WAVE-METER IN USE

WAVE.METER

SECOND STAGE IN WIRING

iz, 10, At this stage the instrument is com-
oloted as o means of measuring transmitted
wave-lengths |

ol the penel the variable condenser 1s
attached. A miniatare double-pole double-
throw switch is secured to the right of the
condenser, which brings the switch about
central to the pancl. .\ good quality crystal
detector is mounted to the right side of
the switeh, behind which the coil holder
for the duo-lateral coil is placed.

The wiring, which is carried out to the
circuit diagram given in Vig. 8, should be
cliccted with thick gauge wire, care being
taken to see that it 15 quite rigid and frec
from vibration.  The lirst part of the
wiring is shown in Fig. o, where the aerial
and carth tenninals are connected  to
cither side of the condenser, the coil holder
and the centre studs of the switch.

The next wiring operation completes
the wave-meter for deter-
mining the wave-length of a
station transmitting. Used
in  this way the instru-
ment 1s simply a  crystal
receiver inwhich the varable
condenser 13 used for deter-
nmining the wave-lengtli of the
station being received.  The
terminals to the right of the
panel, as it normally fits
mside the box, are used for
attachment of the telephones.
This stage of the wiring 13
shown n Iig. 1o,  When
the wave-length ol a receiv-
ing set at any particular

Owing to the hinged side, to which the Duzzer is point Of, ity tuning range
attached, adjustment js easily accompiisl.cd 15 rcqulred, the wave-

[
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meter is converted by means of the switch
into a small transmitter, the oscillations
of the buzzer being heard in the receiving
set when they are i resonance with it
The buzzer circuit is shown completely
wired in Fig. 11, the flexible leads being
attached directly to the buzzer terminals.
It will be seen that the hinged side forms
a convenient means for adjustment of the
buzzer. In the buzzer illustrated the
locking screw is provided with a wide,
curved slot enabling the screw to be
opcrated by a coin, as shown in Fig. 12.

The best way to calibrate the instru-
ment is to use a wave-meter of known
accuracy, but if such is not available, the
constructed wave-meter must be calibrated
by the reception of transmissions of known
wave-length. The arbitrary graduations
on the condenser dial may be removed if
desired, and the dial recalibrated in
terms of wave-lengths. An alternative
plan is to prepare a chart to be pasted
into the lid in which the existing dial
calibrations correspond to certain wave-
lengths.

WAVES IN WIRELESS WORK AND THEORY
By Sir Oliver Lodge, F.R.S., D.Se.

Here the well-known pioneer in the whole art and theory of wireless communication
explains the fundamental theories and calculations underlying electro-magnetic waves

and their radiation through the ether of space.

Sir Oliver Lodge’s introductory

article on Waves (page iii} should be read in conjunction with this. See also Oscillation.

A wave is any disturbance which is
periodic in both space and time. That is
to say, the disturbance must repeat itself
at regular intervals of space, which interval
is called a wave-length ; and must also
repeat itself at regular intervals of time,
which interval is called the period; while
its reciprocal is called the frequency.

To take an example. The essential
part of a corkscrew is periodic in space,
the spires repeating at regular intervals.
The distance scparating the turns of the
screw is called its pitch, which might be,
say, L in.,, and corresponds to wave-
length. But as long as the corkscrew is
stationary there is no periodicity in time,
and thercfore nothing that corresponds to
a wave. But now let the screw be steadily
rotated with a certain frequency, say
three times a second. The period is one-
third of a second, and the turns of the
screw will now be advancing with a given
wave-length, 1 in., and a given period.
The speed with which they advance will
he the wave-length multiplied by the
frequency, that 1s £ in. per sccond. It
is casy to generalize from this example,
and to say

v =un\; or, \ =vT;
where v is the velocity of advance, # is
the frequency, which is the same as 1/T,
the reciprocal of the time-period ; while
A is the wave-length.

The simplest equation representing this

kind of doubly periodic disturbance is
y = asin (qgx — pi),

which means that the disturbance y is

propagated along the axis of x with the

D27

velocity v = p/g; the wave-length being
x=2r/g, and the period T = 2=/p.
The frequency, of course, is p/2r,; while
a is the amplitude or semi-diameter of
the corkscrew, representing its departure
from the straight, the square of which in
real wave motion, such as sound or light,
represents the loudness of the sound or
the brightness of the light.

The wave equation may also be con-
veniently written thus

. 2T
y=asin— (x — of)

*where the chief constants explicitly
appear; and the frequency is o/

The process of wave-propagation can
be scen going on, in rather more com-
plicated fashion, in the ripples on a pond
or in the waves of the sea. The actual
particles are hcaving up and down, or
revolving round and round, without
locomotion. It is the wave form only
which is progressive; there is no locomo-
tion of anything material.  And yet
energy travels along a wave, being trans-
mitted from source to receiver; as when
sound produced at one place is heard or
otherwise quenched at all places within
hearing distance.

The fundamental equation to every
kind of wave motion, travelling with the
velocity v along the axis of x, is

av o 4%y

R e
And it was the splendid discovery that the
equations representing clectric and mag-
netic disturbances could be combined into
an equation of that sort which constituted

1Z3
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Fig. 1.
generation.

=

HERTZ’S THEORY OF WAVE RADIATION
This figure represents one phase of the process of wave
A dumb-bell oscillator is seen at the centre and

product of the two ether
constants—was the speed of
light. That, then, is the
equation of wireless waves,
and of every other kind of
wave which can exist in the
ether of space—Hertz waves,
radiant -heat, light, photo-
graphic rays, X-rays, gamma-
rays, and all.  They all go at
exactly the same pace,
whether  they are several
miles in length or only a
million-millionth of an inch.
They differ in intensity and
frequency, aud they differ in
simplicity and complication;
but they differ not at all in
speed.

The way to generate such

lines of force already flicked cff are seen at the sides

] 2 3 .4

5 6

DIFFERENT PHASES OF WAVE EMISSION BY AN OSCILLATING CHARGE

Tig. 2.

In these figures the charces are occillating up and down the rod AB, and the results

on electric anes of force connecting them are seen.

Clerk-Maxwell’s  Electro-magnctic Theory
of Light. For by combining cleciric
and  magnetic known relations—express-
ing the facts discovered bv laraday
i a most ingeniously comprehensive
and abstract manner—he arrived at the
following- (here simplified) equation
Tt 2l

S0 = uk Sl
R /=

where I' is any relevant clectric or mag-
netic vector; and this showed him at once
that electro-magnetic wave propagation
was possible, and that the waves must
travel with the velocity 1/{fxk), where
& was the electric constant of the ether
and x 1ts magnetic constant.  Maxwell
thercupon made e¢xperiment, and found
that this speed of electric wave propaga-
tion—the speed corresponding to the

waves direcdly was unknown to Clerk-
Maxwell, though he knew that from time
immemorial mankind had ignorantly gen-
erited them indirectly by making bodies
hot, and that even animals could detect
some short waves from sun and moon
by that remarkable instrument, the ey,
But  after Maxwell’s death FitzGerald
suggested that the oscillations known to
bc produced by a condenser discharging
through an inductance might excite such
waves, of calculable wave-length, directly.
And about 1887 and '88 Lodge imper-
fectly, and Hertz much more thoroughly
and completely, succeeded in gencrating
and dctecting such waves. These waves
of Hertz were the wircless waves which,
through the enterprise of Senatore Marconi
and his co-workers, have now covered the
world.
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All that is really essential for their
emission is two separated capacity areas,
one charged positively, the other nega-
tively, which are then allowed to spark
into each other through conneccting rods.
The essential identity of these waves
with light can be shown, and was shown,
by repeating with them many optical
cxperiments, some form of coherer being
used for their detection, as expounded
by Lodge in his book called “ The Work of
Hertz and his Successors,” published
first in *“ The Electrician ™ for June, 1894,
the said waves having been foreshadowed
by him near the end of a paper in the
‘““ Philosophical Magazine ” for August,
1888.

Hertz’s Application of Clerk-Maxwell’s Theory

Hertz was not only an experimenter,
he was able to apply Clerk-Maxwell’s
theory so as to work out the wave's
mode of origin and to exhibit its manner
of propagation. Hertz’s theory of the
emission of ,waves from a radiator or
transmitter is wusually depicted as in
Fig. 1.

This figure represents only one stage or
phase of the process of wave generation.
A dumb-bell oscillator is secn at the
centre, and the lines of force which have
already been flicked off it are secen out-
side. They form closed loops round which
an electric disturbance is cireulating, and
their magnetic concomitant (not shown)
is in loops perpendicular to the paper.

The whole diagram is a mere section or
slice of the three-dimensional propaga-
tion outwards all round the axis, the
circle is really a sphere. Inside the circle
lines emitted still more recently are shown,
and these are inflected so that they are
soon going to break into two portions, one
portion cxpanding outwards, while the
rest returns to the oscillator. The de-
tached portion may be likened to a curious
kind of expanding vortex ring in the cther.
The place of breaking oft is the crossing
point of the dotted line. The number of
receding or restored lines is the same as
the number of expanding lines, but their
cnergy is diminished by that of the de-
tached -portions. These detached and
afterwards independent portions carry
energy out into space, and accordingly
the original disturbance subsides, unless
it is supplied with fresh energy.

These detached and advancing portions
constitute the electric waves which travel

with the speed of light, and affect coherers
and valves when collected by receiving
aerials. A set of diagrams of all the
different phases can be drawn, and if
these are then mounted in a stroboscope,
or projected in a kinematograph, the
oscillations can be scen going on, and the
waves can be seen flicked off at a certain
distance from the centre and thercafter
continually travelling outwards as clectro-
magnetic waves.

Hertz’s working out for the theory of
the emission of waves from a lincar or
dumb-bell oscillator is very complete ;
but we can simplify it, in the light
of Poynting’s Theorem, somewhat as
follows.

Poynting’s Theorem states that when
alternating clectric and magnetic lines of
force, in the same phase, cross or intersect
at right angles, encergy advances with the
velocity of light in a direction perpen-
dicular to both, and of an intensity pro-
portional to their product. The sense in
which this wave encrgy advances, whether
in the positive or negative direction,
depends on the phase relation between the
electric and the magnetic oscillations ;
and if the phase of one of them is reversed,
the direction of propagation is reversed,
too.

Poynting’s Hlustration of Wave Emission

Now think of the earth or a terrestrial
globe with a conducting rod right through
1t along its polar axis, and then think of
an electric charge, or of a pair of opposite
electric charges, oscillating up and down
this rod. When the positive charge is at
one pole and the negative charge at the
other, the line of force joining them is
something like a line of longitude. This is
the condition at the end of a swing. When
the charges are rushing past the middle
of the rod, it will be surrounded by mag-
nctic lines, which correspond with the
lines of latitude. On a terrestrial globe
the lines of Jongitude and latitude inter-
sect at right angles, and therefore it would
seem that we could apply Poynting’s
Theorem to them forthwith, and say
that cnergy advances radially from the
globe in all directions. Roughly spcaking,
this 1s true. Iut looking at the matter more
closely we find that initially the clectric
and magnetic lines do not intersect, for
they are not in phase; they start with
a quarter-pcriod differcnce, and they
have to expand before they get into step.
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The conditions near the oscillator
are thereforc somewhat complicated, and
the energy pulsates to and fro, first ad-
vancing, then receding.  But beyond a
certain distance, which is approximatcly a
quarter wave-length, the magnetic and
clectric oscillations have got into step.
Thenceforward they will be in the same
phase, the lines will properly intersect,
and the energy will advance wholly in
one direction, namely, outwards along
¢very radius of the sphere. But though
it advances in all dircctions, its cnergy is
not equal in all directions. The radiation
intensity  will be a maximum in the
direction of the equator and zcro in the
direction of the poles, becau-e it depends
on interaction of both electric and mag-
netic forces, and because the magnetic
force is a maximum at the equator and
zero at the poles.  Consequently the in-
tensity of radiation will vary with the
cosine of the latitude. Hence, for effective
transmission in all directions over the
carth’s surface, an aerial should be
approximately vertical.

Why Short Waves are more Efficient

Initially the intensities of the electric
and magnetic forces vary according to a
complicated law of distance, involving the
inverse cube and other powers of the
distance. But beyond a certain range,
comparable to a wave-length, they have
settled down to the simple law of inverse
squarc ; and after that the strength of
the radiation will follow the usual law of
emission of light.

The same kind of complication, close
to a source, is true for huminous and all
other emitters.  But whercas in optical
cases the radiators are exceedingly small—
indeed of atomic dimensions, so that only
refined observation can detect what is
happening in their immediaie neighbour-
hood—a radiating oscillator or acrial is a
big thing, and conscquently we are able
to study the pulsations in its immediate
neighbourhood.  And true waves, travel-
ling altogether outward, do not bLegin
until a quarter-wave distance has been
exceeded.  This is the rcason why short-
wave emission s more efficient than long-
wave. A low-frequency oscillator, such
as an alternating dynamo, pulsating, say,
300 times a sccond, emits waves I00
kilometres long. Consequently the place
where true waves originate is about 15
miles away, where the strength of the

fields is insignificant ; and accordingly its
radiation is inappreciable.

Relation of Intensity to Wave-length

But if, instead of that, we consider
an oscillator pulsating three million times a
sccond, its waves arc only 100 metres long,
and the distance where waves originate 1s
less than 30 yards. For a really small
oscillator, such as Hertz used, the waves
might be only 3 metres long, or, in extreme
cases, 30 centimetres. The pulsations are
then enormously rapid and the power of
the radiation very great, so great that the
energy is radiated away in the course of
one or two swings, or most of it even in the
fraction of a swing. That is why, other
things being equal (which they never are),
short-wave transmission is so effective.

But when obstacles and obstruction have
to be encountered, long waves are able to
ignore difficulties which would be {fatal
1o short ones. Hence, in practice, there
always has to be a compromise ; and for
really long distances long waves are usually
best ; in addition to the fact that a big
oscillator has more energy at its disposal
than a small one, though it does not get
rid of it so quickly.

The way the intensity or power of the
radiation depends on wave-length, from an
oscillator of given size, was worked out by
FitzGerald in 1883, leng before even
Hertz's discovery, though Hertz subse-
quently independently arrived at the same
result, which may be expressed thus

4 22
Energy radiated per second == EE}LCT,;Q—Z—
where Q is the charge accumulated in the
capacity area at the end of the straight
vertical rod or wire of length 7; ¢ is the
velocity of light, £ is the electrostatic
constant of the ether, and A is the wave-
length.  Here we see that the power of the
radiation is proportional to the square
of the height of the aerial, and inverscly
as the fourth power of the wave-length.
This, applied to ordinary heat radiation, is
cquivalent to saying that the radiating
power of a source is proportional to the
fourth power of its absolute temperature.

I simplified this expression for radiating
power in a paper in the ' Phil. Mag.” for
July, 188q, as follows : Let the potential,
in volts, to which the upper capacity-arca
is charged be V; let the aerial conductor
be a straight rod of length / and diameter 4,
and include the necessary spark gap whose
width represents the potential V. Then
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calculate logeidl—, and call this »; it is a

mere number, usvally in those days
between 4 and 6, for the thick rod and
dumb-bell shape then in vogue, and it is
seldom more than 10 or 12 even now.
Then the power of the radiation in watts is
egual to
V2
36012 ohms

All simple emitters, large and small,
radiate at approximately the same rate
when supplied with the same spark gap ;
for the only difference between them is in
the value of #, which changes but slightly.
This simple expression for radiating power
has not attracted attention, for it was
publicshed before the idea of using such
radiation was mooted.

Early Work on Wireless Waves

A numerical example, given in my paper
at the same time, is instructive. Let a
dumb-bell oscillator consist of two sphercs
-or plates joined by a stout rod and spark
gap, such that [ = 254 ; it will have the

.. /
characteristic numberlog . 47, equal to 4-5.

Let its ends be charged to 26,400 volts
when the spark occurs which starts the
oscillations ; then by thce above simplified
formula the dissipation resistance is 7,300
ohms, and the maximum power of the
emitted waves will be 96,000 watts or
128 horse-power. At this rate the whole
original stock of ecnergy in the small
oscillator contemplated would be gone in
the two-hundred-millionth of a second, .e.
in the time of 13 vibrations ; but, of course,
the encrgy really decreases logarithmically.
Nothing approaching continuous radia-
tion could be maintained at this grcat
intensity without the expenditure of great
power; that is why, in 1897, I introduced
additional self-induction in the joining
rod, so as to diminish radiation intensity
in order to prolong it and render exact
tuning and selective reception possible.
Even for some of the ordinary single-wire
acrials of to-day, apart from introduced
self-induction, when the height is, say,
4,000 times the diameter of the conductor,

the value of # or log, %‘; is only 9-07.

The capacity area at the top affects the
amount of energy that can be stored, but
does not directly affect the rate at which
it is emitted.

Given a spark half a centimetre long,
representing a potential of, say, 12,000
volts, and given an aerial with # = ro0,
energy is cmitted at the rate of
(12,000 volts)® 4,000 watts, or about

36on* ohms ~— 5 horse-power.

If we want an expression for the radiat-
ing power of an aerial of height % in terms
of a considcrable introduced coil-inductance
L, it is as follows

uV'2h2, Va2
3cl.2 go(L/u)? ohms

[f we express both 4 and L/, in the same
units, say, in metres, and V in volts, the
answer will come out in watts as before.

Thus suppose V = 12,000 volts, h =
10 metres, and L = 7 millihenry, so
that L/y == I.oooﬁmetrcs; the radiation
power is %{j‘ ;1134— = 100 watts.

The expression for radiating power can
be thrown into another form, and cx-
pressed in terms of the mean current
flowing in the rod, without reference to
sign ; as measured, for instance, by a hot-
wire instrument or an clectrodynamometer.
The radiating power of a dumb-bell
oscillator—-during its period of spark
excitation—-through the rod of which an
average circuit of A amperes is flowing,
is

2
8oo X?Az watts,

where 7 is the mean distance between the
terminal capacity arcas and N the
wave-length.

For sustained oscillation of an effective
current A amperes, in an aerial of height
h, Dr. Eccles gives the radiating power as

2
640 %AQ watts,
showing that, for given current, the rate
of energy emission 1s directly as the
square of the height and inversely as the
square of the wave-length.

Thosze who wish to follow out the whole
process more in detail will find a summary
of Hertz's equations in onc of the con-
cluding chapters of Preston’s * Theory of
Light.””  They will also find some of
the facts clearly stated in Dr. Eccles’s well-
informed article ““ Wireless Telegraphy,”
in Vol. IT of Glazebrook’s “ Dictionary of
Physics,” where the diagrams in Iig. 2
(page 2220) are quoted from Mr. Oliver
Heaviside’s mode of presentation.

In these figures the charges are scen
oscillating up and down the vertical rod



A DB, dll(l the results, on electric lines of
lorce connecting them, are followed through
half a swing. In No. 1 the charges are
separating by reason of their momentum.
In No. z the charges have reached the ends
of the rod and are reflected down again,
as in No. 3. In No. 4 they are crossing
in the middle ; and in No. 6 they are at
the ends again, but inverted. The Fara:
day lines joining them are like lines of
longitude, and envelop  the axis A B,
though only one is shown. They expand
outwards with the veloaity of light, but
by No. 3 they have begun branches going
back to the middle, and in No. 5 they have
hegun to form two loops.  In No. 6 the
outer  crescent-shaped leop has  broken
away, and thereafter pursues its course
independently @ the inner curve being an
upgoing clectric surge and the outer adown-
going one, so that the two together appeal
to any receiving station as a hall-wave.

A succession of such loops, flicked
off and flying along with the velocity
of light, constitutes the Hertzian waves
wluch convey the signals.  They very soon
beconte practically expanding equidistant
spheres, . and at great distances are
pri mtlmlly tm\‘dlmg planes. If the os-
cillator is halved by carth connexion at the
middle, only the upper halves of thesc
diagrams nced be attended to.

In these, and especially in the more
complete diagrams, it is possible, with a
little trouble, to visualize the flicking off
of true waves at a certain distance from the
oscillator, which subscquently expand in
spheres, alw ays advancing with the \'LlOLl y
of light; while near the oscillator it is
l)(mbll)]t o sce the lines contorting them-
selves as the exciting charges meve up and
down, the cnergy for the most part
pulsating and some of it returning to the
oscllla tm therchy tmdmg to dnmmsh the
loss and prolong the swings.

When mstead of a lower capacity area
the carth s used as one end of the aerial,
conditions become more irdefinite and less
amenable to calculation, and tuning can-
not be quite so precise.  [or ob\lously
the conducting power of the earth depends
on the natare ot the soil and on its state of
moisture.  If, however, it could be treated
asa pertect COhdll(‘.t()r,.thc effect of theearth
-would be to reflect the aerial as a similar
image, and to cut the ficld of radiation in
halt: so that only the upper half of the
wave diagrams are effective. The half loops
then travel with their roots on the perfectly
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conducting  surface. This may be ap-
proximated to on the sea ; and it is again a
question of compromise how far earth
connexion is helpful and convenient in any
given case. An earthed aerial scems more
likely than an insulated one to collect
stray disturbances--whether from natural
causes or from heavy clectrical engineering
operations. »

For early experiments on waves reference
may be nmde to Proceedings of the Rayal
Society. vol. 50, ‘page 1; and for furthc
data about insulated aerlals ‘to thc same
work, vol. 82, page 227.

WAVE TRAP. A device mtorpmat(d
in a wireless receiving installation for
eliminating interference from a transmit-
ting station. The wave trap usually takes
the form of a tunable inductance shuntcd
across the aerial tuning inductance. In
operation the wave-trap circuit is tuned to
the exact wave-length of the interfering
station, while the aerial tuning system of
the receiver is carefully tuned to the
wave-length of the station that it is re-
quired to receive. Many forms of wave
traps of this description have two tunable
circuits, so that interference from stations
above and below the received wave-length
may be eliminated.

A tvpe of wave trap of commercial
pattern is illustrated in Fig. 1, and re-
quires a variable condenser for fine tuning.
Of similar construction is the wave
trap shown in Fig. 2. This instrument

LISSEN WAVE TRAP

Type of wave trap for use on 600 metre

Fig. 1.
range reception. No tuning element is used other
than a o0oo3 mfd. variable condenser
Courlesy Lissen, Lid.
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A B, an(l the results, on electric lines of
force connecting them, are followed through
half a swing. In No. 1 the charges are
separating by reason of their momentum.
In No. 2 the charges have reached the ends
ol the rod and are reflected down again,
as in No. 3. In No. 4 they ure crossing
in the middle ; and in No. 6 they arc at
the ends again, but inverted. The Faras
day lines joining them are like lines of
Jongitude, and envelop the axis A B,
though only one is shown. They expand
outwards with the velocitv ¢t Iight, but
by No. 3 thty have begun hranchcs going
back to the middle, ancl in No. 5 they have
begun to form two loops.  In No. 6 the
outer crescent-shaped  loop has  broken
away, and thereatter pursues its course
m(lq)cn( atly : the inner curve being an
upgoing clectric surge and the cuteradown-
going one, so that the two together appeal
to any receiving station as a half-wave.

A suceession of such loops, flicked
off and flying along with the velocity
ot hght, constitutes the Herwzian waves
which convey the signals.  They very soon
become practically c\p”mdmg equidistant
spheres, - and at great distances arc
practically travelling planes. If the os-
cillator 1s halved by carth connexion at the
middle, only the upper halves of these
diagrams need be attended to.

In these, and especially in the more
complete diagrams, it is possible, with a
little trouble, to visualize the flicking off
of true waves at a certain distance {rom the
oscillator, which subscquently expand in
spheres, always advancing with the velocity
of light; while near the oscillator it 1s
poussible to sce the lines contorting them-
selves as the exciting charges moeve up and
down, the cenergy for the most part
pulsating and some of it returning to the
oscllator, thereby tending to diminish the
loss and prolong the swings.

When nistead of a lower capacity area
the carth 1= used as one end ot the aerial,
conditions become more indefinite and less
amenable to cadeulation, and tuning can-
not be quite so precise.  Lor obviously
the conducting power of the earth depends
on the nuture ot the soil and on its state of
moisture. i, however, it couid be treated
asaperlect C()nductor,,tlu, ctfect of theearth
swould be to reflect the aerial as a similar
mmage, and to cut the ficld of radiation in
halt ; so that only the upper half of the
wave diagrams are effective. The halfloops
then trav l.l with their roots on the perfectly

conducting surface. This may be ap-
proximated to on the sea; and it is again a
question of compromise how . far earth
connexion i¢ hélpful and convenient in any
given case. An carthed aerial scems more
likely than an insulated one to collect
stray disturbances—-whether from natural
causes or from heavy electrical enginecring
operations.

For carly experiments on waves reference
may be md(k to Proceedings of the Rayal
Society, vol. 50, page 1; and for further
data about insulated aérials, to the same
work, vol. 82, page 927

WAVE TRAP. A device incorporated
in a wireless receiving installation for
eliminating interference from a transmit-
ting station. The wave trap usually takes
the form of a tunable inductance shunted
across the aerial tuning inductance. In
operation the wave-trap circuit is tuned to
the exact wave-length of the interfering
station, while the aerial tuning system of
the receiver is carcfully tuned to the
wave-length of the station that it is re-
quired to receive. Many forms of wave
traps of this de%npnon have two tunable
circuits, so that interference {rom stations
above and below the received wave-length
may be eliminated.

A tvpe of wave trap of commercial
pittern is illustrated in Fig. 1, and re-
quires a variable condenser for fine tuning.
Of similar  construction is the wave
trap shown in Iig. 2. This instrument

LISSEN WAVE TRAP
Type of wave trap for use on 600 metre

Fig. 1.
range reception.
than

No tuning element is used other
a ooo3 mid. variable condenser
Courtesy Lissen, Ltd.



TRAP

WAVE

2231

WECO VALVE

COMMRCIAL TYPE OF WAVE TRAP

Fig. 2. This type by the same manufacturers
as the example in Fig. 1 is more closely regulated
by the five-stud switch

Courtesy Lissen, Ltd.

incorporates a five-stud switch, and can be
more closely regulated than the other type
illustrated. See Interference Eliminator.
WAX. A semi-solid, paste-like material.
Waxes used in wireless work are those

possessing good insulating properties, and
the chief of these is perhaps paraffin ewax.
This is extensively used for impregnating
paper and other materials in the construc-
tion of dielectrics for small condensers,
and also for filling holes or channels
containing conductors.

A variety of other wax-like composi-
tions are made up, comprising resin,

shellac, beeswax and the like, often with
the addition of pitch, tar and bitumen,

WECO VALVE HOLDERS

Fig. 1. This holder, used with Weco valves, is

constructed to minimise inter-electrode capacity

effects. Notice the marking of the eclectrodes,
the two filament leads being together

these posscssing insulating qualities, and
also to a large extent being moisture-
proof. They are prepared in various ways,

Fig. 5

WECO VALVES

Fig. 2. Western Elec-
tric Co.’s type, which
opcrates on ‘8 to 11
volts and '25 ampere for
the filament and 17-45

volts for the anode.
Fig. 3. Mullard Weco
valve. Tig. 4. " Pea-

nut” type of Mullard
Weco valve.  Fig. 5.
Four-prong adaptor for
“ Peanut ”” Weco valve

a typical cxample
covering for an insulated conductor.
Basket Coil; Coil.

WEBER. Name given to the unit of
magnetic flux. It is the flux produced by
a current of one ampere flowing through a
circuit with one henry inductance. The
name Weber has been largely superseded
by the term Maxwell (¢.v.).

WECO VALVE. A special small ther-
mionic valve introduced by the Western
Electric Co. It is virtually an ordinary
thermionic valve, but operates at ‘8 to
1’1 volts and ‘25 ampere for the filament,
and 17 to 45 volts for the anode. It

being the braided

See
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WESTON CELL

measures about 2% in. in length and §in.
in diameter. [t is admirably adapted for
all classes of amateur wireless reception,
particularly when the apparatus 1s re-
quired to occupy a small space, and
has advantages when dry battery operation
1s desired.  Several types of this well-
known valve are illustrated in the previous

page, and along with these are shown the .

adaptors specially made for use with them.
See Valves for Reception.

WEHNELT ELECTRODE. Name gener-
ally given to a type of electrode in valves,
due to A. Wehnelt. Wehnelt discovered
that the current-carrying capacity of a
wircless valve was increased by coating
the filaments with calcium oxide.  See
Dull Emitter Valves.

WELDING. Method of uniting ferrous
metals.  Welding is adapted in” wireless
work chiefly in the fashioning of iron or
steel parts for aerial masts and other
constructive work.

WESTERN ELECTRIC. Abbreviated
title of the Western Electric Company,
Ltd., one of the leading manufacturers
of electrical and wireless apparatus.  An
example of the thermionic valve manu-
factured by this firmis illustrated in Frg. 1,
and is known as the L.S.2 valve. The
arrangement of the plate and grid should
be noted. Ancther well-known valve made
by the samie firm is the Weeo (gv.).

An adaptation of this small dry-battery
valve in the form of a two-stage am-
plifier for a crystal
set 1s illustrated in
Fig. 2. This ampli-
fier is adapted to
slip into the tele-
phone compartment
m  the  standard
Western  Electric
Co.’s crystal recciv-
ing set. A three-
valve two-stage am-
plifier is illustrated

mn Fig. 3. In this
case thrce Weco
valves are used,

and connexions arc
made in such a way
that the amplified
current produced by
one valve is collec-
tively dealt with by

WESTERN ELECTRIC
L.S.2 VALVE

Fig. 1. This valve is re-

markable for the shape

of the anode and grid
and also the structure of
the valve legs

the other two.
WESTON CELL,
Type of cell adopted

TWO-STAGE L.F. AMPLIFIER FOR CRYSTAL SET

Fig. 2. In this amplifier Weco valves are used.
The instrument fits the telephone compartment
of the Western Electric Co.’s receiver
Courtesy Western Electric Co., Ltd.

by scientists as the standard of electro-
motive force, on the recommendation of
the International Conference of Electrical
Standards held in London in 1908.

Fig. 1 shows the external construction
of a standard type of Weston cell. 1t will
be scen that the whole instrument is
totally enclosed within a cylindrical brass

TWO-STAGE AMPLIFIER FOR VALVE SET

Three Weco valves are used in this set,
which is a two-stage amplifier
Ccurtesy Western Electric Co., Ltd,

Iig. 3.
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casing having an
ebonite  top-plate.
The latter is fitted,
in this instance,
with four terminals,
as there are two
cells enclosed, one
being used as a
check against  the
other. Inthecentre
of the top, also, 15a
small hole through
which a  thermo-
meter may be placed
in order that an
accurate check on
the internal temyper-
ature may be taken.
This is a most 1m-
Fig. 1. This cell has portant pomnt, for
been adopted by scien- the voltage depends

tists as thestandard cell {4 gome extent upon
with which comparisons the t ) N
with other cells arc made (1€ temperature.
Courtesy Cambridge and Pau!
Instrument Co., Ltd,

WESTON STANDARD
CELL

The interior of a
single Weston cell
may be seen by reference to Fig. 2. Upon
a stamped metal framework attached to
the underside of the ebonite top is a
hermetically sealed glass vessel, the shape
of which approximates to the letter H.

INTERIOR OF WESTON CELL

Fig. 2. Interior of the single cell, showing the

curious H-shaped hermetically sealed glass vessel
attached to the stamped metal framework
Courtesy Cambridge and Paul Instrument Co., Lid.

One of the vertical limbs of this tube
contains in its lower portion a quantity of
mercury.  The latter is covered first by a
layer of mercurous sulphate, and secondly
by a layer of cadmium sulphate crystals.
In the opposite limb is a small quantity
of cadmium amalgam covered with cad-
mium sulphate crystals.  Both of these
tubes have a constriction formed at the
level of the top of their solid contents,
so that the upper layers of cadmium sul-
phate crystals form a kind of taper plug,
which holds the contents in place.

The rest of the interior of the tube, up
to the level of the horizontal limb, is filled
with o saturated solution of cadmium
sulphate.  Silk cord lashing 15 used to
secure the tube to the metal frame, and
connexions to the terminals are taken from
two leads of platinum scaled into the glass
tubes near the bottom. The Weston cell
gives an LALIL of 10184 volts at a
temperature of 20” C. - Sce Primary Cell.

WET CELL. Generel name given to
those primary cells”in which the electro-
Iyte is a fluid, in contradistinction to
the dry ccll, in which the electrolyte is in
the form of a paste. The fhigures show
the component parts of two well-known
forms of wet cell. Fig. 2 shows the positive

N

ORDINARY WET CELL
Fig. 1. Hereis shown the glass containing vessel
and the two elements of standard bichromate
cell. This cell is economical in use provided the
plate is withdrawn when not in use
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DANIELL CELL COMPONENTS

Fig. 2. On the outside are the two electrodes of the cell. The
porous pot and the glass container shown in the centre complete
the cell

and negative electrodes ot an ordinary
Danicll cell on the extreme right and
left of the photograph, the glass containing
jar and the porous pot which is a feature ot
this type of cell.

Fig. 1 shows the glass container and the
two elements of a bichromate cell. This
type of cell is fully described under the
heading Bichromate Cell, and full par-
ticulars are given under the headilg
Bichromate Battery of how to make one.
See Primary Cell; Dry Cell.

WHEATSTONE, SIR CHARLES (1802-
75), British physicist. Born in I ebruary,
1802, at Gloucester, he was educated at
private schools, and on leaving carried out
privately many experiments in acoustics
under the aegis of his father and uncle, a
musical instrument maker. After some
years’ study of acoustics he devoted him-
sell to experimental rescarch of various
kinds, and wrote a number of papers
for scientific societies.

In 1834 he was appointed professor of
experimental philosophy at King’s College,
London. Here he demonstrated a method
of determining by means of a revolving
mirror the speed of an clectric current, a
highly important investigation which led
ultimately to the invention of the clectric
telegraph.  Wheatstone obtained the co-
opcration of W. F. Cooke, and the two
brought out in 1837 a patent for an
electric telegraph. He invented the A B C
instrument, the automatic transmitter and
receivers, and many forms of electrical
apparatus. He has rightly been called
the father of modern telegraphy, and it
is due to his genius and investigations
that modern telegraphy has become the
best-known method of communication
throughout the world.

Wheatstone carried out many re-

searches 1n sound and light
as well as electricity. He
investigated the speed of
sound through solids, gave
an explanation of Chladni’s
figures of vibrating solids,
and invented the concertina,
stereoscope, the polar clock,
electrical chronoscopes and
a ciphering and deciphering
machine, amonsg other
things.

Sir Charles Wheatstone
has also been credited with
the invention of the Wheat-
stone bridge, but the device
was actually invented by Christie, though
Sir Charles made considerable use of the
invention. He was made a fellow of
the Royal Society in 1837, and knighted
in 1868, He died in Paris on October
19th, 1875.

WHEATSTONE BRIDGE. Device fop
measuring an unknown resistance by
means of a known resistance. Tt consists of
a®network of six conductors joining fogr
points, and was invented by S. H. Christie,
of the Royal Military Academy at Wool-
wich. Sir Charls Wheatstone pointed out
the immense importance of the arrange-
ment to electricians, and the device has
come gradually to bear his name, though
he gave the credit to Christie.

Fig. 1 shows the circuit diagram of the
usual form of Wheatstone bridge. R;, R,,
Ry and R, are four resistances joined as
shown at thé poinss A, B, C, D. From B
to D is a conducting path which can be
opened or closed by a key, K,, and which
has a galvanometer in it. From A to C
there is a conducting path with a battery
kev, K,.

Suppose the key K, is open and the
kev K, is closed. Then a current from
the battery will divide at A, part of it
going along A B C and part of.it along
A D C. There wilt be a fall of potential
from A to C, but since in the two branches
A B Cand A D C the fall is the same from
A to the point C, there will be a point in
A D C at which the potential is the same
as that of a selected point in A B C. Sup-
pose the point B is selected in A B C, and
suppose the potential at some point D in
A D Cis the same as that at B. Then if
the points B and D are joined by a con-
ductor in which there is a galvanometer,
no current flow will be indicated, the
pointer of the galvanometer not deflecting.

L



WHEATSTONE BRIDGE

Kz :

CONSTRUCTION AND THEORY OF WHEATSTONE BRIDGE
Circuit diagram of common Wheatstone bridge. Fig. 2
How .plugs and resistance wires are used in the Post Oftice
Modification known as the slide-wire bridge.
Adaptation to wireless A.C.

Fig. 1 (left).
(centre).
type. Fig. 3 (lower, right).

Fig. 4 (top, right).

Now the differences of potential De-
tween A and B and between A and D are
the same, since B and D are at the same
potential ; and the diffcrences of poten-
tial between B and C and D and C are the
same. So we can write down the following
equations :—

P.D. between A and B = P.D. between
A and D, and P.D. betwecen B and C =
P.D. between D and C.

If C,, C,, C;, C4 are the currents in Ry,
R,, R, R, respectively, we can write these
two equations down as

iRy =GR,
CyR, =GR,
or, dividing one equation by the other,
Ry _ CRy
CR, 7GR,

But the current in A B, ¢.c. Cy, is equal
to the current in B C, i.e. Cy; and the car-
rent in A D, C,, equals that in D C, Cg, so
that the equation becomes

R _ R,
R, R,

From this equation it is clear that if
the resistances of three of the arms of
the bridge arc known, the resistance of
the fourth may casily be calculated, or if
the resistance of one conductor adjacent
to the unknown resistance is known, and
the ratio of the other {wo resistances is
known, the unknown resistauice can be
found. The resistances Ry# Ry, Ry Ry are
generally known as the arms of the bridge
and D B as the bridge wire.

It is usual in practice to have the two .

resistances Ry, R,, called the ratio arms,
fixed and in a decimal ratio to one another,
c.g. 1,000 ohms to onc ohm, or 10,000
ohms to 100 ohms, and so on, while the
resistance, R, the measuring arm, is
variable, and R, is the resistance to be
measured.

The unknown resistance is inserted in
the circuit, and R, varied until the gal-
vanometer reading is zero, when Ry can be
calculated.

A common form of Wheatstone bridge
is that known as the Post Oftice pattern,
shown in I'ig. 5. In this well-known pat-
tern therc are a number of coils of known
resistance arranged so as to form three
arms of the Wheatstone bridge. The ends
of the coils are fastened to solid brass
blocks separated from each other, a por-
tion of each gap having a circular conical
hele made in it, into which conical brass
plugs can be inserted. Iig. 2 will make
this internal construction clear. :

When a plug is inserted it is clear that
that warticular resistance coil s cut out
of the circuit, the current passing from once
brass bloclk to the next through the plug,
so that thé removal of a plug increases

POST OFFICE PATTERN

This is the most common type of

Fig, 5.
Wheatstone bridge. The plugs when taken out
increase the total resistance
Courtesy Cambridge and Paul Instrument Co,, Lid,
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the resistance of the circuit. The coils, it
will be noticed, are non-inductively wound.
The top of the box is of ebonite and the
brass plugs have cbonite tops. In Fig. 2
the ratio arms consist of cight coils having
resistances of 1, 10, 100 and 1,000 ohms,
while the measuring arm consists of sixtcen
coils with resistances of 1, 2, 3, 4; I0, 20,
30, 40; 100, 200 300, 400; I,000, 2,000,
3,000 and 4,000 ohms, so that with all
the plugs withdrawn there is a total re-
sistance of 11,110 ohms in this series of
coils. By withdrawing two plugs in the
ratio arms any decimal ratio from 1,000
to 1 and 1 to 1,000 may be obtained.

On the left of where the ratio joins the
meaguring arm is the galvanometer ter-
minal, on the right the battery terminal,
and below the resistance terminals for the
insertion of the unknown resistance.

Fig. 3 shows another arrangement of
the Wheatstone bridge, often known as
the slide-wire bridge. Here a uniform
resistance wire A B C has a sliding contact,
B, connected to the galvanometer. The
circuit is identical with that shown in
Fig. 1, and has been lettered in a cor-
responding wav. By sliding the contact
B along the wire we can obtain the
balance when no current passes through
G, and we get, as before, Ry/R, = Ry/Rj.
The rativ R, to R, is the same as the ratio
of the lengths of A B to A (, so thart if
A B has a divided scale attached to it and
R; is known, R; may be found.

Wheatstone Bridge for Wireless

In wircless alternating currents are used
and the forms of Wheatstone bridge
already described could not be used, but
the bridge is very casily adapted, as shown
in Fig. 4. Hcre the battery is replaced by
a buzzer, which gives an alternating current
through the arms of the bridge and the
galvanometer by a telephone.  The sliding
contact, B, is adjusted until a minimum
sound is heard in the telephones, and the
unknown resistance is found from the same
cquations as hold good for Fig. 3.

Instead of the resistances R, and Ry, an
inductance coil of unknown value, X, may

replace R, and a coil of known inductance, .

1, replace Ryin Tig. 4. When the slider is

moved until there is a minimum sound

in the telephones we have the equation
X/L=R,'R,

The unknown inductance should be of

the same order of magnitude as that of the

known, or otherwise it will not be possible

in practice to obtain a balance. This result
is not precise, for the obvious reason that
it neglects theresistances of the inductances,
but it is sufficiently accurate for most
amateur work. In page 1167 is described
a more accurate form of the bridge, together
with the necessary formulae for obtaining
the inductance of a coil from bridge
measurements. Fig. 6 shows a method
which may be used by the amateur to take
account of the resistances. In the arm
in which are connected the inductance
coils are inserted variable non-inductive
resistances whose values are known.

Obtaining a Balance

By throwing the buzzer battery switch
over to the right, the bridge may be
balanced for resistances using the galvano-
meter to indicate the position of
balance. By throwing both switches over
to the left the circuit is used to balance
for resistances for alternating current,
the buzzer and telephones being used in the
way already explained. The following is
the actual method of procedure.

The throw-over switches are thrown
to bring the telephones and buzzer into
circuit and the sliding contact adjusted
for minimum sound in the telephones.

The switches are now thrown to bring
the galvanometer and battery into circuit
and the resistances R, and R, varied,
keeping the slider in the position already
obtained until the galvanometer does not
deflect. Throw over the two switches
again and move the slider until minimum
sound is heard in the telephones. Again
switch the battery and galvanometer into
circuit and vary R; and R, until a
balance is obtained with the slider in the
new position, This procedure should
be carried out until there is no deflection
in the galvanometer on switching it in and
a minimum noise in the telephones when the
buzzer is used. The equation

X/L=R,/R,
then applies.

Capacities may be measured by using
the circuit shown in Fig. 4, the unknown
capacity replacing R, and a known
capacity replacing Ry, If in place of R;
a variable air condenser is used and the
slider is set at the mid point of A C, then
the capacity of the condenser is varied
until the minimum sound is heard in the
telephones. The reading of the condenser
gives that of the unknown capacity
approximately.
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MODIFIED WHEATSTONE BRIDGE
Fig. 6. By mecans of this form of circuit the
inductance value of a coil may be accurately
determined

The construction of the Wheatstone
bridge shown in Tigs. 3, 4 and 6 is a simple
matter, and will enable the amateur to get
a close approximation to the values of the
various components he may be using in his
set. The uniform resistance wire mav be
of any standard material, as manganin.
It should be connected to large
terminals mounted on an ebonite panel.
Underneath should be fixed a scale,
preferably a centimetre scale. A con-
venient length for this scale and the wire is
100 centimetres, and the gauge of the wire
may be about No. 20. The connexions
to the terminals should be absolutely
electrically sound, and the two connexion
points should be on each terminal to
connect up to the buzzer or batterv. If
the connexions are not sound there will
be an incrcase in resistance of un-
known amount, and the accuracy of the
bridge will be lost.

The slider may be simply made with a
small telephone clip to which has been

. soldered a length of flexible insulated wire.

Before the wire is finally fixed in position
the terminal %hould Dbe clipped on to it.
A firm connexien is made by screwing
down the terminal screw in the usual
way, releasing it when sliding the terminal
along the wire. The ordinary dry cell
will do for the battery, and small buzzer
sets may be bought, or one made as des-
cribed 1 this Encyclopedia under the
heading Buzzer. An ordinary pair of
headphones may be used. Ior a standard
inductance a honeycomb coil may be used
whose inductance is given by the makers.
Precision condensers, such as those made
by the Sterling Telephone Co., may be used
when testing the capacities of unknown

condensers. See Anderson Bridge ; Bolo-
meter DBridge; Capacity; De Sautv
Bridge ; Toster Bridge: Inductance;
Resistance; Resistance Box.

WHEATSTONE TRANSMITTER. A
mechanical automatic device operated by
a punched tape for transmission” at high
speed.  See High-speed Transmission.

WHIDDINGTON, RICHARD. British
physicist. Born in London, November 25th,
1883, he was educated at St. John's College,
Cambridge, and carricd out rescarch
work at the Cavendish laboratory undcr
Sir ). J. Thomson. In 19rr he was
clected @ fellow of St. John's College,
and during the Great War he designed
a nuber of the standard R.ALT wircless
sets used on acroplanes and in aircraft
work generally,  After the Great War
he was appointed professor of physics at
Leeds  University, and a member  of
sub-commiittee D, on thermionic valves, of
the Radio Research Board.  Professor
Whiddington has written many important
papers on clectrical subjects.

WHIPPING. Word used in two senses
i wireless work,  In one application it
refers to the bending or displacement of
a rod or shaft while under load, an example
being the bowing of an aerial mast or the
bending of a rotating shaft such as that of
an armature. In another sense, whipping
consists of a kind of binding of twine,
string or wire around a stranded wire
or cable for the purpose ol preventing
the ends from fraying out.  See Scizing.

WHISTLING.,  Sound heard in the
telephones of a receiving set. Whistling
may be caused by the reaction coil being
too tightly coupled, and this is one of the
chief causes. The sound will generally
cease if the coil 13 more loosely coupled.
Whistling noises may also be caused
through a recciving set in the neighbour-
hood oscillating, in which case there is no
remedy  until the offender stops. Bad
connexions, too high a plate or filament
voltage, body capacity, cte., are all also
causes of wlnstling., See Howling.

WIEN, MAX. German wireless author-
ity.  Born at Konigsherg in 1800, he
studied physics under the famous Helm-
holtz, and cagerly followed up the experi-
nients of Hertz.  In 189r he worked with
Rontgen, and then turned his attention to
the study of wireless waves.  In 1900 he
published the results of his researches
on the propertics of short spark gaps,
which resulted in a great advance in the
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improvement of spark gaps
for rapid discharges, since the
discharge across such spark
gaps is very rapidly quenched
out after a few oscillations.
Wien’s discovery is generally
known as the quenched spark
gap.

Professor Wien studied how
special forms of Geissler tubes
could be used in serics with
an ordinary spark gap so that
their resistance rapidly damps
out the discharge.  He de-
signed several forms of these
quenching tubes, capable of
handling very heavy condenser
discharges without overheat-
ing.  Professor  Wien  has
written  many articles and
published many papers on
the theory and practice of
quenched spark gaps.

WIMSHURST MACHINE,
Name given to a particular
type of apparatus cmployed
for experimental purposes in
connexion with static electri-
city.  Issentially, the instru-

e e R ———

Fig.

WIMSHURST MACHINE

REAR VIEW OF THE MACHINE
Fig. 2. This photograph gives a clear view of the variable
spark gap fitted with insulated handles, which enables the
length of the spark to be regulated while the machine is
being operated

View ot the machine from the driving side, showing
clearly details of the collecting arms and the Leyden jars

ment consists of two insu-
lated plates set on a common
spindle and capable of revolv-
ing at high speeds in opposite
directions.  Around the cir-
cumfcrence of the plates a
number of segments of tinfoil
are pasted. The current in-
duced between the opposing
sections in opposite segments
is picked up by means of
metallic arms fitted with solt
brush contacts. .
Two or more Leyden jars
are usually iIncorporated to
give intensity to the spark.
A typical two-plate Wimshurst
machine viewed from the
driving side is illustrated in
Iig. 1, this illustration clearly
showing the collecting arm
and the Leyden jars. A rear
view of the same instrument
i3 shown in Fig. 2, and this
shows the variable spark gap
fitted with insulated handles,
so that the length of the
spark may be regulated while
the machine is in operation.
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WINDINGS. Geneéral term for the turns
of wire used on many -forms-6f - wireless
apparatus. Thus the turns-of wire round a
transformer are often spoken of ds primary
and sccondary windings ; in & varlometer
as the rotor and stator windings; ‘in an
clectro-magnet as pole windings, etc. -

WINDOW INSULATOR. .\ particular
form of lead-in insulator.. In the Burn-
dept pattern illustrated the insulator is

WINDOW INSULATOR ) ‘
Two ebonite rods, each having a disk bound with
rubber, are used in this-insidlator, which is used
to bring the lead-in wire through a window:
pane
Courtesy Burndept, Lid.

composed of two ebonite rods, cach having
a disk attached, faced with rubber. A<l in.
diamcter Dbrass- bar- passes through the
centre and-terminates at cither end with
lock nuts arnd terminals. In use, & small
hole is drilled through-the glass of the
window pane, the brass bar removed from
the insulator, passed through this hole,
and one of the cbonite rods placed at
cither side of the window, the whele
being held tight by screwing up the lock
nuts. See Acrial; Bradfield Insulator;
Lead-In.

WIRE. In wireless work many forms of
wire are employed. The acrial is usually
made of multi-stranded wire consisting of
several strands of copper, bronze, or
sometimes stecl.  This is connected to the
sct by insulated wire, which may be single
or multi-strand, and covered with an
insulation consisting of cotton or similar
material impregnated with an insulating
compound. In the set much of the coil
winding is carried out with ceotton or silk-
covered tinned copper wire. Alternatively
enamelled copper wire may be used. The <
internal connexions are otten made with
bare tinned copper wire square in scction.
For other purposes a flexible wire 1s better,
and is imperative for connexions between
parts that arc movable relatively to one
another. . Flexible wire is usually com-
posed of a great number of thin strands of
copper wire covered with insulation.

Several special  forms ol wire are
utilized for specific purposes, such as
Litzendraht. Wire used for the support of
an acrial mast, or for other power purposes,
is generally of stranded steel or galvanized
iron.  An example is illustrated.

Wire is generallv sold by gauge numbers.
The Imperial standard wire gauge is the
legal gauge in Great Britain.  Fach size
ditfers by a few thousandths of an inch
in. diametcr only, thus offering  wide
choice of size. Details of the various
sizes, numbers of turns per inch, and
other information should be found {rom
the regular wire tables, sclections from
which are to be found under their re-
spective headings in this Encyclopedia.
~The term wire is also applied to a
number of variously scctioned strips of
metal, such as half-round, oval, flats and
pinion, all of which are available for
damateur constructional purposes.  See
Gauge ; Imperial Wire Gauge.

WIRED WIRELESS. Namec applicd to
a svstem of transmitting telegraph signals
or telephony over wires by using high-
frequency currents and employing wireless
methods in transmission and reception,
Ordinary radio transmission uscs oscilla-
tory currents which may be allied to the
usual single-phasc currents used for power
work, except that thev are of a much
higher frequency. Because of this high
frequency, conditions obtaining in ordinary
circuits which are of no importance in
the lower {rcquencies assume  definite
importance and have effect on the currents
travelling through them, and by suitably
designing the circuits it is possible to
radiate into free space a certain proportion
of the current. It is duc to this fact

GALVANIZED WIRE

Galvanized wire is very useful to the wireless
experimenter for the stayving of acrial masts
and such similar purposes
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that wireless communication becomes a
possibility. It 1s therefore conceivable
that by arranging the circuit so that only
the smallest possible radiation obtains,
the transmission of high-frequency current
over wires may be eftected.

The simplest and best method of
obtaining this effect is by connecting the
output of the transmitting apparatus to
two parallel conductors, and it has heen
proved that under these conditions the
radiation will be very small, with resultant
small losses in the transmitted currents.
It 1s important to note that the actual
conduction of the currents still takes
place in the ether surrounding the wires,
rather than in the wires themselves, the
latter acting as a kind of guiding medium.

Duplex Wired Wireless

Experiment has proved that high-
frequency currents may be transmitted
over wires carrying either direct current
or alternating currents of lower fre-
quencies  without one affecting the
other, and, further, that more than one
series of high frequencies may be carried
along the same wires without interference,
providing that they vary in frequency
to a sufficiently large extent.

From the above it is apparent that
wired wireless offers advantages over
ordinary low-frequency line communica-
tion in that *“duplexing” is possible
by working both a high- and low-frequency
conversation along it. Apart from that,
owing to the aptitude of high-frequency
currents for passing through conditions in
a circuit which present an almost infinite
impedance to currents of a low frequency,
1t 1s possible to convey them to the line
through such mediums as a very weak
magnetic coupling or a very small capacity.
Thus such connexions may be made with

safety even on lines through which
cnormous  clectrical powers are being
conveyed, always providing that the

insulation on the connecting medium is
sufficient to oppose the voltage of the
ordinary line current.

"All types of line do not offer the same
advantages to the carrying of high-
frequency currents. For instance, iron
wires present almost insuperable diffi-
culties owing to the losses due to hystercsis,
and underground cables are unsuitable
owing to the large amount of capacity
present.  Obviously, therefore, copper
conductors carried overhead offer the

greatest advantages, although the actual
ohmic resistance is of little importance.
As regards the power required, this is
very small compared with radio working,
and under favourable conditions, and
with suitable lines, distances of several
hundred miles may be traversed success-
fully with a power of only 20 watts.

Power lines are, on the whole, to be
preferred to ordinary oVerhead telephone
lines, because they are of low resistance,
highly insulated, and do not as a rule
vary in constants—as, for instance, by
sudden changes from overhead to under-
ground and vice versa.

Again, a disconnexion in a line carrying
high-frequency currents does not always
mean complete cutting of communication,
for radiation and induction will sometimes
bridge the gap and still allow com-
munication, but with a lowered efficiency.
In this connexion it is interesting to state
that during the course of some tests in
England over telephone lines running
parallel to 10,000 and 20,000 volt power
lines, continuity of conversation was
obtained without any apparent loss of
efficiency, despite the fact that one of
the telephone lines was completely broken
and lying on the ground for some 170
yards. So little difference did this make
to the conversation that the experimenters
did not notice the event until it was
peinted out to them.

Interference not a Serious Matter

Referring again to the possibilities of
transmitting more than one frequency of
oscillations along the same wire, we must
consider to what extent this mayv be done.
In the first place all the advantages in
wireless of tuning may be used as a means
of providing selectivity ; it is thercfore
easy to sce that interference between
frequencies is not a serious factor, but at
the same time there are definite limits to
the number of frequencies which may be
simultaneously applied.

In the first place the human ear cannot
generally hear sounds above 20,000 cycles
per second, any sounds immediately below
that frequency being heard as a very high
squeak, so that the lowest limit of fre-
quency which may be used is represented
by that figure. Again, owing to the well-
known beat or heterodyne principle, it is
obvious that all frequencies above that of
the lowest must be so far above that they
do not combine and produce any beat
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note of less than 20,000. . Therefore the
frequencies must be separated by at least
20,000 cycles per second, and thus if the
first were 20,000 the next would be 40,000,
and the next 60,000, etc. Unfortunately
it is impossible to carry the frequency to
too high an extent, for the use of verv
high frequencies results in serious losses
through attenuation along the linc.

So far, we have considered only that
portion of the transmission which repre-
sents the carrier wave.

The impression of the modulated fre-
quency upon this is to further complicate
matters, for the effect of the speech and
music frequencies is to produce others,
and in the case of wired wireless the best
conditions obtain for interference between
these frequencics, for all are more or less
similar in intensity. Again, harmonics of
the carrier waves may easily beconic
serious causes of interference.

Where simultaneous working hetween
several stations is in pregress, this inter-
ference may only be avoided by the use of
filter circuits specially designed for the
individual circumstance, and these mav
be applied either between transmitter and
line or linc and receiver.

As far as the design of the stations is
concerned, these will be purely standard
wireless sets of suitable power and em-
ploying valves, but they must be designed
to work on the duplex svstem. The trans-
mitter will consist of a small motor-
generator for high-tension supply with
suitable smoothing citenits, the usual
valve oscillator and modulator circuits,
batteries and
for direct or remote control.

Calling-up Devices Employed

Before conversation may be effected
the user must naturally start up his an-
paratus and generate the bigh-frequency
oscillations.  In order to obviate the
necessitv for the receiving valves to he
always supplied with current ready  for
any call, it Is necessary to use seme form
of calling-up device. Ior this purpose
the Marconi Co. have developed an
clectro-capillary tube operating in con-
junction with a carborundum crystal.
This tube is mounted upon the beam of a
most sensitive balance, which, when sup-
plied with minute rectificd high-frequency
currents  through the crystal detector,
trips, and in so doing closes a pair of
contacts connected in a local bell circuit.
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a telephone attachment,

The receiving operator then may lift bis
telephone receiver off the hook, and the
two stations are in conversation.

Some complications ensue, however, on
the system being extended to more than
one station. Ior example, take a scheme
emploving four stations, A, B, C and D,
where each must be capable of calling and
speaking with any other. This installation
might well apply to any power supply
scheme, wlicre, say, station A might belong
to the chief enginceer’s office, and the others
to assistant engineers in sub-stations any
number of miles away.

Quadrupiex Conversations

Under these conditions cach  station
would be given a fixed receiving wave-
length, say i, M\, x¢, Ad, but cach station
must be capable of transmitting on any
of the wave-lengths, so that station B,
for instance, may transmit on e, i
and M.

Let us now assume that A wishes to

speak to C. The first step A makes is to
adjust his transmitter to N, start up, aud
thus call C. Upon C hearing the call, he
cannot immediately start up both trans-
mitter and receiver, for he does not yet
knew with whom he 1s in communication.
He thereforz uses his receiver only until
he knows who is calling him, and upon
ascertaining that he adjusts his trans-
mitter to da.  Both stations are then
ready for conversation.
If during  this conversation another
station—B, for instance—wishes to speak to
A (not knowing that the latter is engaged)
and starts lis transmitter, jamming would
be vaused. B must thercefore first use his
recciver, and adjusting it to e, would
hear C speaking on it.

On paper this system would appear to
have many hmitations and  drawbacks,
but in actual practice, on lines where
privacy is not cssential and all operators
are conversant with the general outlines
of wircless methods, Inter-communication
may be carried on with reasonable facility
and greater certainty  thon  with  an
ordinary telephone system.

So far, we o have only discussed wired
wircless  as  applied to small  private
systems, but it has a very much larger
field ol utility than this. In some countries,
notably America, whole electric hight and
power installations for public supply have
been  impressed with  high-frequency
currents operated by powerful transmitters
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and conveying speech and music in the
form of entertainment.  Under such a
scheme any consumer of the company’s
clectricity might at any time have the
entertainment provided by merely attach-
ing a wireless receiver to the mains by
means of cither a condenser such as the
“Ducon” (g.v.) or a form of loose
magnctic coupling.

In countries where power lines are
carricd overhead such aschemeis suitable,
but in countrics where practice specifies
underground systems, the large difficulties
obtaining through the capacity of lines
renders the successful application of wired
wireless  for entertainment practically
impossible.—R. B. Hurton.

See Broadcasting ; Transmission.

WIRING: THE BEST METHODS FOR SUCCESSFUL RESULTS

How to Carry Out an Operation of Great Importance; Fully INustrated

In the subjoined article is given a full description of the various methods of wiring a
wireless set—an operation upon which depends the greater part of the success of

amateur sets.

The reader should refer also to the various headings dealing with set

construction, and to such headings as Coils, Soldering, etc.

Wiring 1s an expression applied to the
process involved in effecting the whole of
the connexions in and to a wireless trans-
mitting or receiving set.  Provided the
components arce themselves of the correct
value and correctly disposed on the pancl
and elsewhere, and should reasonably be
expected to function in the proper manner,
the whole of the success of the average
amateur recciving sct depends upon the
care with which the wiring operations are
performed.

In this Encyclopedia detoiled instrue-
tions have been given for the construction
of the various types of receiving and trans-
mitting scts, and a large number of
different  circuit  diagrains  have  been
provided.  The following notes apply in
general to all classes of wircless apparatus.
Naturally, some are more difficult to wire
than others. This may not be due entirely
to the complexity of the circuit itsell, but
1s more generally the result of indifferent
planning when arranging the rotation of
the various components, or is necessarily
the result of attempting to
work the set into the mini-
mum possible space.

An idcal arrangement for
wiring 15 one in which the
components are mounted on
the back of an cbonite panel
which 1s capable of being
removed from its containing
case so that the wiring can
be performed on the work
bench, and with these con-
ditions e¢very terminal I3

readily accessible  and  the Vig. 1.

hand, if the set is so placed that some of the
components arc on an cbonite panel and
others are located within the case, with
perhaps the tuning coils mounted on the
top or side of it, the wiring difficulties are
necessarily enhanced.

All these points should therefore be
borne in mind when designing or building a
set. For the actual wiring, very few tools
are really necessary.  Fig. 1 illustrates a
choice of these. They include two pairs of
flat-nosed plicts, one at least of which
<hould be of the side-cutting variety ; a
sclf-heating or other small soldering 1ron ;
some solder and fluxite or other soldering
flux. A\ quantity of squarc tinned copper
bus bar, flexible wire and tinned copper
wire about No. 18 gauge are generally also
nccessary, and some systoflex or insulated
sleeving for covering exposcd parts of wires
which might possibly be liable to short-
circuit.

The initial preparation for wiring com-
prises the construction of a simple former
for making the angle pieces, such as that

TOOLS USED IN WIRING

Here are included two pairs of flat-nosed pliers,

wiring is robbed of much of

) soldering iron and flux, square tinned copper bus bar, flexible
its tcrrors.  On the other

wire, tinned copper wire and insulating slecving
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ANGLE FORMER IN USE
Fig. 2. For making neat square bends the
angle former will save the constructor’s time
and malke a very ncat job

illustrated in Fig. 2. This is mmerely a flat
wooden basc to which a rectangular block
of hardwood 1s screwed.  All four corners
should be right angles, and it is used to bund
the wires at right angles by forcing the wires
into close contact wiih the guide block.
The most important preparation is that
illustrated in Fig. 3, which consists of
grasping a suitable length of wire Fetween
two pairs of pliers heid 1n the right and left
hand, when the wire is stretcl md or pulled
out to straighten it. The right-angle
bends are primarily called for in most
wiring arrangements, and if any numlber
are required to be made, the bending
block should undoubtedly be made up,
but for only onc or two bends the method
illustrated 1 Iiig. 4 should be suitable.
The bend 1s made in this case by grasping
the wire with a pair of fHat-nosed pliers at
the point where the bend is to be made.
The other part of the wire is then pulled
with the right hand while the pliers are
twisted with the left, thus pulling and
bending the wire to the required angle

. MAKING AN ANGLE BEND

Fig. 4. In this operation the wire is bent with
the aid of a pair of flat-nosed pliers, as shown
here. Note how the wire is held

Practically speaking, there are two
systems by which a set may be wired. All
the connexions can be made with ordinary
insulated copper wire about No. 18 gauge.
Ordinary good quality bell wire gives quite
satisfactory results. 1t this material is
uscd, the wires can be worked in any
direction and their ends connected at the
requisite points.  The result, however, is
very unworkmanlike.

&
STRAIGHTENING WIRE
This simp'e operation is at the same
¢ most important in the preparation
for wiring

Fig. 3.
time one of t.

Most modern wiring is carried out by
the systemn olten known as the anti-
capacity systenm.  In its essentials cach
scparate wire s so positioned on the set
that it docs not touch or come in close
proximity to any otlicr wire or metallic
connexion.  On  the score of neatness
and cfficiency all the bends in the runs of
the wires, when connected by this system,
should be at right angles. The wires

WIRING A VALVE PANEL

This illustiation presents an example of

Fig. 5.
neat wiring beneatl, a valve panel.
circuit only 15 wired

The filament
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SOLDERING CONNEXIONS
Fig. 0. By soldering wires to the small com-
ponents the resulting connexions -m the panel
are greatly simplified

themselves should run from point to point
in straight paths.  Ordinary tinned copper
wire about No. 18 gauge can be used for
this work, but it 15 prelerable to use a
smaller gauge of square-sectioned  tinned
copper wire.  Not only is the scctional
arca of this wire greater, gauge for gauge,
than the circular wire, but it is much
stiffer, and  therefore retains 118 position
without much risk of its being accidentally
moved, as should this happen the wires
may be liable to short circuit.

By the anti-capacity systent of wiring
the air is relied upon as the insulator,
and 1t can usually be assumed that if a
minimum gap of 1 in. be left hetween the
conductors carrying the low-tension volt-
age and a clearance of 1 in. between the
conductors carrving the high-tension volt-
age, ample insulation is provided. Those
wires  which carry the  high-frequency
current should as tar as possible be kept
remote from one another, and should cross
cach other at right angles. So far as
the positioning in the set will allow, the
wires carrying the high-frequency current
should not run in parallel lines, as it is
sometimes considered that such an arrange-
ment tends to increase the self-capacity of
the set as a whole.

Perhaps one of the most important
features in good wiring is the neatness
with which the wires are arranged on the
sct and the care with which the con-
nexions are made.  In Fig. 5 an example
showing the low-tension connexions be-
neath the valve panel of a three-valve
set are clearly shown, from which it wiil
be seen that square tinned copper wire is
employed, the connexions being carried
out by soldering.

For good results it is imperative to

make meta’lically and electrically good
connexions. This can only be accomplished
by well-made soldered joints, in which the
conductor and terminal, or other connect-
ing points, are metallically connected by
solder. In a poorly made joint consider-
able loss in efficiency will result from the
presence of a film of flux or oxide between
the two joint faces, although the exterior
will appear sound by virtue of the presence
of the film of solder.

If the amateur is in doubt as to his
ahility to make good soldered joints the
joints can be made by means of nutted
connexions, that is, an eye should be turned
on the end of the wire and slipped over
the screwed shank of the terminal or other
connecting point and good contact effected
by screwing a lock nut down firmly on to
the connecting wire, particular care being
taken to clean off any suggestion of grease
or dirt and to make the connexions
with mechanically clean nuts, wires and
SCTOWS,

Tt will often be found to be desirable to
solder connexions or connecting wires to
various small components, such, for ex-
ample, as the condenser illustrated in
Iig. 6. The components of this type arc
generally provided with soldering lugs,
usually having a small hole through them.
The most edective method of making a
connexion is to turn over the end of the
wire to a right angle, slip it through the
hole, and solder it firmly to the lug.

Ior this sort of work a small sclf-heating
soldering iron is very useful, as it can be
maintained at a uniform and correct work-
ing temperature, and is instantly ready for
use.

In undertaking the wiring of a set it is
highly desirable to adopt some regular
plan and to divide the work into a series
of sections, comniencing, for example, by

TRANSFORMER CONNEXIONS
Fig. 7. 'The input terminals arc here shown
connected to the primary windings of the trans-
former behind the panel
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Tig. 8. Here the connexions to the telephone
terminals are shown completed and in place

Fig. 10. Another panel is shown here with
wiring carried out, using insulated sleeving

Fig. 9. 1In this view the filament connexions are
indicated in bright wires, connexions previously
made being shown dotted

i

4
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Fig. 11. This illustration shows the panel in
Iig. o with the amplifier circuit alm@st complete

DIFFERENT STAGES IN WIRING A RECEIVER PANEL

wiring up the acrial circuit. Another ~cc-
tion may include the whole of the low-
tension connexions to the filuments of the
valves and the other points in that circuit,
and as each connexion is made it should
be marked off on the circuit diagrem, thus
reducing the chances of error.

An example of wiring in this manner is
illustrated in Fig. 7, which shows a stan-
dard low-frequency single-valve amplifier
with grid-biasing batterv, the whole of the
components being mounted beneath an
cbonite panel.  The first step in this case
13 to connect the two “ input” terminals
with the primary winding of the trans-
former, these two wires being <oldered
respectively to the inpur terminals at one
end, formed into cyes, and attached by
means of terminal nuts to the primary side
of the transformer at the other ends.

The next step will be to connect the
plate or anode terminal of the valve
holder to the tclephene terminals, this
wire being shown with others in Tig. 8.
As this particular set was to be used as a

unit with others, three connecting ter-
minals arc {ixed on opposite sides of the
pancl, and conscequently thev have 1o be
connected by a bridging wire on the under-
side. One of these wires 1s seen in Fig, 8
cennecting the upper pair of terminals, and
a branch s taken from it to the second
telephone terminal.  This brideing  wire
cennects to the high-tension positive side,

The branach from the bridging wire is a
straight picee of wire, bent over near one
end to a right angle, with one end soldered
to the shark of the telephone terminal and
the other overlapped and soldered to the
bridging wire. .\ further stage in the pro-
gress of the wiring is iHustrated in g, o,
which shows two other brideing wires
sinilarly fitted to the foregoing example,
with branch connexions to various points
ore the sct. The wires that have pre-
viously been fixed are in this case shown
by dot and dash lines, so as to isolate the
other wires and render them clearer, a
method which will be found of consider-
able advartage to the novice.




¢ Pigoor2o In this set the various circuits in Fig. 13. How ordinary gummed paper tags may
use are indicated by differently coloured wires be employed to mark the diffcrent wires

Fig. 14 (left),  Very heavy wire is used in this
neatly made sct. Fig. 15 (above). This arrange-
ment makes for easy tracing of wires
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When this set was wircd connexions were made in flexible wire, sleeving and bare
wire, as is clearly shown

VARIOUS WIRING ARRANGEMENTS IN LARGE-SIZE SETS
2246
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The wiring to the grid-
biasing battery, which is shown
in Fig. 11, 15 carried out by
soldering one wire to the
outer zinc case and connecting
this by means of a soldered
contact, or other convenient
means, by another wire to one
side of the sccondary of the
transformer. Connexion from
the centre or carbon element of
the battery is made by solder-
ing a wire to it and connecting
the other end to the low-tension
negative wire.

By adopting the dot and
dash system to indicate the
various parts of the circuit,
considerable saving of time
results. A development of the
same idea, as illustrated in
Fig. 12, is to paint the various
circuits in difterent colours, or
to adopt different methods of
dots and dashes. TFor example, the high-
tension positive wires could all be painted
bright red, the common negative wire
green, and so on.  This has the advantage
that if the work is left until a Jater dav to
be completed and a note is made of the
colours, it is miuch easier to carrv on at
the point where the work was discontinued.

A further device, which is pictured in
Fig. 13, is to use small white cardboard
tags, which can be clipped on to the
principal wires, these tags being marked
appropriately, as, for instance, H.T
positive, L.T. negative, and so on. An
example showing the use ol anti-capacity

Iig. 17.

STERLING THREE.VALVE SET

Fig. 18. This set has a tuned-anode H.F.

coupled valve followed by one stage of L.F. and

a rectifier, The components are well spaced for
wiring

WIRING OF BURNDEPT ULTRA
. Each connexion here is made in
as possible. The L.T. circuit is carried out in heavy-sectioned

1V SET

as direct a line

wire to mininise resistance
Courtesy Duwndept, Lid.

wiring, and also tlexible wires and those
which are covered with sleeving, 1s given
m g, 16

In another example,  illustrated  in
Iig. 10, the wiring Is carried out m insulated
siveving. S\ point that should be noted i3
the neat manner in which the leads Irom
the inductance tappings are taken to the
stud switeh at the top.

The rear of a marine type six-valve
amplifiecr by the Radio Communication
Co., Ltd.. s shown in Fig. 14, .\ feature
of this in~trument is its compactness and
the parallel arrangement of the  ledds.
Verv heavy wire is used throughout, for
where wireless sets are put to mauine usage
they are subjected to very rough handling,
and must accordingly  Le made  very
robust.

Bare wiring is used on the Burndept
Ultra IV set, as shown in g 17, In
this instance cach connexion 1s made
from point to point in as dircct a line as
possible.  The  low-tension  circuit s
carried out in wire of very heavy scection
in order to minimise resistance. Iivery
wire is bent on its own special former
during manufacture.  This process en-
sures cach set being identical in internal
capacity as far as the wiring Is concerned,
and also iacilitates assembly.,

An excellent way of connecting up
componenits for experimental purposes is
shown in Figs. 15 and 18, This consists of
arranging the scparate items on a basc-
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board well spaced out, and in convenient
positions for handling, the actual wiring
being done with stiff, bare, tinned copper
wire. The set in Fig. 18 is a tuned-anode
high-frequency coupled valve followed by
rectifier and one stage of low frequency.
Variometer acrial tuning is fitted and a
special form of Sterling anode resistance
unit, Fig. 15 shows a similar arrange-
ment, except that athree-coil holder tuner
1s fitted with reaction on the sccondary,
while the high-frequency coupling is
cffected with a transformer having a
tuning disk.

Arranged in this way the whole of the
wiring is distinctly visible, and enables
the circuit to be studied at will, and any
alterations or additions made with the
nminimuni of trouble.  One small but im-
portant point is the use of the insulated
panel  for the battery and telephone
connexions.

WOLLASTON WIRE. Name given 1o
an cxceedingly fine platinum wire coated
with silver.  An ordinary platinum wire
is heavily coated with silver, and is then
drawn out as fine as possible.  The central
core of platinum, by this means, can be
made only a few ten-thousandths of an
inch thick.  Such fine wire is used in
clectrolytic detectors (g.v.).

WOOD’S METAL. Soft metallic alloy
with a low melting-point. It consists of
two parts of lead, one part of tin, four
parts of bismuth, and one part of cadmium
by weight. The alloy has the great ad-
vantage of melting at a low temperature,
about 607 C., and is extremely uscful for
the fixing of crystal detectors in their
cups and so cnsuring a firm metallic con-
tact. On page 501 appears a photograph
showing this usc of the metal, which is
usually sold in the form o[ a rod.

WORK. Term used in physics. When
a body is displaced by a force acting on it
work is said to be done on .
the body, and the measure of
that work is the product of
the force and the distance
the body 1s moved in the
direction of the force. Power
is the rate of duing work.
The foot-pound-sccond unit
of work is the work done by
one poundal in moving its
point of application one foot,
anld is called a {oot-poundal.
The C.G.S. unit of work is
the work done by one dyne

in moving its point of application one
centimetre, and i1s known as the erg.  One
foot-poundal equals 421,3g0 ergs.

The erg is too small a unit for practical
purposes, and in electrical engineering
three additional work or energy units are
cmploved, namely, the joule, equal to
ten million ergs ; the watt-hour, equal to
3,600 joules, and the kilowatt-hour, the
Board of Trade unit. See Erg; Joule;
Power: Units; Watt; etc.
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X-RAYS. Invisible rays derived from
an electrical discharge in a highly
evacuated tube which possess the pro-
perty of being able to penetrate through
many bodies which are opaque to light.
X-rays are not used in wireless, but it
was duc to researches on these and other
forms of discharge that the electronic
theory of electricity was propounded, and
the initial experiments in the propagation
of electric waves through space started.

The apparatus for the gencration of
N-rays consists essentially of some form
of high-voltage transformer, such as an
induction coil (¢.z.) and a Crookes’ (g.v.)
or Coolidge vacuum tube.  An illustration
ol the latter form of tube uppears in Fig. 1,
irom which it is clear that it is an clon-
gated tube with a spherical portion near
the centre. The electrodes are carried in
the tubular portions and terminate oppo-
site one another within the sphere.  The
ends of the electrodes are spaced some
distance apart, one being inclined at an
angle of 45 dcgrees. It is frggn this
latter clectrode that the rays are projected
from the tube.

In Fig. 2 is shown typical high-tension
apparatus for N-rav working. On the
right, within the cabinet, is an oil-immersed
transformer capable of giving a peak

s

COOLIDGE VACUUM TUBE

Iig. 1. This type is one of the many vacuum tubes used in
the gencration of X-rays

Courtesy Brilish Tnomson-Houston Co., Ltd.
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YAGI SPARK

H.T. X.RAY APPARATUS
Fig. 2. On the right here is the oil-immersed
transformer capable of giving a voltage of go,coo
Courtesy Watson & Sons, LEd.

voltage of go,000. The pancl on top of
the left-hand stand is fitted with the
necessary switch-gear and meters, the
hody within the expanded metal @hiclds
containing resistances, cte.

Fig. 3 shows a much larger X-ray outtit,
capable of yiclding a voltage of 150,000,
A high-tension commutator type of recti-
fier is fitted.  This apparatus may be used
in conjunction with a vacuum or gas-filled
typce ol tube, whichever is desired.

X'S. Erratic noises heard in the tele-
phones which are not duc to any inherent
fault in the receiving set. They arc
usually produced by natural c¢ther waves,
as those duc to a thunderstorm. X's
are also called statics or atmospherics or
strays. See Atmospherics.

XTRAUDION VALVE. Name given to
a valve manufactured by the LEconomic
Llectric Co.  The valve differs in
construction from the standard valve in
that the anode is a metal plate bent to
form a channel section instead of the usual
cylinder. The grid 15 of robust construc-
tion, and completely surrounds the straight
filament wire.

The filament of the Xtraudion requires
a voltage of 4, and at this maximum
consumes "4 ampere. The valve is a hard
one, the vacuuin being of a very high

~

LARGE X.RAY OUTFIT
Fig. 3. With this X-ray apparatus a voltage
of 150,000 may be obtaiged.

Courtesy Watson ¢ Sons, Lid.

order. The anode voltage s 50. The valve
will operate effectively in any circuit
in which the standard R has been used,
but for usc as a rectifier a 5 megohm
grid leak is required. A dull emitter form
of this valve is the Dextraudion, which
takes only 'T ampere at 1 volt and from
20 to 0o volts on the anode. It has a
tough filament of special character and
will operate on a current so low as -oz5
ampere at '3 to ‘5 volt, and thus makes
a closc approach te a ‘“cold cmitter.”
At these low values the filament cannot be
seen to be alight.  'When supplied with
the correct valuc of current the filament
glows a dull red only. The saturation point
1s high, so that it will work a loud speaker
effectively with 2 or 3 volts grid bias.
See Valves.

XYLONITE. Trade name for a par-
ticular form of celluloid (g.z.).

<>
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YAGI SPARK GAP. Iorm of spark
gap duc to H. Yagi. This is a quenched
spark gap, the clectrodes of which are
alwmninium and brass. The gap lfunctions
in an atmosphere of coal gas. The proper-
ties and general tunctioning ol the gap
are similar to the Chaffee spark gap (g.v.).
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Y GROUPING System ol connecting
up  three-phase windings.  The  civcuits
start from a common junction and their
three ends go to the three lines.  See
Delta Connexions ; Mesh Grouping.

YOKOJAMA, EITARO. Japanese wire-
less expert. Born in 1883, he was cdu-
cated at the Engineering College of the
Tokyo JImperial  University, making a
special study (»1‘ wircless.  He was ap-
pointed to the Electro-technical Laliora-
torv of the ] ap(.,n(sc Ministry of Communi-
catlons to carry out rescarch work in wire-
less telegraphy and telephonv,  He was
one of the inventors of the T.Y.K. oscilla-
tion gaps for radio-telephony, for wlich
he recetved niany distinctions.  In rgro he
was appointed head of the Radio Section
of the  Electro-technical * Laboratory.
Yokojama, who is one of the most brilliant
Japanese wireless experts, i3 a member of
the Imstitute ot Radio Engineers, America,
and other scientific socleties.
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ZENNECK, J. German wircless expert.
Born April 15th, 1871, at Wurtemberg. he
was educated at Tabingen.  In 1895 he
was a})pumlcd d\\’tdlﬂ in the Phyvsical
Institute in Strassburg, a post e held until
1890, when he carried out a series of tests
in wircless telegraphy in the North Sea.
In 1603 he was appointed assistant pro-
fessor ol physies at the nstitute of
Technology, Brunswick, 1906, and after-
wards professor at  Dantzie, 1911, and
Munich, 1913,

Zenneek is one of the most brilliant of
the German wircless oxperts. He  has
written a number of authoritative books on
wircless and a very large number ot articles
on clectro-magnetic oscillations.

ZING. Metallic chiemical ¢l ment. The
chiemical symbol is Zn; meiting point,
7867 o The specitic gravity ol cast zine

varies from 6-8 to 6-g, that of rolled zine
from 7-15to 17:g. The heat conductivity 1s
30, compared with silver at 100 electrical
umdmmn\ 246, comparced with silver
at 100, The ultmmtv tensile strength is
5,000 1b. per square incl: for cast zine.

In colour zine 1s bluish-grey, it is prac-
tically non-corrosive in the atmosphere,
is capable of taking a high polish, is
unaffected by water, but is soluble in nitric
acid and in soda and potash solutions.
Pure zinc is attacked very slowly by

sulphuric acid, but this featurc is one of |

~ damp.

2250 ZIRCONIUM

the greatest applications of zine in wireless
work and in electrical work gencrally.

Zinc is one of the most important com-
ponents of most dry batteries. It forms
the negative terminal in most small dry
batterics, such as those composing the high-
tcnsion battery, and in those used for dull
cmitter valves. Zinc in rod form is uscd
in most forms of wet cells, especially the
Leclanché tvpes (g.o.).

Another application of zinc is in the
galvanizing process, in which iron or steel
15 immersed in molten zine, which then
fcrms a protective coating, preserving
the ferrous metal from the effects of
An example is the galvanized wire
ropes used in acrial mast construction.
Zine when overheated gives off poisonous
fumes which should never be inhaled.
The fumes are sometimes met when heating
brass or other alloys containing zinc.
Zinc is best soldered by the use of a flux
composed of spirits of salts, which should
be wiped from the surface of the zinc im-
micdiately the joint has been completed,
or corrosion will follow.

ZINCITE. XNative oxide of zine. Zincite
crystals arce  distinguished by their red
colour, often broken up by orange-yellow
streaks. The crystal 1s one of the :est-
known rectifiers in combination  with
certain other cervstals,  The combination
zincite-chalcopyrites 13 the  well-known
perikon detector.  Zincite may also be
used with contacts of copper,
galena, iron pyrites, silicon and tellurium.

With chalcopyrites the contact of the
two crystals should be on the light side.
With iron pyrites the pressure is not
mmportant, the unilateral conductivity
remaining fairly constant for most pres-
sures.  The worst combination 1s zincite-

galena, which has a poor unilateral con-
(]11(1’1\ ity.  See Crystals.

ZIRCONIUM. Onc of the metallic
clements. Its cliemical symbol is Zr, and
atomic weight go-0. Zirconium is an iron-
grey }v(m(]cr in one form, or it may ke
made to crystallize. The crystals look
ke antimony, are very  brittle and
extremicly hard, being capable of scratching
glass and rubics. Zirconium resembles
thorium in many of its chemical propertics,
and for the control of the vacuum m high
vacuum valves a small qquantity of thorium
or zircontum 15 included in the tube.
These metals combine with hydrogen,
oxygen, nitrogen, etc., to form compounds
of very low vapour pressure,

Lornite,



CLASSIFIED INDEX

This index is supplementavy to the main alphabetical headings of the WIRELESS
ENCYCLOPEDIA, and is designed to bring together vefevences which, though having
some velutions in commoin, ave necessavily scat/ered-througlz the body of the work.

Thus amplifiers,

condensers,

valves and similar components

ave described undev

their specific names in the Encyclopedia in addition to the geneval articles on Amplifier,

Condenser,

Valves, etc,

In this classified index they ave all brought together

undey

theiv geneval Leadings for the convenience of veaders who ave not familiar with the

specific names.

Insulating Matevials, etc.,

branches of wireless practice.

It is to be noted thut the alphabetical headings of the WIRELESS ENCYCLOPEDIA
vepealed in this index, and when vefevence is vequived to a
specific article the tcxt matter of the work, and not this index, should be consulled.

itself ave not, as a rule,

A

A Battery, functions. L
description and use, 214
Accumulators. See  also

Cells 5 Plates

Battreries ;
Primary Celis,

acid, strength of, 19, 1905, 1915

—inilky, 1432

—itesting strength of, 1863
active material, 29
blistering of plates, 248
botling in, 254

buckling of plates, 20, 206
capacity of lead, 11

case tfor, 18

cellwoid case, 22

central station lghting plates,
charging, 404
—standard method, 15 il
—from A.C. supply, 17
—vith chemical recti
—with Crypto rectitier, 553
—irom D.C. supply. 15
—ftrom ains, 1752

—with mercury rectifier, 16
—ifrom primary batteries, 15
charging board, 17, 403
—how to make, 406

—low voltage, 409
—wiring, 409

charging dynamo, 24
charging set, 25
—Homcharger, 1131
—rotary converter for, 1752
—"Triumph, 25

—Tungar, 2115

choosing, 14

collar, 26

connector, 26

container, 26

current density, 12
dizcharge rate, 1905
—curve, 1904

fanning of plates, 901
Yaure plates, 912

forming in, 956

forming of plates, 12
furring of plates. 997
gassing in, 1009

glass separators for, 1039
glass wool for, 1040

Hart plates, 1902
Homcharger for, 1131
ignition rate, 12

lugs, 1352

muaking celluloid ease for, 301
negative plate, 1902
perforated celluloid for, 1530
piteh for, 1545

plates, 1549

plates, mending, 23
repairing, 21

reversible booster, 1742
rotary transformer for, 1758
sediment, 1787

separators, 22, 1704

splash hoard, 1874
spraying, 1877

stoppers, 23

1907

Accumulators, sulphating,
switchboard, 1939
testing charging current, 18
theory, 11
time-capacity curve, 1001
troubles, 20
verts, 28
voltage loss, 20
volt-hours curve, 1903
voltnge .G, enrve, 1903

Accumulators. Types
C.AV, 10
chloride storage battery, 414, 1065
D.P., 729
D.P. construction, 1903
Edison, 803
Exide, 10, 13
Fuller block, 10, 13
glass cell open type, 1007
Hart. 1088
Lithanode, 1207
Tudor, 1006, 2099

Acetone, diclectric constant, 634
properties, 28

Aerial.  See also Capacity .

Aerial 5 Inductance 5 Mast,
at 6 RJ, 2076
halancing, 187 ‘
blocks, use of, 249
capacity, 33, 860, 86G1. 862
—of cage, 337
—of fan, K03
—of parallel wires, 357, 893
—of single vertical wire, 357
—of single wire, 357
chimney stack, 42
construction of, 39
convective discharge, 531
current, 50
dimensions, 1290
douhle-click method of

capacity, 721
down haul. 729
down lead, 729
Ducon attachment for, 30, 759
dumb, 766
duplex, 3+
effect, 50
fan antenna connector, 899
frame, one-valve set, 1661
—ior reducing interfecence, 1197
—how to make, 971
—how to make, collapsible, 973
—receiving

yer-regenerative sot, 1925

ve-lenzth, 963

guyx. 1065

halyard, 1070

inductance. 3%

insulating, 36

insulation, importance of, 1186

insulators tor, 109

lattire mast tor, 1275

lead in, 1273

—at Berne, 1279

1through window frame, 1278

length, correct, 33

Hmiting voltage for, 1293

19, 1913

meastring

loaded, 13¢0
2251

Trame

Sumilarly, such general headings in this index as Circuits, Coupling,
will be found of great assistance 1n the study of the various

Aerial, mast bands, t412
Marconiphone frame acrial set, 1305
mast construction, 1410
mast at Chelstord,
1mast foundation, 40
mast stays l\“):&
phantom, 15
pole mast, 41 I-HO, B

radio compass Joop, 1626

ion on, regulations, 1230

*iving, on ** Royal Scot,™ 1200

regulations for, 35

yesistanee, 50

short waves, for, 1805

spreaders, 1877

i1

-—for multi-wire, 1270
~trainer, adju le, 31
ypes, 952

~trap for gu
subtarine,
viteh, H0
=ystem, H1
testing for faults in OIM
transmitting, 189, 231, 233, 2071
tuning condenser, H1

HHIIHL lll(lll( tance, bl

A =t

1324

e receiver, 131%
-lensth, 3
wire for, 33, 1823
Aerials, Types
\mr'rn'an lumdcast Biggin Hill,

m"c, 32, J\i )

cage at Bournemouth, 1953

closed coil, 480

Dicckmann cage, 632

direetive aerials, 1043

duph x telephony, 34, 767
sittel tower, 806

tan, 22, hQ(J

flat top, 93%

frame, 32, 33

frame, theory and type

Franklin aerial systems

ground, 34, 1064

hexagonal loop, 1325

horizontal, 1136
Hoyt-Taylor, 152

ln\ln()r 43, 1152

ation, 1633

I, type, 32, 35, 1210, 1233
ioop, 1323
loop, on door,
loop, outdoor,
Jloop, ot xubnuari
Mareont frame, 13 !
Robinson duull«m.\l 1716
Rogers undersround, 152
T0of, 39

temporary, 46

tree, 34

T type, 1953

T type, Bonrmemouth, 1953
tubutar, 2043

twin-wire, 2157

umbrelia, 32, 692, 2141
Vertex, 2212

715



Classified Index

Air choke, 52

condenser.  Sree (*

ondenser.

core choke for transiission.
+

dieleetric constant,
dielectrie stre ngth,

space coil

Alloys, genceral deser

amalgam, 67
;260
RO
constanton,
duteh metal,
german silver,
Heussler, 1101
wanganin, 300,
phosphor-hronzy,
platinoid, 1550
reststa, 1740
resistance wires, 1
Theostan, 1742
rhicostene, 17
silicon-hrouz
solder, 1841
spelter, 1870
statloy, 1883
Wood's metal, 561
Alternating Current.
Direct Current
tier,
in wireless, 59
cartridee fuse

converter for D.(

Crypta rectifier Iul

detinition, 631
cleeirolyrice
Flemit
free, OK5

frequency change

treqaeney meter 1
Loz

g«'[‘l‘ ors ror,
K oprevent
flrequeney
Lanz w1285

il uremient:
period,
phase, 10
plhiase :
phase diflrenee,
phise swin
poly pliase,
power tactor,
ripple reducing,
root. nea BRI A
rotary converter,

i
Siemens dynamonieter,
18zl

sine curve for,
theory, H9

therma-valvanometer,
Nee also Generator

Alternator.
mission,
xander, 60
definition, 60
Dolezalek, 721
Goldse Innl(lt
H rrtinarn

Loninations,

IR(
, RO,

for,
charging aceumulat

rectifier,
vadve for,

by wattme

613

intion, 53

759

1817

See olso

Generator

379

1
ol
K36
941

Q%0
»2

ers, 12
adder,

1609
1421
174

17
I816

2001

1041
ampf,
1120

1089

1250
autput mnlm‘ 27
single-phase, 122

1835

slip rings,
khl\n[ lm

sla, 60
lmu-]vh e, 2000
-phiase \\nuh

cutting sheet, 65
drifling, 65
expuansion cocfiic
melting point, 62
paint, 67
polishing,
Rubmer are.
solder for, 18
ringe, 66
ifie £ 1\m i

Ammeter.
mete
duunlc-mn:v, T24

‘ne humuu\ mn(m

86T, 863

l‘JJL

ng mr 6oL

ut, 1712

3

in, 1706

86O

2067

Current @
Reeti-

Trans-

\n(' alse Galvanometer ; Volt-

Ammeter, galvanometer a=ed as, 1000
G.P.O. detector, 665
hot-wire, 11387
mitliammeter, 1432
principle of. 63, &
shunt, 1813
resting charging, 12
thernio-electrie, 1009
1vpes,
Ampere, definition, 70
hour, 70
nour capacity, acewmuiator,
hour capaceity, Leclanché cell, 1280
vile, 7O
Hn‘n, 70
Turns in generator armature.
rurns of magnetic civeait,
Amplification.  See also (xrcuns‘ High-
frequency Amy lification Low-
frequeney Amplitieation,
castade, B
detinition, 71
Jdual, :1" 1670
-tor,
wilts m H F.. 911
Zramophone attachment for, 1046
I

12

LEL 71 422 1101
H.E. n'ntmm, capacity, 1637
L.l 7101315
LI taults, 912
Magnavox power, 1352
wutrodyae method, 1505
whe, 1474

i, 7L
L1670
sistanee-coupled. 427, 1738
Round cirenits, 1763
Amplifier, See Circuits : High-frequensy
Amplitication 5 Low-Treguency An-

Valve Sets,

plificatior

Atistophon
astin,

Burndept note mn_'m e
Burndept power
rapacity
ror erystal rec
dual amplitcation,
Adual, howling causc
Elweil, 73
Fellophione super two, 1175
Frenophones, 0:8
Gecophone two-vy
Gecophone powe
ral deseription, 72
9. 1106
adding te erystal, 1109
L low 10 n=e and make,
l.uml“n 2 LO, 1314
Marconiphe ne, 1308,
A .uuvmphnm , LLE,
microphonie, 1430
neon latinp s, 1464
note may s, 1475
note magnitier, how to make, 14
Orvacle L.F.T3048
pliodynatren, 1552
tolat. 1345
power, 1355
power for lowd speakers, 1601
ay at Wembley, 1715
resistincee-coupled, 1753
short wave, 1810
speech, 18G9
theory, 1345
Tinoey LV 1347
two-valve aull emitter 86
twe-valve | ]

, 147

350, 60R

1105

1309
1343

types, 71, 13
wnit, 77

- Western Fleetrie power, 1601

Angstrom anit. definition, 97
nrere of atoms, 155

Annealing, 1-thods and processes; 48

2252

Air—Atm

Anode, general, 101
miagnetron, 1383
power valve, 1609
Poulsen are, 102
reactanece coil, 110
reactance unit, 1643, 2101
resistance, 112
reactods unit, 1654
sheath, 1803
tspping point, 113
tuned, for H. K. amplification, 1
tined amptifier, how to make,
tiuned, efrenits, 363
tuned, receiving sets, 2101, 2105
\ulmfre 113
Antx-capacxty,
jacks, 1218
s\\udxu, 1i4
switches, how to make, 113
Antidote, for acid poisoning, 29
An’u—spark Disk, on DBradfticid insulator
2¢

0

1
75!

3
>

rid leak, 113

113 7

Are. See also Spark; Spark Gajp.
Chatfce. 395
charac tic curve, 120

Colin-Jeance, 470
Dubilier, 126
Duddeli musical,
Dwyer’s, 774
Elwell-Poulsen,
flame, 937
Fleming, 126
genera, 120
generator at Carnarvon, 1020
l\i,\'.\ill',’, 1131

Lanp, 120

lamp, carbous for, 366, 367
lamp cireuit, 121

magnetic blo“-uub, 1355
maeinetic blow-out theory,
mereury vapour, 1419
Moretti, 126, 1445
multiple, 1454

muzh explained, 1456
oscitlator, |
Poulsen,
Toulsen are circuit, 1858
Ruhwer, 127, 1766

760
126

1357

spacing coil, 1353
theory, 120, 1357
transt m, historical survey, 1273

transmitter, ]’3

(1.1n<mlttur for C.W.,

rat (! .nn‘xr\ on, 2062
transmitter at Mitfel Tower, 811
T.Y.K.. 127

A} rooLmvl 2215
Arcing, base condenser preventer, 201
reduction of, 709
spark, 120
Armature.
bore, Jt:()
core, HE7
core and commutator of generator, 1921
ALY, in continuous current, 1035
general deseription, 123
gramne ring, 533, 1046
Janitnations, 12¢
lap-wound, 1260
multipolar, 129
].men’ ton of eddy currents in, 802

See also Dynamo.

yisers, | 44.)
yotating in magnetic field,
series-wound,
ctampings,

1021
1749
130
ircuits, See ulso Rezeneration
“alve Sefs,
theory, 133
Tow to make a recciver,
Ashestog, composition, 143
covering, 163
en Bradficld insuiator,
working in, 140
Asphalie, use in wireless, 143
Atmcspherics. See also barth;
ference Preventers.
balanced erystal elimination of, 371
cause, 151 ’
de Groot cirenit to eliminate, 1888

139

%)

266

Inter-

Anode. See also  Filament ;© Gril:
Vilve.
lwit\ 102
e
mr modified, 105
*0il, 108
((Mlu] 109
((:mrlt(' “)‘l
Arrent, 1
leming dl\(’ 941

Dicekniann enge to eliminate, 632
clitpination of, 152, 1191



Atm—Bri

Atmospherics, filter circuits for climin-
ating, 933
general notes on, 151
Hovt}[‘.x\]or method  of

elimination,

ionization, 1211
Marconi \ stoppers, 1‘%%,
rejector circuits tor
Rogers eliminating mcul‘( 152
static leak, 1887

Atom, arrangement, 847
beryHivm, 349
boron, 819
carbon, 847,
clectrical nature of, 817
electrons in, 846
general notes on, 153
helium, 846, 848
hydrogin, 818, 850
Iithium, 848
oxygen, 847
sodiun, 8]4

See also Reception ;

Trans-

on, 154
measuring, 135
meter, 151
meter cireuit, 155
range, 153
Audic-frequency. Se¢ Low Frequeney,
Auto Cut-out. See also Fuse.
adjustment, 169
definition, 168
overload release, 15712
types, 169
+Autodyne. Sez also Deat Reception:
Heterodyne.
cireuits, 170, 171
general principles, 170
reception, 226

B
Back Coupling, principle of, 105, 130
Back E.M.F. See also Hlectro-motive
Foree.
definition, 180
effect of inductance on, 1145
cffects in dynamos, 181
mechanical analogy, 180
Barretter, liquid, 1296
functions of, 200
glass bulb, 200
B.A, Screw Threads.
Threads
table of =i
Basket Coils. See alzo Coila.
for A.T.1.. 1317
A.T.1. for long-wave receiver, 1319
construction, 202
definition, 202
former, 205
functions, 202
for H.F. transformer, 1121
holder, 207
holder, how to make, 207
monnt, 213
plug in, 210
T-shiape holder, 211
winding, 203, 1318, 1
Batteries. See  also
Cell ; Primary Ceils.
A battery, 1, 214
accumulator, 11
anode, 102
B, 214,220
B battery cireuit,
B battery switch,
hichromate, 235
bichromate, how to make, 236
box, 217
¢, 388
charging panel, 213
connectors, 218

See also Serew

zes, 179

320
Accumulators ;

220

221

dry, 214

dry, lI'I(‘tlea and nuses, 747
TS, 872

E re“ul} dry, 748, 885, 937

Txide, 214, 887
iil;un(mt-lighting‘ 14, 922
flash-lamp, 937

Batteries, grid, 1052
grid-hiasing, 388
Hellesen, 743
high-tension. 214,
H.T. hattery box,
H.T. dry, 713
incres mg amperage, 215
increasing voltage, 215
lead, 1278
local, 1302
for multi-valve sets, 14
parallel connexions, 215
series connexions, 215
short circuit. 1805
for cingle-valve sets, 14
Siemens dry. 215
switch, 219
tappiugs for, 1965
testing for funlts in H.T.,
three-wire system, 2015
types, 213
Beam. See als) T r'msnuwon
Marconi’s wirele; sb, (‘ 2, 1507
Bearing, adjusrable, 223
ball, 190
plummer-bleck
Beat Reception.
Heterodyne
definition,
frequency. 226
heterodyne method, 107
local nscillator for, 1302
silent point, 1316
theory, 170, &
tone \\hec!, 2

1131
1131

908

Wave

4
e a’so Auntodyne ;

.|Bench, how to muke, 232

Bevelling, use in wire

Bifilar Winding. See Not

Biographies
Alexanderson, Ernst Frederich Werner

G

Appleton, Edward Vietor.
Arco, Graf Gieorge von, 1t 2
Armstrong, i

Bell, Alexani

J%ellil‘i, Dr. Ittore,

Blondel, Anidre I8,

Blondlot, Professer P
outllhon T.eon, 250
Branly, Bdouard,

Lmun Ferdinand, 274

Rrowrn, Ridney (,er)r-w, 200

hmm fer, tules,

Chatfree, W

Clerk- Mﬂ\ v ll, Jame

Cohen, Louis, 439

Crookes, Sir William, 552

de Forest, Pr. Lee, 659

J)ol!inaf-l, J YL, 660

Dewar, Sir James, 676

Dubilier, William, 759

Veeles, W, H,, 801

]lesou Tlmmaa Alva, R03

13 mldav. Michael, 901

Ferri-, General Gustave, 013

Fessenden, Reginald Aubrey, 916

Tleming, John Ambrose, 939

Goldschmids, Rudolr, 104L

inductive,

er Rene, -

Goldsmith, Alfred N., 1041
Hammond, John Hays. 1071

1096
L

Hertz, Heinrich Rudolr,

Howan, John V. L., 113

Hooper, Stanford. 1136

Howe, Georze Willilam Osborne, 1139

Jackson. Admiral Sit Henry Lirad-
wardinge, 1225

Janet, Paul &

Iul\m Wiliiam Thom-~on,

lumun Shankichi, 1214

Klein, Rene Henri, 1244

Kolster, I'rederick 25

Koomanz, Nicholas

Korn. Arthur, 1254

Langmuir, !r\lm.. 1260

Latour, Marius, 1274

Lodge, Siv Oliver, 1300

Loftin, Iidward Hiil, 1309

Makower. W., 1386

Marchant. A’ﬁﬂ!‘ Waliord, 1391

Marconi, Gugaliclmo, 1291

Marriott, Robert Henry, 1409

1233

four-prong connector, 1642
Fuller, 996

general notes on, 213

MeLachlan, Norman W, 1412
MeMichael, H. Leslie, Li14
Meissner. Alexander, 1417
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Biographies, »ullard, 3. R., 1453
Nally, Edward Julian, 1457
Noble, Sir William, 1471
Panuil, Charles Jack=on, 1524
Pedersen, P. O., 1530
Petersen, }Icrmod 1534
Phillips, Ruym(md, 1536
Pickard, Greenleaf Whittier. 1544
Poulsen, Valdemar 1597
Prince, Charles Edward, 1613
Pupin, Michael, 1619
Rayleizh, John William Strutt, 1636
Roberts, Joseph Harrison Thomson.

1746
Robingon James. 1746
Rutherford, Sir Ernest, 1766

Slee, Commander J. AL 1830
Smith Rose, Reginald, 1336

Solari, Marquis Luigi, 1341

Syuier,  Maijor-gencral  Sir George
Owen, 1882

Stanley, Rupert, 1884

Steinmetz. Charles Proteus, 1899

Stoue, John Stone, 1001

I'esla, Nikola, 1993
Thoernblad, Thor, 2003
Thompson, Silvanus Phiilips, 2001t
Thomson, Sir Joseph John, 2004
Torikate, Wichi, 2027
Tosi, Alessandro, 2(
Vallnard, Gianeario.
Vanni, (-nw])pc .
W hmhmnr Nir (¢ h.'rh
W lmldm"mn Rictiard,
Wien, Max, 2 237
Yokojama, I,xrmn, 2250
/mmu'(l\, S, 2250
Bits. See also Driliing.

cendre, 266

Jenning’s patterns, 265

nose, 266

reaner, 266
rosehead countersink, 265
serewdriver, 266

taper, 264

twist, 266
Blacklead arid lml\, 216
Blow- lamp, for brazing, 277
tor mending aceumulator plates, 23
Bobbin, H.F. transtormer, 253
insulator, 251

winding transformer, 166
Bolts, types used in w m'ln-»« 256
Booster, for accumulator charging, 253
cirenit diagram, 256
functions, 256

tor generator set, , 1030, 1031
reversible, 1742
Borax, use in brazing, 276

Brass. Nm also Aluminium,
264

274

connectors,
expansion coefficient, 1712
flat strip, 937

foil, 274

general forms, 269

plate, 270
polishing, 867,

868
Tod, 269
rod, serew- ('uttln'Y 637
solder for
specifie "m\lt\, 1869
tube, 269
working in, 270

Brazi 18, dlllll]illilllll, 277
b
mlnposltlons 277
aneral deseription,
\nl\l(‘rs hn 1843
spelter
steel,

Bridge.
Anderson,
bolometer, 2
calibrated re
Campbell’s, :
--for mc-ummfr inductance,
capacity, S60
de Sauty. 663
Dyke and Fleming, 774

275

See also Wheatstone Bridge.
94
)

1179

I'oster, 956




Classified Ind-x

Bridge, inductance mcasurement by, Capacity,‘ Austin’s formula, 357
HGE, 1179 balancing, 183
megger, 19038 Tratter ¢
metre, Hody.
i bridge, 360
theory, 278 hriduv filter cireuit, 361
Broadcastmg. See also Recention g aeriall
Transmission. Al(ll] wions by Sir 0. Lodge. 835
American, 1470, 1715, 2152 Camphell’s bnd;.L merhod of measur-

Big Ben, 2019

Liffel Tower time siznals,

engineering problems, 2

aramophone records,
i vl

2019

microphone.
prineiples of, 2
relaying, 1714
shorg-w: 1\\* difficnlties, 286
story of, i
time ~|”|ml~ 2019
Wembley relay, 1718
Broadcasting Statxons
Birminghan, 244
limunvnnmth T acrial at,
Carditf, 376
Carnarvon, ge m-mturs at, 1029
Edinbureh, 1721
Litfel Tower, 805
Glasgow,
London,
Manchester,
Newark, U
Plyviouth r
Radiola, 1633

1953

1035
1311
1389

IRelay stations, 1721
Shellicki, 1721
United States, 2§52

Bronzing, methoids, 2
Brush, compound. 293
contacts for Crypto reetifier, 55t
dizcharge, 200, 715
dyvimo, &

holders, 201, 205
plunge ¢

singde solid, 201
spring-loaded, 203

Buckling, of aceumulator plates, 20, 206
Barnetizing, timber. 302
Burnishing, methods, 502
Bushes, types. 301
Buzzer, cr sensitivity  tests with.
S
definition, 306
flash lamp aml buzzer, 310
high-frequency, T11E
how to make
interrupter, 1203
Morse code, 1346
motor, 1151
Naroh, 310
power, 16949
shunted, 1814
sparking, 1867
testing with, 311
—contacts with, 520
— for low resistance, 1996
test type or, 1995
theory, 307
tufing, 2131
twin note, 2137
C
Cabinets. Nee also Crystal Sets; Valve
Sets,
erystal receiver, 601
erystal-valve self-coutained, 613, 614
desion of, 1
expanding, 320
flat-top, 331
hinged hack, 318
hinged top, 31x
joints for. 316, 1229

Jjacobean bureau, 3
Lyrian, 333

26

79

one-valve LF. amplifier,
simple, one-
sloping, 317
i’(l

valve, 314

standing,
Cables, powe
Capacity., See u[w Condenscer ; Induct-
ance,
it

acewmulator
260, 861, 862
6

aeriale B8,
alr condens

ing, 355
carrving, of a conductor, 378
coils, 146
coneentrie spheres. &5k
condensers, 358, 503
condensers in parallel
condensers m series

)
aplifier  eircuit.

coupled  resistance
1346
coupling, 361

conpling between valves,

coupling formulae, 1351

evlinders, 338

eymoneter method of measuring, 638

definition, 855

de Sauty bridee methed of measuring,
663

distributed, 720

distributed, of Ieranic coils, 1144

double avcrial, 862

double click method of measuring, 721

carth, 362, 785

clectroscope measureinent of, 820

tan acrials, 80K

tarad, unit detined, 901

Faraday’s apparatus tor measuring, 855

horizontal wire, : 853

Howe's formulae,

how it changes, 856

inductive, 1177

Kelvin's measarement method, 359

Levden jar capacity experiment, =50

magnetic induetive, 1564

mininizing capacity etfeet,

multi-wire and aerial. nhs

pair of flat pldtv . 8DY

parallel wire

1208

1777

reactanee,
tesistance, S64
tesistanee coupling for LF. amplifier,
l )§
ol lattice-wound coils, 1276
self—in switehes, 114, 911
specific inductive, 857 1889
sphere, 353, 857
switch, &
theory.
units,
vertic
wires,
Carbon.
are lamp. 366
brushes. 295, 367
cell, 366
clamps, 367
diaphragms. 368
Duddell musical are, 761
cseneral description, 365
aramiles; 364
craphite, 1048
sraphite resistance, 1049
Eunps for charging aceumulators, 18

1428
363
Nee also Coils,

microphone.
plate conneetor,
Cardboard.
tateri:
tubes, 372
-—entting,
dri

373
Hing, 37

E ¢ 372,
-—samdpapering, 373
Castor Oil, dielectric constant, 634
Cathode Ray, i3raun tube, 385
definition, 835
“or sending 1»1(tures by wireless, 1985
oscillograph, 336
1ube, 385
Wi u\tmu Electric Company’s tube, 386
Cat’, s-whlsker, ball bearings for, 190
nut garip, 387
spring contacts for, 387

L4

Bri—Cho

Qec also Accumulator ; Battery ;
Primary Cell.
avziomerate Leclanché, 51
biclirorate, 239
Bunsen. 300
Clark, 424
Daniell, 645, 1051
double-tluid, 722
cleetrolyvtic, 834
Faraday’s faw of, 904
Fuller, 996
Lxl\'mu- 999
gravity. 1051
Grove, 1064
Hibbert, 1101
ironclad Exide, 1212 .
Teclanchd, 1282
Lithanode, 1297
Menotti, 646, 1417
negative pole 1460
polarization,

Cell.

rectifyir
m\r‘md kollmons in,
17

&\ Ti
SeT! dl‘d]lCl, 1794
s.iugle-ﬂuid. 1821
standard, 1881
Weston. 2232
wet, 2283

Celluloid, in accumulators, 21

1769

acenmulator case, 391
angle, 96
cement, mposition of, 2t

characteristics of,
cutting, 389
dieleetrie constant, 684
epairing with accetone, 28
solvent for, amyl acctate,
Characteristic Curve

389

94

bornit >9
bornite-zineite, 400
carbon ares, 120, 399

carborundum, 570, 356
carborundum steel, 400
current lag, 1259 N
definition, 399
dvnatron, 782
filtter cireoits, 932
kenotron, 1235
negatron, 1461

Q valve, 1624
QX valve, 1625
slopemeter to me azure, 1335

tellurivin zineite, 400
three-cleetrode valve, 110, . 402
U 3 valve, 1660
valves, 634, 21902, 2193

Charge,- definition. 403

cleetrie, nature of, R18
eleetroscope method of testing, 824
negative, 1460

residual. 1727
spaice, 1354

Charging. See also Accumulators,
accumulators, 14, 40
battery, machines at Carnarvon, 1031

board, 17, 403

board, 1\1mt1<m~ 404

bmnd Tow-voltagze, 400

hn.ml single-lainp, how to make, 106

booster for, 258
Crypto commtating rectificr for,
cut-out for. 636
generator alutal»lv for, 1027
Homcharger, 1131
hone (Ldrﬂnw set,
lamps for, 405
punel, battery. 2
polarity test, 4
rate. 405
resistance lamps,
rotary converter,
st ent-out, 169

Chemical Rectifier.
cireuit diagram, 412
deseription, 16, 411

Choke. Sre also Coil,
air-core choke coil, 52, 442, 2067
calibrating ~r<)11\, 701
coil, in tone filter
coil, for transmissio
control in broade um, 281 ‘5

o
23

104
1753

See also Reetifier

tyvpes, 387
2254

control in transmission, 2053
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Cho—Coi Classtfied Index

Choke, Ford coil, use of, 2063 Circuits, intermediate, 1199 Circuits, tmnsformm‘-coul>ch, LI, 609,
general ‘rheory of —coils, 415 interrupted C.W., 1201 613, 1208, 1204 ’
high-frequency, 1115 kenotron, 1 transformer- -coupled three-valve, 2046
how to make—coils, 416 Lepel gap, 1285 transformer push-pull, 2038
iron-core chokes, 412 liguid barretter, 1296 transmitter, 420, 442 T4
loud speaker improvement. 1342, 2023.; L.F. amplifier, 158 transmitter, Lepel, 12586

Circuits. See aiso Crystal Sets; Valve] L.F. and crystal, 71 transmitting, 2067

Sets. L.F. capacity-coupled resistance am-{ transmitting at 6 R.J, 2080
A battery, 1 plifier, 1316 tuned anode, 758, 1103
acceptor, 9 L.¥. transformer-coupled amplificr,} tuned- nn]»ulau(c dnmllllmtlon 1105
amplmor two-valve, 83 1346 two-valve, L,
anode, 103, 104, 105 long-wave receiver, 1231 ultra-audion, 141
aperiodie, 119 loose coupler and cry\tal 584 Unidyne, 2148
arc tr;msmission, 121, 122 loud speaker and crystal, 597 unit crystal, 622
Armstrong, evolution of, 135 magnetic blow-out, 1356 voltmeter calibration, 344, 345
Armstrong reactive, 137 magnetic formulae, 1358 Coherer. See also Decoherer,
Armstrong, simple, 423 magnetron, 1332 Blondel, 253
Armstrong threc-valve, 188 Marconiphone, 1396 Branly, 268
Armstrong single-valve super-regenera-f  Marconi X-ctopper, 1887 Castelli, 384
tive, 146, 1379 microphonic amplifier, 1431 circuit, 440, 1394
Arm~.tronr7 two-valve supcr-regenera-] muitiple tuner, 1455 1"lmning, 940
tive, 140, 1379 natural frequency of, 1457 Lodge, 1306, 1972
Armstronn s original, 133 negatron, 1161 L mluv-’\luuho.ul 656
autodyne, 170, 171, 1497 neutrodyne, 1090, 1464 Marconi, 1313
automatic transmitter, 173 note magnitier, 1475 Popoltf, 1576
B battery. open, 1494 Ntone, 1902
balanced crystal, 184 open oscillatory, 21, 1405 theory, 439
balanced valves, 1838 optimum heterodyne, 1407 vertical type, 527
ball reactance, 194 oscillation, local, 1303 Coils. See also Capacity ; Inductance ;
beat, rcception, 226, 1303 oscillatory, 1508 Inductance Coil; Loose Coupler ;
Bolitho, 255 oscillatory closed, 15073 Variometer.
booster, 257 Peltier effect in, 1530 acrial tuning coil, 51, 1274
buzzer, 312 pilot lamp sor, 156456 AN ath Jm ’071
Campbell Swinton television, 1934 Papolt’s coherer, 1576 air core, 442
capacity bridge fitter, 361 portable dnt}’)]lﬁ(}d crystal, 627 air space, H6
capacity-coupled, 1208 portable set, 1530 anode, 103
capacity reactance, 363 power amphﬁer. 1602 anode reactance, 110
capacity resistance, 364 power, at 6 RJ, 2078 astatic, 149
capacity-resistance coupled L.F.. 12931 push- pull tmnxtolmu 2037 bank-wound, 106
carborundum, 369, 604 l quadrector 185 ot, 202
cascade amplification, 380 reactance, 1638, 1640 b, coupling « 17
Clhattee spark, 396 reaction, 1646 ot, for AVTLT,
chemieal rectifier, 412 reaction on anode, 104. 14 for (I\\Lll eivers, Hl9
closed, 429 reaction on sccond valve. 1047 et, for IL1° former, 1121
Cockaday, 431 rectitier, 833 sket, how to wiml, 2038, 1318, 1320
Cockaday*fourth. 960 reflex one-valve, 1673 basket, testing faults in, 907
coherer, 440, 1394 reflex three-valve, 1679 Burndept, 300, 444, 470
C()ll(lU]H(‘rS, fanction in, 498 regenerative, 133, 1329 DLarndept, inductance of, 301
conductively coupled, 420 regenerative, one-valve, 1684, 1655 capacity of, 46
control receiver, 529 regenerative, one-valve plus two L.F.,| capstan coil holder, 464
coupled anode-grid two-valve, 1647 1695 . cardboard tubes for, 371
couipled grid reaction, 1647 ‘I regencrative, tuned anode, 1636 choke, 414
coupled transmitter, 2051 Reinarz, 17)1 choke - for improving loud speakers,
coupling, 518 rejector, 1707 1342
crystal, 557 remote control. 1724 choke, tor smoothing purposes, 1837
crystal and valves, H59 resistance-capacity coupled H.F. am-| choke, in tone filter, 2023
crystal one-valve L.F., 71 plifier, 1104 cloison, 426
C.W. transmission, 2067 resistance-coupled amplitier. 423, (736] condenser, 462
de Groot, 1887 resistance coupling, 1733 copper wire for, 535
direction finder, 697, 700 Round, 1763 coupling, 427
disk discharger, 711 secondary, 1786 t NYE
double-click capacity, 722 selenium cell, 1544 sets, how tu make for, 582
double magnification, 723 short, 1805 de Forest, 659
drain, 730 short-circuiting device. 1305 double-clide tuning, 727
dual amplification, 749, 754, 1670, 1763} short-wave amplifier, 1210 double-tapped, 442
Duddell’s arc oscillator. 1 3 short-wave crystal reeciver, 1813 duolateral, 548, 766, ‘)()7
dull emitter amplificr, 87, 765 shunt, 1315 effeet of eurrent in, 823
dynatron, 781 Simon’s sclenium cell, 1792 end cheeks for, 870
carth arrester, 785 single-valve, 1326 experimental, 149
electrostatic LOUMID" 420 single-valve H.I. crystal, 71 exploring, 802
teed-back, 105, 91: 1836 feed-back, 451
filter, 932’ 1837 field, 229
“filter'at 6 RJ, 2078 spacing coif, 1338 flat coil, inductance, 416
five-valve frame acrial, 975 spark gap, 700 tHhux density of, 947 N
Fleming valve, 941 sparking buzzer, 1867 Giblin-Remler, 1034
Flewelling, 918, 943 S.T. 100, 1~94 "nnhdl mounted, HH 1133, 2133
Franklin, 981 super-regen-rative, 136, 1379 al tapped, o6
four-valve, 964 super-regene nw Flewelting, 1618 helix for transmizsion, 1095, 213
galvanometer calibration, 342 super-regenerative,  oscitlator  single-f  H.D. slider inductance, 1116
generator, 1019 valve, 1t Lolders, tor basket coils, 207
grid«dctector, 421 cuerative, three-valve, 1927]  holders, Bonds, 291
hanging set, 1073 ic heterodyne, 1930 Lolders, how to make, 166
Hartley, 2074 switching svstems, 1043 holders, jig for drilling, 1227
Haynes regencrative, 1086 Telefunken. 1963 Lolders, Polar, 1669
Hazeltine, 1091 . testing continuity with galvanomter,| holders, types, 4 2135
Heising, 1093 1003 Loneyeomb, 1133
heterodyne, 1007 testing for correet, 909 Loneyeomb, how to make, 1131
H.F. amplifier, 91, 1105, 1628 thed general, of, 413 l.mn-.\"wmm, Jeranie, 1133
H.F. and crystal, 1108, 1109, 1111, threc-slide tuner, 2000 Joranic, +44, 1144
SRS three-valve long-range, 2015 ~—capacity of, TLEE
H.T., 220, 1131 three-wire, 2005 impedance, 1147
indue coupling, 421 tone filter, 2 inductance, 447, 007, 1163
intensifier, 1189 tonic train, 1203 inductance of. H45 :
interference eliminator, 1193 tranzformer-coupled, H.F.. 1103 inductance coil unit, 1165
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Ciassified Index

Coils, inductance, types, 1163, 2131
nullut inee, measurement of, 1158
values of [granic, 1144
1174

induetion,
iron-core choke,

442, 12712
Jap winding, 1261
lathe, winding on, 457
Iattice-wound, 1276
lenuthening, 1284
Lissen, 21
toading, 1300
Lokap winder, 454
laoge coupler, 443,
MeMichael holder,
magnetic  coupling,
1373
magnetic fichd surrounding, 1370, 2124
nagnum. 44t
making, 447

HR1
465

principles, 1376

micro-adjuster holder, 464
mounts, 169

multi-laver, inductance, 446
Qojah, 1493

pancake, 161

»4)

pile winding,
plug-in, 2
plug-in r
primary, 16
reactance, 1639

reaction rotor. how to make,
rectangnlar inductance, 599
resistanee, 458, 1733

1651

Ruhmkhott, 1766

saddle for, 1767

scareh, 2200 [020 1042, 1785

second:

sense. for direction finding, 607, Y01
i 1704

single-laver. inductanee, 445

single-stider, 343, 1832

single-slider contact, H19

slab, 18249

sledge, 1830

Slider for, 1832

stider bar for, 1832, 2007
sliding induetance, 1333

solenoid, 1849

space-winding, 1857

spacing, 1858

spark, 42

spark, prineiple of, 1372

spark., lnx transmission, 2069

spider web for erystat wt&. HRG

spider web inductanee, 1870
stand for, 2134

switch-controlled, 19147
tapped, 342, 907, 10956, 2132
tnmnuu\ how to make, 460, 1966

testing continuity
theory, 443
three-slide tuning, 2006
tickler, 2019
toroidal, 446
triple, holder, 462
two-slicler, 1833
Jtvpes 441
wave-length, 11414
wiave-length of Qojad,
winder, 54
winder, how te make, 458
winding, 451, 453
winding induetance, 2006
swinding shell-type  transformer,
Collar, :ccumulator, 26
<ommutator, \w (//w Dyunamo.
deseription, 47
disk, 473
eivhit-pole,
hand-lever,
brication,
mica ing 474
Naviss, 482
tote wheel, 2025
Compass, radio, 1626
Telefunken, 694
Compasses, (rwing,
proportional,
Various types
Condenser. ~Nev ulw ((
adinstment, Ht
ace tuning, 5H1
air, H2, 182 489
air, how to make, 51
air, testing, J995

of \\'imlm::, 461

1404

$7t

acity.

H
i
i

2014

Condenser, anode circuit, 103
anode-tuning. Daty. 2102

361, 479

3

balance
hank of, at Carnarvon, 2091
basxe tor 201

base type, 201

Baty variable, 2102

bearing 223, 224

billi, 241, —118 1468

billi, how to ml]\( 241

Mock, 210

blocking. 250

bloe ]\m" how to make, 25,0-252
bracket, 178

bridge, for comparing capucities, 360
bridging, 278

312

r, tor charging,
s, 140, 313

. caleulation, 359,
measurement, 183
ty measurement b\ cleetroscope,

503

Cd]mcx\'\' of sphericul. 358
capacity of tubular "41
capacity. what it iz, 476
coil, 462
copper {oil for, 53
for crystal sets,
dead-heat :hx(h(lr"(
dial calibration, 341
diads, 505. 673
direction-finding tuning, 619
dizeharge heat measurement, 857
disk, 181

digk, how to make.
disruptive diseharer,
double anode, 1394

double elick measurement, 721
dual tuning, 484

Dubilier. 431, 435

c¢hanite, <01

edue effiet, 803

clectrie ahzorption of, 815
vlwtrnl,\w- 834

ntial characteristies, 477
Y 361, 479, 480

650

705

Fallon, 895

filter, ‘Ul

ﬁl'r(m, 34

fixed and blacklead grid Teak, 247

fixed, general description, 485, 034

fixed, how to make, 486

funetion~ of, in eircuitg, 499

Gernsback variable, 1034

wlass plate, 1038

grid, how to make. 670

erid, testing correet value of,

half-plate, 068

Hoffman's chart for capacity, 504

knobs tor, 1247

leak in, 1281

Leyvden jar, 1280

Lissen tnhu]ar, palgiehy

main, 1285

Manshridge,

Marconi. 431

1 r(um lnulylr‘ 1304
d56,

m]»hmm, 505

Moscicki. 1451

multiple, 1455

neutrodyne, 478, 1168

in neutrodyne eirecits, 502

oxcillatory discharge, 827, 1499, 1505

paper. K0, 1524

plittes. 1549

niointers tor, 1562

Polar, 707, 1568, 1572

Polar unit, 1572

Poldhu condenser bank,

power factor measurement

precigion, 1610

in parallel, 477

reaction. 1649

M2

1390

in regencrative circuits, 702
Seibt air.

1787
n].u 4904

e
short. \m\(' ]811

spacer washers for, (854
spark-coil cirenit, use in, 522
spiark trequency, 1863
spindle, 1871

2256

Coi—Con

Condenser, smoothing, 499
switch, 505 .
synchronized, 484
telephone, 1974
testing for faults, 908
theory, 476
threc-electrode, 361, 479
tintoil for, 2021

with tr.mstormcr 503

for transmitter, 5 kw., 482
transmitter—-s 2089
transmitting, 4 482, 2089

triple, 2002
tubular, 241
tuhular how to make, 493, 495, 2094
tuning b\', 500, ‘?119
units, H05
vane, 2202
variable, 2203
variable’ condenser spmd]e 1873
variable type, novel,
vernier, 480,v1873, 220
vernier atts uhment 491
vertical plate, 487
Conductors. See also Alloys; Metals ;
Insulating Materials,
aluminium, 62
nni\(»tropic, 97
blacklead, 247
bismuth, 216
brass, 269
bronze, 289
burning out, 302
cadmium, 335
caleium, 338
carbon, 365
carrying capacity of, 379
conneeting strips, 510
connectors, 513

coustanton, 313
copper, H33
duteh me tal. 773
flex,

;(‘ncml proporties of, 508
verman silver, 1033, 1739
heugsler metal, 1101
lead, 1277
lightning, 509
list of, 509
lithivm, 1203
agnesium, 11{33
mangancse, 1300
manganin, 1390, 1739
mereury, 1417
nickel, 1470
omnibus bar, 1488
palladium, 1519
phosphor- brmllo, 289, 1537
platinoid, 1550
potassium, 1336
resista, 174(!
resistance wires, 1739
rheostan, 1742
rheostene, 17
rubidium, 1765
selenium, 1791
silicon hmnm
silver, 1217
kodnlm 1841
solder, 184t
spelter, 1870
stalloy, 1883
thorium. 2003
tin, 2020
tung: ten, 2116
Wood’s metal
zine, 2230
Zirconihum, 2250
Connector, battery, 218
binding posts, 242
Tirass, 27
bus bar, 302
carbon plate. 363
connegting strips, 510
vlug-in, 513, 1556
stud. 1910
types of, 512
Connexmus, testing for wrong, 910
Contact Arm, types of, 521
Contauts. See also Switeh; Tapping.
brush, 554
plug-in, 1557
stud, 522, 1010

289, 1817

561

stud. fining, 323

o



Con—Cym

Container. See also Cabinet.
accumulator, 26
Continuous Waves. See also Arc; Trans-
mission.
arc transmitters, 525
Austin ticker, 2013
beat rcception, 225
control valves, use of, 525
crystal set receiver for, 312
definition, 523
heterodyne method, 1097, 1496
modulation of, 524
Morse by, 526
’ optimum heterodyne method, 1496
theory, 523
ticker for, 2018
timed spark system, 2052
transmission, 418
transmi=sion cireuit, 2067
transmitter,
tranmutter. simple type, 2066
Control, battery, 616
" choke, 416
i choke, in broadcasting, 2388
Heising modulation, 1093
remote, 527, 1723
selector, 530
by wireless, 527
Converter. See also Rectifier,
anode, 109
rotary, 532
Copper, cable, 535
in Danicll cell, 645
expansion ecoefticient, 534, 1712
foil, 53:
gauze, 533
good ('onductor 818
pyrites, 534
resistance, 534
solder for, 1842
specific gravity, 534
strength, 534
sulphate, 534
tinned, 535
weight of wire, 535
wire, 534
wire resistadnees, 535, 1729
wire sizes, 534
Corona eﬁect description, H38.
losses due to, 538
Countersinking, with brace and bit, 26>
how carried out, 542
Coupler, Loose. See  Coils;  TLoose
Coupler.
Coupling. See  also loose Coupler;
Coil: Inductance Coil.
auto-inductive, 171
auto-transformer, 176
back, 180
ball reactance, 193
basket coil, 547
capacity, 361, 1203, 1360
capacity-reactance, 363
capacity-resistance, 344, 1293, 1732
close, 426
coefficient, 193, 544, 1360
conductive, 508
coupler panel, 543
direct, 544, 691, 1360
direct loose, 702
direct tight, 702
duo-lateral, 519
effects on howling, 1139
effect on oscillation, 1501
electrostatic, 420, 544
] formulac, 1361
inductive, 421, 544, 547, 1169, 1177,
1360
inter-valve, 545
Lenz Inw, 1235
loose. 193
Joose. analogy, 987
loose. explained, 133°
' loose couplers, 442 ’ 44:,’, 37T, 084,
1177, 13238, 1329
magnetic, principle of. 1359, 1376
ohmic, 1482
reactance, 1637, 1639
reactance-capacity, 516, 1637
reaction, 105, 1645
regenerative, 1688
sistance, 1208, 1733, 1738
stance-capacity, 864, 1293, 1732

Coupling, tight, 193, 987, €019
transiormer, 203, 1294

Crystal Detector. ~ece also Valves.
base tor, 201
carborimdum. 563
cat’s-eve, 508

cat’s-wh 387

al panel. 567
horizontal, 563
how to ma 35, H69
micrometer adiustment, 63
perikon, 562, 565
plug-in. H6x
stationary eat s-whisker; 564
Sterling, 1900
'let-mnlwu, D63, 1069
types, 562
. unit, 569
\'l’rﬁl‘:ll. 563, H6L
Crystal Receivers. Sce a'vo Amplifica-
tion:  Hivh-frequency  Amplitica-
tion ; Low-frequency  Awplitica-
tion © Valve Nets
addiug ampl ion to, 60
amplitiers for 75
Axistoplmm‘ 127
25, 184, 1814

cabinet set, 601

carbenmdum set, 602

choosing, 1657

cigar box, H37

cireuits, 420, 121, 557 -
574

Cosmo 1424
double-slider, 531
dual amplitication, 750
experimental, (303
Gecophone, 1015
H.F. amplitic: m(m 623, 1109
H.F. and L.F., 627
H.F. one-valve, 610, 613, 610, 622, 627
H.F. transformer-couple:l, 621
how to make. 579
inrrensing ratge of, 618, 622
increasing strength, 622
lattice-wound yariometer, 600
loose coupler,
loud speake . 3
L.F. amplitication, ¢
1..F. one-valve, 609, 627
Ioading coil addition. 1300
McMichael, 1658
Marconiphone, 1396
Marconiphone and one-valve, 1396
Oracle, 574
portahble, 623
Radio Instruraents, 576, 165
short-wave receiver. how to make, 1312
single slider, /30
<p1dcr -web (0\1, 591
Sterling, 574 .
testing for faults in, 90H
tuning, 572, 629
twelve-ecircuit receiver, 603
types, 571
variometer, 535, 599
wide range, 576

Crystals. See a/so Valves - Reetifiers,
anastace, 91
anelesite, 97
balanceed, 153, 184, 1816
balanced carborundum, 3
black tellurium, 243
bornite. 259
hrookite, 289
carberunduay. 369
cat’ hMu i for, 333, 555
cerusite,
chalcopy m-.“. 306, H31
characteristie curves
combinafions. 355
cups, H35
dead, 650
detectorite, 666
aalena, 998
iron pyrites, 1215
molyhdenite, 14145
mounting, H6:
nagyagite, 14,7
piezo electri

effeet, 15t

€3]
thuory b4

* D 103

properties,

2257

Classified Index

Crystals, radiocite, 1626
mee of, 400

sensitive spots, 373, 1794
sensitive spots, testing for, 311

nt, 1815
rineite, 2250
Current, See also Tleetromotive Foree;
Eleetricity 5 Maugnctism ; Alternat-
ing Carrent ; Direcet Current.
anode, 109
alternating, 59, 631
AL measureme nt h\‘ wattmeter, 829
bhichromate cell, 239
(.nr\nwmp.mt,\' 373
combination meter tester, 471
conduction. H08. 632
constant-modulation, 516
continuous, 3
Conve (tlrm

(’»P

(nm*nt n~ st , 841
defined,
density,
density of accumulator, 12
direet, 631, 691
displacement, 715
earth, 738
)

eddy, 6 802

effvets, 821

effeets on iron filings, 822
, 870

extra, 843

Founeault, 058

aalvanoscope for measuring, 1007

GO, detector, 665

hizh-tension, 631

hot -wire ammeter method of measuring,
137

induced, 1154
induction, 1171
intermittent, 11
Jowde's law, 1232
Kirchoff’s Taws, 1244
Korda frequeney adiler, 1252
lag curves, 1259
lag and lead, =30
leakage causes, 1281, 1
left-hand rule for, 1234
Lenz law of, 1235
low-frequency, 134¢
low-tension, 631
magnetic field from, in coil, 1370
Maxwell’s corkserew rule, 1412
measuring magnetic etffect, 1007
measurement of
Peltier effect,
phase angle, :
phase difference
pole-finding D4
polyphase,
potential) 1.')#(5
production of, 850
pulsating, 1616
retnrned, 1741
right-hand rule, 1745
ary u)nwrtvr 1751
tr‘uMorm(‘r 1
:, for copper wire, !
\Atumtmn 1769
tlmrm(vpllc cffects, 2002
three-wire system, 2015
thumb rule, 2013
tmnxlorm‘m(m to sound, 1352
s, 830, 2216
¢ also Chiaracteristic Curve.
i3 9
B for iron, 1362
catenary, 381
foci of, 949
loens: 1305
permeability for iron, 1362
pure sine, 1143
sine, T8 20
sine for potential in generator, 1022
sonared paper, 1882
Cut-out, auto, 168
automatic interrupters, 172
avneral deseription, 6:35
on charging board, 109
Cymometer, capac#ty micasurceinent by, 638
description, 637
Fleming, 637, 940
indnctance measurement by, 638

wave-length measurement by, 633

2B3
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Cymoscope, description, 639
adjustable, 639

early form, 639
multiloop, 640

Fleming's. 641

D
Damping, air, 611
caleulation, 657
choke eoils for, 415
dead beat, 119
decrement, 643,
definition, 642
Jfactor, 643
moment, 645
of instruments,
oil, 614
of waves, 642, 656
Daylight Effect, fading, 894
general, on reception, 648
Heaviside layver, 234, 720
sunrise and sunset effect, 648,
Dead Beat. See also Damping,
condenser discharge, 650
defined, 619
explanation, 119
galvanometer, 647
G.P.0O. detector, 666
Grassot dead-beat fluxmeter, 949
instruments, 644
Dead End, effects, 651
loeal oscillation effects, 1302
switch, 651
swite l] how to make, 652
‘Deaf, ns:nplmnv for, 1510
otnphonc for, 1510
Decoherer. See also (oherer.
Brown’'s, 656
definition and types, 655
electrical, 656
Lodge, 655, 1307
Lodge-Muirhead, 656
Decrement. See wiso Damping,
damping, 643
decremeter, 658
logarithmic, 656
measurement. of, 658
Delta Connexions,power measurement 662
three-phase transformer, 661, 1419
reduction of ripple by, 1421
wiltmeter measurement, 662

656

119, 643

804

Depolarizer. ~See Polarization.
Detector. Nee also Crystal ; Coherer :
Valves.
h.un-tto 200, 1296
ere
r'ym(l\(’op(‘ (130
Dennis, 662
elmtrol)tu' 664, 835
G.P.O., 665
Hquid, 1"9()

general types, 664
magnetic, 664, 1363
Marconi’s magnetic,
panel, 666
perikon
Rubens and l{mcr 1999
spark, 664, 1
Stvrhn" (‘rysta] 1900
Telefunken, 568, 1969
thermal, 665, 1999
theory of magnetic, 1363
unit, 569, 671
valve, 675
Dial, condenser, 505
condenser, calibrating, 340
condenser, how to make, 678
galvanometer, 1007
Diaphragm, microphone, 681
Stalloy telephone, 681
Dielectric, constant, definition, 684
air, 684
acet()nc 28, 684
castor oil, 684
celluloid, 684
ebonite, 683, 684, 792
glass, 634, 1037
glycerine, 684
hysteresis, 684
indiarubber, 684, 1151
mica, 683 684, 1425
paper, 683
paraftin wax, 684, 1526

1363

Dielectric, shellne, 684
1|1rp«3minv 634
Dielectrics, Lesden jar experiment, 856
---strength, to ~1m<r, T03.716
Dies and Taps, adjustable. 636
British Association, 635
reversed, 687
screw-thread cutting, 687
tup, using small, 690
varieties, 685
Direct Current. See alsn  Alternating
Current ; Carrent ;5 Recetifier.
accumulator charging, 5
converter for changing tH A.C.,
definition, 601
generator, 691
rotary converter, 1751
rotary transformer, 1. in
Directional Wireless e also Direction
Finder 3 1ransmissior,
acrial at Brentwood, 693
acrial at Cadiz, 693
Liellini-Tosi aerial, 227
Lrown’s, 602
kranklin’s circuits for,
Marconi , 692
nizht eifects rm 719
radiogoniome ter for,
search coil for, 229, 802,
short wave, 1307
Telefunken, 692
umbrella aerial for, 692
Direction Finder. See also Aerial.
Bellini-Tosi, 228, 695
loop- aerial for, ].V'i
Marconi, (i{)('n—697
Marconi’s at, Brent\\ 00d,
Marconi’s at Cadiz, 693
radio compass, l(!’()
radiogoniometer, 1042
Knbingon, 702, 1746
search coil, 229, 892,
sense indicator, 1704
ships, 698
Telefimken. 692
transformer, 701
tuning condenser, 699
Discharge, brush, 291, 715, 1282
—-Oudin resonator for, 1511
eonductive, 7
convecti
corona, :
dead beat, 649
disruptive, 703,

532

182

1042

1042, 1785

692-693

1012, 1785

715
eifeets of points on, 1182

giow, 1040
oscillatory.
oscillatory. o1 a condenser, 827
quenched gap, 1622
riate of accumulator, 12
spark, 708
Discharger.
mission.
disk, 708, 1754
—-adjustment in transinission, 2052
fixed, 704, 936
Fleming, 704
Lodge-Chambers, 704
Peukert, 1534
rorary, 714, 1753
—-on ship’s transmitting set, 2056
small power, 1951
synchronous, 709, 1950
transatlantic spark disk at Carnarvon,
712
trigger disk at Carnarvon, 713
Distortion, broadcasting, 231
causes of, 717
electro-magnctic waves, 719
iron-cored tr.nnsformer 718
neutrodyne method of ehminating, 1090
night effects. 719
Preece on, 713
problems, 717
retlection, 720
refraction, 719
Distribution Board, functions of, 720
Dotting Pen, how to use, 733
Drill, brace Shank twist, 738
bre ast, 741
centre’ pop. making, 1618
cutting anglex, 738

1505

See also Spark Gap; Trans-

diamond-point brace shank, 738

Cym—Ear
Drill, gauge, 739
hand, 740
level, in breast,
lubrication of,
pistol grip, 740
sharpening, 739
-h‘mk twist,

Z

1288
744

738
, 266

, 65

227
743-45
742

with l.lﬂxe
machines,
~—chooging, 743

nut, for split pin, 1481
paper, 744
processes. 740, 741
sequare holes, 745
template for valve, 1987
Dry Cell. See also Battery; Primary
Cell.
advantages, 214
construction, 747
Economic Electric Co., 746
Lver-ready, 748, 885, 937
Hash-lamp, 937
Hellesens, 748
HP., 748, 1130
Dual Amplification. S¢e also Amplifica-
tion ; Rewencration.
advantages, 749
circuits, 754, 758
circuits, howling in,
disadvantages, 749
principles, 749, 1670
Round circuits, 1763
single-valve receiver, 750
transformer for, 753
tuned anode with, 755
Dubilier are, description, 126
Ducon clectric light attachment, 30, 759

1141

methods of connecting, 760
Dull Emitter. See also Valves.

Dextrandion, 2249

for L.F. amplifiers, 87

Marconi-Osram, 762

receiver, 36, 762

—at 6 RJ, 2074

thorium in, 2005

twa-valve get with. 86, 762

voltages for, 761

Weeo valv

Wehnelt’s discovery, 761

Dynamo, See also Generator.
accumulator charging with, 24
amateur wireless station, 758
brushes, 294
brush rocker, 1748
commutator, 473
compound, 475
construction, 775
exciter, 837
field xegu]ator ‘HS
field rheostat, 91¢
home chargmg,, /46
induction in, 1172
interpoles of, 1200
lap winding of, 1260
load, 1299
maguetic circuit of, 1358
overtype charging, 779
saturation curve of, 920
sect ional diagram, 47::
seli-excited, 1793
series coil, 1795
serics-wound, 1799
shunt«wound, 1815
sparking, 1866
specds, correct, 778
types, 776

E

Earth. See also Aerial.
arrester, 785, 1291
capacity, 362, 785
clip, 785
connexions, 786
—for tmnsmlttm;z 2070
copper strap eclip, 786

fluted, 738
2258

counterpoise, 542
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Earth, current, 788
_dead, 651
lightning arrester, 735, 1204

importance of, 783
principl 782
pipe ]

plate, 73R
return, 739
resistance, 783, 7849
substitutes for, 734
switch, how to make, 790
h\sfnm for faults in connexions, (06
—resistances, 1903
tr;\mmlm(‘r\ 781
transiission, 283
varieties of, 783
water tap tor, 787
wire, 79
Ebonite. See alto Tnsulating Materials :

Insulators.

dielectric constant, 634
dieleetric strength, 633
cutting, 794

drilling, 710, 744, 793

graving, 798, 872
filing, 796
insulator, 338, 801

making, .
matting, 796
matting “lﬂl emery powder, 869
plugging holes in, 201
polishing,
qualities,
sawing, 1772
serew cutting in, 300
shaping, 796
turning, 798
Electricity. See also Magnetism.

accumulators, 11
alternating current, 59
alternators, 60
back KALE., 180
batteries, 213
capzl('ity, 356, 855
cell, 388
charge, 403
condenser, 476
conductors, 509
current. 630
dielectrics, 684
direct current, 691
dry cell, 746
dynamo, 775
electro-dynamics, 829
electrolines explained, 831
clectro-motive force, 841
electrons, 845
ether, 376

Faraday’s electro-chemical laws, 904
frictional, 850
generator, 1019
in(luot:ume, 1157
induction, 1170
insulating materials, 1134
ingulation, 1185
Leyden jar, 1289
nature of, 878
Peltier etfect, 1530
piezo, 1544
proton. 815, 1614
qu:mrum theory,
resinogs, 1727
Seceheelk eltvrt
theory of, 825
thernio, 2000
thermopile, 2002

1620
2002

three-wire system, 2015
Electric Light, Ducen attachment for,
30, 759
Elecirodes. See also Battery: Arc;

Primary Cell.
Calland-Daniell cell,
carbon, 366
Castner eell,
cathode, 384
defined, 329
Duddell musical are, 761
clectrolytic rectifier, 837
arid, 1052
Grove cell, 1065
Leclanché cell, 1283 -84
Moretti are, 102

1612
1417

Electrodes, Noden valve, 1472
Poulsen are, {02
quenched spark. 1623
Ruhmer are, 102, 1766
spark gap, 1304
T.Y.K. are, 102
Vreeland's are, 102
water-cooled. 124
Wehnel 2002

Electrolysis.
anion, 97
cation, 386
explained, 333
fon, 1211
ionization, 1211

Electrolyte, ot ’unhronmtn cell, 236, 239
of Daniell cell,
density in av xumul 1tors, 10
dlouble,
electros (hmm( o equivatent, 829
sal-ammoniare, 1283, 1798
varieties, K34

Elect!’olytic, Caldwell interrunter, 856
cell, 834
condensger, 834
detector, 830
mtmruptt‘h

12

SNee also Primary Cell.

charaeteristics of, <36,

rectifier eircnit,
Wehnelt inte rru])tex.
Electro-motive Force.

KEleetricity.

back, 180, 1195

back, effect of inductance, 1145

current resistance relationships, 843

definition, J+41, 950

clectroseope measurement of P, 355

explained, 341

generated in continuous current arma-
ture, 1025

in generators,

2 also Current :

1021

induction ret at]onshm\ 1156
induced, 1155

Kirchott’s rule, 841

Korda frequency adder, 1
measurement or, 841, 43

Iag curves, 1259
related to current and resistance, S41

Electrons, See also Electricity ; Mag-
netism.
atom, arrangement, 347

beryllium atom, 849

horon atom, 849

carbon atowm, 847, 850

cells, 821

counting by spectrum method, 844

effect of friction on, 819

flowing throngh a condnctor, 316

free. 485 .

helium atom, 348, 851

hydrogen atom, 848, 850

lithiw atom, 843, 850

nature of, 817

oxygen atoni., 847

proton, 845, 1614

relay, 852

size of, 849

sodium atom, 817

apeed of, 849

theory of, 815

Thomson’s discovery, {45

velocity of, how measured, 51
Electroscopes, Bennet's, =54

condy nsmu, 855

measuring capacity, =20

meazuring jotential ditference, 820
Electrostatic, Bnnet's clectroscope, ~54

capacity, 855

condensing electroscop:, 855

clectroscope. 854

electrophorus, 352

field, 364

induction. 865

units, 366
Electro-technical Symbols,
Element, alumininm, 62

argon, 127

beryilinm, 819

bismuth, 2465

boron, 254, %40

(‘:l(lll!llllll,

calcium, 33

carhon, 365, 847, 850

2259

list, 3

<

Classtfied Index

Element, chlorine, 111
cobalt, 131
copper,
clectro-chemical equivalent of, 829
cold, 1040
helium, 843, 8537, 1095
hydrogen, 243, 850, 1141
iron, 121
Tead, 1277
lithinm, 8483, 850, 12038
magnesinm, 1355
nanganese, 1390
mereury, 1Y
nickel, 1470
nitroven, 1470
oxyuen, 847, 1511
pidladium, 15
phosphorus,
piatimn, 15
potassinm,
ribidium,
selenitn,
silicon, 1816
silver, 1817
st hum 817,
tantalum, 1956
tin, 2020
thorinm, 2005
/lm 225

)
1765
1791

Emety, cle unn
cloth, 867
(luth how to fold, 867
paper, 868
polishing with emery paper, 63
powder, 36t

Energy. conservation of, 950
definition, 871
Kinetic, 871
potential, 371, 1550
quantum fheory, 1620

Engraving «lwmtn TUN, 872
toolxs used,

Ether. See «
Clerk-Max
and (lmtn(

off insulation with, 519

o lectron,
1l on, 877
al theory, 825

Xperimentsz, 871
()I, 876

Eye, hrm to forge, 954
in strap plate, 80t
double-ended, 262

Eyebolt, forging, 95+
use on dynamo, 257
use on strajners, 804

F

Fading, daylight effects on, 648,
Heaviside layer effects
night effects, 719
sunrise and sunset etfe

Faraday’s Laws of electric

Faults. See also Testing.
acrial, 905
basket coil, 907
condenser. 903
crystal sets, 005
double erystals, 905
dnolateral coils, 906
earth, Y06
H.¥. amplifiers, 911
H.F. eakage, 918
high-tension batteries, 907
induectance slider, 907
fead-in wire, 905
Tod speaker, 409
jow-frequency amplifiers, 912
tupped coils, 907
telephones, 909
tuning connexions, 906
vialves, H09
variometer, 007

Faure Plates. ~Nee
Plates,

D.P. ace umnhtm, 729

negative, Y12

positive, 912

Feed Back. See also Regeneration,

capacity reactance circuits, 364

circuits, 913

coil, how to make, 450

definition, 913

principle, 105, 913

5, 648, 801
v, 11, 904

alsn Ac('mnn!;nnr';




Classtlied Index

Feed Back, reaction coupling, 911
Field, coil, 229
concentrated, 1373
electrie, due to influence, 815, 1181
clectrostatic, 864
Faraday’s conception of magnetie, 1371
formula, 1350
magnet, 917
magnetie, 1364
magnetice, demonstration of, 1368
magnetie, flux density, 948

magnetic, measuring strength of, 1050,
1509

magnetie, representation of, 1156

magnetie, thumb rule, 2018

magnetometer, 1380

maintenance of magnetic, 1374

reaulator, 919, 1700

regulator for charging board, 410

rheostat, 919

round current-carrying coil, 1370

round straight conductor, 1371

strength, how measured, 1380
Filament. See also Anode; Grid;

argon, to lengthen life of, 127

battery, 922

construction, 921

dull emitters, 762

Fleming valve, 941

fuse, 922

magnetron, 1383

matcrials, 921
Filament Resistance.

Burndept dual, 1

Burndept resist:

continuously v

formers for, 955

Fulier, 921

Holderstat, 1670, 1878

how to ]ll(ll\(‘, 76, 669, 926, 1743

Valve,

See also Resistance.
743

1740
riable, 925

Igranic, 925
knobs for 1247
Marconi, 1395

microstut, 1432
plunger for Holderstat, 1561
Radio Instruments, 1743
vernier, 925
Filing, brass, 271
cleaning files, 931
draw, 930
chonite, 796
flat, 929
round surfaces, 931
varicties of files, 028
Fleming, biography, 939
circuits for Fleming valves, 942
coherer, 940
cymometer, 940
oil are, 126
rule, 940
spark frequency recorder, 994
valve, 9
on wireless theory, xi
Flux. See also Magnetism,
curves, 948, 1362
density, 948, 1361
direction, 946
fluxmeter, 949, 1050
leakage in transformers, 2029
magnetic, 1364
magnetie, direction of, 1021
magnetic, lag behind magnetizing
force, 1142
in transformer core, 1375
Flux. See also Soldering,
borax, 1843
boron compo, 1843
brass, 948
copper, 948, 1819
easy, 1819
fluxite, 1843
killed spirit, 1843
silver soldering, 1818
Fly Nut, use of, 257
Foil, brass, 274
copper, 533
tin, 2021
—in condenser, 2021
—in Leyden jar, 2021
—in Wimshurst machine, 2021
Force, centrifugal, 393
effect of, 949
electro-motive, 950

Force, mrmul.u 1382
lines of, 129
lines of, in cn ils, 1370, 1377, 13
Jines of, on magnet, 830
magnetie, 1364
magnetice, Fleming’s rule for, 040
magnetizing —lead over magnetic flux,
1142
magnetizing of a solenoid, 947
magneto-motive theory, 1381
Maxwell’s corkserew rule for, 1412
in mechagices, 949
unbalanced, 949
Forging, cy ebolt 934
hook, 955
methods, 951
right-angle bends,
steel, 051
strap for mast, 953
traeing up, 953
Formers, for ket coils, 203, 205
coil, 451, 4 157
filament resistance, 955
shell-type transformer, 2040
varjiometer, 956
Forming of accumulator plates, 12, 956
Frame Aerial. Sce also Acrial ; Direction
Finding.
wlvantages, 968
;\rmstrumr circuits \\1th 141
Bellini- 1‘051 227, 69:
cabinet set \\'th 1""7
Climax, 1661
collapsible, how to make, 969
tive-valve set with, 975
hanging set, 1077
Hoyt-Taylor balanced, 152
how to make, 143, 971
interference, reduunu with, 1197
}\Iar(omphono 1405
Marconiphone loop, 1325
one-valve set, 1661
Radio Instruments, 969
short-wave reception, ¢68
solenoid type, 969
super-regencrative set with, 1925
theory, 966
wave-length,
wire for, 970
Free alternating current, 985
electrons, 985
magnetism, 966
oscillation in Armstrony circuits,
oscillations, application. 987
oscillations, definition, 986
oscillations, expression ror, 988
oseillations in Levden jar, 987
Frequency. Sre also Hizh Frequency |
Low Frequeney.
audio, 155
beat, 226
changers, 990
changing by valve rectifiers, 991
Fleming spark frequency recorder, 994
group, 1064
Hartmann and Braun froquency meter,
993
high, 1101, 1627
Korda frequency adder. 1252
low-frequency limits, 1:345
measurement. with cymometer, 637
meter, 992
natural, 1457
photographic frequency recorder, 995
guantum theory, 1620
oscillation. 1502
radio, 1627
spark, 1863
spark, recordmg with dictaphone, 994
table, 990
T Llefunken frequency changer, 991
triple, 1253
vibrating reed meter, 995
Westinghouse frequency meter, 993
Funnpel, acid, 29
Fuse, bobbin, 997
burning out, 302
cartridge, 379, 997
filament, 922
types of, 997
uses, 168
wire in accumulator charging, 18
Fusible Alloys, cadmium in, 335

73 2124

9563

975

electro-motive explained, 841

Wood’s metal, 561, 2248
2260

Galvanometer.

Fee--Gen
G

See also Ammeter ; Vol
meter.

A.C. measurement by, 2001

aperiodic, 1001

ammeter, use as. 1000

astatie, 149

ballistic, 191

ballistic for measuring permeablhty, 234

calibrating, 343

circuit contmmt,v tests with, 1003

constant, 235, 1000

construction, 1000

damping moment, 645

d’Arsonval, 647, 1001

dead-beat, 1002

dial for, 1005, 1007

Duddell thermo-, 2001

Einthoven, 813

figare of merit, 1001

Grassot fluxmeter, 949, 1050

H.F. transformer tests with, 1003

how to make, 1004

measuring signals with, 1002

mirror, 14338

Moll, 1443

moving coil,

needle, 1007

oscillograph application, 1506

precision, 1001

principle of, 823

sensitiveness, 1001

shunt, 1813

suspended coil, 1001

tangent, 1000, 1955

testing filament resistance with, 1003

theory of, 1600

thermo, 2000

thermopile for use with, 2003

varieties, 1000

vibration, 2212

Western Electrical Instrument Co.’s,

1452

Gap. See also Spark Gap ; Transmission ;
Are.
de-ionizing methods, 1357
micrometer spark, 1428
multiple, early form, 1008, 1504
Peukert discharger, 1534
quenched gap discharge, 1622
quenched gap transmitter, 1622
quenched spark, 1623
safety, 1768
spark, 1863
spark, electrodes, 1864
Gassing, when charging accumulators, 18,
1009

Gauge, See also Tools ; Wire.
cutting, 1013
depth, 1011
drill, 1010
feeler, 1011
limit, 1011
serew thread, 1010
sizes, 1014
universal drill, 1011
vernier caliper, 1012
wire, 1010

Generaior. See also Dynamo.
A.C. in transmitting circuit, 1020
arc, 124
armature core, 1024, 1025
booster for, 25
Carnarvon, 1029
Crompton’s, 1033
description, 1019
direct current, 691, 1024
duplex telephony, 769
Eitfel Tower, 808
electro-motive force in, 1021
English Hlectric A.C., 1027
field excitation, 1026
field regulator for, 918
field rheostat for, 919
hali-kilowatt twin, 1032
hand, 1074
hlg,h-tensmn current, 1032
hunting of, 1141
low-tension current, 1032
output variation, 1027
parts, 1023
pole shoes, 1575
rotor spindle, 1761
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Genergt%r, shunt-wound disk and booster,
103

three-kilowatt D.C,, 1024
three-phase system for, 661
transmission circuit, 1019
two-kilowntt motor, 1028
Glace Bay, fan acrias at, 896
Glass, crystal, dielectric atru]"th 683
cutting, 1037
\lnllm", T4
fiint, dielectric strength, 684
arinding, 1038
around, 1033
paper, 1033
plate condenser, 1038
plate, dielectric constant, 684
separators, 1039
silencer, 1039
tube, 1039
uses in wireless, 1037
wool, 1040
Glycerine, diclectric constant, 634
Grid. See also Anode; ¥ 1Luucnt Valves.
hattery, position in cireuit, 10;-
battery, characteristic curve, 1053
biasing h:ntery, function, 355, 10562
circuit, 1054
coil at H LS, 2071
control, 1054
effects on reﬁenemnon control, 1687
function of, 401,
function in tuned anode cireuits, 363
in four-clectrode valve, 2146
modulation grid control, 1442
reaction, 1647
Grid Leak. auti-capacity, 113
blacklead, 24
Bretwood, 1057
clips for, 426
connexions, 1055
Dubilier, 1056
Filtron, ‘)H 1056
formulae for, 1231
funetion, 1055
gmphite, 1056
how to make, 1057
indian ink, 1056
Lissen variable, 2204
oscillation effect on condenser, 1409
pointer for, 1564
Polar Blok, 1569
scientific tyve, 1035
transmitting, 2068
Watmel, 1057
Grinding. See also Tools.
bench grinder, 1063
cold chisels, 1063
hand grindstone, 1061
lathe, 1063
stone used for, 1060
treadle, 1061
twist drill, 1063

H

052

Hammer break on induction coil, 1073,
1174

chojee, 1071
interrupter, 1204
Handles. See also (oil ;

adaptahle tool, 2026

control, 802

chisel, 2026

serewdriv er, 2028
Harmonies, circuit dingram for, 1087

Liarmenic motion, 1026

in sound, 1087

sine curve,
Headphones. See Telephone.
Heaviside Layer, action of, 284, 1092

distertion effects of. 720

Condenser.

—

aiiding theory, 1002
theory, 1002
Heterodyne, See ulso Beat Reception
Oscillation.

auto, 170

autodyne cireuit, 1407
d1~sr>n<m(‘n,, use of in,
equal, 873

local oscillator, 1302

Marconi heterodyne wnit, 1009,
negatron valve for, 1462

optiinum, u(p]muud 1493

oscﬂlntor, P.M.G.s regulations, 1290
reception, 226

716

-|Hot-wire Ammeter.

Heterodyne, rectification, 1097
reetitier,
h‘trllil“., 1‘

theory of,
| Jwave- meter, 11(\()
High Frequency. See also Ampliication :

Low Frequoney.
amnlifiers, 89, 1106

bolometer measuring of, 255
definiti on, 1101
I -

resonator for, 1531t
1101
ats

explained, 71.
feed-haek ¢

uir,
T.itzendraht cable for,

1293
transformer, 14914

Oojah plug-in H.EF.
tance, 1828
tance-capacity, 1637
kin effect, 1823
ng for H F. leakax
wive unit H O E. set
High-frequency Amp.lﬁca‘.lon N
Ampliieation ; Low Yrequency.
eirenits for, 422
erystal set, addition te, 559, 611,
1109
dual-amplitication reecivers,
general, 72
methods of, 1101
neutrodyne method, 1465
one-valve, 90
one-valve erystal, 71
reactance-capacity, 1637
Round circuits, 1763
tone wheel ecnversion fo I.J7., 2027
transtermer-coupled, 621, 204
transformer wave-lenzth ra
transformers for, 2036
tuned anode method, 363
High Tension. See also Low
Battery.
battery for anode cirenit, 102
bhattery hox, 1131
battery, hy-pass condenser for,
battery, doinx without, 2146
battery, gencral deseription, 1130
battery, heavy type, 14
battery, Hellesen, 748
hattery, how to make,
battery, Siemens, 215
battery, tu\h 12 Tor tandts, 00=
B b'\tt' Y,
cable, 334
*urtridqo fuse, 380
cirenit, 1131
dry battery. 743
neon 11m]) for transmitter, 1464
supply at 5 1.3, 2071
transmission supplv
Tinidyne set, 214
Honeycomb Coil.
bhobbin for, 113
how to make, 1134
feranic gimbal, 1133
plug-in, 1133
winding, 1135

1670

PRIt
<, ZUdo

Tenst

313

214

20468

See also Coil.

1137
1138

coustritction,
principle of. 69,
theory, 1137
Howling., See also R
cauges, 1139
tracing faults due to, 1140
Hoyt-Taylor, -vstem to redoes
spheries, 152
Hydrogen, aton.. 343, {20
dieleetrie corst (mt [(EE)
Poulsen’s dises »\Ln, 1141
properties of. 1141
specifie gravity, 1141
Hydrometer, ucc umulator
with l 68

caction; Tuning.

atmo-

acid

Hysteresis., See alvo lron: Maaznetisi,
definition, 1142

dieleetrie, 6%t

loop. 1143

losses in iron, 1213

1

Impedance, coil, 1147
curves of, 1146
definition, 1145

2261

e

G,

n:

See also Amnicter.

testing

Classifred Index
Impedance, {ilament-grid, 1633

formulae, 1146-47

neasurement of, 11 h

tuned annde civenit, 503

tuned impedance (\nllrmhl‘ 1165
vector diagrams, 1116

Indiarubber, helts, 1152

deseri
dicteetric constant, 684%
packing, 1515
panel marking, 1152
puncturing voltage, 1151
solution, 1152
specific gravity, 1151
turning, 1151

Inductance. See also (‘apacity.
of aerial, 3%

Arderson bridge measurement, 95
astatic coils tor measurines, 149
Durndept coils. 301
('nmplwl! lvri\lu-* !\rr measuring, 1179
ol choke coils,
Clerk-Maxwell's
160
of coits, 1108
cymonmeter measurement. of,
detinition, 117
distortion ctfects of
effeet on back 12
effeet on tuning, 2119
experimental methods of measurement,
1160
formulae for, 1158
inductometer for measuring, 1179
Lodgs’s tuning, 1303
axwell Wheatstone bridge for measur-
. 1161
measurement or,
of multi-layer coi
mutual—¢ ‘mmlwll s
ment, 455
Illlllll\l‘ formulae, 1156
nutual, measurement, of, 1179
non-inductive resistanee, 1473
of single-layer coils, 445
switch, 1167
of toroidal coils, 446
tronsmitting, 2000
tuning; 1169
values of de Forest eoils, 660
vatues of Luranie coils, 1144
Inductance Coil. See also Coil,
aerial at 6 RJ, 2030
acrial tuning, 51
aerial tuning mnp]ml
basket coils for AT.1.,
be:t shape for, 1159
Burndept, 3()1, 144
dead-end effeets, 651
de Forest, 659
Yiffel tower, S11
former for, 1166
helical tapped,

imluc{mwc formulace,

638

L1157
446
bridge

nmeasure-

1963

high-frequency siider, 1116
how to make,
]*:mnic, 1144
llkrll core,
lap-winding,

o

1163

1212
1261

low-frequency iron-core, 1349
jeal inductanee, 1456
Oojah basket, 1491
Oojate slab, 1494
panel for inductance coil unit, 1165
sinele-slider, 1833
sliding, 1833
space- \\\ndm,z. 1857
et

1165

switeh arn,
tapped, 442, 447, 1163,

1056
tappings, 1163
testing for faults, 007
theory of, 324
tuning, 1169
two-slider, 1833
varieties, 116:3

Induction, calculation of, 1172
coupling formulac, 1361
current, 1171
dynamo, 1172

eleetric, 815




Classtfied Index

Induction, ¢lectro-magnetic explaineil, 840
cleetropbrus method of, 853
eleetrostatie, S65, 1170
formula, 1172
indeed current, 1154
induced M., DD
intluence machine, 1180
maanetie, 1170, 1364
mtual, defined, 821
principle of electro magnetice, 1375
theory, 1170
zero value in iron, 1143

Induction Coil, contact breaker fer. 521
Grisson interrupter for, 1062
halt-inch spark, 1173
haner break for, 1073
mereury jet interrupter for, 1417
principles of, 1174
six-inch spark, 1176
tvpes, 1173
voltave induced. 1174

Induction Motor, three-pliase cirewit, 175

Inductor Alternator. Sve uls Alternator.
nnetions, 632, 1180

Insulated, v 11%5
knobs, 118

»lu\m" 1831, 2049
SC , 1183
E .\plL 1184
wire, Systoflex, 1952

Insulating Materials, adit, 30
ambroin, 63
asbestos, 148
asphalte, 148
bakelite, 132
black tape, 247
black wax, 248
celluloid, 389
Chatterton’s compound, 411
u)mln sit ”(N

118
aeneral Il( \crlptmn

ebonite,
1184
wlass,
indis \1\11)\)( r,
ivorine, l’lG
isolit, l'.l\ﬁ
list, of, 1185
mica, 1425
micanite, 1425 .
mi('nrtn, 1426
micanite cloth,

:lﬂm paper, 1525

i 1526

1151

1426

porcelain,
presspahn,
rubber, 1765
sealing wax,
shellae, 1

wax, 2231
Insulatlon, acrial, 1186
breakdown effeets, 1805
of cardboard tubes, 372
of copper wire, 535
insulating sleeving, 1831, 1952
materials for, 1184
megger for measuring, 1415
methods of, 1185
removing from coils, 519
removing from flex, 945
Systoflex, 1952
testing for, 1996
of wooden basehoard, 1185
Insulator, barrel, 199, 1187
bobbin, 254
Brldhdd 266
Dradfield, anti-spark disks,
button, 306
corrug:lwd, 538
cowl,
du'k
chomt
ceon,
vy, 8”5, 1187
Eitfel Tower acrial, 806
fluted moulded, 1187
insulated cyes, 1183
insulated knobs, 1183
insulated screws, 1183
insulated staple, 1184
knobs, 1247

118

Insulator, lead in, 1230
partition, 1529
poreelain, 1187
porcelain cleat,
Teel, 1669
Rendahl,
Silvertown,
strain rod,
strop, 1909
stuffing box of Bradiicld.
switeh, 200
umbrelli, 1187

varieties used in wireless, 1137
voltage te lmﬂ of, 2213
window,
why poor

Interference Elimination.

tion Finder ; Frame Aerial.

1577
1726

1520
1008

1917

()ndnct(\r‘ 360

balancing acrial muthod, 187
balancing wethod, 186, 1294

a

palaneced earborunduin crystals, 371
balanced erystal method, 184, 371
cireuits for. 1193
de Groot cireuit, 1888
Dieckmann cage, 633
drain circuit method, 730
eliminator, how to make, 1192
filter cirenits, 932
frame a 1, 1197
Franklin circuits, 981
Hoyt- Tayler cireuit,
jamming, 12
limiting devices, 1292
Lissen wave-trap, 2230
Marconi X-stoppers, 1387
preventers, 1197
rejector circuits, 1707
Rogers circuit, 152
silicon, nse in, 1816
theory, 1193
wave-trap, 2230

Interrupters, automatic, 172
buzzer type. 1203
condenser, effect on, 1205
clectrolytie. 836, 1206
Grisson electrolytic condenser, 1062
hammer, 1204
mercury type, 1206
motor driven, 1207
types, 1203

Iron, annealed, 99
B.H. curve. 1362

153

1373
core inductance, 1212

oxpdlm(m ‘ ovmuvnt 1712
o

d, thimbles, 2003

s of, 1142

5 loops, 1143-44
4

aiion curve of, 990
1386

nmllo.mhl‘
mast Iltnm.s, 1386
permeability curve, 948, 1362
pyrites, 1215

solenoid effect, 1534

1869
1212

specific Umlty
stalloy, 1214
uses in wireless,
wire, 1215

d

Jack. See also Switch.
double closed, 1218
double Inlament 1218
double tuephone for use with, 1219
G.P.0. pattern, 1221
how to make, 1222
mounted, 1221
and plug, 514
and plug circuits, 1219
plugs, how to make, 1222
single closed, 1218
single open, 1218
telephone, 1219
varieties, 1218

Jar Unit, value of, 31, 1226

Jig, drilling, 320

coil holder, 1227

steel, 1227

Jigger, auto, 171

2262

Jigger, deseription,

See also Dirce-

concentrating effect on magnetic field,

and perineability curves, 948

Ind—Lea

1228
half-kitowatt, 1228

Joints, dovetail, 315, 816, 1230

dowelled, 1228
housing, 316, 1230
keved joggle halving, 1241
k mitre, 1241
111.1t0ﬂ:, 231
1440
board, 1439
mitre box. 1440 °
mitre template, 1988
mitred tenon, 477, 979
mortise and tenon, 1447
ropes, 1232
stub tenon, 1909
wire, 1231

K

éw also Switeh.

metal
nitre.
nitre

we, 12
cntials, 1236

14 ather, 1240

gib. 1240

mitre joint, 1241

Morse tapping, 1237

pancel, 1238

switeh, 114’

transmitti 1237

tmnsmmtmg, with safety device, 1237

way, 1240

W ondmrf, 1240

L
Lacquenng, brass, 273, 1251
mh\
hot,

mothnds, 1254
Ladder, cat, 386
erection, 1257
extension, 1257
tvpes, 1256
Laminations, alternator, 1259
magneto armature, 1260
for transformers, 161, 165, 1259
Lathe, C.A. V., 12062, 1263
«hang(\ \\he(.l'~ V:l
u)x\ctrn(tlon 32, 1264
face plate, l)(m
grindstone, 1062
J.R., 1262-64
milling machines, 1433
packing lathe tool, 1516
parting tool, 1272
tools, 1265
Lathe Work. Sre also Turning.
aluminium turning, 64
calibrating methods, 340
chuck, how used, 1266
coit winding, 457
collet chuck in use, 1267
countersinking with, 543
dial making, 679
drilling, 743-45, 1269
drilling ebonite with, 795
tixing work to face plate, 1268
hollowing cup for gramoplhone attach-
ment, 1047
mandrel turning, 1272
milling, 1434
monunting block on screw chuck, 1267
serew thread cutting, 688, 1271, 1778
telephone carpiece making, 1270
trueing up, 1268
turning control knobs, 1250
turning metal in, 1442
turning wooden bar, 1267
winding shell transformers, 2041
Lattice Mast. See also Aerial ; Mast.
construction, 44
¥iwell triangular, 1275
self-supporting, 1276
Lead in, at Berne station, 1279
cage at Bournemouth, 1953
fan antenna connector, 899
importance of insulation of, 1186
insulators for, 266, 1280
multiple-wire aerials, 899
testing for faults in, 905
through window frame, 1278
Lead Plate. See also Battery
battery, 1278
cell, 12

Leak. See also Grid Leak.
in condensers, 1281



Lea—Mag

Leak, curve, 1281
formulae, 1231
static, 1887
Leakage, precautions against clectrical,
1282

testing for HUF.

leakage, 910

Leyden Jar, charging. 12\&)
1_<(

construction,
discharging, 1

experiments, 856-57 .
glass plate condenscer, 1033

Lodge’s experiments. 1303, 1952
Lodgu s form, 1289
tinfoil for, 2021
Licence, broadcast, 1239
construetor’s, 1289
perimental, 838, 1289
wireless, conditions for, 1289
Light, ]ummwmph} by 1537
photophone transn on, 1541
rubidinm, sensitivity to, 1760
selenium, se ~mv1t3 to, 1538, 1791

velocity of, 826
wave-k 'ng(h, 1291

waves for transmission, 1541

Lightning, arrester, magnetron  cir-uit,
1383
arrester, )1

switeh,

Linseed Oll,ldwlectrm strength, 683
Lodge, Sir Oliver

hiogt aph\'.
coherer, 1307

1305

ether experiment, 882

receiver, 1307
syntonic

jars,

1368

tuning inductance, 1308

s by

alinement chart, 57
alternating current, 59
electron, 845

clectr

static capacity, 835

cther, 876

Torce,

949

Foster bridge, 957
ineommensurables, 1150

index, 11

B

inductance, 1157
induction, 1170

leak,

1281

logarithm, 1309
Ohm’s law, 1434
oscillation, 1493

- pot<‘utml 1..)8()
units,
WAy _’
Wireless :md Other Waves, iii
Loop Aerial. See alsv Aerialy Frame
Aerial.

for submarines, 1324

how to make,
theory, 966,
transmitting,

i

39

Loops of Potential, dntmodeq 118

Loose (‘oupler.

See alsn Coil.

advantages, 1328
(()

S,

442

single
stud s

tal receiver, 577

al receiver, how to make, 584
to make,
foose-coupled tuner, 1330
principle of, 1
slider, 11
tehes,

1329
32
77
1331

types, 443, 1 328

vernier .1(13
Lesses, cor
corona

hysteresis losses in iron.
leakage flux in transformers.

Loud Speaker.

ytmem 13
Y]

29

1213
2029
Amplifie

Nee  alsy

Amnplification.

adjusting nechani=m,

amplification

Baldwin receiver for,
hy-puass conder
use with,
593
1336

choke coil,
crystal =ef.
diaphragms,
distortion in,

1341

012

190

313

1542, 2023

faudts,

er t’ur,

15,

1341

clectro-muagnetic, 1331

clectrostatic,

high-fre fueney

1341

1335 )
amplification and tone,

r;

Loud Speaker, lLorn size
how ro make. 1342
how to pack, 1515
pole-picees, )
power amplific
principle of,
relay of, 1330
switely, 1946
testing for mlr\ in,
tone filter,
tone unpm\c nent of,

Amplion, 93

LYSTOVOX, 1533

—Ethovox, 884
— I renophone, 989
—Fuller, 1337
—Gecophone, 1337
—Magnavox, 1352
-—Metropolitan-Vickers,
—Sterling, 13540
—Western Eiectrie, 13320

Low Frequency. See also Amplification :

Hizh Fregueney.
amplification raults,
jurndept transform
capacity-coupled

1346
cirrent, 1340
(lehnmnu 1345
feed-back cireuit,
frequency range,
general points on,
intensitier circuits,
jron-core indictanc
Iimiting voltage,
Round circuirs,
tone wheel conver
transtormer, 1349
transtormer-coupled cirenit,
{ransformer tormulae, 135)
transiormer principles, 160
vertor diagrams of L.F. trausiorneer

1319

Low-frequency Amplifier. See

Amypdifier ; High-trequency Ampliter.
for erystal sots, 75, 554, 609
crystal one-valve, 71
dual- .unphfw.m(m receivers,
with duall emitters, 36
Gecophone L.[*‘.A., 1347
general notes on, 72, 156
Marconiphone, 1398
note magnification, 1174
note magnifier, 1475
Oracle, 1345
Polar, 1348
shell type tranzformer ior, 2040
Tingey, 1347

two-valve, 80,

types, 1345

Western Eleerrie, 2232

Low Tension. Sve ulso

OB

1340

1424

G

0

resistance  cirenit,

413
1345
72,156
11%9
1349

1763
sion from H.F.,

1546

1670

157

2

Accumulator ;

Battery.
A battery, 1
LAV, battery, 10
definition, 51
D.P. battery. 729
Iixide batter 10

filament circuit bhattery.

Fuller block battery, 1o
M

See nlso Magnetisn.

364

1

Magnet.
action on iron filings,
artificial, 148
bar, 199
componnd, 475

conscquent poles of, 514

D'Arsenval galvanometer magnet, c47
clectro. theory, 23%
clectro, types, =39

field, 917, 1368

flux density of, 947
horseshoe, 1137

lodestone, 1305

magnetic neeidle. 1460
natural, 1457

permanent, 1534
permanent. horseshoe, 1355
polar /4-(\ electro, 1573

pole-p J.u«L
poles,
1)010-4)00& 1575

«oft ircn electro, 1355

2203

2025

sy

Classified
1854

1051
1365, 13

iMagnet, south pole,
testing strenath ol

'Magnetic attraction.
blow out,
blow-out circuit
blow-out theory, o7
cencentration, 1373
coupling, 1359
coupling coeflicient,
density, 1361
density curve,
detector, 1363
equator, 1361
field. bismmuth for prwasurin
—core loxses, 537
~—efined, 1364
— Paraday’s conception,
—-iling demonstration,
~—Canss unit, 1014
—in coils, {270-78,
—nnmtumnu- of, 137
—-measuring st ll‘l\"“l of, 105
—representation of, II..N)
—in Poulsen are, 1
—reversed or eot
fhux, defined, 1364
fhus density, 048
fhux, dire t:nu of,
foree defined, 1364
foree, Fleming's rle,
indue hon 13614

1364

1361

1362

2124

1021

Ly

. mnm'\mn\ 1365
moment, 1366

necdle; 1306, 1459

nuullu, angle of dip, 97
permesbitity, BoH. curves,
permeability, detinition o1,
poles, 1366
potential, 17
rehietance,
repulsion,

39
3()8

37

7
1369

Index

7l

2446

o

1

0.

1 3%

RESIIYIN
047, 103,

Magnetism. Seewlso Electrivity ; Moonet |

Magnetic, ete,

electro-maghetic effects, 822

electro-magnetic induction, 1375

clectro-magnetizm, 52t

field round eoils, 1370, 212¢

field round conductors, 1374

filings round magnet, 1363 .

flux density, 947, 136)

free, 986

hysteresis theory, 1142

induced, 1156

induction, L1170

isoclinie lines, 1216

isodynamic lines, 1216

isogonic, lines 1216

isomagnetic lines, 1216

fines of foree, 1295

magnetic attraction, 1371

—-tircuit formuiae, 1t

—concentration, 1373

—density, 1361

—vguator, 1364

— field, 1364

—fiux, 136t

—Tforee, 1364

—induction, 1172, 1364

—inductive ¢ capacity, 1361

—Ley, 1365

~—mmnvnt, 1366

—-needle, 1366, 1159

—-poles, 1366

—notential, 1539

—relietance, 1366

—repulsion, 1368, 1371

maunelization exeles, 1143

nuenetometer, 13530

magneto-motive foree, 1381

paramagnetic substances, 1527

permeahility, 34

permeance, 1534

pictorially explained, 1369

polar flux, 2

relinctance, 172

residual, 1727

solenokd, 1849

solith pn]v, 1854

ol steel bar, 82

theories, 1366

unit magnetic pole, 1364

Magnetizing Force, theory of, 234




Classified Index

Magneto-motive Force
definition, 1381
flux density of a coil,
theory, 1381

Marble, drilling, 746

Marcom, l)mwr.mh\
beam, 1: 1807
coherer, 93
double ‘conde nser,
duplex sets, 769
filament r(‘sist‘;m('(:,
heterodyne, 1049
Marconiphone, 1396
microphone, 287, 1430
wave-meter, 1406
wireless bell, 1407

Mast, See also Aerial.
aerial, 41-43
bands, 1412
boucherising,
box, 260
box, how to make, 260
burnetizing, 302
butt of, 305
construction, 1410
Elwell triangalar,
cuys for, 1065
lattice, 44, 1275
pole, 41, 1410,
Radiola, 1633

elf-supperting,

tay for, 1893
steel, at Chelmstord,
tubular, 2007
turret, 2137

Matter.
electrical nature of,

Mercury, amaleams of (,7
arc rectitier, 16
Castner cell clectrode, 1417

047

1391

1394
1394

259

1275

1574

1276

1409

See also Klee mmtv FElectrons.

interrupters, characteristics of, 1206

—on charging board, 409
—in cut-outs, 169, 636
—in Kitfel Tower. 808
‘et interrupters, principle of,
Licben-Reisz valve, use in, 1291
in liquid barretter, 1296
metal, 14
specific gravity, 1869
valve rectifier, 1418
vapour are, 1419
Mesh., Sez also Delta Connexions.
connexions, 1419
detinition, 661
ree tlﬁmtlon for re(lm‘mg ripple,
three-phase connexions, 1419
Metals, aluminium, 62
bismuth, 246
brass, 269
cadmium, 337
calcium, 338
cobalt, 431
copper,
dutch, 773
gold, 1040
iron, 1212
lead, 1277
lithium, 1298
magnesium, 1355
malleable iron, 1386
manganese, 1390
mercury, 1417
nickel, 1470
palladium, 1519
phosphorus, 1537
platinum, 1550
potassium, 1586
rubidium, 1765
selenium, 1791
silicon, 1816
silver, 1817
sodium, 1841
tantalum, 1956
tellurium, 1987
thorium, 2005
tin, 2020
tungsten, 2116
Wood’s, 2248
zine, 2250
zirconium, 2250
expansion coefficients, 1712
gpecific gravity, 1869
—Tesistance, 1569
why good conducbors, 850

1417

1421

Metal Working.

See also Alaminiutn ;
rass ; Brazing ; Soldering, ete.
annealing, 93

brazing, 275

bronzing, 1512

cutting sheet, 1802

drilling, 740

engraving on, 872

forging, 951
lacquering, 125

sawing, 177_2
serew thread cutting, 638, 1778
ect metal “orl\mg, H’l
silver solde Ting, 1817
soldering, 1844
turning, 64, 1442
Mica, in condensers, 707
dielectric constant, 684, 1425
—strength. 683, 1425
micanite, 1425
—cloth, 1426
properties of, 1425
specimens, 1425
use in accimulators,

474

Microphone. See also Transmission.
broadcasting, 2823

carbon diaphragms for, 367, 368
—ygranules for, 368
condenser, 503
constant current modulation, 517
control, 286
Ericsson transmitter, 875
flame, 937
Goldschmidt’s method,
Jervis-Smith, 1226
liquid, 1297
Majorana’s, 1386
micrometer fiame, 1390
Marconi, 287
—bro‘ulca\tmn 1430
microphonic 4mpl|ﬁer 1430
mouthpiece, 1452
principles nf, 1428
skinderviken, 1827
solid back, 1429
sound box. 1853
Sykes, 1948
tranquter 1429
tranﬂmctmg for amateurs, 2069
Vanni liquid, 2203
Western Electrie, 287

Modulation, absorption, 9
Birmingham, room at, 246
carrier waves, 378
constant current, 516
control in broadcasting, 288
grid control, 1442
Heising, 1093
light method, 1542
London—control, 1316
modulated valve, 1443
modulator transformer, 1443
photophone means of. 1542
theory, 1441

Moment, displacement, 715

Moretti Are, clectrodes for, 102
atmosphere for, 126
principle of, 1445

Morse, 'lutomatlc transmission, 1124
inker, 1182
code, omnigraph for practising, 1490
—omnigraph, how to make, 1490
-—pm(‘tlsm;,, 1445, 1490
key, 1
mtematlonal code, 1199
radiotelegraph ahbre\ mtlons, 3
reception of C.W., 526
S.0.5. signal, 1840
sounder, 1447
tapper, 1964
tapping key, 1237
telegraph sounder, 1969

Motor, blowing, 253
huzzer 1451
galvanometer for oscillographs, 1506
no-volt release, 1478
overload release for, 1512
squirrel cage, 1883
—rotor, 1883

1429

starter, 1886
synchronous, 1951

2264

Mag—Pai

Moving-coil instruments, 1452
~—instruments and damping,
-—(.P.0. detector, 666
relay, 1453

Musical Are, Duddell’s, 120

N

Neon Tube as amplifier, 1464
1s cymoscope, 641
deceription, 1463
USCS, 4
Neutlodyne circuits, 1466
condenser, 478, 502
principles of, 1 165
receiver, how to make, 1467
Nickel, Fleming valve use in, 941
properties, 1470
Night Eftects on
Noises in valve s 1527
Non-inductive resistance, 112,
winding, bifilar, 240

643

stortion, 719

Note Magnifier. See  Low-frequency
Amplitier.
Nuts and bolts in wireless, 1478
lock, 1480

removing tight, 1481
types, 256, 1470
o

Ohm’s Law explained, 842, 148¢
0il key, 1486

ring, 1487

stone, 1487

transformer, 2050

varieties and

1352

Olive 0il, diclectric Lomt.mt 684
——ﬂtreuvth 683
Oscillations, S22 also Transmission
Valves; Waves.

aerial, how gencrated, 826
algebraic expression for, 988
back, 182
conditions for, 1504
constant, 1502
critical resistance for, 552
cffeet of negative resistance, 1460
explained, 1499
foreed. 951, 150)
tormulae, l)()(n
iree, ‘)86 1500
ITee, natural fr Pquency of, 145!
tr(qucn(-y, 1502
generation of local, 1302
impact excitation, 1145°
local, 1302
logarithmic decrement, 1310
oscillatory discharge, 1505
oscillogram, 1506
oscillograph, 1506
Poulsen arc 1599
resonator, 1741
"Tesla transformer, 199+
testing valve for, 1140
theory of, 852
transformer, 1502
—description, 171, 1228 ~
—half-kilowatt, 1228
Oscillator, formula, 1504
weneral principles, 1502
Hertz, 1097, 1503
local, 1302
magnetic blow-out for, 1355
master, 287
multi-gap, 150+
negatron, 1462
open-cireuit, 421
at 6 RJ, 2079
rod, 1748
Oscillograph, cathode ray, 640
cathode-ray tube for, 385
Duddell 1508
m(mgnebm control, 1509, 1510
motor and mirror, 1508
prineiple of, 1507
transmission of photographs by, 153¢

P

Paint, aluminium, 67
anti-sulphuric, 118
applying, 1517 .
brushes, 1517
fireproof, 1518
luminous, 1518

preservative, 1519




Pan—Rec

Panel. See also Ebonite.
drilling, 1523
lay-out methods, 1521
mounting, 1523
pencil-marking leakages, 1282
Paper, condenser, 1524
dielectric constant, 634
dielectric strength, 633
drilling, 745 -
tilter, 934
paraffin, 1525
Paraffin, paper, 1525
paper condenser, how to make, 1525
wax, dielectric constant, 634
wax for insnlating baseboards, 1185
Parallel. See also Series.
cell connexions, 215. 1526
ance conuexions, 1527
Pen, ing, how to use, 733
drawing, how to use, 731
Permeability. See also Iron.
T eurves, 943
definition, 1533
magnetic, 234, 947
measurement of, 234
Petroleum, dielectric constant, 684
Photography, Campbell Swinton's
kess method, 1955
Fournier (’Albe’s mcthod 1537, 1936
“Rosing’s method, 1984
Rubimer’s muthod, 1934
theory, 1537, 1933
Pitch, dielectric constant, 681
propertics, 1545
Planta Plates, accumnlator, 1549
of D.P. accumulator, 729
original, 11
Plates. .Se2 also Accumulator ; Battery.
accumulator, 27
accumulator on Faure principle, 729
accumulator on Planté principle, 729
blistering of accumulator, 248
buckling of accumulator, 296
condenser, 1549
earth, 789
Edison cell, 804
Faure, 729, 912
forming of accumulator, 956
negative, 1460
Planté, 729, 1549
positive, 1536
sulphate removal, 1913
Plug. See also Jack; Terminal.
battery, 15564
four-prong connecting, 1554, 1642
home-made, 155:
and jacks, 1218
short-circuiting, 1306
and sockets, 1838
temporary connecting, 1553
varieties, 1553
wander, for tapping, 1966, 2215
Plug-in. See also Coil ; Inductance Coil.
basket coils, 210
coil, 1656
coil holders, 466
coils, how to make, 452
connectorq 524, 1556
contacts, a13 1557
erystal det‘ectors, 568
high-frequency transformer, 1122
inter-valve transformer, 1209
reaction coil, 1560
transformers, 1558
Plummer Block bearing, 224
Polarization, Daniel! cell depolarizer, 1373
definition, 1572
depolarizers, 663
ether waves, 720
Pole. See also Accumulator ;
definition, 1573
finding paper, 1573
mast, 1574
pieces, 1574
polarity test, 405
shoes, 1575
Polishing, aluminium, 66
brass, 272
ebonite, 799
Porcelain, cleats, 425, 1576
dielectric constant, 684
insulator, 1577
properties, 1576
Post, binding, 242

wire-

L ]

Battery.

Potential. See also Electro-motive Force.
differcnece, &43, 1589
electric, 819
electrical pressure explained, 1611
electroscope method of measaring. 855
of electrostatic field, 865
energy defined, 871
equipotentiul surfaces, 373
magnetic, 1539
measurement of, 1588
rise and fall from generator,
theory, 1536
Potentmmeter. analogy, 1590
applications, 1596
Atlasg, 1595
battery test with, 1591
in carborundum cireuit,
circuit, position, 1596
Clark cell potentiometer test, 1591
Drysdale A.C., for impedance measure-
went, 1147
Fuller’s, 1595
GE.C, 1694
General Radio Co.’s, 1595
graphite rod, 1592
howling reduction with,
how to make, 1591
fgranice, 1595
liguid, 1592
neutral point, 1465
rotary, 1595
theory, 1590
Poulsen Are, action, 123
connexions, 1508, 1853
curve, 1403
electrodes, 1599
Power, amplifiers, 1601
apparent, 119
buzzer, 1609
factor, 1609
factor of condenser, 353
true, 2003
valve, 1609, 2139, 2195
Preserrvation of woed by copper sulphate,
534
Ptesetvatlves, copper sulphate, 534
creosote,
Primary Cell
Battery.
agglomerate Leclanché, 51
balloon pattern Daniel!, 1612
Barbier-Leclanche, 1281
bichromate, 239
Bunsen, 300
Calland-Daniell,
(Clark. 424
crowloot, 646
Daniell, 645
Daniell depolarizer, 1573
double-fluid. 722
gravity, 1051
Grove, 1064
Teclanché, 51, 1282
Menotti-Daniell, 646
polarization, 1572
porous pot, 1577
Post-Office Leclanché, 1283
sack Leclanché, 1283
Siemen’s sack Leclanché, 1284
sinele-fluid, 1821
types, 1611
W e~tun \t(mdnrd 2233
wet,
Proton. be(' also Electron,
defined, 845, 16
nature of, 817
Pump, Gaede. 998
Punch. See also Tools.
centre, 393
various types, 1616

Q

Quadrector circuit, 185
Quenched. See also Spark Gap.
gap discharge, 1622
gap transmitter, 1622
spark, 1623
spark gap, 1623

1022

369, 603

1140

See also Accumulator ;

1612

R
Radiation. See also Transmission; Waves.
coefficient, 1626
electrolines, 831

'Reactance, anode—

Classified Index

Radiation, electro-magnetic,  explained,

« theory, 1040
Heaviside 1
from loop ac
rosistance, 1626
theory of, 852

Radlogomometer,
coilsin, 1042
deseription and use, 229, 1042, 1632
theory, 1043
triangular loop theory, 1043

Radiophone arc lamp, 121

Radic-telegraph abbrevi:

Range. See also Ree
blanketing effects, 1
crystal sct range, 1659
daylight effect, 648
fading effect, 804
Heaviside layer cffect, 2
limits of, 717
long-range three-valve receiver,
rx-cuiving sets, map, 282

cening effects on, 1777

ise and sunset rﬁ"LLM 648

of transmitting scts, 649

valve sets range, 1

‘0il, 110

1643

Jellini-Tosi, 1044

2009

anode—unit,

ball, 193

Barndept unit,

capacity, 1637

capacity coupling, 516

cireuit, 1633

coil, 1639

coupling, 1639

methods, 1638

set, how to mmake, 1630

Sterling unit, 1644

theory and formulae, 1637

units, 16414 \

Reaction, on acrials, 1617 |

anode ecircuit, 106

anode grid, 1647

armature, 130

cirenits, 1646-47

coil, 1648
\
|
|
|

1644

coil rotor, how to make, 1651
condenser, 1649
coupling coils, 548
coupling and feed-back circuits,
eoupling, principle, 105
damper, 1649
Franklin circuits,
erid, 1647
howling, causes
plug-in reactio
P.M.Gs regulutlom
principle, 107
on second valve, 1647 ‘
set, how to make, 1649
telephone circuit explaining, 1645
theory, 1645
wave motion with, 1647

Reception. See also Range, Tranemissinn,
antomatic, 173
Creed modulator for, 1126 -
daylight effect, 618 }
duplex, 769
fading, 894
high speed, 1124
jamming, 1225
Lepel system,
limits of, 717
loading inductance cffeet on, 1301
long-wave receiver, 1317
long-wave tuner, 1322
map of range, 282
Marconi beam receiver, 1307,
Marconi mnlhple tuner 1455
Mareconi wireless bell, 1407
range of, 1635
range of crystal sets, 1659
range of valve sets, '1659
screeuing effects, 1777
short wave, 1807
sounder for, 1854
sunrise and sunsct effects, 894 |
theory of, explained, 826

Rectification of A.C. current, 59, 532,

014

981

] 560
1290

1286

1809

crystal, 554

electro-magnetic, defined, 840

2265

\'
553, 836 ll
general, 1666 ‘



Classified Index

1663
Crystad o Valve,

Rectification, valve
Rectifier.  See als
alumininm, 1667
cireuits wsing Fleming vadve, Q43
chemical, 16, 411
Crypto commet: wting, 553
trolvtie. N6
ml\m how to muke, 837
: valve, OFL
frequency ¢ h(m'_('..w by valve, 991
Griszon deetrolvtie interrupter 1062
input for transiitter at 6 RJ, 207
Lenotron, 35
HHTCNTY
merenry
natural,
neon amp tor, 1463
Noden valve, 16, 1471
potentinl, "-’“D
three-plinse -t mwurmfr method, 1428
'l ungar, 145, 211
ve, ll.l:.~
L 166N
aricties, 1667
Refraction, d-finition, 16%1
FEeeles explanation, 1631
of ether waves and distortion, 719

Regeneration,  Sve also \mplit
Daal Amplitication @ Super-rogene;
tion,

Armstrong cir

Armstrong om

Armstrong th

tive nnit, (

coupling eff 1655

curves, showing effectz, 163

tunetion of condensers for, 502

Haynes circuit, 1089

one-valve eire 1634

principles, 16%5

redenerative conpling, 163x

regencrator unit, J649

Reinarz, 1700

super-regeneration explained, 1915

theory, 1632

tuned anode resencration, 1626
Regenerative Sets, Cockaday, 131

Flewelling, 1916

Fleweiti

Irame ae

how to make,

single-valve, , 1

three-valve, 1696, b
Relay, Allstrom’s, 1703

carthing, 701

electro-me :\'m-f, suitable for, 839

cleetron, 8!

high-speed, '«\r transmission, 1129
hot-wire; 1712

jet, 1712

key, 1
light, 1539
local battery, 1
magnetic key,
Marconi, 1713
movine-coil, |
moving-iron, 1
non-indictive,
for remete (um
seleninm, 17¢
<hort distane
stations, 1721

thermal, 1712,

1711

Nee also Prroadeasting ;

20

1365

cenfrol, 528

Trars-

1715
1716
irom hroul' astin stations, 1714

&40

overiowmd,
Reluetance, definition, 1722
magretie, 1366
of magactic cireuit, 1329
and magnetic fux-magn-to-motive
foree refation, 947

“den wire control,
it diag iy, l"_4

Remote Control, reiay, 523
As 170

See also Filwent Resist-
anee ;. Rhecostat.

adinstable holder for, 112
aerial, b0

:lmuh-, 112

blwcklead, 2486

Blaxley variable rhoostat.
holometer taethod of mea
lw\ 1729
Purndept resista, 1749
casbrated, o

Catapbel

(3344

idge methol of o

ity, 361
acity - cr)upl €1 amplificr, 1104

, 1732

il |

coil lm\\' to wind, 143
contimiously variable, 523
copper, 34

«f copper wires

conpled ampibication, L1263
conpled amph 1
conpled intensitier ¢ l“('l“l 1190

u»-mlwl \A'\\ 1208
connling E

eritical,

ath how to te\t 1993
ctfect on back RAMT. 1745
af Bureka wire, 1740
tield regulator. 1700
filarnent types. 023
flament, how to make,
formuia, 1486

IFoster bridve meagurement of,
TR Sver,
1ohite, 1049

[ 123
high-frequeney.
hiuh fr(’(g\lt“ll
how to mak

1L

w6, 92¢

1116, 18
telephon 1123
hunent, 785, 926

inter- .11\(‘ ro'uplm 543
i 174
< of, 1,2%

Lissen variable, 2204

Litzendraht cable H.F,, 1208

wanganin, 130

Maxwell Wheatstone bricge for mea-
suring, 1161

messuremnent of, 1727

metre briddge measurement

negative, 1460

non-induetive, how to wird, 1473

ohnmmeter for measuring, 1432

Ohtn's Lows, 1131

in parallel, 1527

ol platinoid. 1740

rad;ation, 1626

nlxtn]mdnp between current, FLOLT.
and, Ri1

O, 1423

Q, 1740
an, 1742
1794

ic lk\l stance, 1869
, 2204 .
variable starter, 1836
wites, 1730
Resonance. See also Oscillator.,
curve, 1741
Oudin re<onater, 1511
photography by—method, 1341
resonator, J740
theory of, 1740
transtormer. 1741
Resonator. Sez ¢#lso Os
Hertzian, 1741
Oudin, 1511
telovision, 19845
Rheosrat.  See alro Filament Resistance ;
Resistance,

Burndept dual, 1743
definition, 1742
ficld, 913
filaent, 923
how to make, 1743
Radio Insfrume: nts, 1743
Rogers’ Aerial, for reducmg atmospherices,

Rope,'m:xking bight in, 240

Rec—Sho

Rope, caced cord, 354
( TOILIXV (‘\l]‘\\ OI
26

splice stre n"th 1751
splicing

Rotary. See also Spark Gap.
converter, 1751

dixcharger, 1753
k i

spar!
switch,
transformer, 1757
Rotor, cardboard, 1759
drilling variometer, 743
ebonite, 1758
hardweod, 1759
spindie, 17461
\:!l'i(nl)l(_‘f('l‘

Tor wireless picture transmi

Ruhmer Are, desitiption, 12
clectrades of, 102, 1766

Ruling Pen. ise of, 731

S
Sainte- Assise. auto-transmi:
induction coil at, 213
Saturation. curreat, 1769
magnetie, 1142
sofution, 1769
Serew, hinding, 29
counterbore for, 540
counrersinking for, H42
cutting methods, 274, 685, 1777
driver, 1779
insnlated. 1183
threads, BoAL 179
threads, cutting, 274, 625, 1777
thrends, catting on lathe, 1271,
—gange for measuring, 1010
threads, how to muake, 120
threads, piteh, 1545
types, 1783
Search Coil. See also Direction
exploring esil, ®92
function, 229, 697
Sediment, in wcenmulators, 29, 3
Selector, I’cto- \(‘utt —=witeh, 17
switeh, ]
wir eontrol, 520
Selpmum, 791
cell circuit, 1544, 1762
cells, for wireless photorraphy, 1308
impo ce of, in wireless, 1791
preperties, 1761
relay. 17
sensitivity to light, 153%
for wireless transmission or pistures,
164
Senar"te He*er odyne.  See also Hetero-
oy seat Roception,

177

=]

rece I" fon.
Separators. ~Nee also
aecumulotor plate,
Seriesy Nee wlso Paraliol;
(‘('14 connenions, 215

Arcunilators,
1704
Skunt.

coil \n'l condenser in, 1795

condensers in, 359

dynamo winding in, 1799

nmhxph 1795

parallel, 1794-95

parallel for cells, 215

I'el swirch, 17905

ices in, 1704

short-wave condenser, 1811

wound, 1769

:IShellac, dielectric constant, 681

properties, 1804

varnizhing with, 1804

Short Waves. See wlso Transmission
Waves,

aerial and reflector, 1308

chart. 1803

circuit diagram for, 1310

condvnser, 1811

difticulties of using, 236

Marconi beam receiver, 1393 18046

Marconi at l(‘ulxo House, 1722

briclie, 279
2266

Marconi’s exp(‘mncms, 1807
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Short Waves, rcceiver, how to make, 1812
receiving aerial, 1809
transmission, 1807
tuner for, 725

Shunt. See also Parallel ;
for ammeters, 70, 1813
circuit, 1815
definition, 1813
in galvanometer, 1813

Shunt, shunted connexions, 1814
wound, 1814

Sockets, See also Jack ; Plug:
attachment, 1838
plug, 1559
valve, 1067
various types, 1838

Soldering, dllllllllllum 66, 1842
brass; 272
connexions, 2244
contact studs, 523
copper, 533
flux for, 943, 1842
hard solder, 1842
iron, 1844
Lamb’s torch, 1844
lead solder, 1842
methods, 1344
silver, 1317
silver, solder for, 1842
soft solder, 1842
solders, 1841
tin solder, 1842
wire, 2244
wire terminals, 512

Solenoid. See also Magnetism.,
definition, 1849
iron effect on, 1534
magnetic field of, 1849
magnetizing force of, 947
rule, 1849

Sound, box microphoune, 1853
importance in wireless, 1850
piteh in, 1545
speed of, 1850
theory, 1850
transtformatinn to varying current, 18352

Spanner, adjustable, 18359
hox, 263
double-headed, 1859
I-shaped, 1360
varieties, 1859

Spark. Sec also Discharger ;

mission.
coil, 1861
coil for transmission, 2069
coil interrupter, 172
coupled ecircuit, transmitter for, 2051
definition, 1861
detector, 1862
dictaphone recorder of frequency, 994
discharge, 715
¥Fleming spark-frequency recorder, 994
frequency, 1863
gap, 1863
high-frequency spark system, 1116
induction coil, 1174
length, 1861
photographic spark frequency recorder,

Series.

Terminal

Trans-

99D

quenching, 1624

shunted buzzer preventer, 1814

systems surveyed, 2051

timed, system, 2052

timed—transmitter, 2019

transtormer, Marconi, 712

in transmission, 1862

transmitter, Biffel Tower, 809.

transmitter. Marconi, 712, 714
Spark Gap. See also Discharge ;

mission.

anchor type, 94

arcing, 120

arcing, prevention of, 201

asynchronous, 150

back oscillation, 182

Baldwin receiver, 189

Chaffee, 395

chopper, 417

cooling, 1623

cymoscope, 639

defined, 1008

discharge, 1863

electrodes, 1864

Fleming’s silencer, 1816

Trans-

Spfmrk Gap, gaskets for, 1008
35 zilencer for, 1039
Hx. tz osct ll.Ltury, 1863
Lepel, 1285
for low power, 1865
micrometer, 1428
multipie, 1003
oscillatory discharge across,
Peukert  discharger, 1534
Poulsen, 159=
quenched, 1623
rotary, 710-714, 1754, 1865
rotary discharger, 1753
rotary ¢ kw. twin gencrator,
v on condenser, 481
er, 1316 .
synchronous disk discharger, 1050
Telefunken, 1068
lmn&mlttm{z 13653
wave propagation trom, 832
Yagi, 2249
Sparking, buzzer,
dynamo, 1864
Spelter. See al~o Brazing.
use in hrazing, 275
properties, 1870
Spinning alumininm, 66
Spreader., See also Aerial,
bamboo, 195
four-wire, how to make,
twin-wire acrial, 2140
types, (877
Staining, cabinets, 319
Starter, auto, 174
motor, 186
Stoppers, for accumnulators, 28
Strainer, See also Aerial; Spreader.
adjustable, 31
acrial, 41
Stad.  Nee also Contact,
clip, 1910
contact, 522
switch, 1911
Stuffing Box, on Bradfield insulator, 267
1012

1505

1032

1867

1879

definition, 1012
Sulphation. See also A(‘(’umulﬂtor
in accumulators, 20, 1913
prevention of, 1914
removing froin plates, 1913
Sulphuric Acid, for accumulators, 19
anti-sulphuric paint, 118
carboy for, 371
use in Daniell cell, 645
diluting 1914
strength for accumulators, 1915
uses in wireless, 1914
Super-regeneration. See also Regenera-
tion.

advantages, 1915

Armstreng cmum 140, 146

Bolitho circuit. 254

cirevit, 1918

F'e\wllmg circuits for, 943

howling tendency of, 1140

oscillator set, how to make:,

principle, 1915

receiver, how to make, 139

set, how to make, 1916

theory, 136

three-valve set, how to make, 1925
Switch, aerial, 50

anti-capacity, how to make, 114

arm components, 1936

barrel. 200

hattery, 219

B battery, 221

hoard, 1939

brushes for, 292

capacity, 365

change over, 398

condenser, 505

coupled, 1933

for erystal and amplifier, 1944

for crystal to valve, 1945

for cut-outs, 1¢9

dead end, 651

dead end, how to make, 652

Dewar, 677 1936

double-pole 308, 1247

double-pole, how to make, 723

double-pole, double-throw, 1935

double- throw how to mnke, 727

1921

earth, how to make, 790

2267

Classified Index

Switch, heavy current, 1931
how to make, 1935
inductance, 1167

key, how to make, 1242
knife, 1244 1933
llvfhtnln" 1292
lizhtring nrrc%cr 1291

i hboar\l 1940
1635

range.
rocker type, 1928

rotary, 1755
selector, 1739
ser '\mllel, 505
allel in erystal receivers, ..98
1795

arallel, how to make,
, 398, 1244
Luwh»pulc how to make. 1245
sinule-pole change-over, 1934
sliding, 1936

&pdrkmg at contacts, 1867
stand by, 1884

stud, 1911

s\ntf hing syetems, 1943

swivel, 1947

\\u\(l how to make,
three-valve, 1945
thmw—()ver, 2015
throw-over, how to make. 2016
time, 2020

tumbler, 1934

tumbler, 2100

two crystals, 1044

two-valve, 1944

types, 193

unsuitable, 911

Symbols, chemical and electrical, 2

T

Tapper, decoherer, 656
double. contact 1965
key, 1227, 1446
key, how to make, 1970
sounder, 1447
sounder, electro-magnetically operated,
1970
Tapping. See also Coil; Jack: Plug.
batteries, 1965
coils, 447, 460, 907, 1966
inductance (011~ 1163-614, 1956
key. 1237
sizes for B.A. screws, 179
Taps. See also Earth.
for carths, 737
Taps. See 1)i<-,54.
Telefunken, arc system of, 123, 1967
circuits, 1963
crystal detector, 568, 1068
spark gap, 1968
Telegraphy. See
Transmission.
automatic high-speed, 1124
duplex wireless, 187
high-speed, 1973
historical survey, 1972
sounder, 1969
Telegram, wireless, how sent, 1124
Telephone. .See also  Loud Speaker :
Microphone.
amplifying, 91
armature, 130
condenser, 1974
cord and connectors, 714
for the deaf, 1080
distribution poard, 1974
earpiece, how to make, 1270
Gecophone distribution box, 1974
gramophone attachment, 1046
high-resistance, 1123
how to wear, 1092
Lissen distribution board, 1975
mouthpiece, 1452
pneumatic earpads, 1562
principles of, 1852
receivers, 1976
Sorbo earpads, 782
testing for faults, 905, 909
transformer, 1980
types, Bell's original, 227
—Brandes, 267
—Brown, 291

1943

also  Broadcasting ;

~—Brown, Type A reed, 1977




Classified Index

Telephone, types, Brunet, 292
— Dynaphone, 731

L ogt

Gl 874

' 3 1979
fecophone, !l
-Lindphones, lUm
—Iladies, 19=0
—Sterling, 1091, 1977
Telephony.  See ulso Telegraphy ¢
casting,
duplex, 767
historical survey, 10=1
Television See also Photography.
Campbell Swinton’s method, 1985
Fournier 1’Albe’s method, 1057 1986
ceneral prineciples, 1953
Rosing's method, 1084
Ruhmer's method, 1084
theory, 1937, l‘i'\’f}

Jroad-

Terminals, duo, Tt
eve, 1954
flat conneeting, 133
Gent and Cos, 1961
ook,

, 190t

I’“H
1903

.)

spade, 1051, 1000
split-pin, 1990
.\u!).\titutos, 1993
telephones, 1951, 1992
valve-socket, 1900
variet 1889
War ()Ih(" 1090
Testmg, bhuzzer for,
air condenser, 1993
buzzer for low 1¢ istance, 1096
accumulator charging, 18
cirenits with galvanometer,
combination meter for, 471
condensers, H
continnity ot coils, 461
crystal sets with huuus s11
current polarity, 405
faults in recciving scts,
filament eircuit, 297
howling faults, 1140
insulation, 1415
megger for, 1415, 1996
Menotti cell for, 1117 7
resistance of earth leads, 1993
sliding contacts, 520
sparking buzzer for, 1867
valve cfliciency, 1996
valve for oscillation, 1140
voltage of msulatr)m 2213
wire polarity, 1996
Thermo-electric Ammeter,
Ammeter.
mnm, 1999
mi type, 2000
principle of, 69
Thermopile, junctions, 2002
Moll, 1444
]umrlplc 2002
sensitive type, 2002-3
Threads. See also Screw.
how to cut, 655
Three-phase System See Delta Connexions,
Three-wire System, balancer on, 136
battery conuexions, 2015
protected, 2015
Time ngnals, apparatus for Lroadceasting,
1514

1995

1003

904, 909

See  also

T

Tools, band
bell-hanger
bit, 246, 2
brace, 264
centre puneh, 593
chisel, 413

2070

circutar saw, 1770
muntulmw 544
counte k bit, 542

cramp, 550

dics and taps, 685
drawing instruments, 731
drills, 737

files, ‘1;’.7

uauutu 1013

ginilet, j031

Tools, gouge,

Transformer.

1045
grinding, 1060
hammers, 1071
hand saw, 1076, 1771
key-hole v, 1771
]dthe 1265
lw\'el, 1287
mallet, 1387

marlinspike, 1408
mortixe (111~«\| 1448
tortise au*m 1450

oilstone for sharpening. 1487
paring chisel, 1528
jarting tool. 1272

lanes and Jlaumg 1546
)rll( rs. 155
rlough plane, 326
punches, 1616
SAWR, 17649
seraper, 1776
cerewdriver,
1TSS
sciibing block, 1734
shears, 1x02
spanners, 1353
spokeshave, 1876
SOW.G, gauge, 1923
taps, 1967
finen saw,
wire gauge,

-1
!

1771
1069
See also H'gh Fregueney
Low Froqueney.
aperiodie, 2034
Lito, 175-76
dosed core, 430, 1210
condenser with, 503
construction, 2028
cooling of. 2030
core construction, 2043
coupled amplifier urt:uit, 1346
coupled erysral set, 604
coupled intensifier cirenit, 1190
ceupled LI amplifier, 1204
cupled set, 2045
coupling, 176, 1208
direction finder. 701
arthed. why should be. 784
eney of, 30
flux in core, 5

formule for (()l\%fllllilul 1350

Iree magnetiso of, Yx6

functions of, 2028

hedaehog, 1093

hizh-frequency, 1117, 1632
hgh-frequency, how to make, 752-53

119, 2036
high- noqmm v, latitude of, 1274
high-frequency, wave-lenth table, 2045
howling, due t() 1140
huw to muke, 164
i -valve, 1209
mtcr alve coupling with, 545
iron-cored dmumon 71&
laminations,
leakage fiux

" 160, 1340, 1474
principles, ](»()
]u\\ -flu;ucn('\ shell type. 2040
medulator, 1443
modulator’ Tor transmission, 2063
ofl, 2050
open-core, 163, 1495
open-core mmlulanon 2033
cillator, 171
U\'Ill‘ltlwll or jigger, 122 1502
pancake, 1519
plug-in, 1558
pluz-in, how
Polar. 1571
principle of,
push-pull,
push-pull cirenits,
l4 il

to make, 1122

160, 824 1371t
3
2038

Round ur(mt 1763

qnull.mlw 1619

nmtlun civeuit, use in. 429
29

series winding, 202
shedl, 1804, 2040

shirlded, 1804
short cireuit of.
shtat winding,

1805
2020

2268

Transformer, step-down, 1899,

Transformer, Types.

Tel—Tra

step-up. 1899, 2028

tank, 1055

tclephone, 1980

testing, 2044

three-phase, 661

three-phiase, mesh connexions,
transformation t tio, 2027
transmitting, 2030

typus of, 1(;" 2023
variable’ tvpe H.F¥. plug in,
wave-length ranges, 2045
windings, 176, - 0)9

2033

quency, 1350
Conneeticur, 163, 2032
TI\WII 163

BEure k1 2033
1"1111131“5, 1931, 2031

GE.C., 2032
G.R.C., 2031

en 173, 2034

lichael plug-in, 1414
Murconi aponodw 2034
arconi enelosed oil-filled, 2031
Marcont t(\](‘phon(. 1081
Maxvol, 2032

Oojah plug-in, 1494
sterling, 2032

Sterling HUF., 11138, 1631
Sterling L1< 1210
Tesla, 1994

aireraft, 1723

:unuteur by W. Le Queux, 206
from America, 1715

are lamp cirenit for, 121
automatice, 177

auntomatic relay, 1365
Berengaria transmitting set, 205
Berne lattice mast, ]_):b

Berne station Jead
blewing motor for,
breaking in, 279

2028

141¢

Burndept Jow fre-

Transmission. Se¢ also Broadcasting.

4

9

Brentwood mrdc» telegraph station,
8

112
broadeasting, 231
choke control, 416
circuits, 419
condensers for, 477, 482
constant current modulanon
continuous wave circuit, 2067
coupled

1311

516

ireuit transmitter, , 2051

Creed kevboard perforator, lll)

Creed Wheatstone machine, 1125
direcetive aerials for, 1043
disk discharger .\(Uu:.tmcnt
Liffel tower, 805

Ericsson murophonc transwitter,

fading, 804

fan acrials for, 896
¥ranklin circuits, 981
Gell keyboard, 1019
generating  set for

current, 1032,

generators for, 1019
of ‘rmmophono records, 1853

H.T.

halt-plate condenser 101 1063
Hartley cireuit, 2074

Heising modulatmn 1093
helix for, 1095

high- kp(‘ed 253, 1121
higli-speed I‘(‘ld\ ]1 29
historical survey, 1972, 2051

H.T. generator ut Carnarvon, 1
H.T. supply, 2063

inductance coil at Sainte Assise,
Jamming, 5

Jigger, ')()‘K)

L acrial for, at Ongar, 1253
Lepel S\%i(‘m 1 285

licht method, 1541

London broadeasting station,
MeLachlan recorder, 1413
main_condenser for, 1385
Manchester station, 1383
Marconi wireless bell, 1407
microphones for, 1428
modulition circuits, 1442
Morse tapping key, 1237
moving coil relay, 1453
multi-aeriul systen, 984

2052

o
=1
<

and  L.T.

020

2134

131

i

alk e



Tra—Val

Transmission of photographs, 1986, 1537
portable scts for, 1581
power buzzer, 160‘)
quenched gap transmitter, 1622
from Radio house, 1124
Radiola, 1633
range of, 1635
relaying, 1714
relay kcy, 1721
relay stations, 1721
remote control, 1722
rotary discharger ship’s st
Round valve, 1764
screening effects on, 1777
seven-valve ship’s transmitter, 2061
ships’ transmitters, 2054
short, wave, 1807
short wave condenser, 1811
short wave transmitting aerial at. Inch-

keith Island, 1808

Siemen’s (abmcb tmnkmlttm(r set, 2060
six are cire :
smoothing circuit, 1836
smoothing unit at 5 LS, 2072
spacing coil, 1858
spark, advantage, 2052
spark coil for, 2069
spark, explained, 1862
spark frequency, 1863
spark svstems, 2051
spiral inductance, 1373

2056

sunrise and sunset effeets on, 891
Swiss commutator, 1930
synchronous disk discharger. 1930
T aerial at, Bournemouth, 1053
tapped inductance for, 1964
tapper, 1964

Telefunken, 1967

telephony, historical survey, 1981

Tesla transformer, 1994
theory of, 826
thorium in transmitting valves, 2005
ticker, 2018
time signals, 2019
timed spark system, 2052
tone wheel, 2025
transformer for, 2030
transmitting condenser, 2089
transmitting inductance, 2090
transmitting key, 1237
transmitting key, how to make, 1238
trench transmitters, 1033
United States, 2152
valve systems for, 2052
Wembley relay, 1718
‘Wheatstone printing telegraph,
Transmitter, aeroplane, 2064
aircraff, communication, 4 kw., 2063
arc, 123
arc at Carnarvon, 2062
Berengaria apparatus, 2059
at Berne, Switzerland, 1095
2 BGM, 2073
at Birmingham, 244
broadcasting, 280
Bull, 298
at Cardiff station, 377
Chaffee spark, 395
chopper, 417
Colin-Jeance, 470
condenser system, 2089
construction, 2071
Creed Wheatstone high-speed, 1125
half-kilowatt ship’s, 2058
le Queux’s sct, 2070
5 LS. 2071
at Manchester station, 1388
quarter-kilowatt ship’s, 20563
Rigi, 2065
6 RJ, 2073, 2082
seven-valve ship’s, 2061
ship’s rotary dlscharger type, 2056
Siemen’s cabinet,
timed spark, 20]9
Tingey transmitting set, 2055
tuning lamp, 1260
unit system, 2054
Trigger Disk, description, 2092
300 kw. transmitter, 713
Tuned Anode. See also Amplification ;
Amplifier.
advantages, 2100
clrcult dlagrams, 106, 363, 758, 1686,

1613

Tuned Anode, coupling reaction coil, 28

example of, 103

method of H.F. ‘Unpllfh ation, 1103

set, how to make, 755

t\w valve set, how to make, 2101

three-valve S(-b, 2104

Tuner. See also
Yariometer.

double-range. 7

double-slide,

how to mak

long-wave, 1

Marconi mulrlple 1455

panel at 6 R.J, 2080, 2035

three-slide, 2006

types, 2108

universal, 2166

Tungar Rectifier, description, 16, 2115

Tuning. See al~xo Coil ;
Condenser.

of Armstrong receivers, 140, 145, 148

balanced crystals, 184

broad, 2189, 1800

brush for, 265

buzzer, 2131

coil, 2131

coil stand, hew to make, 2131

al rec«-ix.-rs, 55758, H72

ystal reccivers with

629

detuning,

faults in,

Inductance

676
Y06

filter circuits 932
flat, 939
inductance, 1169

inductive coupling for, 547
lamp, 2136
Lodge on, 1307
Inose couplers for, 1328
note or tone. 1478
principles, 2117
reaction damper, 1649
rejector circuits, 1707
sharp, 1800
sharp, lay-out for, 1801
single-slider coil, 1833
spade, 1396
spade for transformers,
switch, 2137
syntony, 1952
tone, 2025
tone filter, 2022
three-slide tuner, 2006
two-slider coil, 1833
Turning, Sec also Lathe Work.
brass, 271
ebonite, 798
metal, 1266
wood, 1266 7
Turpentine, dielectric constant, 684
. Are, usc of boron in, 259
description, 2141
electrodes 102, 127

U

Units, absolute, 9
ampere, 70
ampere-hour, 70
ampere turn, 70
Angstrim, 97
article by 8ir 0. Lodge, 2160
B.A,, 220
BA. 0]\m 1729
Board of Trm[c, 253
Board of Trade ohm, 1729
British system, 280
British thermal, 296
calorie, 355
C.G.S., 393
coulomb, 540
of current, 70
dyne, 782
electric, 393
electro-magnetic, 840
clectrostatic, 867
erg, 874
farad, 901
foot-pound system, 949
gauss,
henry, 1096
horge-power, 1136
international, 1200
jar, 1226

1631

2103, 2

joule, 1232
2269

Coil ;

Inductance Coil -

amplification,

Va.lve, Types.

Classitfied Index

Units, kelvin, 1233
kilowatt, 1244
magneto-motive force, 70
metre, 1423
mho, 1425
ocrsted, 1482
ohm, 1482
poundal, 1600.
power, 1606
quantity, 70
secohm, 1785

231
Unxt Sets, anode reactance, 1643
cabinets for, 320

condenser for, 506

cryvstal detector unit, 569

detector, 671

H.F. amplifier, 89, 1627

induction coil, 1165 * -
L.E. amplifier, 77
Peto-Seott single
Polar Blok system,
rcactode unit, 1654
regencrator, 1699
resistance capacity,
Sterling, 2165
Sterling smoothing, 1847 .
Tingey, 2166

universal unit set, 2169

valve transmitter, 2054

\'

valve, 1823
1564

1732

Vacuum, Gacde pump for, 998
6

tubes, canal rays in
—cathode rays in, 33i
—Coolidge 2248
—Crookes, 552
raday dark space,
ler, 1018
ray, thorium control, 2005
Nee also Broadeasting ;
mission.
action in transmitting, 2052
amplifying, 92
balanced for
883

902

Trans- |

reducing atmospherics,
blue glow in, 253

characteristic curves of, 402, 2192-93
characteristics, measuring, 1835
control, 525

control’in broadeasting, 283, 283
coupling between, 1207

detector, 675
dull emitters, 87,
Edison effect,
Eitfel Tower transmitting; 812
filament of, 921
Fleming’s invention of, 1973
four-clectrode, 959, 2146
four-clectrode intensifier circuit, 1191
Gaede pump for, 998

general article, 2178

grid, 1052

hard, 1086 ‘
holder, 2178

holder, Holderstat, 1570

holder, rubber packing for, 1515

leg, 2179

modulator, 1443

oscillator, 2180

packing, 1514

pancls, how to make, 666

power, 1609, 2189, 2195, 2232

principles of three-electrode, 401

reception, 2185

rectifying, 1668

regenerative circuits, use in, 141

Round, 1764

Round transmission, 1765

saturation current, 1769

saturation point, 1769

sheath of Cossor, 1803

sockets, 1838

soft, 1841

space charge, 18‘34, 2146

testing for Taults i in, 908

thorium in, 2005

transmmnon 20562, 2196

transmlttmg, use of argon in, 127

two-electrode, 401

Audlon, 168

761, 1405, 2231, 2249

B.T.H. B4, 2187, 2191



Classified Index

Valve Types. Cossor. 533, 2Ix7, 2191
—D.E.3 Marmm Osram, 761, 2186,
"1‘]] 3
~-D.E. 00, >w>
Al)l\(llll(l]llll, 2240
—«(Iuh cmitter, 87, 761, 1403, 2231,
210
])utrll TT4, 1841
11\11(111(111 781
— Ediswan A.R., 675, 2191
- leming t\\'n-v]utrm]r’. 941

088
1235

French,

kenotron,

Langmuis
1

L 1290

; "I‘H.
”llhl"mtlml, 1352
Marconi R, 2136, 2192
- Marconi .24, 676
M.O. 100 walt. 2197
2189
2189,

2103, 2105

. power)

LAV 2192
1

\I\u\

N oden,

-~ p]l«».l_\mnnm, 1

—pliotron, 1552

- Q. 16:

—QXN. 1

— Round,
1

)
1764
2507
lhh\
—\\df(l -cooted, 2199
-=Weeo, 2231
—Xtraudion, 22149
Valve Sets, choosing, 1657
packing, 1515
Valve Sets, How to make, See also Am-
plitier;  High-frequency Awmplifier ;
Low- frm“u-nn y Amplifie
—Armstrong super-regenerative
receivers, 133
—audio-frequency ampliier, 156
Baty tuned anode, 2101
—-Cockaday, 451
—detector unit, 671
—detector panel, 666
—-dual amplitication, 749
experimenter’s valve panel, 889
IFlewelline, 1916
—four-valve set. 961
—f{rame acrial set, 975,
—hanging sct, 1077
1. k. amplifiers, 611,
—H. .
—H.I". one-valve,
—H.F. and LK. ¢r
**h()lll(! constructor
—long-wave receiver,
—low frequeney to crvstal, 609
-=low frequency one- -valve “for ery stal,
wh
—Myoers valve, 2182
nentrodyne ll‘m‘i\'l‘r,
--note magnifier, 1475
- one-valve detector, 666--671
-one-valve dual amplifier, 749 7535
--one-valve pmn-l amplifier. 1604
Polar R Ht
~portable set
reactanee set,
caction two-valve, 16.40
-—retlex one-valve, 1670
—reflex three-valve, 1673
—eregenerative set, one-valve,
=~regenerative  set,  one-valve
.1, 1695
—~Reinarz, 1701
istance-conpled amplifier, 1743
single-valve, 1824
—NUT 100, 1804
—super-regencrative, 1916
—three-valve super-re generative, 1925
—three - valve  transfornser - (‘(m]»lod
2009

1025 °

1103

621,
amplifier units, 1627
fatt)

al amplitier, 2180
1132

1467

INEH]

1689
with

Valve Sets, transforiner-coupled, 2045
6

—two-valve with dull cmitters. 86, 762
—tuned anode <ets, 2101

—two-valve LY. amplifier, 30, 157
—Unidyne, 2146
—Universal tuner, 2146
—Universal unit set. 2169
Valve Sets Types, American  hroadeast

‘eeption at Biggin Hill,
werat, 1664
, 127

1717

—Marconi’s

fier, 1734
——T\Ivtrn;mht.m-\'il kers) 1424
—~Oracle LK. dmplxm p
—Peto-Seott one-v;
—Polar L.F. amplifier.

resistance-coupled ampli-

.548
-—Polar I(admphono 1107

1665
166t
1631

1823

-—Polar seven-valve,
—>sterling foue- \alw
——Sterling H.O, 1]()()
~=Nterling one-valve,

-— ‘tvl'linu specch lnnp]mr 1370
—Sterling Theee flex, 6617
——lm;,'( v L.F. amplifier, 1347

-—Ting;

one-valve, 15
super- ll\o 2022
- =Tingey tr: nsmitting
-—Tingey two- valve, I+
- —unit. system \dl\(‘ transmitter,
Valve Socket, rilling temnpiate, 1987
Varw-coupler Baty, 2112
how to make, 141
tuning unit, 2[1()
types, 2205
Variometer, advantages of
tuning, 574
basket, type. Liow to make,
conneeting strips fur Hio
‘onnexions for, 5
construction,
in erystal receiver
drilling rotor for,
mrmeh for,

2054

variometer

2206

how to make
rotor winding,

385,
2207

spindle, 1872
stator, 1890
stator from rubiber ball, 1891
testing !m faults in, 907
tllnmg :
wpes, 2205
\\ind'mt,; stator. 1309
Vents, for accumnlators, 23
wljnstment on loose coupler,
Vernier, « <\ln>m gange, 102

(Hll\l(ll\(] 208

spindle,
condenser<. how to make, 489
control for eondensers, I8
devices, various types, . 2
fine adjustment knob, 1251
ganges, 101w
Iever contriol 2211
Toose-coupier wrnlvr device, 1329
ribber disk, 2211
sliding m(lut mmt‘ 1234
tubular condenser, 2094

1329

worm-driven, 2212
Voltage. Sve also 1 leetro-motive Force.

anode, 113
lv.‘lft(‘[‘_\', 214, 2

Lichromate o I, 2
Iual\dnwn m‘
Ciark cell,

2270

Voltaic Cell.

Wave.

Val—Way

Voltage, disruptive, 716
7

drop, 25

Leclanché cell, 1233
1imiting, 1293

Toss in auumulators 20

protential explained, 1587
puncturing, of various materials. 633
surges, 334
tnmng for mxuhmns
virtual volts, 2213

>

See Primary Cell.

—BTH, 297 Voltmeter. Se: also Ammcter - Gal
~—Burndept H.F., 1105 yvanometer.
—Clmax, 1661 calibrating, 344
-~ Eronomic Eleetric, 1658 Ivsr'nptlon 2215
—kthophoue, 852 double range, 726, 2214
—irame  acrial super-regenerative,] G.1.0, detector, 665

1925 Kelvin's clectmstahr 1234 .
—VFellophone, 914, 16,0 small voltage, 2214 #
—renophione, 989 Vreeland’s Are, clectrodes of, 102 i
—Gecophone, ]UH 1343
—H. " am]»hhow ]th 111z w
—l,\lnn cabinet, 333 Wattmeter, action explained, 829, 221¢
—Magnavox, 1353 Ferranti integrating, 2213
~Marconi H.F., 1106 integrating, 1183

~Marconi tour- ml\l 1663 ~umpner, 2216
arconi three-v al\n 1663 Watts, alppar(*nt. 329
arconiphone, 1396 definition, 2216

measurement or, 829
true, 329

W atUcw current, 2216
See also Radiation.
amplitude, 94

carrier, 378

continuous, 523
CVI0SCope t() detect, 630
damped, 642

Aistortion of, ,Jf)
(Jnublv-hmnpcd

electro-magnetie, \u\\ bropagated, 8371
electro- magnetic, theory, 325

ﬂ w-top. 938

frequency table, 990

fundamental, 906

gamma, 1008

gliding theory, 1040

barmonies of, [0R7

Heaviside lawr 1092

Hertzian, 1097

1mpulo 11.)8

infra- led 1182

mtemlptod continuous, 1260

Lissen wave trap 2230

Lodue on, 2225

logarithmic decrement, 1310

long-wave receiver, how to malz, 1317

long-wave tuner, 1322

oxcillograms, ]m(:

oxcillograph, 1506

production ot 326

pure, 1619

1':1<liat-i0u of, 967

reflection of, 1669

ranges for H.F. transformer windings,

’(\4 »

, 1681

J{wnfg‘ n rah, 1743

shors, 1507

shortiwave condenser,

short-wave  ree eiver,

1812

sound, 1

thu)r\, 2225

Tum" for long and short,

ultra-violet, 2142

wave trap, 2230

wireless and  other
Lodge, iii, 2225

X-rays, 2215

1811

how to  make,

waves,  sir O

Wave-length of aerlal, 37

alinement chart for, 58

of basket coils, 202
broadeasting, 231

Burndept, coil ranges, 301 X
cymometer measurcment of, 633
de Forest coil ranges, 660
formnla for, 638

frame aerials, 968

heterodyne wave-meter, 1100
Igranic coil rangoes, 1144
l(mdl'lg coil, 1300
measurement of, 851

natwral, 1457 - H
Oojah coil ranges, 1494



Wav—Zin

Wave-length slab coils, 1830
table, 2. B.W.(

Wire, brass, 270
V.(r., 312

Classtfied Index

Wollaston
]

Wire.
224

for barretters,

200,

Wave-meter, action, 2220 cable, 334 Wireless, control, 527
construetion, 2223 copper, 334 mechanies for wireless amateurs, by
Donitz, 721 copper, resistances, 1729 5. W. Hobbs, xxv
Fleming’s, 637 cotton covered, 539 pleasures of, by 1i. Blake, vi
heterodyne, 1100 double cotton covered, 722 seeing by, 1983
Mareoni, 1406 enamelled, 870 theory of, for amateurs, by Dr. J. A,
Mark TV, 2220 flex and its uses, 845 Fleming, xi
types, 2220 galvanized iron, 999, 2239 wired, 2239
variometer, 2208 gauges for, 1009, 1014 wonders of the future, by N, V.
Wax, black, 248 general properties, 2239 MecLachlan, xxix
paraffin, nhnle("mc constant, 684 gold, 1040 Wiring, binding post, 242
paraﬂm for insulating ¢ ardboard tubes, hard-dr: wn, 1036 binding screw, 243
372 imperial \nro cauge, 1148 general methods, 2242
Wheatstone Bridge. See also Bridge. iron, 1215 insulating clvc\m;z for, 1831

applications, 2235

barretter, 200

bolometer type, 255

calibrated resistance for, 338

D’Arsonval galvanometer,
648

use with, 364

Maxwell for measuring inductance,| plie
1161 resistance, 173¢
P.O. vesi —ot Eureka, &

ance box type, 1729

theory, 2234
Wlllemxte, use in cathode ray tube, 385
Winding, of coils. Sez Coils.
Wire, annealed iron, 98

armoured, 131

bending, 2243

binding, 243

joints in,
lead-covered,
Litzendraht, 1208
Litzendraht for minimizing capacity,

1230

—of manganin,
rope, clipping and holding, 537
sizes, cotton covered, 540

sizes and weights, 35
spool, 1377
standard wire gauges, 1920
straightening, 2243

1278

low-frequency transformer, 161
for bending, 1551
]

)
1390

methods, 510, 22
&ol(lcrmg metho S, 1847
stages in, 2245
systoﬂcx, 1952
testing for correct, 910
tools for, 2242
valve panels, 2243
Wollaston Wire, for barretters, 200

V4

Zine, for bichromate cell, 239
expansion coeflicient, 1712
Daniell cell, 645

properties, 2250
specitic gravity, 1869
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USE THE PUBLISHERS’
BINDING CASES

Your set of the WireLESs ENcy-
CLOPEDIA is now complete. If this
work is 1o be of real, permanent value
to you, it should be bound without
delay betore any of the parts becoms
lost or damaged. Secure your binding
cases now. and buy those which have
been specially prepared tor this great
work—those issued by the Publishers

BLUE
CLOTH CASE

(as illustrated overleaf)

2/-

Orders sent direct to the Publishers must be
accompanied by 6d. extra for Postage and
ackinz.

MISSING PARTS

Each volume comprises eight parts. It
there are any missing, please enclose with
your remittance cash for each missing part,
stating at the same time the number of the
part or parts required to complete the set
This applies to readers only who wish th:
Publishers to undertake the binling. Others
may obtain back numbers through the
newsagent or bookseller trom whom they
ourchase their binding cases.

SOUTH AFRICAN readers shouts
apply to Central News Agzency Lad.
IOHANNESBURG (or brinches).

AUSTRALASIAN readers to Messrs.
Gordon & Gotch, Ltd., MELBOURNE

tor branches)

CANADIAN readers toc The imperia
News Co., Ltd. (Canada). TORONTO
{or branches)
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TAKE ADVANTAGE OF THIS

SPECIAL
BINDING OFFER

The Publishers ot the WiRreLESs ENCYCLOPEDIA are
prepared to undertake the actual work ot binding the
loose parts into volume form tor those subscribers who
are unable to get this done to their satisfaction locally.

Conditions which must be observed :
Only fortnightly parts in good condition—free

from stains, tears or other defacements—can be
accepted for binding.

The parts to be bound must be packed securely m a
parcel (eight parts constituting a volume) containing
the name and postal address of the sender clearly
written and posted direct to the Publishers’ binding
depariment. or handed ‘0 a newsagent. the subscriber
being liable tor the cost of carriage in both cases.

It the Parcel is sent direct to the Publishers the
cheque or postal order in payment should be enclosed
in a separate envelope, together with a note mentioning
how many parts have been despatched. The cheque or
postal order should be sufficient 1o cover the tull amount
ot the binding charges in respect ot the actual number

ot parts sent in ONLY

The name and address ot the sender should be given
in the letter as well as in the parcel, and the letter
containing cheque or postal order must not be put
in the parcel : post it separately.

ONE STYLE ONLY 5/6

To bind eight parts in the Publishers’ Dark
Blue Ctoth binding case, with full giit back, top
edges of the leaves ‘' sprink.ed,” the inclusive
charge wil! be 5/6 (2/- for the binding case and
3/6 for the actual binding and cost of packing
and return carriage).

All_cheques or postal orders must be made payable
to The Amalgamated Press (1922)  Limited, ~ and
crossed * Bank of England,, Law Courts Branch.”

Address the letter and package” to .

“ Wireless Encyclopedia,” Binding Department,
The Amalgamated Press (1922) Ltd.,
Bear Alley, Farringdon Street, London, E.C. 4.

All prices apply 1o Great Britain and Irish Free State only
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