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DRILLS AND DRILLING. Duills are
small steel implements which when rotated
form a hole in a material, by pressure, in
which they are introduced.  The driils are
used with a suitable instrument for their
control and rotation.  The latter 1~ vari-
ously known as a drilling stock, driliing
machine, or brace. The wireless amatenr
should be well acquainted with drills and
their use, as they are important in all
constructive work.

There are various sizes of drill, trom one
little more than the thickness ol a hair, ap
to those several inches in diamceter. >o
far as the amatear is concerned, those
ranging [rom about -% in. in diameter up
to 1 in. in diameter should be suthicient tor
ali ordinary purposes.

The size of a drill 1= gauged by 113 dia-
meter-that is, the diameter of the cutting

D 103

part. In other words, the size of the hole
which the drill produces. It is customary
{or the length ot the drill to increase with
increase in diameter. The diameter of
the driil is defined either by a {raction of
the unit, as, for example, & in., 3 in., etc.,
by a gauge number, as, for example, 1, 2,
3, ete., or bv letter, A, B, C, ete.  Other
drills are also defined by their size in
millimctres, and a few drills are sold in
which the size 1s defined in  Hy I
For wireless work the drills generally used
are defined by their [ractional size, and by
their number size. The former for all
ordinary work, and the latter for certain
sizes of BLAL serew threads.

For convenience, it 1s desirable to have
drills in three ditferent sizes, all of them
having reference to one actual dimension.
For example, suppose a hole 1s to be drilled

TWIST DRILLS AS USED BY WIRELESS WORKERS
Fig. 1. Although the name of twist drill is ¢iven to the tools shown in this photograph the metal
is not actually twisted. Two helical flutes arc cut in them, and these give the twisted appearance.
Twist drillsare of great importance in wireless work.  The catting point is
axis of the drill, 50°, throughout the whole series of sizes

at the same angle to the

A2
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through whlch a spindle ol some given
size, say, }in.,is to pass sufficiently freely
for it to just rotate in the hole. The drill
for this hole would be spoken of as ** } in.
clearing,” meaning that the drill actually
made a hole rather over i in. in diameter,
The ordinary, or actual } in. diameter
drill should make a hole of such a size that
a 1 in. diameter spmdle would fit tightly
into it.  This size of drill is consequently
known as a'} in. drill, with the addition ol
any other nccessary rluumuon as to its
nature.  Supposing howev: er, it is neces-
sary to tap the 11()10, that 135, to torm o
screw thread in it, a drill that is less
than } in. in diameter must be used, and
this size 13 then spoken of as a | in.
tapping drill.”

Most engineering textbooks and hand-
books give tables giving the exact size of
the drills for these d lificrent duties.

There are several different types of drili
which the amateur will have to use, all ot
them conforming to the statement as
regards their diameter, but otherwise
diffcrent in shape, mode of construction,
and purpose. By far the most popular
and most commonly used drills are those
illustrated in Fig. 1, and known as twist
drills, the name being given to them from
the fact that two helical flutes are
machined on them which give the effect
of a twist.

The cutting points are formed by grind-
ing the terminations of the two blades to
an angle of 59°, and the same angles are
maintained through the whole range of

sizes with practically all circular-sectioned
drills. The standard angles are shown in
the diagram, Fig. 2. Some other types of
drills are shown in Fig. 3. These mclude
the straight-fluted drills, which should be
used for drilling brass and ebonite, the
flat or diamond-point drills are used for
countersinking, and occasionally for drill-
ing large diameter holes in sheet metal.
Two forms of twist drill are shown, one with

i

Hn:e IZ Side

STANDARD*NGLE OF TWIST DRILL

Tig. 2. Cutting points are shown in these two

diagrams. On the left is a face view, and on the

right the same drill seen from the side. The
angle is, of course, the same in both instances

square-shaped end or shank, known as a
brace shank, the other with a parallel part,
known as a stralght -shank drill.

The brace-shank drills are used in the
carpenter’s brace, or cngineer’s ratchet
brace, and in some forms of small drilling
machine. The straight-shank drills are
generally used with hand-power drilling
machines, as thereby it is possible to fit

iy

i

Fig. 3.

drill, and three straight-fluted drills.

Diamond-pointed drills are often
with a carpenter’s brace.

Left to right are a straight-shank twist,
Straight-shank drills are used with hand-power machines.
used for countersinking.
Brass and ebonite are dMiled with straight-fluted drills

EXAMPLES OF DIFFERENT TYPES OF DRILL

brace-shank twist, diamond-point brace-shank

Brace-shank drills are used
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Fig. 5. Drills are sharpened by grinding. Here the

operator is seen applying the face of the cutting

edge to the stone, the grinding being checked
with the gauge shown in Fig. 6

Fig. o, Special ganges for the cutting angle of
the drils are emploved.,  The stem of the drill is
latd aleng the uprizht portion of the gauge, and
the drill edge should fit the angle picce accurately

Fig. 7. Good drills are uscless unless suitably

held. - One of the best means of holding a

drill is with screw action scli-centring jaws, as
shown above .

GRINDING, TESTING, AND METHOD OF USING DRILLS

a range ol different-sized drills, all o which
fit inte one uniform-sized hole in the spindle
of the drilling machine.

To gauge the size of a drill to ascertain
thit 15 correct for its purpose, the ordinary
drill or wire gauge may be used. and the
drill tested by inserting it between the
Jaws or into the hole in the gauge plate. in
the manner shown in Fig. 4. This is
sonietimes  necessary, as drills are ot
always marked clearly with their size.

After the drills have been in use for some
time they will require resharpening.  This
may  be accomplished in the manner
Blustrated in Fig. 5, by grinding the point

on an cmery wheel or grindstone, gauging
the result of the grinding process with an
angle or universal gauge, obtainable at
small cost and used as illustrated in Fig. 6.
The angle of the drill is gauged by placing
it against the upright part of the drill
and comparing it with the inclined arm
at the top.

Drills are held in the drilling instrument
cither with a set-screw or by means of a
tapered hole, but generally by means of
the nstrument known as a drill chuck,
a standard example of which is illustrated
in Fig. 7. In this case, a right- and left-
handed serew, which is rotated by means
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CARPENTER’S BRACE AND TWIST DRILL
Fig. 8. In this photograph the operator is using
a twist drill in a carpenter’s brace for making a
hole in a base plate

of a key. shown in the illustration, opens
or closes two jaws uniformly. The drill
is gripped between them and is brought
mto the centre to make it run true.

Modifications of this type are used in
the brace and in most torms of hand
drill. In the latter the chuck is rotated
by hand and may have a knurled surface,
or be made hexagonal in shape to provide
a better grip.

A regular drilling operation 1s shown
in Fig. 8 illustrating a ratchet brace
holding a brace-shank twist drill, drilling
a centre hole in an ebonite panel, It is
preferable to use a fluted or flat drill,
but whenr only a twist drill is available, it
may be uscd, but care must be taken
to sccure the panel by means of two
wooden jacks and to fit the drill very
cautiously into the work, so that it does
not run or tear.

A modern form of hand drill with set
of drills is illustrated in Fig. 9 and has
a pistol-grip handle. The method of
using this drill is to grip the handle firmly
with the left hand and rotate the drill
by turning the crank with the right.
This drives the drill through a worm
gear wheel, while the drill is held in a
three-jaw self-centring chuck. The work
to be drilled is held securely in the vice
and the drill started by making a centre
pop or similar depression exactly at the
centre of the desired hole, doing this with
the aid of a centre punch (g.z.).

Another commonly used form of drill
is shown in use in Fig. 10. In this case

Fig. 9.
crank by turning a handle with the right hand.
1 apparent.

accommodation.

HAND DRILL STOCK WITH PISTOL GRIP

Pistol-grip drill stocks are operated by holding the handle in the left hand and rotating the
Part of the crank case being removed the action
Drills should be kept in a ramge according to gauge by using a wood block as

This facilitates rapid selection
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a hardwood handle is attached to the
end of the drill, while the spindle is rotated
by means of bevel gearing. The illustra-
tton shows such a small hand drill operated
in a vertical position enlarging the bore
of a small bearing for a condenser spindle.
The work 1s held in the jaws of a vice in
an upright position.  The drill must be
held perfectly upright and steadv with
the left hand, while the right hand rotates
the bevel gearing by means of the crank
handle.  Such small hand drills are onlv
suitable for drills up to about ! in. or
rather less in diameter,

For heavier work the breast drill, of
the type illustrated in Iig. 11, 13 prefer-
able. This s usually provided with a

drills can be rotated at a higher speed
and larger drills at a lower speed.  When
drilling  m  a  horizontal position,  as
lustrated m Iig. 11, it is customary to
apply pressure to the drill by leaning
the bodyv against the pad on the end
of the drill and holding it steadv with
the left hand while rotating it with the
right.  With a drill of this tvpe, holes
up to L in. or so in diameter can be dritled
in steel and other metals.

The experimenter will soon {ind that
the work to he done with a hand drill
stock 1s strictly fimited, and a small bench
drilling machme, such as that shown in

BEVEL.-GEARED HAND DRILL AND BREAST DRILL

Tig. 10 (above). This type of drill is very frequently employed by amateurs and serves a large
proportion of his requircments.  Fig. 11 (bencath). When sufficient pressure cannot be applied by
the lighter type of hand drill, a breast dnll, as here seen in operation, is used. This forms a substitute
for the drilling machine, provided the work permits. There are many instances in which a drill of
this kind is to be preferred, and the amateur who does not poessess a machine will find it very useful
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Fig. 12, Work may be carried out with a light pattern Land-power bench drilling machine

which would be very difficult with a hand drill, In this pattern the feed is automatic. Fig. 13.
Drilling of a heavier nature can be agcomph»hcd with this sturdy bench drilling machine

Fig. 14, lrmdlm are fitted to this 1\pe of drilling maclsine, which is dlu en by means cf a “carcd
| flywheel. Tig. 15. Pillar drilling machines are ve v useful especially when there is a source of |
power. This sensitive tvpe has three-speed gear, and occupies very small space

‘ Courtesy Richard Melhuish, Ltd.

L{GHT POWER HAND AND PEDAL DRILLS
742
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IFig. 12, 1s a most (1(,51111])1(/ acquisition ;
the most convenient types are drl\*en
by « crank and clamped to the edge
of the work-bench.  The work to be
drilled is-held to the table by a vice or
a sct of clamps and the drill rotated by
hand through the agency of the crank
handle scen at the right.

_ DRILLS AND DRILLING

Tig. 15. lhrcg speeds are provided, and
the drive is through flat belts. A rack
and pinion feed controlled by the handle
on the right is used to drive the drill
down into the work,

When choosing a drilling machine,
always study those points that are of
the most importance for the work in hand.

£
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4
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SIMPLE OPERATION WITH DRILL AND LATHE

Iz, 16.

On  the can  be

lathe very careful work

under complete control.

A more robust tvpe s illustrated in
Fig. 13, and shows an adjustable modcl
that can be used as @ benely drill or as «
wall drill.  The base 1s provided with
slotted holes for a vice or a set of clamps.
The head 1s adjustable for height on the
post, and when removed and replaced
at right angles the base can be bolted
to the wall and the machine used to drill
holes in the top of @ column or other part
that would otherwize be too Jong to go
under the drill.

One of the most usetul drilling machines
for use on wireless work 13 a small readlc
machine of a type as illustrated in Iig. 14,
which is driven by foot power through the
treadle and geared flywheel drive. A
round belt convevs the motion from the
flvwheel to the drill, and is guided and
tensioned by the jockey pulleys.

When a power drive is available it is
desirable to employ a pillar type of drill,
and a sensitive pattern is illustrated in

Amatcurs possessing o lathe can do manvy
carried
readily made, and during the whole process the material worked upon and the tool in operation are
This photograph shows one of the simiplest methods of lathe drilling

drilling jobs beyond the power of a hand drill.
out, as fne and accurate «\d]u:tment is

holes a sensitive and light drill
will suffice.  Holes above | in. diameter
are better dealt with by a machine of
the tyvpe shown in Fig. 13, as it has good
driving power. Lor the most accurate
work o small sensitive drill is essential.
The sensitive types have a special form
ol spindle and an outer part known as a
quill.  The latter is fed down by the [eed
lever or handle and the spindle only has
to revolve in this casing or quill, con-
scquently 1t 1s a more reliable and accurate
pattern.  This type of spindle is found on
scveral hand drills and s illustrated in
Iig. 15, which shows a power-driven type.

Excellent drilling can be carried out
on a lathe. In this case the drill can
cither be held in a drill chuck, or the
commenly used  three-jaw, self-centring
lathe chuck, and Fi 1g. 10 shows a t; p]ml
operation.  In this casc the drill is held
i the chuck and the work to be drilled
rested against the end of the tail stock,

For small
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DRILLING A SMALL CMONE'NdT ON A LATHE

Tig. 17.

Metal components such as nuts, bushes, and other parts of wireless apparatus which

cannot be held conveniently in a vice or cannot be drilled with a lighter drilling device may be

held in the chuck and drilled on a lathe.

Such an operation is shown in progress above.

The

drill is supported in the drill chuck from the tail stock

after interposing a piece of wood or brass
between it and the back of the work and
holding the work by hand or with the
aid of gas tongs. The lathe is then set
in motion and the work effected by means
of the drill in the tail stock.

When small objects such as terminal
nuts, bushes, and other small circular
parts are to be drilled, it is preferable to
put them in the lathe chuck, as in Fig. 17,
and support the drill in a drill chuck
mounted on the end of the tail stock
spindle. The centre pop :for the drill is
tormed by turning a small conical hole
or recess in the centre of work and feeding
the drill up'to it. In this case the drill
remains stationary and the work revolves.

When  drilling ebonite tubes —as, for
example, the operation shown in Fig. 18,
where a former for a variometer is being
drilled “for one of - the spindles—it will
suffice to chuck the drill in the lathe and,
after having marked out the former, lightly
centre punch for the drill holes.” One of
these centre pops is then placed against
the point of the drill and the opposite one
against the point centre of the tail stock.
The 'work is prevented from rotating by
holding it with both hands, and by gently
screwing, sufficient pressure is brought to
bear on the drill to force it through when
the drill is revolving.

In all operations on metal such as iron
and steel it is necessary to use a sapona-
ceous lubricant, such as soft soap and
water, one of the proprietary lubricating
compounds, or more generally for amateur
work a light machine oil. This should
be fed on to the drill from time to
time to keep it moist, so that it thereby
facilitates the disposal of the chips formed
by the cutting action of the drill. It is
not as a rule necessary to use a lubricant
when drilling brass or cast iron, nor is it
generally necessary with ebonite.

Drills should be stored by mounting

them in holes in a block of wood or metal
so that the right size drill can be picked
out without delay. This method s alsg
convenient for preserving the drills and
avolding damage to them, as would occur
it they were simply left lying loose in
a drawer or hox,
« The drills -should- be - rotated at their
proper speed. Generally speaking, the
smaller the drill the higher the speed, and
when power drive is available approximate
speeds for §, 1, and } in. drills, drilling in
steel, are goo, 460, and 230 revolutions
per’ minute respectively.

Brass may be drilled at rather higher
speed, cast iron about two-thirds this
speed. When hand drills are used, the
drill should be run as fast as is practicable



DRILLS AND DRILLING 45

DRILLS AND DRILLING

while keeping the drill steady. It is
preferable to run it a little slower and
keep it steady, rather than to run at top
speed and vibrate badly. To drill a
straight hole it is imperative that the
hand drill should be quite steady and
absolutely in line with the intended path
of the hole. The importance of this
cannot be insisted upon too greatly. i
the drill is not held steady the hole is
made larger than it should be, with the
result that a terminal, or other part to be
fitted in it, is loose, and this is alwavs
detrimental.

It is possible to drill square and other
shaped holes by the use of suitably pro-
portioned  tools. These are, howcever,
seldom called for in amateur work, except
possibly the square holes which are formed
by using the triangular-shaped driils very
much like a three-square file in operation.
In all drilling operations the pressure
exerted should be regulated by observa-
tion of the chips.  When these come away
freely, the drill can be pressed a little
more, but otherwise the pressure should be

DRILLING A VARIOMETER ROTOR ON A LATHE
Fig. 18. In drilling a former, the operator must use both bhands to hold the werk steady, for the

work cannot be held in a chuc k and a vice might cause damage.
with his hands resting firnidy on the lathe while the dmll is engaged.

relieved, the drill ground, or the speed
increased according to the nature of the
material being drilled.

Amongst other materials that the
experimenter in wireless will be called on
to drill is paper, which can be drilled with’
a hollow drill like a tube with a sharp
cutting edge at the end. This is rotated
by any convenient means, and the paper
is cut through very quickly. The bore of
the drill will have to be cleared of the wads
from time to time

Holes can be drilled in glass with a
diamond drill. This is a taper-ended
drill, circular in form. The actual cutting
is auomph:hml by the aid of diamond
dust for making small holes.  Larger
holes, such as 1ho&c for a condenser plate,
can be cut by placing a brass tube verti-
cally over the hole and revolving it while
the glass is served with powdered carbo-
rundum.  Drill about half-way through
the glass and reverse it and complete the
work from the opposite side.  Support the
work on a pad of felt or other similar
material.

¢

The operator is holding the work
The drill is held in the

lathe chuck
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Marble, as used for an insulating base
for a piece of apparatus,.can be drilled with
an ordinary hard steel twist drill with a
slot formed 1n the centre cut  across
between the flutes.

Hardwood can be drilled as if it were
brass by using a twist drill. but it has to
be reversed in rotational direction and also
withdrawn from the hole from time to

740
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time or the wood chips will clog it and the
drill will overheat and be spoiled.

Holes arc drilled in brickwork by means
of a jumper, a cross-shaped steel punch
with cutting cdges at the end driven
Iy means of a hammer and rotated a
quarter of a turn between each blow.
-~ 1. Hobbs.

See Aluminium; Brace and Bit; Lathe.

DRY BATTERIES: THEIR VARIETIES AND USES

Units of Great Importance and General Service in Wireless Work

With the extended use of dull emitter valves using currgnts of small amperage dry

batferies have become increasingly useful in amateur wireless work, largely

displacing the expensive and troubiesome accumulator. See Accumulator; Battery;
Cell; High-tension Battery: Leclanché Cell, etc.

A dry battery consistz of o number ol
primary cells made ap into a battery;
that is a sct of units, cach of low or
minimum  voltage, the  distinguishing
characteristic of which is the use of a
paste or semi-solid clectrolvte,

Virtuallv - all drv cells e ol the
Leclanché tvpe. The clements are com-
posed of zine and carbon and the paste is
a mixture of crushed manganese dioxide
and  crushed  carbon, The mixture i
kept moist by a hining of plaster of paris.
blotting-paper, or the like, saturated with
a solution of sal-ammoniac.

The great advantage of dry cells from a
practical point of view is that there are
1o noticeable Tumes, and there is nothing
to spill should the cell be overturned.
Such batteries are increasing in use for all
manner of pmposes  as, for example, for
pocket flash-lamps and clectric torches,
their best-known use. Inwireless work they
are found as the agent tor supply ol energy
for heating the Blaments of dull emitter
valves and  the Weconomy valves, or
peanut valves.  Another point in their

favour is that they can readilv be made

up mto convenient sizes and combinations,
gIVIng a range of voltages ax roquired, as,
for example, the high-tension batteries

with separate tapping points cinploved for

the anode circuits of maost recciving scts,
As a battery is nothing more than a sct
of cells made up ina convenient form, it is
as well to consider the construction of a
single ccll or clement of a batterv. The
exterior appearance of a simple cell is
shown in I'ig. 1, and is typical of many
excellent patterns and makes now on the
market and obtainable in a wide varicty
of sizes and shapes.  The simple evlindrical
cell is composed of an outer case made of
zin¢, covered on the outside with card-

Loard or other stout paper. The bottom is
ciosed with a disk of zinc, and the whole
soldered to make it acid-proof.  This
container is used as the zinc plate or
clement, and has the negative terminal
artached to it. This zinc 1s scen in Fig, 3
detached from the cardbourd case, which is
visible on the leit. The inner face of the
zinc tube is lined with an absorbent
material, cither good quality thick blotting-

paper or a pastt
known as the white
paste, composed of
some such mixture
as plaster of paris,
flour, and sal-am-
moniac, as well as
a propottion of zinc
chloride. The latter
is used to keep the
moistened solution
from drying too
much, to take up
free ammonia, and
to prevent local
action.  In some
batteries the white
paste 1s made with
a gelatinous mix-
ture.  The inner
: - bottom of the zinc
DRY CELL is covered with an
Fig. 1. Cells ol this kind 1nsulating material
can be conrected in and  the  walls
svri(’ts to give any volt- coated with the
fﬁ““n steps of 14 volts. it paste made
[his example was made - - .
by the Economic Llec- Sufficiently  moist
) tric Co with water.
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Iig. 2.

cardboard box

Fig. 4. 5

cell, with the depolarizing paste sur-

rounding the carbon rod retained in
place by a canvas sack

Internal construction of a dry Uig. 3.
battery are here seen in the position they occupy within
their covering, which has been broken away to show

Components ol a circular tvpe of dry cell; the
mixture of which the paste 1s composed s in the

Iy 3. Cardboard casc ol a circular type
of dry celland the zine plate with carbon
in place, the top being filled with wax

Three cells of an ordinary pocket-lamp-type

the internal construction

DRY BATTERIES CUT UP TO SHOW THEIR COMPOSITION

Alternatively the zinc is lined with the
blotting-paper.  This reduces the internal
resistance, but is more liable to allow the
depolarizing paste to touch the zinc.

The positive terminal is attached to the
centre of a carbon rod, which may be
moulded or cut, and this stands in the
centre of the zine case and rests upon
and is surrounded by the depolarizing
paste, composed of a mixture of mungancse
neroxide, carbon or graphite, sal-ammoniac.
and zinc chloride, with sufficient water to
make a paste.  The proportion of the
mixtures in dry cells are of the order of
ten parts of the first two mentioned in-
gredients and two of the sal-ammoniac

and one of the zinc chloride. This mixture
is then packed around the carbon, and the
zinc case filled to within about £ in. or so
of the top, according to the size of the
The mixture is covered with saw-

case,
dust, blotting - paper, or some similar
material, and the whole enclosed with

pitch and the top finished off with a hard
wax. A very small vent-hole is sometimes
left through the pitch and wax filling to
permit of the escape of any free gases.
In I'ig. 2 these components are illustrated
scparately.

In some constructions the carbon and
the depolarizing mixture are made up into
a sack form, and surrounded with the
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sacking matcrial or coarse linen, as shown
in Fig. 4. This method is extensively used
with very small batteries of the flash-
lamp type.

This type is made up into a convenient
number of units, and by connecting the

HIGH-TENSION DRY BATTERIES

I'ig. 6. IFive tappings arc possible

in  this  high-tension  battery.

Fig. 7. Voltages up to 200 or morc

are obtainable in Hellesen batterics,

tappings advancing by 6 volts for
cach tap

carbon of the first cell to the zine of the
next, and so on, any desired voltage in
rcason can be provided for, and the whole
enclosed in one cardboard case.  The
internad appearance of three such cells

EVER.READY DRY BATTERY
Fig. 8. Low-voltage dry batteries are made
specially for wireless requirements.  This well-
known make is frequently met with on account
of its convenient size and voltage

made up into a small battery, as used in
the construction of many high-tension
batteries, is shown in Iig. 5, where the
outer cardboard case has been cut away
to reveal the connexions and other details.

When a number of such cells
are put up in a cardboard case,
the connexions are generally
tapped or provided with a
socket for the reception of a
wander plug or other form of
detachable connexion, which
can be put into any desired
socket and the output voitage
conitrolted. Such a battery is
illustrated in Iig. 6, and has a

total capacity of 15
at every three volts.

Several such batteries may be used to
give sufficient voltage by connecting the
negative of one to the positive of the other,
and so on. A more convenient plan is to
obtain one of the well-known brands of
dry battery, made up into convenient form
and size, such as the Hellesen, shown in
Iig. 7, obtainable in various appropriate
voltages, for the supply of current to
ordinarv anode circuits, as well as for
the anode circuits of amplifiers for loud
speakers, where the anode voltage may be
as high as 200 or more.

Larger dry cells, with a lower voltage,
as applicable to the filament circuits of a
valve set, are obtainable, and a well-
known pattern is illustrated in Ifig. &,
showing one of the large range made by
the Ever-Ready Co. Larger batteries are
also  procurable specially  designed for
supplying current for filament-heating
purposes with dull emitter valves, as this
type of valve works on a voltage of 3 or
less, such as the Weconomy valves, which
only need 1 volt or thereabouts.

When a large output at a low voltage is
needed from a dry cell, it 1s preferable to

volts, with tappings



DRY BATTERY

49

DUAL AMPLIFICATION

cmploy one with large and substantial
components in preference to using a
number  of small cells connected in
parallel, as when arranged in this way
there 1s a risk of the cells discharging
locally to the voltage of the wceakest cell
in the battery. The electro-motive force
of a dry cell is usually taken as 14 volts,
and, therefore, if two cells are connected
in series  the resulting volts will be 3, and
<0 on; withall of them connccted in that
way the voltage is always one aud a halt
times the number of cells in « battery
when connected in series.  Thus, @ 44-cell
battery will vicld a voltage of substantially

66 volts. The amperage will be that of
the weakest cell in the battery, and is
largely dependent on the size and purity of
the components. An old cell which has
lost its strength may be greatly improved
by punching a hole in the top and pouring
in some water which has been saturated
with ammonium chloride, that is, sal-
ammoniac.—IZ. W. Hobbs.

D.S.C. This is the standard abbrevia-
tion for the insulated wire known as double
silk covered wire. It is similar in con-
struction to double cotton covered wire,
or D.C.C. wire. See Double Cotton
Covered Wire ; Wire.

DUAL AMPLIFICATION, THEORY & CONSTRUCTION

Principles and Practice of Circuits in which One Valve Does the Work of Two

Here is explained clearly the method of using valves for double working and full
details are given for the construction of a one-valve set using crystal rectification and

high- and low-frequency amplification on one valve.

See also Amplifier ; Crystal

Receiver ; High Frequency ; Low Frequency ; Valve

The term dual amplification 13 applied
to a varicty of circuits so arranged that
a valve can be made to do the work of
two valves, as, for example, employing
one valve to amplify the audio- and the
radio-frequencies  simultaneously. There
arce certain advantages in doeing this, and
some  disacvantages. The chief feature
of interest s that of cconomy, both in first
cost and in the running expense in the
replacement of valves and batteries and
the re-charging of accumulators.

The range of such a set is considerably

greater than an ordinary single-valve
set.  Alternatively, the volume of sound

from the nearest broadcasting station can
be considerably increased as compared
with the simple receiving sets.

A disadvantage is that, as a rule, thesc

circuits require more critical adjustment -

and tuning, and a more accurate estima-
tion or calculation of the values ol the
different components.

When, however, these requirements arc
met, the dual amplification principle can
usefully be employed.

The principle 1s simple, and consists
essentially in applyving to the grid of the
valve both the high f{requency or radio-
irequencies and the low-frequency or
audio-frequency currents.

There are several ways of doing this,
and numerous combinations in detail, but
the great point is that the grid of the
valve receives the combined effects of
the two circuits. and in non-technical

language the circuits can be considered as in
effect two sepurate circuits superimposed
on each other. The system can be used
in conjunction with a crystal or a valve
detector.

The set shown in Fig. 1 is a single-
valve dual amplification receiver. The
valve i1s used first as a high-frequency
amplifier—7.e. receiving the signals at
radio  {not audible} frequency. The
signals are then rectified with an ordinary
crystal detector and amplified at audible
frequency by the valve, one valve thus
serving the dual purpose. It will be seen,
thercfore, that as regards volume and
range, the one valve and crystal are at
least equal to two valves used in the
ordinary way.

Except that a valve used for recti-
fying in-some people’s hands in place of
a crystal is less trouble, there is little to
choose as regards results between crystal
and valve for this purpose. A well-made
crystal detector should, with ordinary care,
be quite easy to keep in adjustment.

[f the instructions are followed, there
should be little difficulty in making up
such a set, and it will give excellent
results.  Twelve to fifteen miles from a
broadcasting station the sound in the
headphones is uncomfortably loud, whilst
Eiffel Tower concerts may be heard in
London comfortably with two pairs of
telephones upon the set, on a single-wire
aerial, only 18 ft. high one end and about
25 ft. high at the lead-in.
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DUAL AMPLIFICATION SET COMPLETE

Fig. 1. In this set only one valve is used and

detecting

a crystal rectifier.
radio-frequency  currents and amplifying

The valve
audio-frequency  currents.

does double duty,
Instructions are

given for making the sct, and the neat finished appearance can be obtained by covering the cabinet

leatherette,
cabinet.

with imitation leather paper or
covered with material to match the

It will be noticed that the circular transformer is
With careful workmanship and neat and accurate

connectingz-up this set gives very satisfactery results

The first st(:p n construction is to pro-
cure a panel, 11 in. by 6} in. This may
be chonite, though three-ply, faced with
walnut veneer and polishied, will do.

It wood 15 used, all terminals and
fittings should be put in place with a
liberal quantity of thick shellac varnish.
Referring to the photograph of the pancl
front, Fig. 2, 1t will be scen that the valve
and {ilament resistance control aecupy the
centre of the panel, the knob on the left
being the variometer tuner, the double
crystal occupying tllo bottonm right-hand
corner, whilst Tour valve sockets ave spacerd
nmnulm!u\ above to accommodate the
high-frequency transtormer. All the ter-
minals are clearly marked except one,
which s for higher wave-length loading
coils (as those emploved in ship signals or
the 18iftel Tower time signals), this terminal
bemg connected to aeriel terminal for wave-
lengths up to 500 metres, and joined 1o
onc cend of the loading coil tor higher
wave-lengths as in Fig. o.

Fig. 5 gives the Iav-out of the panel and
dimensions for drilling, and the terminals
and transformer plugs should be fitted in

place 1?1'<" In order to get a gond it
for the latter, a pilece of tin should be
cut IL m. l)_y 2} in., and the position

spaced out, four small holes being drilled
in it. This template can be used later
again in order to sct out the correct
position of the plugs.

We will now consider the -variometer
tuner.  This varies somewhat from the
conventional design, and is easier to make.
For the stator, a cardboard tube, 2% in.
i diameter by 2} in. Jong, is obtained,
anc well shellacked.  Ifach side of the
centre  (Jeaving about I in, space) is
wound with 13 ft. of 26 or 28 gauge
cnamceiled copper wire.  Inside are two
basket coils wound on shellacked card-
board formers, each 2} in. in diameter,
with nine slots extending to within § in.

of the centre. A sketch of the former,
I'ig. 4, and the method of fastening the
basket coils on either side of a little

square rod of wood, is shown in Fig. s,
which also indicates the position of the
outer tube.

It will be noted thata 14 in. length of
2 B.AL rod is soldered to a little brass cap,
which, in turn, is riveted to the square
wooden rod, this accommodating the
chonite knob and pointer upon the panel
side. A simple wood screw serves to hold
the spin(‘lc on the other side of the outer
tube. Care should be taken to get a nicely
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FRONT PANEL OF DUAL AMPLIFICATION SET

Fig. 2. Attached to each terminal, except one, is a white tab lettered to indicate the purpose of the

terminal. This avoids mistakes in connecting up high-tension and low-tension battery leads. The

additional terminal permits the inclusion of a loading coil for longer wave-lengths. Sockets for

the plug-in transformer are staggered so that primary and secondary windings find their correct
connexions: the transformer can only be plugged in the right way

moving arrangement before actually wind-
ing the inner baskets, which should then
be dismounted and filled with the same
sauge wire as before,

To connect up the windings, the com-
mencing end of the outer winding goes to
acrial, the end of the first halt to the
~ommencemnent of the second, and the
end of the outer winding, with flexible
lead, goes to the inside of one basket, the
outside of same basket to inside second

We can now proceed to construct the
two fixed condensers, onc being required
for the telephones and one between the
secondary of the transformer, filament
negative, and earth. They should be of
the value of -oor mid., and .coz mid.
respectively. For the telephone condenser,
four pieces ot foil (preferably copper),
cach 3 in. by rin., and five pieces of mica,
about -002in. in thickness and 23 in. by
1} in., are required

basket, and the outside of this i
by flexible lead to earth.  Care 1‘_4‘:” el fanne-din->lin w1l -
should be taken to ascertamn X[ 7 1 : i ‘ ilpi r
that the basket windings run *7| | Lr ! HT | s |y
g5 | 0% I N N D — -
the same way when assembling. X | i ISR -‘F_ = T/'
The variometer is held to the 274 6,0 P %zn| | va
pancl, Fig. 6, by two bolts, 7 | U L Lo
which also  hold the scale ) 4 | 2in op %%

outside, and the spindle should
he fitted with a spring washer,

1

. @-——L-—@——@]:
<—-Z/1-/ﬂ-—i| { |

locking nut, and pointer before
fitting the knob. e L E/@afzaﬂeq ' l .

The filament resistance ! i o [\ :
should now be fitted in place, - = Kt rn—ke 12— <t i

and these, with valve holders,
can now be had so cheaply
that it is hardly worth while

PLAN AND LAY.OUT OF PANEL

Fig. 3. Particulars ef the lay-out required for marking out the
panel are given here. The details should be carefally followed.

making the resistance and especially with regard to the holes for the trensformer, which

fitting valve sockets.

must be accurate or the transformer will not plug in
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BASKET TYPE ROTOR FOR THE VARIOMETER
Fig. 4 (left). Two basket coils are made on formers of which the above is a diagram with
dimensions.  Iig. 5 (right). Having made the two basket coils, they are attached to a square-
ended spindle in the manner shown. The whole is mounted within the tubular stator as indicated
by the dotted lines. The combiration forms the variometer used in the dual amplification set

Iirst take a picee of mica, dab it with
shellac varnish, place a picee of foil so
that 4 in. overlaps at one end, « little more
shellac and another picce of mica, then
another foil with an overlap at the opposite
end, and so on with the other two. One
lead should be soldered to the pair of
overlaps, or tabs, at onc end, and one
lead to the other pair.

The sets of foil at one end must have
no metallic connexion with the other set,
and there must be a reasonable margin of
mica all round the plates. This is allowed
for in the above dimensions. The other
condenser has cight pieces of foil of the
same size as above (four on cach side), and
nine picces of mica, also the same size.

UNDERSIDE OF DUAL AMPLIFIER PANEL

The task of making these condensers may
appear so simple that proper care may
not be taken. The experimenter cannot
be warned too strongly that a faulty picce
of mica or a bad connexion will ruin the
condenser.

The most monotonous part of the con-
struction is the winding of the H.I%. trans-
former. This may be seen in position in the
photograph of the set, Fig. 1, and a detail
photograph is seen in Fig. 7. Prepare
three little cardboard basket formers with
seven slots, similar to those used for the
variometer. They should be 2% in. outsidc
diameter, and the slots cut to within 2 in.
of the centre. These basket formers
should be rubbed down smooth with glass
paper and given a
coat or two of shellac
varnish, rubbed down

again and re-var-

nished, until a
smooth finish is ob-
tained. This is im-
portant, as a really
smoothly finished for-
mer 1s much casier
to wind.

Now completely fill
all  three formers
with 42-gauge D.S.C.
copper  wire. - This
will take time, and
if it is convenient
it 1s better to fill one
former, then, allowing
a few inches, to fill

Fig. 6. To show all details the pancl of the dual amplification set is seen another former with-

reversed.  In this position the wiring can be seen and the disposition of
the variometer and transformer. Inside the stator of the variometer is

out cutting the wire.

the basket coil rotor. The staggered legs of the transformer are at the The third basket is

bottom right-hand corner

uscd separately.
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A little cardboard case is now prepared,
23 in. in diameter, with a removable lid.
The baskets rest in the case. The com-
mencing wire of the two baskets is pushed
through a hole on one side and marked
I.P., and the finishing end of the pair
through another hole on the same side
and marked O.P. These are the input
and output terminals respectively of the
primary coil. The single basket 15 placed
between the other two. Care should be
taken that all the windings run the same
way, for if thev do not the basket coils
will counteract one another and no speech
or music will be heard in the telephones.
The wires are brought out through the lid
and marked LS. and O.S. respectively,
i.e. the input and output of the secondary

" coil.  The circuits can be tested, if desired,

with a pair of telephones and a dry battery,
a very decided click being heard when
the circuit 1s completed.

The base of the transformer is a piece
of §in. wood, 1} in. by 2% in., in which
four valve pins are screwed. By using the
tin template for these positions they mav
simply be pricked, the holes drilled, and
the pins secured. One screw will hold the
case to the base, the coils being removed
for the purpose without disturbing the
leads. The current wires should now be
soldered to the top of the pins and the
case closed.  The covering 1s Detter left
till after a reception test.

It now only remains to discuss in detail
the crystal detector to complete the
description of the components. It will be
found wise to have two crystals of the
super-sensitive galena type for prefer-
ence, or hertzite, with a change-over
switch.  This not only gives an oppor-
tunity for comparison, but also permits
of a progressive setting. If one fails it is
the work of a moment to switch in the
other.  There are numerous crystal de-
tector parts now on the market, and, if

DUAL AMPLIFIER TRANSFORMER
IFig. 7. Mounted on a base with four valve legs
for plugging in is the circular type high-frequency
transfcrmer used in the dual amplification set

the rcader prefers, he can fit one or two
of these sets, but for the benefit of those
who prefer to carry out the simple
switching arrangements, the making of
one 1s described.

Two separate angle brackets for the
crystal ends are prepared from < in.
brass, g in. high, {in. base, width } in.
They are held down to the panel by two
contact studs, which act as stops for the
switch. Tlie crystals are mounted in little
cups with a holt and loose nut, not
serewed into cup, the bolt being held in

DETAILS OF CONSTRUCTION FOR DUAL AMPLIFIER DETECTORS

I'ig. 8. Two crystal detectors are included in the dual amplification set, either of

which may be employed separately. In the details above wil! be seen the

means of switching over from one detector to the other. A milled turning post
and arm act as a switch

D 103

B2
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WIRING DIAGRAMS OF DUAL AMPLIFICATION SET =

Fig. 9. Short wave-lengths are received by bridging the terminals which are used for including the

ioading coil when long wave-lengths are to be tuned in.

chown with the loading coil included.

On the right the aerial tuning inductance is

In Fig. 2 the loading coil terminal will be seen situated

between the aerial and earth terminals, and normally there is a bridging wire joining the two
terminals, though this wire is not shown in the photograph

place by the setting of Wood's metal
when the crystal is fitted. The double-end
bracket is 12 in. wide, ¢ in. high, with
4 1n. base; centres between hLall joints,
1in. A nice fit for the ball joints (which
should be bought with rod and knob)
chould be ensured. A piece of thin springy
brass, held by one screw, and a piece of
thin wood for packing, will serve to keep
cven pressure on the ball bearings.

Two little picces of thin brass tube are
soldered centrally on the opposite side,
and two cclluloid tubes, made from spoiled
roll-ilm  with gclatine ‘removed, com-
plete the component. The brass tubes and
crystal cups arc portions of two plated
tops from the stoppers of the tiny con-
centrated perfume bottles.  The switch,
it will be noticed, simply connects with the
feet of the brackets, and is detailed in the
drawing of the crystal detector, Fig. 8.

A circuit design is given, Fig. o, together
with a photograph of the back of the
panel, Iig. 10. The lower portion of the
case is 41 1n. deep, and there is sufficient
room to stow away valve and transformer.
The hLid is 1% in. decp inside, and will
clear all projections comfortably. It
should be noted that the lid lifts right off,
two plates being fastened at the back,
with onc central hole projecting. Two
screws are fitted in the lid, and the heads
cut off <o that, upon the front catch

being released, the lid may be entirely
removed.

The easiest way to make the case is to
preparc a completely enclosed box with
¢ in. wood, 6 in. deep, 11%in. long, and
7 m. wide. Glue and nail, allow to dry,
and smooth off all rough corners. Now cut
all round 1% in. from the top, when a box
with a lid which will fit will be available.
The wood may be left quite rough, except
the corners, which should be finished with
a rasp. The case may be covered with
imitation leather paper or leatherette.
This method has the advantage that .if
any slight error arises, packing pieces of
cardboard may be glued in place. It will
be noted that the panel is held by turn
buttons, so as to be easily removable.

The wiring-up can best be done from
sketches and photographs of back of panel.
Insulated wire should be used, such as
cotton-covered bell wire. It is best to
solder all connexions to the ends of ter-
minals, but this should not be done till
the set is tested out. The connexion to
the crystal switch must, however, be
soldered, or it will work loose. Note the
coll of wire here in order to allow for move-
ment.  The set should work right away,
but if it does not give really first-class
results, make up a few condensers with
larger or smaller numbers of foils than
those given and try them one at a time.
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It does not necessarily follow that under
diffcrent conditions the same condenser
will suit. The difference in insulating
properties of good ebonite and a piece of
wood may be sufficient to necessitate an
alteration. As regards valves, a Dutch
valve gives excellent results, and there is
little to choose between this and the more
expensive Inglish  valves.  The  high-
tension battery should be generous, at
least 0o volts, but this, again, will depend
upon the valve. For the low-tension
battery a 6 volt accumulator will serve
for the ordinary valve.

TFor higher wave-lengths, the terminal
not tapped is provided for the insertion of a
loading coil. For Eiffel Tower 2,600 metres,
~and downwards, a 3 in. diameter former,
¢ in. long, wound with 28 S.W.G. enam-
elled copper wire, with slider and no
condenser  will be  required. A set of
basket coils could also be used, but in this
case a condenser will be required,

When using a loading coil, the acrial
wire should be fastened as usual to the
acrial terminal, and also a wire from the
coil. - The other connexion to the loading
coil should be made to the untapped
terminal.  In addition to a loading coil,
a larger transformer is required for long
waves. A pair of basket coils, 4 in. in
diameter, with nine slots cut to within  in.

of centre, should be filled with 42-gauge
double silk-covered copper wire, one to
be used as primary and one as second-
ary. They should be mounted in a card-
board case, 41 in. inside diameter, the
inlets and outlets of primary and secondary
being soldered to valve pins exactly as
with the short-wave transformer.

Dual Amplification Circuit with Tuned
Anode. With some dual amplification
circuits the adiustment of two or three
fixed condensers to the right value for the
particular conditions is sometimes a little
troublesome, but in the set shown in Fig. 11
no fixed condensers arc necessary, though
two, which may vary in capacity within
fairly wide limits, may be found desirable
In some cases,

This circuit will be found to be practi-
cally nothing more than the addition of a
low-fiequency transformer to a normal
high-irequency valve, tuned anode, and
crystal detector, so that a convenient step
for improvement over an ordinary crystal
receiver would be first to add a high-
frequency valve, and then to rearrange
the set with the addition of a low-frequency
transiormer.

It »s verv convenient in initial experi-
ments with this reflex circuit to usc as a
starting point an ordinary single-valve
panel. which may be bought as a standard

BACK VIEW OF DUAL AMPLIFIER PANEL

Ifig. 10. Comparison can be made witlh: this photograph and the diagrams on the opposite page.”

3y 50 doing the method of wiring can be followed and the-position of the components shown in the

diagrams can be seen in their actual positions on the pancl. The wiring on the actual pane! take:
the shortest paths.  The panel is reversed iu its position in the cabinet
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AMATEUR-MADE DUAL AMPLIFIER WITH TUNED ANODE
TFig. 11. No fixed condensers are used in this set.

Added to the high-frequency valve, tuned anode

and crystal detector is a low-frequency transformer. The above lay-out shows the aerial wire
between the valve and acrial tuning inductance, the earth wire is on the extreme left

article in practically the same form. A
slight rearrangement of the wiring will
be nccessary at the back of the panel,
and this wiring is clearly shown in I'ig. 12,
which should also be compared with
Fig. 13, showing the front of the panel.

For convenience in  laying out the
panel the telephone terminals have been

rewired, as also have the reaction termi-
nals, now used as the tuned anode pair.
It should be noted that in this circuit
the terminal marked F need not be used,
though the output from the secondary
from the low-frequency transformer may
be wired to here instead of the low-tension
negative terminal as illustrated.

STANDARD VALVE PANEL CONVERTED FOR DUAL AMPLIFICATION
Fig. 12 Nleft). For the set in Fig. 11 a standard valve panel can be used, but a slight alteration,
as here shown, is necessary in the wiring. Fig. 13 (right). When this is done the front of the panel
should be marked in this'way. It will be noticed that there are two anode terminals. One of
these is connected with the valve socket and is used to connect up the cat’s-whisker side of the
detector, the anode tuning condenser and coil holder. The other anode terminal is connected to the
other side of the condenser and coil holder

I 3
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The aerial tuning inductance is con-
veniently tuned with a variable condenser
of, say, -0oo1 mfd., though a smaller capacity
will do with a sufficient range of tuning
coils.  The anode may also be tuned with,
say, a -0005 mid. variable condenser. It will
be understood that two slider coils, or any
other type of inductance, may be used for
acrial and anode tuning, but the method
adopted and illustrated in the photographs
below will be found very etfective and
adaptable to other uses as occasion arises.

This consists of mounting a basket or
honeycomb coil holder upon the side of
the condenser box, taking short lcads to
the condenser termmdla, thus providing
a4 handy tuning unit. In the case of

~ basket coils, a pair of valve sockets

mounted upon a picce of mahogany about
7 in. thick, and screwed to the condenser
case from the inside, will be quite cfficient
(Iigs. 14 and 15).

With regard to the wiring, one terminal
of the aerial tuning condenser (which
adapted as above suggested includes one
side of the aerial tuning inductance)
is wired to the aerial and also to the
grid terminal of the valve panel, the
other terminal of the aerial tuning
condenser being  wired to the input
secondary side of the low-frequency
transformer and to earth. The output
of the secondary of the transformer is
wired to the low-tension minus terminal
upon the pancl

The anode terminal upon the pancl
leading direct from the anode valve socket
15 connected to the cat’s-whisker of the
crystal detector and to once side of the
anode tuning condenser and coil holder. The
other anode terminal is connected to the
other side of this condenser and remaining
point of coil holder. The crystal standard
is next connected to the primary input

DUAL AMPLIFICATION ANODE AND AERIAL TUNING COILS

Tig. 14 (left). Front view.

Mounted on the condenser boxis a basket coil holder plugged into
valve sockets mounted upon a piece of mahogany.

Fig. 15 {right). In this rear view the method ot

wiring cau Dbe scen. One of the condenser terminals” is wired to the aerial, and also to the

valve grid.

The other terminal is wired to the input secondary terminal of the transformer
I 3
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LAY-OUT OF COMPONENTS OF DUAL AMPLIFIER

Fig. 16. The connexions are well shown in this lay-out, but they should be compared with Fig. 11 in

order to get a clear idea of the association of components.
from above, and the valve and two plug-in coils removed.

staggered.

side of the transtormer, the primary output
being brought back to the anode terminal
not connected to the crystal.

In operation, the set exhibits no ten-
dency to howl if the components are dis-
posced as illustrated. Fixed condensers
may be tried across the secondary of the
transformer, a large onc across the high-
tension battery terminals and across the
telephones, but the set will work well
without. With regard to crystals, there
does not seem to be much difference be-
tween any of the well-known varieties
commonly used with a cat’s-whisker, a
common picce of silicon giving results
indistinguishable from those obtained with
a well-advertised synthetic specimen of
galena, although the latter gives con-

——

The set has been photographed
Note how the coil sockets are

Above the crystal detector on the right is the transformer

siderably better results when used upon a
crystal set.

In making a test, the connexions to
both the primary and secondary of the
low-frequency transformer may be re-
spectively changed over and a com-
parison made. The crystal connexions
should also be tried in their reverse
pesition. On no account should the
anode tuning coil be pulled out with
filament burning, as a howling will
probably result. With regard to the size
of the basket coils for broadcast reception,
a coill wound upon a former of about
3 in. in diameter, with, say, 30 gauge
cotton-covered wire, to an outside diameter
of 14 in. will tune 21. O with a oot mid.
condenser in parallel, whilst a similar coil
2% in. outside diameter should
be found satisfactory for the

60~

ik 3

ol anode tuning coil, using a
= much smaller capacity con-
i denser for the purpose of
' tuning.

The results obtained
this circuit are good. Lon-
don or any broadcasting
station at a distance of about
eight miles is sufficiently Toud
to be heard distinctly six feet
from the telephonces, with an

with

|

|

m——-]——

outdoor aerial 50 ft. long, con-
sisting of a single wire 18 ft.
high.  With an insulated wire

L

=

= CIRCUIT DIAGRAM OF DUAL AMPLIFIER
Fig. 17. From this diagram and the photograph, Fig. 10, the
Comparison also shows

principle of dual amplification is scen.
the method of wiring

wound, {rame-aerial fashion,
round the room door in a
vertical direction, half a dozen
turns  spaced about 3 n
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apart, a station can be heard with two
pairs of headphones cight to ten miles
away.

Fig. 17 shows the theorctical circuit
diagram.—F. Huson.

See_ Amplitier ; Crystal Receiving Sets |
High Frequeney'; Low Frequeney ; Reflex
Circuit; Valve,

DUBILIER, WILLIAM. American wire-
less expert. Born July 25th, 1888, and

cducated at the Cooper Technical Institute,
New York, he carly turned his attention
to the study ol electricity, and particularly
Dubilier made a special study

wireless,

WILLIAM DUBILIER

Many wireless improvements and inventions are

credited to this American inventor, including the
well-known condenser bearing his name

ol condensers, and his Ducon mica con-
denser s well known.,  He has o number
ol condenser patents to his credit and
s director of the Dubilier  Condenser
companics ol America and  England.
Dubilier ix the author of manv patents
n wireless, mcluding those for o rotary
quenched  spark gap, the Dubilier arc
oscillation generator, and other forms of
arc transmitters,

A diagram of the Dubilier are appears
on page 127, Dubilier’s rotarv gquenched
spark gap has a  conc-shaped  clectrode
mounted on a spindle and capable of
being rotated by an clectro-motor at a
speed of 1,000 to 2.000 r.pan. The gap is
generally used with an air dielectric, and
the lengths of the gap mayv be varied.
The gap was patented by Dubilier in 1910.

Dubilier’s  quenched arc transmitting
and receiving apparatus, which he outlined
in 1911, was one of the most compact
forms of transmitting and receiving appar-
atus that has been made. The complete
apparatus, as developed, could be placed
on a small table, and had a range of 250
miles. The set had an input of 3 kilowatts,
and the box containing the discharger was
only a little over a foot in height and
about the same in length and breadth. A
multiple-contact commutator enabled the

set to be changed over
from transmitting to
receiving,

Dubilier is also the
author ol o large
number of papers on
wircless  subjects  and
a member  of many
scientific societies.

DUCON. The Ducon
s an attachment to fit
into any electric light
socket to enable the
- light conductors to b
usedd as a receiving
acrial.  In circumstan-
ces where an external
acrial is impossible or
an indoor one incon-
venient, it is possible
to receive local stations
by the use of  this
litting.

Radio waves causce
feeble  electric oscilla-
tions to be imposed on
any and every metal-
lic object, and cven
though that object be
conductor already
carrving current, the
oscillations  will  be
superimposed on that
conductor  quite  in-
dependently ol the
current  already there.
Theretore it a condenser is placed in a
lamp-holder, for instance, in a direct
current lighting circuit, the direct cur-
rent will not pass, but the oscillatory
currents will, and therefore, if that con-
denset is also connected to the aerial
terminal ol a recciver, signals may be
obtained.

There is no risk of shock or damage to
the receiver with the Ducon, owing to its
extremely high diclectric strength,

DUCON
ATTACHMENT
LFie. 1. This at- a

tachment  cnables

the electric light-

ing mains to b

used s an aeria

without the slight-
et orisk
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The receiving strength ob-
tained when using this device
varies greatly with local con-
ditions, and should it be placed
in a lighting circuit where the
conductors are contained in a
steel conduit, it is probable that
no signals will be obtained at
all, for the conduit itself forms
an efficient carthed shield.

The Ducon consists of two
fixed condensers of different
capacities, insulated from cach
other and arranged side by side,
Fig. 1. One pole of cach con-
denser is brought out to a
contact pin arranged in the
socket end of the appliance, the
other poles being brought 1o
terminals, one on cach sidc.
The socket-end contacts are
arranged in the same manner
as the contacts on a lamp cap.

Projecting pins for fitting into

the bayonct catches are also
fitted.  All contacts and screws
arc completely covered by or
countersunk into a moulded

11::— =0 Soa- S Y
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METHODS OF CONNECTING A DUCON ATTACHMENT

Fig. 2. Four methods of employing a Ducon attachment are
illustrated in this diagram. Each of these methods can be
tried with the Ducon reversed in position in the lamp holder.
Every position should be tried ‘before finally settling the
question in order to obtain the maximum efficiency

mmsulator compound. In using
the Ducon it is essential to sce that the
light switch be turned to the on position.

There are several methods ¢f connecting
the appliance to the set, four of which
are shown in Fig. 2. Besides these, cach
individual method should be tried with
the Ducon placed in the two possible
peositions in the lamp socket, thus doubling
the possible number of positions.  The
experimenter should trv cacl. position in
turn in order to ascertain the most
cfficient to suit the particular conditions
under which it is working.

The makers state that occasionally it
will be found to give greater efficiency
to a sct where an aerial is alrcadv in use
if the Ducon is used in coniunction with
the acrial-—i.e. by connecting both on to
the one terminal of the receiver.

DUDDELL MUSICAL ARC. . Duddell
showed in 1goo that when an arc fed
from a source of continuous current
through a resistance is shunted bv a
condenser  and  inductance  in  series,
it will stimulate an oscillating current in
the condenser inductance cirenit and emit
a musical note to correspond with the
frequency of alternation in that circuit,
always provided the resistance of the
circult is not too high.

The arc 1s arranged as in the figure.

C is an adjustable condenser of large
value, say 3 or 4 microfarads; L is a low-
resistance coil having a mean inductance
of, sav, 5 millihenrics ; R is a resistance
having a value from 30 to 50 ohms;
whilst G may be a direct current generator,
or a hattery giving 50 to 8o volts.

As the condenser C is subjected to high-
frequency currents, as well as to voltages
which mayv amount by resonance to
several hundred volts, 1t is well to start
with a good mica condenser tested to
1.000 volts.

Dr. J. A Fleming explains the action of
the singing arc in the following manner :—

“1f a condenser in series with an
inductance of low resistance is placed
as a shunt across the are, the first effect
15 to rob the arc of some current to charge
the condenser.  This action, however,
does not decrcase, but increases slightly
the potential difference of the carbons.
Hence the condenser continues to be
charged. \When the charge is complete,
the current through the arc is again
stationary, and the condenser at once
begins to discharge back through the arc.
This, however, increases the current and
decreases the potential of the carhons,
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hence the action proceeds until the con-
denser is discharged.”

This action goes on very rapidly, but
with the values given above will be at
an audible {rcquency. The frequency
will be raised, 7.¢ the wave-length will
be reduced, by reducing the size of the
condenser, for a smaller condenscr will
become charged and discharged in a
shorter time than a large one. Also if
the inductance of L is increased the
wave-length of the circuit will be increased,
so that the frequency and note will be
reduced.

In the circuit shown in the figure there
are really two circuits, one carrying an
oscillating current and the other a direct
current. The former is the circuit C L A,
whilst the latter is the circuit the generator
and R A. It will therefore be seen that
the arc A, and the carbons between which
it is formed, carry at one and the same
time both direct current and alternating
current of high frequency.

Duddell gives the following as the con-
stants for a circuit which will produce a
musical note.

Solid Conradtz carbons, g mm. diameter ;
arc jength, 1.5 mm.; arc current, 35
amperes ; steadying resistance, 42 ohms;
shunt inductance, 5-3 mhy.; resistance of
the inductance coil and leads, 0-41 ohms ;

’

capacity of condenser, 1-1 to 54 mid.

2 R
ARRANGEMENT OF DUDDELL ARC
There are really twc circnits in this arrangement,
one carrying oscillating, the other direct current,
Direct and alternating current are carried at the
same time by the arc and the carbons, and all the
constants in the circuit being correct the arc A
will give a musical note

R.M.S. current through the condenser,
3 amperes, when using a capacity of
5.4 mfd. Voltage of battery, 50 v.

The actions of the singing arc are
explained by Duddell to be dependent
upon the fact that the arc itself must
be regarded as having a negative resist-
ance. That is to say, that at any moment
the instantaneous change in volts divided
by the corresponding instantaneons change
in amperes in the circuit A C I. must be
of a greater value than the resistance of
the circuit and negative in sign, so that
in each cycle the current builds up, whilst
the voltage decreases.

DULL EMITTER VALVES & THEIR USES

Characteristics of Current Economy Valves and How to Make a D.E. Receiving Set

The modern minimum voltage valve is perhaps one of the greatest steps forward in
lessening the cost of receiving sets. Here are described several varieties of the valve,
and also a two-valve set fully illustrated with a special photogravure plate. See
cognate entries such as Detector Panel ; Three-valve Set ; also the individual valves

A dull emitter valve is a valve used in
wircless  work  that has been specially
designed and made to operate on a mini-
mum  voltage for the heating of the
filament.

The voltage for dull emitter valves
varies from -8 of a volt to 3 volts. The
LEdiswan type A R.D.E. valve requires a
filament voltage of 1-8 to 2-0, for example,
while that of the Mullard Wecovalve is
as low as 0.8 to 1T volt, <o that the
filament operates with only one dry cell.
This latter type of wvalve requires an
anode voltage of 17 to 22 if used as a
detector, and 22 to 45 when used as an
amplifier.

The dull emitter valve is really the out-
come of the discovery by Wehnelt, in
1903, that a coated filament gave off an

electronic emission at a lower temperature
than an. uncoated filament. This was
really due to certain rare earths which
were in the coating.  The modern filament
s a mixture of the rare earth thoria and
tungsten, and the thermionic emission at
low temperatures is enormously greater
than that of the valve which it 15 now
rapidly superseding. With an ordinary
dry battery the valve works very success-
fully, and at a very low cost compared
with the accumulator-heated valve fila-
ment, which requires anything from 4
to 0 velts to get the best results. There
are now over a dozen types of dull emitter
valves on the market.

Fig. 1 is an illustration of the D.E.3
Marconi-Osram valve. The voltage for
this valve on the filament is z:4 to 3, and
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an ordinary three-
cell  dry  battery
should be used with
it.  The wvariable
filament resistance
should have a
maximum value of
35 ohms. This
three-cell dry
battery will last
about 8oo hours.
The D.E.3; valve
can be used as a
detcctor, high-
frequency amplifier
or note magnifier.
When used as a
detector the anode
voltage should be
30-45; as a L.
amplifier, 45 volts,
and as o L.F. amp-
lifier 00-80 volts.
The low impedance
of the valve renders
it particularly suit-
able as a low-ire-
quency  amplifier,
and it gives very
good results when
used In conjunction
with a loud speaker.
As the thoria on
the filaments of all
dull emitter valves
is liable to deterio-
rate if the temper-
ature be unduly
raised, it 1s most important never to exceed
the voltage stated by the manufacturers.

Dull Emitter Valve Set. In Iig. 2 is
shown a two-valve receiving set, complete
with batteries and telephone, incorporating
the usce of dull emitter valves,  This set
works cfficiently on a two-volt accuniu-
lator, or if Weconomy, D.II.3, or other
minimum-voltage valves are nsed it works
cqually well on dry batteries.

The arrangement of this receiving set
provides an efficient set in the simplest
possible wayv. The tuner comprises an
mductance  coil wound on a tubular
former having a movable urm running
across, by which the value of the induct-
ance is varied. The wave-length range
of this inductance covers up to 2,000
metres. The set 1s wired as a valve
rectifier with one stage ot high-frequency
amplification.  The latter 1= brought al:out

D.E.3 M.O. VALVE

TFig. 1. It 1s claimed
that this valve can be
run for 8oo hours off a
small dry battery at a
cost of about a penny
for every cight hours

by a plug-in transformer coupling having
a novel type of variable condenser across
the primary winding. This condenser
gives sharper tuning with a corresponding
diminution of interference.

This set is one of-the series shown in
diagram fogm in the special broadcasting
map facing page 282, and has a normal
range of 75 miles when well-made and
used with an ordinary outdoor P.M.G.
aerial.  This mileage of reception is more
or less approximate, as the care taken in
its construction and the efficiency of the
aertal to which it is connected are two
of the many considerations affecting its
range.

The addition of high- and low-frequency
amplilying units may be made to the
without any alterations if longer
range or increased volume of sound is
required.  The tuner front consists of a
picce of matted ebonite, 5in. square and
1in. thick. The base is also of ebonite,
cut to the same size as the front.  An angle
piece of }in. brass is used to sccure the
front to the base. Screw the angle brass
flush with the front edge of the base,
after cutting awayv a piece in the centre
to clear a brass bush required for the
contact arm bearing. A little drilling will
be required betore assembling the front.

A #in. hole for the bearing bush is
drilled in the middle ol the panel, §in.
from the bottom cdge. At a distance of
2fin. up from the bottom edge two
holes, 4 B.A. clearing size, are drilled, one
at each side of the panel and }in. from
cach edge of the panel. These holes
should be countersunk.

Two terminals on each side of the panel
are required, and may Dbe attached as
shown in Fig. 3, which shows the front
view of the set. The position of the
terminals 15 not important ; but it must
be seen that the terminals on the left of
the detector part of the set register with
those on the right of the tuner. Mount
the terminals in position, arranging the
holes in them horizontally, in order that a
horizontal bar may connect them to the
valve unit.  The appearance of the tuner
i3 improved 1 a scale similar to the one
shown in Fig. 3 is engraved or ruled on
with a ruling pen, ov preferably incise
and filled. A radius of 2in., with the
bush hole «s centre, will be found suitable.

A brass bush £ in. in diameter and § in.
long, having a flange at one end and a
central hole of & in., is pushed into the

set
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#1in. hole at the base, so that the flange
rests against the inside of the panel. The
panel front may now be screwed to the
angle brass of the base with three 4 B.A.
by £ in. screws.  In mount- T
ing the inductance coil, two !
valve sockets are used. It |
will be found that the part !
into which the valve leg 24
normally fits will tap out .
4 B.A. very conveniently. |
When this is done, the legs
may be screwed to the Towd
mmside of the panel with "y Y5
4 B.A. by $in. screws in « !
the holes previously drilled 2
toreceive them.  The tuner
will now appear as in e
Fig. 4. . . Fig. 14. Brass
The inductance is wound strip is used for
onan chonite former 4in. in the contactarm,
diameter and 5in. in length. cut and bent to
No. 24 gauge cnamelled dimensions here
. : ) . given
wire is used, starting and
finishing § in. from cachend. A'good method
of anchoring the wire ends securely is to
drill two small holes about } in. apart
and % in. from cach edge. The beginning
of the wire is threaded through one
pair of holes several times, the bends
formed being pressed at right angles.
Considerable care must be taken in
winding to keep the wire iree from kinks,
spaces, and any tendencey to slackness, If
possible, wind the inductance in a lathe to
getan even result. The method for winding
acoil on a lathe is given on page 457. Two
holesof 4 B.A. clearing size are drilled, one at
cach end of the inductance. These holes
must correspond with the two drilled holes
at theside of the panel.  The inductance is
mounted on the front by means of two
valve-holder sockets, but this operation is
better left until the brass pieces of the
contact arm are made and assembled.

Fig. 5 shows the complete set of contact

arm parts ready for assembly. A 4in.
length of 4 in. by & in. brass strip is
bent as shown in Fig. 14. The longer
length of the straight portion is bent back
to a blunt-ended V' shape to permit a
smooth contact over the wires, and a slot
15 cut at the top end of the arm on cach
side to clear the coil supports, thus making
contact to the ends of the coil. A brass
bush, identical with the one inserted into
the front of tuner, is sweated on at the
other end. The bush hole is now con-
tinued right through the brass flange.

The holes are drilled and tapped 5 B.A.
in the side of the bush, enabling two
set-screws to lock the contact arm to the
spindle.

The spindle is a rod of { in. diameter
brass, ¢ in. in length. One end is drilled
to run in a centre bearing; and 2} in.
from this end a flat is filed for a length of
1m in order to prevent the contact arm
from moving on the spindle when strain is
put upon the latter. The set-screws on the
contact-arm bush must register with this
flat when the whole is assembled.

A Dbrass bracket to hold the centre for
the spindle bearing is made from % in. by
% M. brass strip, and is 1{in. in length.
It is now bent in the middle to form a
right angle. In order to prevent the strip
{from breaking, it may be bent hot. A
4 B.A. clearing hole is drilled in one side
for securing to the base, and a 2 B.A. hole
drilled and tapped at a distance of 2 in. up
when the bracket rests on the base. This
bracket is shown in side elevation in Fig. 15.

A 1§ in. length of 2 B.A. screwed rod is
filed or ground to a point at one end, and
a slot cut in the other end for adjustment
with @ screwdriver. The bracket is
fastened down to the base at a distance of
41in. from the bush in the tuner front and
in line with it. Screw in the centre
bearing roughly in position with a locking
nut added on the pointed side. The
spindle is now pushed through the bush in
the pancl, centre side tfirst.  Before the
spindle reaches the point centre the
contact arm is put on and locked into
position. The point centre is then screwed
up and locked, when a smooth, casy
motion is found on moving the contact
arm.  This operation is shown in Fig. 6,
on the special plate facing page 762, the left
hand holding the contact arm in position
while the right hand, holding a screwdriver,
approaches the centre to the spindle end.
Fig. 6 shows the assembly at this stage.

A short length of flexible insulated wire
1= soldered to the bush of the contact arm

and connexions taken to

X 27—0?026’0’ thfi t\\‘f‘o l()\ver?zrlninals Oi]
Yo ole either side of the panel.
" These terminals are the
U= carth terminals. Another

Y%ep 4BA wire joins the top termi-

T Hole nals together, and to one
of these is afterwards at-
! . tached the left-hand side
for spindle bear- . L . T
mg is bent and  Of theinductance winding

" drilled viewed from the front of

Fig. 15. Right-
angle brass strip
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the instrument. The inductance coil is
mounted in the valve legs by the holes
drilled in the former, and locked with
nuts on the valve stem. The pressure of
the contact arm may be adjusted by
carcful handling.

A method of correcting inaccuracies in
construction is to insert a washer or two on
the valve legs if the contact arm is found
to press more on one side of the coil than on
the other. A slight swivelling of the centre
bearing bracket will have the same etfect.

A picce of emery paper is slipped over
the contact arm where it touches the coil
and the insulation removed byv sliding the
arm over its path of the inductance coil.
2\ handle is now required to operate the
arm from the outside of the panecl, and is
shown in TFig. 5, to the left of the set ol
contact arm parts. A small brass collar 13
made with a centre hole of % in. in dia-
meter into which a set screw is arranged to
grip a flat on the spindle end when the
collar is in position. A handle of - in.
diameter brass, about 5% in. long, is now
screwed into the collar.  An cbonite knob
or handle is screwed to the opposite end of
the rod. A double bend in the rod will
be found necessary in order to clear the
terminals when it is moved irom side to
side. The handle must be kept in line
with the contact arm behind the panel.

The tuner i1s now finished, and any dirt
or soldering paste should be removed with
a picce of clean rag. A stick of wood
will be found wuseful in pushing the rag
mto otherwise inaccessible places.  The
completed tuner is shown in Fig. 7 on the
plate.

I'or the valve part of the set, a pancl
7 in. long and 5 1n. high 1s attached to a
base 7 in. by 5 in. In a similar manner to the
tuner front and base.  Before this opera-
tion, however, the front is drilled out
according to the lay-out shown in Fig. 8.
Two terminals are arranged on either side
ol the pancl to correspond with the ter-
minals on the right of the tuner.  The § in.
holes towards the bottom of the panel take
the filament  resistance  bushes.  These
resistances may be fixed in position by
6 B.AL by £ in. countersunk screws trom
the inside of the pancl. Thelr position
12 clearly shown in Ifigs. 12 and 13. An
cbonite holder of any suitable type for
ILF. transformer is mounted where shown
dotted in Iig. 8 on the top left-hand side.
Iither {four peep-holes, as i Fig. 8, or
five, as in Fiegs. 3 and ¢, may be drilled,

according to the size of the valve, to
permit of inspection.

A novel type of variable condenser for
tuning the primary of the transformer is
arranged with the plates between the
resistances. The condenser plates are
both the same size, and are cut from
18 gauge sheet brass, 2} in. by 1§ in. A
4 B.A. nut issweated to the back plateata
cdistance of § in. from the shorter side and
in the centre of it.  The plate is now drilled
cut through the nut and tapped 4 B.A.
The hole previously drilled 4 B.A. in the
centre of the ebonite front is countersunk
to take a 4 B.A. by #in. screw. Two nuts
are added, after which the back condenser
plate is screwed on with the nut against
the inner side of the panel. One nut is
used to lock the screw in position and
the other to lock the fixed plate.

The method of clamping these nuts is
shown in Fig. 11. The moving plate is
supported by a long brass arm extending to
one corner of the panel, to which it is bolted
securely. A little way from the end the
arm 1s drilled and tapped 2 B.A. Details
for the construction of this arm are given
fully in Fig. 16. It is made tfrom { in. by

- 1. brass strip and the bends may be

2BA.
e Tapped Hole

DIMENSIONS FOR CONDENSER ARM

T'ig. 16. Details of the moving plate condenser
arm for the dull emitter set are here given. This
is made of ) in. brass strip, } in. wide

made cold. At a distance of  in. from the
bend, along the long side of the strip, a
= B.A. tapping hole 1s drilled and tapped.
The £1in. hole to the top right-hand side of
the panel 1s fitted with a brass bush iden-
tical with the two used in the tuner. This
15 pushed in with the flange to the inside.
An cbonite knob is attached to a 2 in.
length of screwed rod and then pushed
through the bush from the outside. A
2 B.A. spring washer is slipped on the rod,
lollowed by two lock nuts. The hole in
the arm is now engaged in the screwed rod,
which is rotated until the end of the arm
rests flush on the panel.  The long side of
the arm should be parallel with the panel,
with the farthermost end on the condenser
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plate already assembled. The panel is
drilled to take a 4 B.A. screw and nut for
bolting the arm securely to the panel.
Fig. ¢ indicates the assembly at the
present stage.

A picce of flat mica, overlapping the fixed
plate by | in. all round, is fitted on to the
screw projection of the fixed plate. The
method of fixing the mica is to shellac one
side thoroughly, and when ncarly dry
press against the condenser plate so that
the screw end fordes its wayv through the
mica. The shellac will prevent any side-
way movement of the mica. The moving
plate is drilled to clear the screw projection,
as in Fig. 10.

When the moving plate is correctly set
over the fixed plate, the
former may be soldered to
the arm.  As the arm is
attached to the 2z B.A
screwed rod, the rotation of
the latter will cause the arm
to move nearer to or farther
from the fixed plate, thus
varying the capacity of the
condenser. A small 1 in.
condenser washer is slipped
on the end of the screwed
rod, and two more lock nuts
tightened against cach other
form stops to prevent the
arm from being screwed back
toomuch. Thetwo condenser

position is shown in Figs. 1z and 13.
The grid condenser is of fixed value,
0003 mid. being chosen in conjunction
with a 2 megohm leak.

It will be seen from the wiring diagram in
Fig. 17 that the leak is not placed straight
across the condenser. The side of the grid
leak normally connected with the aerial,
or aerial side of the rectifier, is insulated
from the condenser on this side by wrap-
ping the metal cup in a strip of thin mica
before replacing in its clip. This end of
the grid leak has a lead connected to it
going to earth or H.T. negative. The other
end of the condenser and leak are metal-
lically connected and are led straight to
the grid of the rectifying valve.

i

1
|
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plates are now connected
to the transformer primary
winding by a wire soldered
to the back plate and the
grid leg of the valve holder on the panel.
The anode valve leg is joined to the
movable plate and high-tension positive.

On the base are mounted two flange-
type valve holders and the grid leak and
condenser.  The terminals for connexion
to high- and low-tension batteries arc also
conveniently mounted on the base at the
back. The valve holders are placed in the
centre behind each other, as shown in
Iig. 10. In mounting the valve holders,
the legs are cut off flush with the bottom
of the valve holder flange and soldered wire
connexions are made to each leg before the
holder is screwed into position.

A channel will be found in the moulded
base appropriate to each leg through which
to carry the wires. Looking from the
back of the set, the grid leak and con-
denser are mounted to the base on the
right of the valve holders. A convenient

——————

DULL EMITTER SET WIRING DIAGRAM

Iig. 17. Normally one side of the grid leak scen
in the centre would be connected with the aerial
side of the rectifier. In this case that end of the
leak is insulated from the condenser and a lead
is taken to earth and the negative side of both
batteries and the filament of the rectifying
valve. Thus the ordinary combined condenser
and grid leak can be used

The wiring, which is carried out with
No. 22 gauge tinned wire covered with
2 mm. insulated sleeving, may now be
finished off, and three terminals, high-
tension positive, a common terminal for
high-tension negative and low-tension
negative, and low-tension positive terminal,
conveniently set m this order from right
to left. It is important to mark these
terminals, as a mistake in connecting-up
the batteries would probably result in
burning out the valves. The experi-
menter may choose his own method of
doing this. A simple, yet very effective
method of engraving the lettering is
explained under Crystal Sets, where a
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low-{requency dmphﬁex was ﬁttcd into the
telcphone recess of a commercially made
crystal sct (page 609). This engraving is
shown in Iigs. 12 and 13.

The complete set is now cleaned free
from dust and dirt and connected up to
the tuner by two brass connccting strips.
The valves are put in their sockets and low-
tension terminals correctly connected up.
Having ascertained that the valves light
when the filament resistance is turned,
the high-tension battery is also connected
1o its respective terminals. The plug-in
transformer must be purchased to suit
the wave-length it is desired to receive.
For DBritish broadcasting a 4oo0-metre
transformer is suitable. A distinct click
will be hecard when the telephones are
connected to their terminals at the right
of the set. Aerial and earth wires arc
connected to the left of the tuner.

On the average acrial broadcasting will
be found to come in with the contact arm
about three-quarters of dll inch from the
left of the inductance. A slight tap on
the valves should produce a ringing noise
in the telephones, which indicates that the
valves are oscillating correctly.  Failure
to hear this ringing noise usually indicates
a broken high-tension circuit, which
should be checked over again.  The high-
tension connexions may be temporarily
plugged into the sockets in the battery by
two or three bends in the wirc. When
the correct voltage has been found. the
wires may be soldered in their places, or
if wander plugs arc used, strict care must
be taken to ensure perfect electrical
contact, as failure in this respect occasions
loud noises or disturbing *“ frying ”’ sounds
in the telephones.—W. W. Whiffen.

DUMB ANTENNA or DUMB AERIAL.
Name given to an artificial, non-radiative
circuit used in transmission as a supple-
ment to the radiating aerial circuit. It
has the same frequency as the latter, and
is used to steady the load on an oscillation
generator in order to facilitate the neces-
sary *“ spacing ” when transmitting by the
Morse code.  Dots and dashes in the code
arc formed by splitting up, by mecans of
the transmitting key, the energy supplied
by the oscillation generator to the aerial
circuit.

For the *‘spaces 7 a change-over from
the aerial to the dumb aerial is made by
a special key, which is actuated electro-
magnetically from the hand key, A
circuit of this description is sometimes

used in the transmission of continuous
waves by 1neans of an arc gcneratm, and
is known as a back-shunt circuit.

DUO-LATERAL COILS. Name applied
to a particular type of inductance coil
extensively used in wireless work and
characterized by the method of winding.
These coils are very similar to the honey-
comb coils, and the methods of winding

and making them are dealt with under
that heading.

In the duo-lateral winding the wires are
s« arranged that the turns of each succes-
sive laver do not come radially above cach
other ‘as in the honeycomb coils. The
first layer is wound in a criss-cross manner,
and the second layer arranged so that the
turns of the wire are spaced midway
between the turns of the first, and succes-
sive layers are wound on in the samc
manner.

This arrangement provides an increased
spaung between the layers, as, the second
layer being staggered, there is more space
between the alternate turns than is the
case when the wire is wound so that the
turns come iminediately above cach
other.

Such a method is sometimes known as
a lattice winding, and the method is
capable of development in various ways,
as, for example, in the winding of a vario-
meter. Sce Basket Coil; Coil; Coil
Winder ; Honeycomb Coil.

DUO TERMINAL. Terminal which has
an arrangement for the clamping of two
wires simultaneously. Duo terminals may

take the form of either the binding post
or telephone type.

The former has the usual circular base
with the vertical screw projecting from it.
Between this and the milled edge clamp-
mg nut generally fitted there is another,
thinner, circular lock nut. This is also
provided with a milled edge, and is usually
of larger diameter than the top nut, to
auhtdte handling.

One wire 1s clamped between the base
and the lock nut, the second wire being
placed on top of the lock nut and finally
being clamped down tightly by the top
nut. This type of terminal is frequently
fitted to laboratory instruments.

Telephone-type duo terminals have two
holes drilled transversely through the post,
a clamping screw being fitted to each.
These have necessarily to be fitted through
the side of the post, instead of through the
top as in the case of the single-hole type.



¥

|

« & -

DUO TERMINAL

707 ) B DUPLEX TELEPHONY

The fitting 15 greatly facilitated by using
this type of terminal.

DUPLEX TELEPHONY. The term
Juplex as applied to wireless telephony
refers to systems whereby transmission
and reception may be carried on simul-
tancously, the transmission not affecting
the reception.  For instance, in a tele-

phone set working on the duplex system
it is possible to interrupt a conversation
in preciscely the same manner as with the
ordinary land-line telephony, the listener
becgming transmitter at will In the
ordinary, or simplex system, a station
recepticn  are

where transmission and

TWIN AERIAL OF DUPLEX TELEPHONY SYSTEM
Irom mast to mastabout 120 feet are represented in this diagram  The
apparatus and table are shown large for illustrating the two systems. On
the left is the transmitting gear. and on the right the receiver.

Fig. 1.

mitter is always sending out a carrier wave.

_.a5ft- T

while reception 1s in progress, with the
latter system two aerials are used, and the
transmitter is always sending out a carrier
wave. The gencral arrangement of the
twin aerial system is shown in Fig. 1.
While this shows an ideal arrangement as
regards relative disposition, exigencies of
space and the proximity ol buildings,
trees. etc., may necessitate a small
deviation from the ideal. In erecting
the aerials, however, it is advisable to
follow the plan shown in Fig. 1 as closely

as possible to obtain the best results.
Fixed wave-lengths for both stations
e

:::;i—/’,’
Receiving Aeria

/
/
// +
/
//
V4 \

The trans-

In duplex telephony a fixed

wave-length for both stations is essential, and reception and transmission can
be carried out simultaneously

carried on uses the same aerial for both
purposces, and when the operator wishes
to receive he switches off the transmitter
by means of a change-over switch.

It will be readily understood that a
real conversation cannot be carried on
under such conditions. Consider two
stations, A and B, working on the simplex
system.  Should B be transmitting to A,
it is possible that A will not undcrstand
or agree with whatever B is saying.  A’s
only method of informing B of this is to
wait until B has finished his transmission
and then change over and ask B to repeat
his statement.  The unavoidable delav
caused by this method is obvious.

The fundamental diffecrence  between
simplex and duplex working is that, while
with the former type only one acrial is
nsed and the transmitter 1s  dormant

are an esscential in duplex working, and for
purposes of explanation let us assume
that wave-lengths of 350 and 400 metres
are to be used. Each station has a trans-
mitter and receiver which controls their
respective wave-lengths.  This switch has
two positions, one being marked *‘ stand-by
wave,” and the other “call wave.” The
arrangcment of this switch is such that
il it scts the transmitter to 400 metres,
the receiver is automatically set to 350,
and vice versa.

Let us imagine now that A wishes to
call up B. Normally, both stations will
leave their switches in the stand-by
position, but as A wishes to start the
conversation, he throws his switch into
the call position. This will set his trans-
mitter to the 4o0-metre wave-length.
B’s set is meanwhile sending out a carrier
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wave of a frequency corresponding to
350 inetres, for his switch is in the stand-by
position. It will therefore be seen that
not only is B’s receiving aerial being
impressed with A's wave, the frequency
of which corresponds to 400 metres, but
he is also receiving his own carrier wave
of frequencies corresponding to 350 metres.
These two {requencies combine and form
a third-series of oscillations of a frequency
corresponding to a wave-length of 2,800
metres.  This is due to the well-known
phenomena of the heterodyvne, or beat
principle.

This third frequency 1s rectified by B's
receiver, and the speech or whatever is
passing Is reproduced in his telephones.
A similar sequence of events is meanwhile
taking place 1n A’s apparatus, the only
difference being that his receiving aerial
1s impressed with a 4oo-metre wave {rom
his own transmitter and a 350 one from
B’s. It will thus be scen that A and B

may talk separately or together at will
without cither station actually receiving
his own voice, even though his own receiv-
ing aerial is being mpressed with his own
the

modulated transmitted wave. All
advantages ol land-line
telephony from a con-
versational standpoint
are thercfore embodied
in the duplex system of
wireless,

I'rom  the foregoing
outline of the method ot
working two stations it

will be apparent that the system is readily
adaptable to multiple stations working on
the party line principle. The same pro-
cedure is followed as with two stations,
namely, the station wishing to call
throws his switch to the call position and
indicates then with which other station
he wishes to converse. The conversa-
tion may then be carried out without
further switching.

A typical commercial duplex set, illus-
trated in Figs. 2 to g, is the Marconi
Duplex set. This set, by reason of its
extreme simplicity of operation, is called
the subscriber’s set. The general arrange-
ment of the complete apparatus will be
scen by reference to Fig. 2. The trans-
mitter is seen on the left of the picture,
the receiver, with amplifiers, on the right.
The generator unit and switchboard are
in the centre, behind the very orthodox-
looking microphone fitted with its radio-
type head gear receivers.

While the whole apparatus is here
shown all closely assembled, it is by no
means essential for this to be the case in
actual practice.  Special remote control
appliances may be fitted whereby the
actual receiver and transmitter
may be placed out of the way
In any convenient position, the
only necessary apparatus on
the operator’s desk or table
being the wave switch, micro-
phone, and telephones.

The generator, which can be
supplied with the set, is shown
in Fig. 3. This is a combined,
totally enclosed unit for sup-
plving the current necessary
for the transmitter, and may
be driven Dby any power

SUBSCRIBER’S DUPLEX TELEPHONY SET, TYPE XA2

Iig. 2. A simple wireless set of this kind enables two people to communicate with one ancther in

exactly the =ame way as though they were speaking on ordinary land lines.

The microphone

and car pieces arc similar to the universal style of office table telephone combination, except that a

pair of carpicces and headband are substituted for the usual single earpiece.

The apparatus is

shown closely assembled, but in actual practice may be placed in any convenient position
Courtesy Marconi's Wireless Telegraph Co., Ltd.
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the other components more clearly. The
short, straight bus-bar connecting wires
may be noted, as well as the heavy
mnsulation around the aerial and earth
connexions, which may be clearly scen
at the top of the cabinet.

The receiver unit is  illustrated in
Figs. 7and & Fig. 7 is a view of the Iront
of the instrument. The receiver comprises
three high-frequency valves, a rectifier,
and one low-lrequency. V24 valves are
used throughout. The tuning arrange-
ments can be seen on the left-hand side
of the cabinet. Like the transmitter, they
only require an initial adjustment. The
Vig. 3. Any power available mav be used with handles “shown in  the top rlght-hapd
ll]:‘(lll.})l(‘x'tcicphrmy sct, szl a generut;);‘ of 1;1!0 compartm(:nt arp the VeI‘.Ill(‘,l‘ condenser
kind here shown'may be used for supplving current  controls. IFig. 8 Is a rear view of th.e same
o the transmitter. This is a totally cnclosed  instrument showing the various coils and
zenerator, and is used in conjunction with a the connexions. A C]Qg(g_up view of the
1 (]lStl'll)l{thI‘l h{)ar(‘l \\r‘h}C]) bn:ngs all the neeessary interior of the bottom left-hand commpart-
: connexiens to convenient terminals . . . . - :

Courtesy Marconi’s Wireless Telegraph Co., Ltd. i]}ent . Sh()\\'l] m Flg 8 is glVCH mn F]g“ 9.
=upply ~available. Should this not be 10513 the rear of the valve panel. The
3 convenient, however, batteries may be
i used.  The current from the generator

i is conducted to the dis-
tribution hoard Fig. 4. This
hoard brings all the necessary
connexions out to convenient
terminals for connexion to
the various components of
the sct. An auto cut-out
and fuses are provided, and
all  terminals,  cte., are
plainly marked for their
respective  purposes.  The
user  and  the board are
protected, the former from
shock and the latter from
nicchanical  injury, by a
strong wire mesh cage with
a hinged door.

Iig. 5 is an interior view
ol the transmitter, looking
from the front. The trans-
mitting  and  modulator
valves may be seen, with the
chokes, condensers, ete., in
position. At the top of the
cabinet, above the valves,
is the tuner, which provides
just  sufficient  adjustment
of wave-length to allow of
varying acnal sizes. \When
once sct it need never be POWER DISTRIBUTION UNIT
altered. A view of the same  YFig. 4. Detailsof tl_lcdisuibutorfor1hedupl4cx
instrmncnt, but from the tclvphony sct in F]g.% are shown. The wire

R . < guard protects the user frem shock and the
back, is shown in Fig. 6. apparatus itsell from injury
This shows the tuner and Coumtesy Marcons’s Wirelss Telegraph Co., Lid.

GENERATOR FOR DUPLEX SET

D o3 c2

3
4



I'ig. 5. Chokes, condensers, valves, and tuning coil are seen in this view of the interior of the
transmitter, secen from the front. Sufficient adjustment can be made with the tuner to allow
of difterent aerial sizes

A

Tig. 6. Another view of the interior is taken from tlie back, Tt will be ncticed that short straight
connexions are used whenever possible, and the aerizl and earth connexions are heavily insulated
Courtesy Marcony’s Wireless [elegraph Co., Ltd.

INTERIOR AND REAR VIEWS OF DUPLEX SET TRANSMITTER
770




Fig.7. Five Vg valvesare mounted on the pane' with one tﬂarm 'nt control switch. Three of these arc

high-frequenc
In the 'wht hand top corner will te

, one is rectifying, and the fifth low- frequency,  This

is a front view of the interior,

sseen the two handics for operating the vernier condensers

On the reverse side the interior shows the v

‘artous cotls and connexions.  The connecting

wires are asz short as vessible.  In the bottom left-hand compartment the rear of the valve panel

cannot be actually scen, as the haseboard through which the leads arc taken mtorvenea A

phntoumph of the contents of this compartment is given in Fig. ¢
Courtesy Marcont’s Wireless Telegraph Co., Ltd.

RECEIVING UNIT OF THE DUPLEX TELEPHONY SET

71




Fig. 9. TLaid on its face is the panel,
with V24 valve holders, and uppermost
are the components behind the valves.
The high- and low-frequency trans-
formers can be seen and the heavy
filament resistance. The front of the
panel is seen in Fig. 7

)

Tig. 10. Known as the XPI set, the com-
plete duplex telephony apparatus is here
seen with its various units assembled.

A hand microphone is attached in this

case, but a table combination recciv-

ing and sending set as in Fig. 1o may
be used

Fig. 11. - Both reception and trarsmission are possible with the duplex telephony set, and o
table microphone with lift-off double earpieces can be used for conversation two ways. Once the
apparatus is tuncd-in all that is required of the operator is to switch on and lift off the receivers

DUPLEX TELEPHONY SET COMPLETE AND DETAILS

Courtesy Marconi’s Wireless Telegraph Co., Ltd.
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high-frequency and low-frequency trans-
formers are  clearly shown. Note the
heavy filament resistance, which controls
the filament temperature of all the valves.
Fally, Fig. 10 is a photograph of the
only apparatus which the operator has to
handle. A clear exposition of the switch
control is given on the right.  The sim-

plicity of working of the whole apparatus
may be gathered from this picture.

XPI RECEIVER

Fig. 12 One of the units of the duplex telephony
set is the four-valve receiver. This is designed
to work on wavc-lengths of 160 to 260 metres
Courtesy Marconi’s Wireless Telegraph Co., Lid.

The set just described, given a gead
acrial, has a normal dependable range
of 43 miles. .\ simpler and less costly
sct, which can be obtained to work on
either the simplex or duplex system, is
Hlustrated in Figs. 10, 12, and 13. The
complete apparatus is shown in Fig. 10.
In this picture will be seen the receiver,
transmitter, battery boxes, accumulator,
cte.  Each unit is of the very simplest
character, the whole station being designed
for wse by people having no wireless
knowledge. Separate illus-
trations of the receiver and
transmitter are given in
Tligs. 12 and 13 respectively.
The set 1s designed to utilize
wave-lengths of 190 to 200
metres when arranged to
work  on  the duplex
system.  Sce Transmission.
-—R. B. Hurton.

DUTCH METAL. An
alloy of copper and zinc,
technically forming one of
the brasses. The proportion
ol copper is high, ranging

DUPLEX TELEPHONY TRANSMITTER

Fig. 13. Wireless knowledge is not necessary in order to make use

of this apparatus. The transmitter of the complete set shown in

iig. 1118 shown here, and is of very simple design. The microphone

plug is inserted in the sockets in the front centre at the hottom
Courtesy Marcond’s Wircless Telcgraph Co., Lid.

frem 7775 to 84-5 per cent,
and the colour of the alloy
varies from pale to dark
yellow according to the
proportions of copper used.
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It is much used as a substitute for gold
leaf, and its only use in wireless is for
ornamental purposes.

DUTCH VALVE. Name given to a tvpe
of soft rectifying valve. The Dutch valve
i1s very similar in appearance to the
Mullard “ Ora” and the Ediswan A. R.
valve, but shorter in length and larger
in  diameter than these two wvalves.
A feature of this valve iz its low
vacuum, which makes it specially

suitable for rectifi-

i cation purposes, but

I\ of little use for

s either high- or low-

frequency amplifi-
cation.

DWYER’S ARC.
Form of arc oscilla-
tion gencrator due
to H. P. Dwyer, and
patented by him in
the United States of
America in 1912
The Dwyer arc was
tested In America
in 1910. The tests
were carried out
between San Fran-
cisco and Los An-
geles, a distance of
ncarly 500 miles,
and gave excellent
telephonic  results.
A copper positive
clectrode and an
aluminium negative

DUTCH VALVE
Soft Dutch valves of  glectrode are used.

this type are specially PR -
suitable for rectification Both ‘.u% L,O(.)ltfd by
purposes the circulation of

liquid through them
at a low temperature. The complete
apparatus is immersed in alcohol to keep
the temperature within reasonable limits.
A stream of alcohol is forced through the
hollow copper electrode - into  the arc
space in a manner similar to that used in
the Morctti arc (9.v.). The Dwver method,
however,  gives stronger. and  steadier
oscillations than the Moretti arc.

DYKE AND FLEMING BRIDGE. A
variation of the Wien capacity bridge
due to G. B. Dyke and J. A Fleming. By
mcans of the bridge the capacity ot a
condenser may be calculated when such a
condenser 1s being used in wireless circuits.
The figure shows the form of the bridge.
C, and C; are two air condensers variable

in capacity, whose conductance may be

neglected. C, is another variable air
condenser connected to a non-inductive
resistance, R, and C, is a fixed condense:
connected across a grid leak, S, of known
resistance. The bridge circuit i3 joined
across through a telephone The ends of
the bridge arms Cz and C,R are connected
to a source of alternating current.

When the impedances of the four arms
ot the bridge are in proportion there will
be no sound in the telephones. The
cquations determining this condition are :

S/Cip=pC,R
and C,/C4 = C;/C, + RS
where p = 2r times the frequency of the
alternating current. The solution of these
equations gives the separate values of
S and C; in terms of C,, C; C, and R
when p is known.

DYNAMIC EQUATOR. Name given to
an irregular curve drawn through the
point of each magnctic meridian on the
carth’s surface where the magnetic in-
tensity is the least. See Magnetism.

s\ //, "‘\\\ % 3
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DYKE AND FLEMING CAPACITY BRIDGE
Condensers used in wireless circuits may have
their capacity calculated by a variation of the
Wien capacity bridge. A theoretical circuit
diagram 1s given of this bridge, which is due to
Dyke and Fleming
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HOW IT IS MADE & HOW IT WORKS

Details of the Standard Types of Dynamo, Fully Illustrated

In this section a complete description is given of the way a dynamo, one of the most

useful electrical machines, works, with
The article should be read

practical hints on its handling and care.
in conjunction wirth such articles as Generator, and
cognate articles, as Electricity, Fiux, Magnetism, should be consulted.

See also

Influence Machine; Frequency Changer

A dyvnamo is a machine for converting
mechanical into  electrical  encrgy by
clectro-magnetic induction.  All dynamo-
clectric machines are commercial applica-
tions of Faraday’s discovery of induced
currents in 1831, however disguised thev
may be in external  form.  Dynamos
may be divided broadly into two classes,
alternating and direct current machines.

The former are more often known as
generators, and both types are cmploved
in wircless.  The direct current dynamo
15 the most common method of charging
accumulators, and it is in this connexion
that the dynamo is largely used by the ex-
perimenter.  Methods of charging accumu-
lators by means of a dynamo, together

- .

Sparking Plug—* )

X Cylinder
a ) WaterJacket

Main

Piston ?
Bearings

i
Throttle ¥4

Crank
Shart

Governor
Gear

Carburetter ~gg

with circuit diagrams, are given under the
heading Accumulator in this Encyclopedia.

The alternating  current machine is
extensively used in transmitting stations
lor generation of high-frequency currents,
and mayv also be used when necessary
for charging accumulators or other pur-
pose where a unidirectional current
required, provided a Noden valve or
other type of rectifier is included in the
circuit.  Charging from an alternating
current supply, using various types of
rectifier, is described on page 16. ‘

The main essentials of a dynamo are the
armature (g.v.), with commutator and
field magnets, and a means of rotating the
armature relative to the field agnets.

13

»

Flywheel .

flanged Coupling

Lubricator field Magnet

& Winding
Commutator
Cover

Armature

Ball
Bearing

SECTIONAL DIAGRAM OF A LALLEY LIGHT DIRECT.COUPLED DYNAMO
Direct current dynamos are frequently used for charging accumulators. This is a
dynamo, dircctly coupled to a single cylinder two-stroke

-
IS

Lalley 300/750 watt direct current

engine on the left. A section of the flywheel appears between.

All parts are shown in section

Courtesy Studebaker, 1.td.
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These are shown clearly in Fig. 1, from
which a comprehension of the relative
location of these parts may be obtained.

The figure shows a sectional illustration
of the Lalley light gencrating set. This
consists of a single cylinder two-stroke
petrol engine seen on the left of the illus-
tration and directly coupled to a 500-750
watt direct current dynamo. Between
them is seen a section of the flvwheel.

The engine, which is of the water-
cooled pattern, i1s a unit in itself, and is
bolted sccurely to a large cast-iron bed,
a part of which acts as an oil reservoir.
Lubrication of the moving parts is effected
by means of a mechanically actuated
pump. The engine shaft, mounted on
ball bearings, has an oil-retaining device,
consisting of a drum having a series of
grooves around its circumierence. This
is essential to prevent oil {rom reaching
the wires of the dynamo, where its presence
would cause deterioration of the insula-
tion. The engine is governor-controlled,
and this feature, combined with a massive
flywheel, gives the set a very even speed.
On the side of the flywheel nearer the
dynamo is fitted a series of vanes arranged
to form a fan for cooling the dynamo.
The dynamo shaft is also mounted on
ball Dbearings, and is connected to the
cngine shaft by means of a flange keyed
to the end of the armature shaft and then
bolted to a flange on the flywheel.

Home Charging and Lighting Set

The commutator, which is hidden in
the illustration bv the casing of the
machine, is mounted on the armature shaft
on the right of Fig. 1. The armature
is of the drum-wound tvpc, having a
retaining band across the wires to prevent
them from flying out by centrifugal force.

An installation of this type is very
suitable for house lighting and charging
purposes. It is ¢ssential that the form
of power used for driving the dynamo
should be capablé of attaining the revolu-
tions the latter requires, and a convenient
method of transmitting - power running
at a lower speed than the required dynamo
speed is to use a belt transmission with a
larger pulley on the engine shaft than
the dynamo pulley.

Thus lor a dynamo to function, the
armature must be revolved rapidly be-
tween the poles of the fickl magnets.
The nature of the current generated will
depend largely on the system upon which

the machine is wired. There are three
methods adopted in wiring direct current
dvnamos, known as sertes, shunt, and
compound winding.

In series winding the armature, field
magnets, and the external circuit are all
in series, which arrangement is suitable
where the speed of the dynamo and the
loading or resistance of the external
circuit is constant. Where these factors
vary the shunt or compound-wound
machines are more suited to the work.

The field inagnets of the former are wound
with many turns of finer wire, giving them
a higher resistance than the field magnets
o’ the series  tvpe. This comparatively
high resistance ot the fields enables them
to be shunted across the armature wind-
ings. The external circuit is also shunted
across the armature. Shunt-wound dy-
namos are by far the most suitable for
accumulator charging, as in the event of
the dynamo {failing to excite the polarity
o the field magnets is not reversed.

How the Compound-Wound Dynamo is Built

The compound-wound dynamo is a
combination of both series and shunt
tvpes, and is most often found in large
machines.

The practical direct current generator
consists essentially of two main parts,
the field magnets and the armature. In
the majority of machines, such as the
Crypto (seen in Fig. 2), the ficld magnets
are stationary and provide a magnetic
flux in which the armature revolves.
Two or more poles are provided for the
field magnets, which arc arranged alter-
nately north and south. In practical
work four or more poles are usual, made
of soft iron. - They are either cast integral
with the dvnamo yoke or body, or cast
in special-iron and bolted on afterwards.
The body has a triple purpose—one, to
support the ‘poles, two, to support the
armature bearings, and three, to provide

- a path of low reluctance for the magnetic

circuit. .

The armature bearings carry a rigid
shaft, to which is clamped a cylindrical
mass of soft iron composed of laminae
and known as armature stampings (g.v.),
i which a series of longitudinal slots are
arranged.  Insulated copper wires are laid
inside these slots, and are connected to a
commutator placed on one end of the
shaft.  Suitable collecting gear is attached
to the body on this side, and usually
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consists of carbon or copper gauze brushes
as described under the heading Brushes
and Brush Holders.

When the armature is revolved by
external means a  fechble current i3
generated in it owing to a certain amount
of residual magnetism in the field
magnets.  This current is built up by
further incrcases of magnetic flux until
the maximum lines of force for the par-
ticular speed at which the machine is
running are reached. In the case of the
series machine no excitation occurs until
the external circuit has been completed.

For accumulator charging a dynamo
should be chosen having at least six, or
preferably  cight, commutator scgments,
as the fewer the segments the more pul-

~sating will be the resulting current, and an

accumulator will not be properly charged
if the current is seriously intermittent.
Many methods are adopted for driving
dynamos, which largely depend on the
size of the machine and the purpose for
which it is required.  Where current is
generated in large quantities, it is usual
to coupic the generator direct to a triple-
expansion steam  cngine or oil engine.
Direct coupling is also used to convert one
form of clectrical energy to another, and
in this case an alternating motor may
be directly coupled to a direct current
dynamo. Another instance of
direct-coupled dynamo is the
booster (g.r.), which is largely
used in electrical power stations.
Small dynamos (as in Fig. 3)
suitable for the experimenter's

use can conveniently be driven by a small
gas, steam or oil engine, the power being
transmitted by means of a flat belt. If the
dynamo is to be used for lighting purposes.
care should be taken to use a form of
power having an even torque, otherwise
a " Jerky ' motion will be transmitted
to the lamps, resulting in a fluctuating
light. This may be avoided if accumu-
lators arc used and the power used for
charging them up.

The dynamo should be securely bolted
down to a concrete bed and care taken
to line it up correctly to the form of
power used.  Where shafting is already
in use for driving machinery, the dynamo
is readily driven by a belt from a flat
pulley on the shalt, which will be found
to be the best and cheapest method of
driving it. It is inadvisable to use a
short belt, neither is it good practice to
run the belt in a vertical position. An
uphill drive at an angle of about 45°
is best.

The speed at which a dynamo is driven
is an important factor on which the
efficiency and safety of the machine
largely depends.  The table on the follow-
ing page will be found of use in ascertain-
ing the correct speed at which a machine
should be run.  Failure to reach the speed
for which the machine is designed to run
results In considerable
inefficiency and loss of
output, while an excess
may result in overheat-
ing or in the windings
being burned right out.

@ le

5 KW. DIRECT CURRENT GENERATOR WITH INTERPOLES

Fig. 2. Dissembled and arranged for inspection are the parts which make

up a 5 kw. generator.

This is a Crypto direct current generator.  The armature, complete with cocling fan, is seen in
the centre of the fereground, with the voke, containing poles and interpoles, immediately behind.
To the left is one bearing support, with brush rocker attached.  On the extreme lcft is the terminal
box, and on the right the other end plate
Courtesy Cryplo Electrical Co., Ltd.
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EXAMPLES OF DYNAMOS FOR AMATEUR WIRELESS STATIOMS

Fig. 3 (left),
semi-enciosed machine, with termi

Ior experimental purposes a dynamo of this kind may be used. This consists of a
2t box mounted on top.

A slightly crowned pulley is used in

conjunction with a tlat belt for transmission of power.  Fig. 4 (right). ‘A bipolar dynamo for house

4

lighting and battery charging is illustrated.

Cotrteny Generel

CORRECT DYNAMO SPEEDS.
Diameter of Armature Speed Revolution
m inches per nunute,

1 4,000
15 3800
1) 3,300
1y 3,C00
2 2,800
2! 2,700
21 2. 6060
b3 2.500
A 2,400
1y N

Je2 2,250
4 2,150
A 1,500

—
>
1

After the dynamo has been running for
a period ol fifteen minutes it should be
stopped and the hand placed on  the
windings to ascertain that it has not been
overheating,

A trouble prevalent with dynamos, un-
less periodic attention is given. is spark-
g at the collecting brushes.  Sparking
uwsually takes one or two forms. A small
white spark or series of sparks usually
mdicates that the commutator requires
cleaning.  This spark i3 not serions, and
will probably disappear when the commu-
tator has been cleaned.

-\ more serious kind of sparking is shown
by a vivid green arcing at the brushes.
When this occurs the dynamo should e
stopped at once.  The greenness of the
spark indicates that the copper segiments
of the commutator are being burned, and

e

The output at 750 r.p.m. is 730 watts

i

lectric Co., Ltd.

1l this is allowed to continue considerable
damage may be done.  Green sparking is
sometimes caused by frayed edges to the
gauze brushes, by uneven wear to the
brushes or their incorrect adjustment.

The most convenient way to clean a
commutator is to procure a flat stick
ol dry hardwood and wrap a piece of
soit rag round one end. A\ piece of F.F.
enwery paper is wrapped over the rag, the
whole being bound to the stick with a
picce ol string.  The stick is now rested
against the dvnamo in a convenient posi-
tion so that the rounded edge of the emery
paper touches the comimutator.  The stick
1z held towards the direction of rotation
of the commutator while the machine is
being rotated.

It the emery paper is not sufficiently
wide to cover the width of the com-
mutator it should be carefully moved
along, taking care not to make a groove.
Should the commutator squeak when
running, the smallest trace of lubricating
otl may be applied when cleaning. This
trouble may be obviated by decreasing
the pressure on the brushes or on any
particular brush with too much tension.

It cleaning the commutator fails to
ciieek the sparking, the collecting brushes
should be taken out for inspection. It
sometimes happens, especially with carbon
brushes, that a glazed surface occurs on
the side of contact with the commutator.
This may be removed by putting the

[
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brush in a vice and removing the glazed
portion with a picce of emery paper.
Care should be taken not to rub the brush
out of shape or another cause of sparking
will result; or the emery paper can be
placed face up on the commutator beneath
the brush and the commutator rocked to
and fro.

With dynamos the correct tension of
the brushes is a matter of importance, .\
good method of sccuring this tension in
small machines is to insert a voltmeter
in the external circuit.  The tension of the
brushes may now be varied, with the
object of sccuring the least pressure

OVERTYPE CHARGING MACHINE WITH EIGHT-POLE ARMATURE

n._ . DYNAMC

In Figs. 3 and 4 are seen two com-
mercial types of dynamo suitable for
house lighting and battery charging. Both
machines are made by the General Electric
Company. The dynamo illustrated in
Fig. 3is a 11 kilowatt generator supplying
a voltage of 25 at 730 revolutions per
minute, requiring about 3 horse-power.

Fig. 4 illustrates a $ kilowatt machine,
driven also at 750 revolutions per minute.
This machine is bi-polar, and is shown with
one brush removed. A flange on the free
end of the armature spindle is used for
direct coupling to a petrol engine or similar
form of high-speed engine.

Iig. 5. Without scriously heating, this dynamo will deliver 5 to 6 amperes for fairly long periods.

The machine is shunt-wound and designed to give 23 velts a2t 1,500 r.p.m.  Fields are brought

to the two terminals scen toward the front of the terminal board, so that a ficld rheostat can be
conveniently connected in this way

consistent with the maintenance of voltage
and freedom from sparking.

A commutator in good condition should
be flat throughout its length, but in time
it will be found to wear hollow in the
centre.  Providing it has not worn un-
evenly, this does not matter much if the
brushes arc also worn to fit. With a
commutator worn in this wayv, sparking
will occur if the armature swavs irom
side to side. This usually indicates a
slack belt. If the belt is taken up a
little, trouble from this cause will dis-
appear.

Many types of dynamos have ring-oiler
lubrication, and when oiling up it should
be noted that the oil overflow pipe is free
from obstruction.

The dynamo illustrated in Fig. 5 is an
“overtype ” charging machine with an
cight-pole armature. The machine is
shunt-wound, the fields being brought to
two terminals so that they may be con-
veniently connected to a field rheostat.
The field terminals are seen towards the
front of the terminal board.

The dynamo is designed to give 25 volts
at 1,500 revolutions per minute, and will
deliver 5 to 0 amperes for fairly long
periods  without  serious  overheating.
Copper gauze brushes on an adjustable
rocker are fitted. In order to prevent
undue wear on the commutator, the shaft
is allowed about |} in. end play in the
bearings. This allows it to move about
longitudinally (which it does do if a fairly
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long belt 1s used for driving),
and thus distributes the brush
wear on the commutator.

It is often desired to know
the horse-power required to
drive a dynamo of a given
size, and this may be ascer-
tained 1n  the  following
manner. The voltage and
amperage of the machine in
question are multiplied toge-
ther and the product divided
by 746, which number of
watts 1s taken as the standard
of clectrical horsc-power. A
small margin of 5 to 10 per
cent may  be added for
mechanical losses and  elec-
trical  incfficiency.  Large
dynamos are found to be
rather more  efficient than
smaller ones, and will often return as much
as 95 1o g8 per cent in clectrical power of
the mechanical energy expended on them.
See Generator.

EXTERNAL VIEW OF DYNAPHONE

Fig. 1. Outwardly the appearvance of the dyna-
phunc 15 very much the same as ordinary tcle-
phones.  The chief difference is the hole in the
back, which corresponds with that in the ebenite
car-cap, the purpose of which is to reduce the
air-cushioning effects ou the diaphragm
Courtesy Radio Communicalion Co., Ltd.

Earpiece Coil

Diaphraqm Permanent _Ebonife
Magnet Earpwce CaP
|

DYNAPHONE COMPONENTS
Ilig. 2. Parts of a1 dynaphone arranged in the order in which
they arc assembled. Both permanent magnet and windings are
of a special type, and the receiver works on electro-dynamic
principles instearl of electro-magnetic

(o trtesy Radio Communication Co., Ltd.

DYNAMOMETER. Device for measur
ing; force or power. The term is ex-
tensively used for many different kinds of
measuring instruments, but it is better
confined to those instruments used for
mcasuring the horse-power of engines.
In electrical work the electro-dynamo-
meter is another term for a wattmeter.
Sec Electro-dynamometer ; Wattmeter.

DYNAPHONE. The dvnaphone is a
tvpe of telephone receiver in  which
raclical departures from standard practice
have been made. An external view of
the dynaphone double headgear receiver
is given in I'ig. 1. Externally the dyna-
p shone differs from the ordinary telephone
in that there is a hole m the rear of the
receiver case.  This hole is of the same
diameter as that in the ebonite ear-cap.
The headband used is made of aluminium
throughout and is very light in weight.
Adjustment for different-sized heads is
provided by sliding the tailpiece of the
fork which holds the earpiece through
a hole. A knurled screw is fitted for
clamping the tailpiece in position, when
final dd]ustment has been made.

Fig. 2 shows the five components of
the dynaphone dis-assembled, but in their
correct relative disposition. It will be
noted that the ecarpiece casing is split
through one side ; and an annular groove
1s madc all round inside, to take the
recetver coil. This coil, which is of
circular formation wound upon a former,
is, for a telephone winding, of very large
dimensions.  Owing to this large diameter
a  heavier gauvge wire for the same

L
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DYNATRON

resistance may be used. Furthermore,
ample space for impregnating the coil i3
automatically provided. The Radio Com-
munication Co., L.td., who are the manu-
facturers, claim that owing to this con-
struction there is very little likelihood
of the individual turns short-circuiting,
or the insulation burning out under heavy
work on high voltages. The diaphragm
is quite a normal component, being
made of a special grade of iron for the
purpose.

The magnet, which is clamped between
the diaphragm and the cbonite casing,
is of the same size as the coil and practi-
cally the same shape. This also is splir
through one side in the manner indicated
in the -photograph. A screwed ebonite
cap is used to clamp the five components
together and to form the ecarpicee.

I'rom the construction embodied in
this receiver it will be apparent that an
clectro-dynamic cffect is produced.  The
name of the instrument is, of course,
derived from this effect. In reality the
whole receiver becomes a  transformer,
wherein the winding forms the primary,
and the diaphragm itsclf the sccondary.
The eddy currents which are produced
in the diaphragm, and which are a replica
of the current in the windings, are un-
affected by any magnetic circuit, for this
is practically non-existent, duc to the
fact that the magnet is not in itself a closed
circuit.  Again due to the slotted magnet.
no cddy currents of any consequence
form therein, their flow being prevented

The vibration of the diaphragm is pro-
duced by the magnetic flux from the
permanent  magnet  reacting  with  the
currents in the diaphragm.  The magnetic
pull is distributed evenly over an arca

of about onc-third of the diaphragn's
~diameter, which 15 claimed to be an

advantage over the comparatively small
arca pull of the usual pole-picces of the
more orthodox telephone receiver.  Air-
cushioning effcct on the diaphragm is
reduced by having an open air-zpace on
both sides of it.

DYNATRON. A thermionic device,
similar in construction to an ordinary
valve, but possessing a negative resistance
which enables it to produce continuou-
oscillations such as are reguired jor C.W,
transmission.

The dynatron consists of three clectrodes
enclosed in an evacuated globe, the first
being a filament, usually a spiral of fine

tungsten wire. The second electrode—
the anode—may also be a spiral of thicker
wire, or a perforated metal cylinder. The
third electrode, known as the plate or
“target,” is a plain metal cylinder, con-
taining in its internal circuit a condenser
and an inductance which determine the
frequency of the oscillations generated.

A low-tension battery heats the filament,
another battery applying a high positive
potential to the spiral forming the anode.
Now, if a conductor be placed in close
proximity to a filament emitting a stream
of electrons under these conditions, elec-
trons striking the surface of the conductor
mix with the clectrons of the latter, and,
if the conductor is maintained at a steady
potential with rcspect to the filament,
there will be a flow of current along the
external circuit. But it is necessary to
impart to the primary electrons—those
emanating from the filament—sufficient
velocity to enable them by their impact
to knock secondary electrons off the sur-
face of the conductor, in this case the third
electrode, the plate or *‘ target.”

The plate receives its potential either
from a third battery or from a tapping off
that supplying the anode. In Fig. 1 the
threc electrodes of the dynatron and their
sources of potential supply are shown.

The electrons are, in the first instance,
sucked from the filament by the anode,
and some pass along the anode circuit ;
others through the spiral or perforations
of the anode to the plate, whence they pass
along the plate circuit. But secondary
emission, or the knocking off of secondary

A — | T
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DYNATRON CIRCUIT

Ilig. 1. Sources of potential supply and the
three clectrodes are shown in this diagram.
There is no grid  The three electrodes consist
of filament, spiral or cylindrical anode and a
cylindrical ““ target”” or plate. The plate re-
cerves its potental from a separate battery
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clectrons from the plate, docs not occur
until the voltage of the plate has been
raised sufficiently to give the impinging
primary clectrons the requisite velocity.
It 33 now the turn of the anode to attract
the sccondary clectrons, with the result
that  the sccond current thus formed
in the plate circuit is in the opposite
dircction to that of the origmal flow of
primary clectrons,

A characteristic curve {or the dynatron is
shown in Fig. 2. The part A B of the curve
15 explained by DL Alcase as representing
the increasing current in the plate circuit.
Irom B to Cshows a lessening of current,
until at C as many secondary clectrons are
released as there are primary clectrons
received, and there is zero current in the
plate cireuit.

The portion C to 1D shows the increase in
the number of secondary clectrons knocked
oft the plate, and the growing value of the
reverse current. At the point ), however,
the potential of the plate Las <o closcly
approached that of the anode that the
Jatter begins to lose its power ol attraction
for the sccondary clectrons. At the puint
12 the number of secondary electrons which
have leit the plate never to return has
again beconie equal to the number of
primary  clectrons  received,
and the net current i3 again
20TO,

Continuous oscillations are
set up in the plate circuit
by suitably  adjusting  the

Current in the
Cylinder Circurt

f«<— =
>

. \

Voltage applied
lo Sp’/qra/ 'Dnode

CHARACTERISTIC CURVE OF DYNATRON
Figo 20 Incrcasing current is represented by the
portion A B3, and from I3 to C a les<ening, € D
shows the growing value of reverse current, At
the point I the anade begins to Tose its poewer

of attraction for sccondary oh ctrons

EARTH

mitial voltage applied to the plate. These
oscillations, after their frequency has been
adjusted by means of a condenser and
inductance in the external plate circuit,
can be transferred inductively to a trans-
mitting acrial in the ordinary way. The
dynatron may also be used as a detector,
or as a current or voltage amplifier, but
its value in this connexion is not sufficiently
marked to indicate any likelihood of ifs
general use.  See Magnetron.

DYNE. Unit of force, which, applied to
a mass of one gramme, produces an
acceleration of one centimetre per second
every second. It is the unit of force in
the C.G.S. system. The dyne is very
nearly equal to the force with which the
carth attracts a weight of one milligramme
at sca level See Erg; Joule; Units.

E"‘
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EAR PADS. Name given to a flexible
deviee adapted to be placed on a telephone
receiver to relieve the pressure on the ears
of a listener. A well-known example is

illustrated and shows the characteristic
appearance of a tyvpe made in moulded
In use ear pads

and vulcanized rubber.

SORBO EAR PADS

arpivecs of the beadphones f a wircless receiver may be made
©comfortable by the addition of these Hexible devices, which

rebeve the pressure upon the ears

mprove the acoustic qualities and are
very comfortable, especially when  the
m=strument 35 m use for lengthy periods.
For Dhvgienic  reasons they should be
cleansed oceasionally by washing in warm
vater.

EARTH. Expression used to refer to
the actual certh itself, and in an clectrical
sense to that side of a circuit which is
comnected to the carth. The expression is
also sometinies used in elcetrical work to
describe an absolute short cireuit.

[he carth plays a very important part
m o wircless work, It Tis conveniently
considered as the return side of a circuit
wlhich commences ot the generator of a
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transmitting station, continues through
the apparatus, thence through the ether,
and is intercepted by the aerial of the
receiving set.  The current flows through
the receiving set and thence to earth, and
so back to the station from which it
started. While this is not a technically
accurate or complete explanation, it serves
to emphasize the fact that to the experi-
menter the earth, and the connexions
therewith, are as important as the aerial.
It must also be remembered that water
acts as a conductor and therefore is a good
carth, and in the case of a ship the earth
return 1s made through the sea water.
There are in practice two classes of earth :
first, those that make actual contact with
the ground or water, and secondly, those
which are deliberately insulated trom it,
as in the case of a counterpoise carth

(g.).
The Standard Water.Pipe Earth

The former are by far the most numerous
and in general the type adopted in
amateur sets. Fortunately, a perfectly
good carth is made by means of the
domestic water pipes. This is because
the pipes are made of metal which is a
conductor ot clectricity, and the water in
the pipes is likewise a fair conductor.

When there is any choice in the matter
it is best to connect the wire irom the
receiving set to @ water pipe buried in
the earth and directly connected to
the water mains.  This s because the
numerous joints in the pipes that are
fitted in the house may be poor conductors,
due to the usc of paint to make them water-
tight or to the natural oxidation between
the surfaces of the joints, Such bad
places would seriously interfere with the
passage of the high-frequency currents,
and the resistance of the earth connexions
would be high.

With such a staudard arrangement the
receiving set becomes, as it were, the
diclectric of a huge condenser, the aerial
acting as onc plate and the earth as the
other.

A good connexion to earth is obviously
vital. In large transmitting stations the
carth arrangements call for great care, and
are often effected with a number of earth
plates {g.v.), disposed in a large circle
measuring many hundreds of feet in
diameter, and interconnected with the
carth lead by wires of approprinte size.
In smaller amateur stations the efficiency

of the earth is just as important, and may
be accomplished on similar lines or by the
use of iron pipes driven into the ground,
bv burying metallic receptacles, such as

a large cistern, and filling it with broken
((01\0 Cmders. charcoal, or similar material,

Quaiities that should be sought for in
the design of en earth are to reduce the
dielectric losses, and to reduce the resist-
ance to a minimum. To reduce resistance
losses the whole of the earth wires must
be adequate in size, and as a rough
practical guide it is safe to make the
area of the earth leads twice the area of
the aerial. For example, if a single wire
aerial made with 7/22 stranded wire
is employed, the earth leads should be the
equivalent of two wires each of #/22
strands. If a single wire is used the earth
leads should not be less than No. 16 gauge,
and two such wires are preferable.

The length of the earth lead should be
as short as possible, to reduce the ohmic
resistance, and as high-frequency currents
are being dealt with, the use of stranded
wire 1s preferable, as this offers less
impedance to their passage. It is also
desirable to have several such leads in
parallel, as this tends to a more uniform
distribution of the current. Another
reason for a short earth lead is that by
this ~he receiving or transmitting set is
brought as near to the antinode of current
in the circuit as is possible.

Importance of Short Earth Lead

For amateur purposes a short lead may
be taken as one that is not over ¢ feet
in length, measured from the receiving
set to the point of contact with the earth,
It has been observed in a particular
receiving set that the signal strength is
greatly diminizhed when the set 1s removed
from the vicinity of a window adjacent
to the aerial and earth leads, to the
opposite side of a room. This loss is
largely attributable to the dielectric
losses set up in the neighbourhood of the
earth wires by the presence of the walls,
with a consequent loss of signal strength.

These losses are best eliminated by
keeping.the earth lead as short as possible,
alwavs well insulating it, and as far as
possible isolating it from the surface of
walls and the like.

The reduction of resistance losses
between the actual earth plates and the
soil is an Important matter, and is largely
affected by local surroundings. When
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the plates are embedded in a moist soil
the electrical connexion between the plate
and the ground is generally cffective, but
m dry Jocations it is often a good plan
to embed the carth plate in a cavity dug
mn the ground and filled with broken coke,
cinders, charcoal, and anv materials that
keep damp or naturally attract dampness.

Another plan is to embed two or three
long stranded copper wires in shallow
trenches dug just below the surface of the
carth parallel to and as ncarly heneath
the acrial as is possible, terminating each
wire at a galvanized iron or zine plate, et
vertically in - a hole filled with danip-
attracting material. It is partly {or these
reasons that the water-pipe svstem of the
dwelling house becomes cffective as an
carth.

Gas pipes ought not to be used as an
carth, as it is contrary to the requirements
ol various fire insurance interests. From
the clectrical point of view there is little
i favour of the gas pipes as an carth, as
by the methods of jointing in practice
the joints are almost insulated, and the
resistance is therefore likely 1o be verv
high. The other important item to be
considered in arranging the carth is to
reduce the diclectric losses, and this may
be attained when the diclectric is as nearly
perfect as possible,

Substitutes for the Standard Earth

To obtain this result an ideal diclectric
would transmit all the clectro-magnetic
strains  without occasioning any loss in
the process.  In this respect o counter-
poisc carth would appear to offer great
possibilitics, especiallv in view of  the
results acliieved some vears wgo by the
Lodge-Muirhead system.

When a good buried carth is not fcasible
a fairly efficient - substitute is ‘to lay a
roll of galvanized iron wire netting on
the surface of the ground beneath the
acrial and peg it to the ground or other-
wise secure it in place.  The carth wire
15 bolted or preterably soldered to it in
several places.  Whatever the arrange-
ment of the buried carth, it is desirable
to keep the carth lead short, as if it is long
it may have a natural oscillation {requency
approximating to the wave-length of the
acrial, and thereby act as a type of rejector
circuit or loop and offer a high impedance
to the current flowing in the aerial circuit.

When an outdoor aerial is possible
and the carth connexions appear to offer

difficulties, the trouble can be overcome
m some cases by the use of a Ducon
adaptor plugged into an electric light
circuit.  This results in a form of capacity
earth, but is not suitable for transmitting
purposes, as trouble may occur in the
lighting circuit due to the high-frequency
currents employed.  When this type of
carth is used a separate earth will have
to be provided to enable the aerial to be
carthed during a thunderstorm.

The expression earth in regard to a loop
or {rame aerial 1s more a matter of con-
venlence than a statement of fact.  Such
aerials virtually combine the functions of
the aerial and the carth, the receiving
set being placed between them, as the
two ends of the windings are customarily
connected to the aerial and earth terminals
of the sct respectively,

How Transformers Should Be Earthed

The carthing of parts of a receiving or
transmitting set, as well as in some forms
ot wircless apparatus, is a convenient
means of relieving local potential differ-
ences 1n that circuit.  For example, in
a transiormer the sccondary windings are
irequently earthed at the centre because
the core and the case are generally carthed,
and should an earth leakage occur in the
windings the centre part of the second-
arv - windings would ~ be excessively
strained. Normally, they are subjected
to one-half the maximum voltage above
and below earth potential or zero.  Should
« partial breakdown occur this proportion
would be altered, and the terminal on the
lcaking side of the transformer would he
automatically fixed at ecarth potential,
and the other terminal and the windings
be subjected to the full maximum pressure
alternations above and below zero poten-
tial.  This s obviated by earthing the
centre ol the windings.

‘The metaliic parts of wireless apparatus
arc often earthed to provide a path of
low resistance for stray and eddy currents
set up within them when their presence is
undesirable.~—E. W. Hobbs.

EARTH ARRESTER. An carth
arrester may be defined as an automatic
change-over switch. Tts use has been
confined principally to spark transmitter-
receiver stations, both for land and
marine work.

Ifig. 1 shows a typical Marconi earth
arrester. It consists essentially of two
metal plates, separated by a piece of
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EARTH CLIP

EXAMPLE OF EARTH ARRESTER
Iig. 1. This form of earth arrester consists
essentially of two metal plates sevarated by
mica, and is used chiefly for spark transmission
and  reception
Courtesy Marconi’s Wireless Telegraph Co., Ltd.

niica about o1 in.in thickness.  As will Le
scen from the illustration, the top plate is
much smaller than the lower one. The
mica separator is slightly smaller than
the top plate; this 15 shown in  the
scctional drawing in IFig. 2. The nut and
screw shown in the centre hold all three
components together, but are insnlated
from both clectrodes by a heavv
cbonite bushing.  The methods of

The receiver then is quite normally
conuected, it having the aerial and earth
directly connected to it.  The high-
tension current of the transmitter is
casily able to jump the one-hundredth
of an inch betwecn the two plates of the
arrester. This current jump takes the
torm of a spark over the edge of the top
plate, and in this manner the transmitter
current runs to carth without any serious
losses being incurred.

[t will be gathered, therefore, that
by the use of this device no other change-
over switch is necessary, for both instru-
ments arc always connected to the aerial,
and an efficient method of allowing the
transmitter currents to reach earth is
provided without it interfering with the
receiver.

EARTH CAPACITY. Term
used for the capacity between
the plates of a condenser and
the earth. The reading of a
variable condenser often
affected Dby the
capacity  duc  to

15

attaching the wires to the plates s
by terminal tags, this being clearly -
shown in the photograph. Farth

Fig. 3 1s a circuit diagram [Arrester
showing the application of the
arrester in a spark station,  Onlv
thes connexions  necessary  are
shown, the others being omitted
for the sake of clearness. It will

Top Plate
~—Mica

7000000

Transmitter

L LT

CONNEXIONS OF

Bottam
Flate

be seen that the top plate is cont-
mon to the aeral side of both the
transmitter and the recceiver; in
fact, with this arrangement the
transmitter tuner forms part of

oI

N
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iz, 3. Only the
7 carth arrester con-
t nexions are included

in  this diagram,

H Receiver el s o i
the receiver tuner.  The bottom which  shows “how
) | ~—— the device is ar-
plate ol the arrester is connected h—— rangedin the gencral

straight to carth, the carth side
ot the receiver onlv being connected to it.
T'here 15 no direct metallic carth  con-
nexion to the transmitter.
Ebonrte

SECTIONAL DIAGRAM OF EARTH ARRESTER
Iig. =, AllL three components are held together
by the nut and bolt in the centre. Heavy
chonite bushing insulates these from the two
clectrodes
Courtesy Marcon?’s Wirveless Lelearaph ¢ o, L4,

D 103

principles of a typi-
cal spark station

the earth or surrounding objects. All
variable condensers, especially in any case
those of small capacity, should be enclosed
in crder to obtain accurate results. See
Capacity; Condenser.

EARTH CLIP. Name used to describe
a large number of variously shaped fittings
adapted for use as a means of connecting
the carth wire from a circuit to some
metallic object used as an carth.  In this
connexion most of the fittings suitable for
amateur use are adapted to clamp on to

D2
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a water pipe. The type shown in Fiz. 1
comprises  two prong-like plates bolted
together with a single bolt and nut. In

1

PRONG-TYPE EARTH CLIP
Fig. 1. In this form of carth clip two prong-
like plates are bolted together to clip round a
water pipe. The connecting wire is fastened
under the nut

use they are placed around a water pipe
and the nut is then tightened. The wire
is placed under the nut and the whole
makes a perfect connexion.

COPPER STRAP EARTH CLIP

Fig. 2. Both ends of a copper strap are pierced

to it on to the ears of a brass block. By

tightening the screw passing through the block

the strap can be tightened round a water pipe
Courtesy Economic Electric Co,

Another pattern, illustrated in Fig. 2,
consists of a copper strap pierced at its
end and adapted to encircle the pipe.
A block of brass is provided with a set-
screw which, when tightened, draws the

THREE CLIPS FOR MAKING EARTH CONNEXIONS

Fig. 3. To the left and right are plain copper earth clips which bolt on to a pipe and have the

connexions soldered to them. In the centre a pierced metal strap is passed twice round a pipe

and tightened by a small fiynut and T-headed bolt
Courtesv Will Day, Ltd.

strap closely into contact with the water
pipe. This is carried out by slipping the:
ears on the metal block into the slot in
the end of the strap and then tightening
the set-screw with a screwdriver. Con-
nexion is afterwards made by tightening
the knuvrled nut on to the wire.

A more eleborate arrangement is illus-
trated in Fig. 3, and consists of a pierced
metal strap, which is passed twice around
the water pipe and tightened by means
of the small flynut and T-headed
bolt.  To the right and left of this fitting,
shown in Tiz. 3, are two plain copper
earth clips which simply bolt on to the
pipe and have the earth connexion
soldered to them. It is important with
all this class of clip to be sure that the
pipe is filed or sandpapered to reveal
a bare metallic surface, and that the clip
itself be perfectly clean when it is fixed

‘in 1ts place.

EARTH CONNEXION. Expression used
to describe a variety of points of contact
made between the conductor forming part
of the aerial circuit of a receiving set and
sone metallic object suitably in contact
with the earth itself. The amateur will
find that for all ordinary purposes a
water pipe fcrms an excellent means of
connexion between the set and earth,
and may be used successfully, especially
in cases where the pipes are located below
the level of the receiving set.

A most important item in any earth
connexion is that the wire conductor shall
make a good metallic connexion with the
pipe or carth plate (¢.v.) to which it is
attached. Probably the simplest method
is that illustrated in Fig 1, where the
conducting wire is twisted several times

-
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around a brass water-tap and soldered
thereto.  The object in connecting it to
the brass tap is that the brass can gener-
ally be cleaned easily, and the soldering
i facilitated.  Moreover, it is the best
point of connexion, as the local resistance
is far less than would be the case if the
wire were directly attached to the ron
pipe. It is imperative that the wire be
soldered in place.

When it is not feasible to attacl, the Wire
to a tap in this manner, the method
illustrated in Fig. 2 can be adopted, and
a simple wavy of effecting a good connexion

EARTH CONNEXION TO TAP
Fig. 1. Connexion can be made to a brass
water tap in this wav. Tt is important that the
tap should be cleaned where the contact is made
and the connexion soldered.  This is one of the
simplest forms of carth connexion

is to use a picee of brass strip about 2 in.
i length, $ . in breadth, and ¥ in.
i thickness. Two holes are drilled and
tapped at the end of this strip  and
provided with set-serews. The conducting
wire is then bent tightlv around the
water pipe and the plate in the manner
illustrated, and afterwards the SCrews are
tightened up, thercby bringing the wire
into firm contact with the pipe.

This method can be used when for any
reason it is impracticable to solder the
wire to the pipe itself, as, for Instance,
when only a temporary  attachment s
to be made, but in all cases it is necessary
that the wire and the pipe be seraped

787 EARTH CQNNEX(QL\{

PIPE AS EARTH CONNEXION

Iig. 2. Bound round the pipe is the earth lead

from the wireless set. A bicce of brass strip,
drifled and tapped at both ends, is laid between
the prpe and the turns of wire.  Set-screws are
then inserted in the holes and screwed up,
bringing the wire in tight contact with the Pipe

:
[
§

;
;

BURIED TUBE EARTH CONNEXION
LFig. 3. Almost buried is a length of galvanized
iron pip>. A terminal is attached to a screw,
which is passed through the pipe, end the earth
wire is attached or detached us required.  This
is a simple means of making contact when water
pipes are not available
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clean and bright so that a proper metallic
connexion is made.  Should the pipe
be dirty or rusty it acts as a partal
inculator.

When there are no water pipes available
a practicable plan is to take a ¢ood lenuth
of large diamcter galvanized iron pipe,
bore a hole in the ground with the aid
of a crowbur or pitch-bar, and drive the
pipe well down into it, leaving a snall
part projecting at the top, a- shown in
Fig. 3. To ensure a good connexion a
brass screw can be passed right through
the pipe and should screw into a tapped
hele and be locked in place with o lock
nut.  Connexion is then effected by twist-
ing the carth wire around the scrow,
sccuring it with a terminal nut and makmg
a perfect connexion by soldering it.

EARTH CURRENT. As its name im-
plies, an carth current is a current of
electricity present in  the carth. The
arth may be regarded electrically as one
large conductor of very low resistance.
While the resistance of a small portion of
the carth’s crust may be of a high order,
the resistance of the whole is 0 low
that for most clectrical purposes it is
negligible.  The only resistance likelv to
be felt is in actually making contact with
the carth.

From the point of view of the wireless
worker it is unfortunate that all electrical
plant and machinery must necessarily be
arthed.  The Board of Trade specifies
that all electrical apparatus such as con-
duits, motors, dynamos, and the like, must
be earthed by a stout copper wire. The
reason for this is that it is essential to
prevent shock and fire. If the insulation
of the windings of a motor were faulty its
potential might easily be raised to the
potential of the mains. It would, there-
fore, follow that if that motor Lody wag
not earthed, a heavy shock would be
caused to anyone touching it.  The carth-
ing of the motor body causes the potential
to fall to that of the earth itsclf and as
no potential difference would then exist
between the machine and earth, no shock
could occur.  One kind of earth current is
therefore caused by this protective carth-
ing system.

Electric tramways and railways very
often have one side of their power supply
arthed, the overhead wire or centre rail
being one side of the circuit and the
running rails the other. This, again, 1s
another cause of carth current.

The presence of these currents may
easily be detected in the following manner :
Sink two earthed plates as far apart as is
conveniently possible.  Connect them in
series with a pair of high-resistance
tclephones.  Immediately on completing
the circuit a click will be heard, followed
by continuous rumblings and crackling
noises.  Should the person trying this
experiment live ncar a railway or tramway
system, 1t i¢ often the case that he can
detect the movement of these vehicles by
the intensitv of the clicks at different
periods of time.

It frequently happens that when using a
wircless receiver, loud rumbles, clicks, etc.,
can be heard in the telephones. These
noises are very often put down to bad
connexions, faulty insulation, or H.T.
supply ; but they will often be found to
cease when the carth wire is disconnected.
In large factory arcas these currents are
a great nuisance to the listener-in,
especially during the daytime.  Moreover,
it is a nuisance which is very difficult, and
frequently impossible, to cure. Occasion-
ally it will be found that using an earth
m a different location will" partially
relieve the interruptions, for different
carths appear to lend themselves particu-
larly to certain local currents.

EARTH PLATE. Flat metallic conduc-

tor of relatively large arca embedded in,

the earth to act as the terminal of the
carth system of a wireless set. In large
installations carth plates arc very impor-
tant, and call for considerable care in
design.  As the amateur is called upon to
deal with small currents, it is very impor-
tant that the carth plates be of adequate
size and properly placed, relative to the
set and to the geographical surroundings.

The illustration Fig. 1 shows a rectangu-
lar plate of copper and a seven-strand
copper conductor leading to it.  To ensure
pertect metallic connexion, the last 6 in. or
so of the conductor are untwisted and
spread out fan-wise.  Each end is soldered
securely to the copper plate, as is the
stranded conductor itself.

The size of the plate will be governed by
various conditions, and the larger the
apparatus the more important becomes the
sizc of the earth plate. But for the
experimenter a commercial-sized sheet of
copper, which mcasures about 3 {t. by 2 ft.
and about No. 16 gauge, should answer all
requirements.  Such a plate must be
buried in the earth in a vertical position
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EARTH WIRE AND EARTH PLATE
Attached to a rectangular copper plate

Fgo1.

by means of solder are the seven separated

strands of a stranded copper wire,  The wire is

untwisted at a point about the midd'e of the
plate

wnd preferably 3 ft. to 4 {t. deep, somewhat
m the manner illustrated in Fig. 2, which
shows o copper plate embedded in a hole
m the carth and the stranded conductor
leading away from it.

It 1s desirable to select a damp placc in
which to embed the plate. In ground that
Is naturally dry several plates mayv be
necessary 5 and it 1s often desirable to
cmbed  the plates in mould, sand, or
other soft material which has o natural
tendency  to retain moisture.  Various
proprictary devices are made and adapted
to retain a quantity of moist carth. In
one example such a container is conical
in shape and  has the carth lead at-
tached to the apex of the cone on the
mside and the whole embedded in moist
material. A good, damp and efficient
carth greatly assists the efficiency of a
receiving set,

In general, the resistance of an carth
contact is largely dependent on the curface
arca.  Conscquently, it is best to err on the
side of using large plates. A regular
arrangement of large commercial stations
consists of a number of rectangular zinc
plates embedded vertically in the ground
and connected to the ecarth side of the
apparatus by large stranded conductors,

The carth end of this is connected by
radial wires to the zine plates. The plates
are arranged in the form of a circle, and
from them other wires extend outwards
under the ground, somctimes to several
hundreds of feet in length.

L , _EARTH RETURN

Another extensively used method is to
drive a number of pipes into the ground,
arranging them in a large circle and
connecting by radial wires.  See Aerial.

EARTH RETURN. Earth return is the
name given to the method adopted in all
branches of electrical engineering of using
the carth itsell as the connexion to onc
pole of anv source of supply of electricity.
It is frequently inconvenient and more
costly to have w0 have two or more wires
running from the source of supplv to
the apparatus or which that supply is
mtended.

Taking an extreme case, consider the
Atlantic cable.  If an earth return was not
used in this instance, over three thousand
more miles of cable than are at present
hecessary would have to be put into
service ; and the risk of failure, either
through fracture of the conductor itself or
of insulation breakdown, would be doubled.

The resistance of the line would also be
tremendously increased, for three thousand
miles of the carth’s surface is of far lese
clectrical resistance than a similar dis-
tance of the comparatively minute cross-
sectional area of copper in the cable.

e, £
4{" 2

BURIED EARTH PLATE

Fig. 2. About 3 ft. by 2 ft. of copper sheet, with
the carth wire soldered to it, is placed in &
hole at a depth of about 3 ft. or 4 tt. from the
ground surface
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Again, the construction of various
electrical plant and appliances [requently
necessitates an carth return.  In the case
ol clectric railways, for instance, where
either a third rail or an overhead wire is
used, the running track forms the return
conductor to the power station.  This
system, then, is an carth return, for no
attempt is made, or indeed necessary, to
msulate the running track from the earth.

The whole of the land-line telephone
system is provided with ‘an carth return to
cvery instrument. The wires leading from
the telephones to the carths may alwavs
be scen.  They are invariably of base
copper, the carth connexion itself being
usually made to the nearest main water
pipe.

In wircless work, although reception
and transmission may be effected without
the use of an carth connexion, the latter
1s undoubtedly a great help to efficiency.
By the aid of a good earth connexion or
return, reception over considerably greater
distances may be obtained than without.
This means cconomy in power input in
the form of amplifiers.

EARTH SWITCH. XNuame of a switch
adapted for or employed in the aerial
circuit, and generally to connect the acrial
lead-in wire to the carth lead when the
sct 1s not in use, and to connect the earth
lead to the carth side of the recciving set
when it 1s in operation.

Numerous proprietary makes of earth
switch are available, varying in size and
design of some  specific points. The
experimenter using a small set with the
ordinary type of P.M.G. aerial can readily
construct an efficient device from odd
material.  The useful pattern illustrated
in Fig. 1 consists of an ebonite base,
3 in. in length, 2 in. in width, and } in. or
more in thickness. At one end of this is
fitted a terminal to support and act as a
pivot for the metallic contact arm. The
latter has at its outer end an ebonite
insulating handle,

Two other terminals are fitted to the
opposite end of the base, and to them are
attached copper contact plates, with one
or other of which contact may be made
by moving the lever from one side to
the other.  The components of this switch
are shown scparately in Fig. 3, which
shows, on the left, two of the terminals,
in the centre the ebonite base and the two
copper contact plates, and on the right
the contact arm and the third terminal.

The first step is to cut the ebonite base
to the shape, true it up and drill five holes,
and tap them with the same size threads
as thosc on the terminals, which may be
ordinary standard pattern. The contact
arm is simplv a piece of brass or copper
strip 1 in. wide, 14 in. thick, and 3 in.
in length. One end is rounded off, and a
hole drilled through it so that it can turn
easily on the terminal screw. The other
end is tapered.

A block of ebonite is then sawn to shape
and neatly filed up to act as a handle, and
may measurce I in. in length and 1 in.
m breadth. Two small holes are then
drilled in the smaller end, and the tapered
end of the brass strip is warmed in the
flarne of a blow-lamp, or otherwise. The
ebenite handle is held in a horizontal
position in a vice and the heated end of
the contact arm pressed well into it.
The arm should be grasped with a pair of
strong pliers or a small hand vice.

It may be necessary to reheat the arm
once or twice to enable it to be forced
well into the ebonite, and when it is
sufficiently embedded it should be left free
to cool off, when the ebonite will contract,
and the whole will form a neat and effec-
tive joint. The ebonite may finally be
polished and the contact arm cleaned up
with very fine emery paper.

How the Switch is Used

The contact plates are made from sheet
copper, about No. 20 gauge, and are first
cut to the shape of the letter L. The arm
is drilled to receive the terminal screws,
and the other end is folded over, as shown
in the illustrations, to form a spring
contact. They are then mounted in
position on the base in the manner shown
mn Iig. 2, and secured in position by
tightening the terminal nuts. The lever
s placed over the remaining contact screw,
and when moved from side to side should
slip easily and freely between the spring

jaws of the contact. v

Cne way in which this switch can be
used is clearly illustrated in Fig. 4, which
shows the aerial wire leading from the
terrminal on the lead-in tube to the under-
side of the contact arm terminal, One
well-insulated wire is taken from one of
the terminals on the contact plates to the
acrial terminal on the tuner or receiving
set.  From the other contact terminal
one wire goes direct to earth and the other
to the ecarth terminal of the set



Atype of carth switch which the amateur may readily make with simple tools and material
Fig. 2. Terminals and contact plates are mounted together, the legs of the
When the nuts on the nnderside of the terminals are tightened
the plates are secure.  Fig. 3. Components of the switch in Fig. 1 laid out to show the parts that
are required. Note the shape of the contact strips, giving a firm, springy contact. The base
is of cbonite. Fig. 4. In this photograph will be seen the pousition in relation te a receiving set

Tig. 1.
is here illustrated.
terminals picrcing the plates.

which the earth switch occupies. Fig. 5. Alternatively, the earth switch may be housed outside,
as shown here. Fig. 6. How the blacde slotted.  Fig. 7. Another form of carth switch consists

of a blade and boss on an ebonite base with terminals

AMATEUR.-MADE EARTH SWITCHES AND HOW TO USE THEM
791
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When the switch is placed in the left-
hand position the current flows through
the acrial to the receiving set, and thence
to the other terminal on the contact plate,
and so to carth. When the switch is
moved to the right, any current set up in
the acrial flows from the aerial direct to
carth, and it is in this position that the
switch should be placed whenever the
receiving set is not in use.

Fig. 7 shows a simple fortn of carth
switch for external use which is quickly
made by the amateur and which will
prove very cfficient in practice.

A picce of ebonite, not less than } in.
thick, by 2} in. wide, is prepured.  This
may be scen in Fig. 6. In the centre is
fitted a large telephone terminal.  On the
centre line and 2} in. to the left of the
centre terminal is fitted another terminal.
The third terminal shown in Fig. 7 is 3 in.
to the right of the centre termiinal.

A picce of stout paper is cut about
1 in. in width, and in one end of it a hole
is made of sufficient diameter to be an
casy fit upon the central terminal screw.
This strip is temporarily fitted in place,
and is then swung round to the left and
right and notched so that it will slip over
each of the side terminals in turn. This
acts as a template for the cutting of the

copper switch arm shown in Fig. 6. The
notches are purposely made so that they
do not com: opposite one another and
thereby weaken the arm. A small circular
wooden handle may be screwed to one end
of this arm or, preferably, an ebonite knob
is ftted.

The switcly is conveniently mounted out
ol doors in an open-fronted box, as shown
in Fig. 5. The various leads arc clearly
shown.  The aerial lead comes in through
a tube on the near side and the wire to the
set in the house through another insulated
tube on the opposite side of the box. The
carth lead comes out through a hole in the
bottom without being insulated. The
insulating tubes may be of ebonite, glass
or porcelain, or brown paper. In the latter
case the paper should be wound round a
pencil till the walls are at least an eighth
of an inch thick, bound with cotton, and
boiled in paraffin wax.

The wiring is as {ollows: The aerial is
fastened to the centre terminal, the left-
hand terminal to the receiving set, and the
right-hand terminal to the carth. A
scparate earth is connected to the receiving
sct. The lead to the earth, shown in
Fig. 5, should be as short as possible, and
should be at least as heavy gauge wire as
the combined aerial wires,

EBONITE: HOW TO WORK & USE IT

Practical Information on a Material Essential in Wireless Work, Fully Illustrated

Here the characteristics of one of the most important materials used in wireless

construction are described and all the methods of working it, cutting, drilling,

turning, filing, etc., demonstrated with action photographs.  See also such articles
as Drills and Drilling; Filing; Lathe, etc.

A form of vulcanite, composed largely
of rubber and sulphur, thoroughly mixed
and vulcanized at a temperature of some
150° C. for sceveral hours. Tt is black in
colour, hard, and makes a most useful
insulating material for wircless purposes.

There are several grades of ebonite, and
the composition also varies. That most
suited to wireless work is even in texture,
homogencous, and frec from anv trace of
metallic particles and foreign matters that
have a tendency to reducc the insulation
value.

The specific inductive capacity of ebon-
ite varies from 2-2 to 315, according to the
nature of the material under test.

Ebonite is capable of taking a high
polish when required, but this is not a
desirable feature for any wircless work
where high-frequency currents have to be

dealt with, as there is a surface leakage,
which is prevented or minimized by
matting or very slightly roughening the
surface.

IEbonite is capable of being readily
moulded in course of manufacture, as it
can be worked in a plastic state and com-
pressed into moulds prior to vulcanization,
and afterwards the material is found to be
solid and durable. If made in metal
moulds of appropriate design and having
a sufficiently smooth surface, the resulting
article will be smooth enough to be ser-
viceable without any subsequent machin-
ing. Consequently a great number of
components are made in this way for
wireless purposes—the rotor and stator of a
variometer are examples, as are the bases
of some small condensers and the bases
of many switches. In the common use of
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the word, ebonite includes many inferior
mixtures, some with a considerable ad-
mixture of mineral matter., Generally they
are marketed under a trade name, but are
often spoken of as cbonite.

The experimenter will mostly be con-
cerned with cbonite in the manufactured
state, as it is not practicable for the home
constructor to mix the ingredients and
vulcanize them, as it necessitates a con-
siderable plant to do the work properly.

The only possible plan is to usc the so-
called dental cbonite or vuleanite, obtain-
able in the plastic state and known as
dental rubber.  This can be pressed into
plaster of paris moulds, placed in « flask
or mectal container, and vulcanized in
a small dental vulcanizer. With small
objects this is possible, but costly. The
time required for vulcanization varies,
but as a basis an article taking about
3 oz. of rubber would require vulean-
izing for an hour or thercabouts. The
method might be useful under some cir-
cumstances, such as arise when the ex-
perimenter has to make a special part
for a new sect.

In the commercial state cbonite is ob-
tainable in the form of sheets ranging from
75 1n. thick upwards, and also in the form
of rods and strips of various shapes. The
round rods and rectangular strips are the
most serviceable, as well as the tubes,
which are made from about } in. diameter
upwards.

Hints for Working Ebonite

The sheets are employed extensively for
the panels of wireless sets and tfor all
manner of small parts used in the con-
struction of components. The tubes are
uscful as insulation for lead-in wires, and
as bushes for other conductors. The
larger sizes of tube are extensively em-
ployed as formers for winding inductance
coils.

The methods of machining ebonite vary
somewhat according to the nature of the
sample being worked on at the time, but
assuming a good specimen, the following
notes will serve as a basis.

The important fact with ebonite to
remember is that it s manufactured by a
heat treatment and at a low temperature,
consequently whatever the process of
working, it must take this into account.
When the work is to be carried out with
turning or other tools, it is important to
avoid overheating, or the sulphur will be
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released and the surface badly pitted as a
consequence. On the other hand, much
can be done by the application of heat.
For example, a sheet of ebonite, if well
heated over the escaping steam from a
kettle, will speedily become pliable and
can then be bent to simple curved shapes.

One use for this treatment is in the
construction of o tube for a former. This
can be made in emergency from a thin
sheet of the material, cut to slightly over
the correct length and wide enough to bend
to the desired diameter circle.  The sheet
13 simply heated in steam or boiling water
and bent around a pre-heated wood former,
the whole rapidily wound with tape and
allowed to remain in the heat for a minute
or two to relieve all internal stresses, and
then permitted to cool off slowly.  When
cold the tube will be stiff and rigid, and
only require smoothing with a file or sand-
paper.

How to Mark and Drill Holes

LEbonite is a peculiar material in that it
15 casily worked and is capable of taking a
high polish, at the same time it is difficult
to finish in a clean and workmanlike
manner unless due regard be paid to the
nature of the material. To obtain a good
finish it is generally necessary to have a
high cutting speed and a slow feed. The
latter is especially important, as if the tool
15 used too rapidly the material will heat
and the cutting edge be blunted.

Probably the first operation to be
undertaken by the experimenter is the
drilling of holes in ebonite. To do this
effectively it is first necessary to mark the
centre for the hole and make a small
depression with a centre-punch exactly
at that centre. This is accomplished by
holding the punch upright, with the
pointed end pressed firmly on the centre
and stiiking a blow with a light hammer
fair and square on the top of the punch.
Too much force must not be exerted or
the cbonite will be cracked. Only suffi-
cient pressure is needed to make a shallow
depression in the surface.

The point of the drill is started in the
centre pop, as this depression is called,
and provided a suitable drill be employed
and the drill stock be held upright, a per-
fect hele should result. It is impossible
to drive a screw into ebonite successfully
without first drilling a hole, nor is it
practical to attempt to make holes without
a drill and a hand drill stock or machine
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of some sort. fllc drills may be the
ordinary twist and straight-fluted varieties
sold for cngincers’ use, but they must be
perfectly sharp and well ground, with
accurately  formed  cutting  cdges and
angles.

The drill should be run ar as fast a
speed as possible, and only very lightly
fed into the work.  The use of a th‘“‘ll“
machince or a lathe i1s a distinet advantage,
espectadly for such purposes as the con-
struction of small bushes, which can be
made from cbonite rod chucked in the
lathe by a three-jawed chuck, as shown in
Iig. 1, and the drill held in a drill chuck
held in the tail stock.  Here, again, a
high speed for the work and a slow,
regular feed for the drill is an essential.
The drill can be Jubricated with turpen-
tine should it exhibit any tondency to
overheat.

Cutting Large Holes In Ebonite

Large holes can be cut in c¢bonite with
the aid of an expansion bit, as illustrated
in Iig. 3. This bit comprises a centre
which s virtually a small twist drill,
and  upon it is located an  adjustable
cutter, which is locked in anv position
by means of a thumb-screw.  The cutter
should be adffisted so that it describes
a circle of the desired size. The picce of
cbonite to be drilled is_ then lield in the
vice or supported on blocks on the beneh,
or in anv firm and convenient manner,
and the centre of the hole marked with a
centre-punch and the drill rotated steadilv
and cvenly. When the cutter has drilled
its way through about half the thickness
of the cbonite, the material should be
turned over and the hole completed by
working from the other side.

When a larger diameter hole is required,
bevond the capacity of the expansion bit,
a convenient method is to mount the plate
ol ¢bonite on the face plate of o lathe by
st fixing to the face plate a block of
wood, pldll( «l up true and flat on both
surfaces and ol a uniform  thickness.
The ebonite is serewed to the face of this
block with three or four screws passed
through the waste material. The  top
side of the shide rest is then set over, and
the parting tool used in the manner
llustrated in Fig. 2

The lathe is then set in motion and the
tool gradually fed into the cut, when it will
speedily remove the centre portion. The
latter may Dbe used as thetop of a

condenser, a rheostat graduated  dial,
or turncd to some other useful purpose.
The same method, it is clear, may be
adopted for producing disks as for pro-
ducing holes of a lurge diameter.

The most convenient way of cutting
up cbonite is with the aid of a band
saw or a small circular saw, driven cither
by power or treadle.  Several small lathes
are made with a circular saw attachment,
such as that illustrated (Fig. 5), and in prac-
tice a small slitting saw with fine teeth, or
adapted for wood cutting, will cut through
cbonite at a good speed. The saw should
be rotated towards the operator, and the
feeding up of the ebonite regulated uc-
covding to the cut. This can be judged
by noting the performance of the saw.
It the saw has a tendency to jam and stick,
the ebonite 15 being pressed forwards too
vigorously.  When operated properly the
saw  should cut with a clean, ripping
sound and the chips be passed freely
from it.

A powerful fretsaw is another useful
tool for cutting ebonite sheet, especially
in curved shapes, such, for example, as
the end plate of a variable condenser,
seen in Fig. 4. In this case the tool is
nmanipulated exactly as for cutting wood,
except that the work cannot be pressed
quite so vigorously. The saw must be
kept at its greatest tension, and the
pressure exerted according to the style
of chips produced. When the saw cuts
properly, all is well and the work may
progress, but when the blade shows a
tendency to stick it may be over-heated,
the teeth may be worn, or, more probably,
the ebonite is being twisted or pressed
sideways, thus jamming the blade.

The Best Method for Sheet Cutting

By far the bulk of the cutting of ebonite
sheets for  experimental purposes  and
amateur use is in the nature of straight
cuts, and this can most conveniently be
cffected with the aid of the ordinary
hack-saw. The work is gr asped firmly
in the vice, interposing soft lead clamps
or pieces of leather between the jaws of the
vice and the cbonite, so that the latter is
not scratched or damaged. A good clear
line should be scratched on the cbonite,
and, if desired, may be filled with chalk
to act as a guide during the cutting opera-
tion. This is clearly Shown in Iig. 6.

In cases where the depth of the cut is
greater than the space between the saw



Fig. 1. Ebonite rod in the chuck on the head stock of
a lathe, the chuck on the tail stock holding «w drill.
{ By this mecans an ebonite bush is made to any Jimen-
sion desired.  The drill should be driven at high speed
and fod slowly into the work

Iig. 2. Mounted on the face plate of the lathe is a
sheet of cbonite, and the centre is being cut out to
make a disk

Fig. 3. Large holes arec made in
cbonite by using an expansion bit
in this manner. Note how the work
is held in the vice with lead clamps
1o prevent injury

Fig. 4. Ebonite components of various shapes Fig. 5. Sheets of ebonite can be rapidly sawn
and sizes can be cut to shape with a hand o1 to the desired lengths by means of a small
mechanical fret-saw circular saw

THE BEST METHODS FOR DRILLING, SAWING AND TURNING EBONITE
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blade and the back of the frame, the saw
Is set over at right angles to the frame
and manipulated at right angles to the
blade instcad of vertically. It 1s desirable
to use a finc-toothed saw and to keep it
well  tenstoned.  When  the  teeth are
blunted, substitute a new one, as a sharp-
toothed saw 1s essential for  cutting
cbonite rapidly.  The blunt blades should
be preserved and used for cutting iron and
steel, when they will be found in excellent
condition for that work.

In some types of condenser and other
apparatus used in wireless, lines are re-
quired on an cbonite plate, and these also
may be produced with a hacksaw, by
manipulating 1t in the manner illustrated
in Iig. 8. In such work it 15 nccessary
first to start the cut by holding a batten
or straight edge as a guide to the saw
blade.  This may be sccured to the bench
with two small clamps, or in any con-
venlent manner, according to the nature
of the work.  The saw 1s then worked to
and fro, using only a very short stroke of,
say, an inch or so in length, keeping the
blade perfectly flat on the work, by main-
taining an cven pressure at cach end of
the frame. When cutting a tube it is
best to support it with a wooden liner or
former, as shown in Fig. 7, as this prevents
the tube breaking, and cnables 1t to be
held in the vice without difficulty.

Files to Use on Ebonite

After a sheet has been cut to shape the
cdges will be rough and exhibit the saw
cuts. Thesc will have to be removed
with a file (g.v.) and the surface worked
up true. The files used mav be those
employed for metal work, and should
preferably have a fairly coarsc cut, such
as a rough file for the commencement, and
a smooth or second cut for the finishing
work. A cabinet rasp is also usetul as a
quick and eftective remover of material.

All files should be grasped by the
finger and thumb of the left hand near to
the tip of the file, the right hand being
cmployed in grasping the handle, the
genceral position being as shown in Fig. o,
where a light cut 1s being taken across the
top edgc of a panel.

When any heavy filing is to be done, the
work should be backed up with a piece of
wood grasped in the vice and held at the
back of the panel or other object, to cnable
it to withstand the action of the file and
obviate the risk of the cbonite cracking
or breaking.

To ensure a smooth and true surface
the edge ought to be tested with a steel
or other straight edge, and the filing
governed accordingly, removing the high
parts and avoiding the low ones until the
whole is straight and true. A fine finish
15 imparted by manipulation of an
engineer’s steel scraper, as shown in Fig. 10.
The tool is used with a scraping action by
drawing it along on the surface of the work-
with the blade inclined at a small angle
to it, thus removing a very small shaving
and enabling a pertect fit to be made, as
one plece can be scraped away until it
fits accurately to another. :

How to Shape Curved Surfaces

The scraper 1s particularly valuable for
the shaping of curved surfaces on moulded
work, and also on sheet work. In this
casc the filing is accomplished with a
halt-round file or with a round file,
according to the sharpness of the curves.
The tile is used in the same way, but with
a sweeping motion, so that the file passes
at an angle across the edge being filed, as
shown in lig. 11. The use of a little
French chalk is sometimes an advantage
if the file appears to be clogging. Another
lubricant that can be used for tine work is
turpentine.

For wireless work the surface of
ebonite should be well matted, as the
glossy skin is very often hygroscopic,
which would result in considerable surtace
leakages.  Very often during the manu-
facture of ebonite minute particles of
tinfoil or other metallic substances are left
on the surtace of the material, and these
may cause leakage of high-frequency
currents.

It possible, the ebonite should be bought
already matted, and the slight increase in
cost is usually well worth while, as the
professional methods of sand-blasting
give a very pleasing effect. Ebonite may
best be matted by fastening the sheet
ricidly so that both hands are free, as in
IFig. 12, to applv the pressure required.
It the sheet is small it may be clamped in
the jaws of a vice, care bélng taken to
insert a piece of rag or cardboard over the
vice jaws to prevent the edges from damage.
2\ sheet too large to go in a vice may be
held on a flat bench between two shallow
strips of wood nailed down at either end,
so that the ebonite is a tight push-in fit.

A pad of fairly fine emery paper is
now rubbed over the surface ot the panel
in one direction only. The direction ot



Fig. 6. IEbonite pancls may be cut to size with a -
hack-saw. A line is cut and filled with chalk as Ejo 7

. ; . . 8- 7
a guide, the panel being held vertically in a vice 5 wooden

Fig. 8. Taid flat on the bench is the ebonite plate,
and the operator is cutting a long grocve as a
guide

the file is

Iig. 10, An engincer’s steel scraper mav be used Fig. 11.
for making the edges smooth and true instead of half-roun
a file.  Note how the scraper is held

Tubes are best cut with a hack-saw, us

. must be taken to fill the inside of the tube com-
pletely and not to screw up the vice too tightly

Fig. 9. Edges of the ebonite panel are filed after
cutting {o make them flat and true. Note how

be applied, and the uccuracy of the filing should

Curved sha

% e

ing
liner as a support for the tube. Care

held. Too great a pressure should not

be checked with a set square

s may be made by using a
d file.  French chalk is used to prevent
the file from becoming clogged

HOW EBONITE PLATE AND TUBES ARE CUT AND FILED
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rubbing should correspond with the normal
horizontal attitude ot the cbonite when in
the position it will occupy in the set. In
the casce of a panel lying horizontally on
the top of a cabinet the rubbing should be
done in a direction parallel with the {ront
ot the table where the set is placed.  The
rubbing, which should be done with fairly
slow, heavy strokes to get a maximum
cffect with a minimum of etfort, should be
continued until all the glossiness has
disappeared.

A finer grade of paper, preferably a
nearly worn-out picce ot FIF paper, is now
1ubbed over the surface in the same direc-
tion as before.  This will obliterate the
scratches  of the coarser paper. 11 a
superfine linish 1s required the panel may
be treated with brickdust or =imilar tine
abrasive  powder.  Fig. 13 shows the
method of rubbing down a small panel of
cbonite held on the bench with one hand.
This method may be used where the panel
issmall. Tor large work it is an advantage
to wrap the emery paper round a wood or
cork block.

A pleasing effect is obtamed by darken-
g the chontte with lubricating oil, but it
this 1s adopted, care should be taken to
rub off all traces afterwards, as the
slightly sticky surtace will attract dust,
to the detriment of the efficiency ot the
set.

Ebonite Engraving for the Amateur

The appcarance of a set 13 consider-
ably  improved by the addition of
engraving when carefully done. A suit-
able tool, known as a graver or burin,
may Dbe bought or made from a small
piece of steel filed to a fine V-shape at one
end. The point ol this instrument is
pressed  into  the c¢bonite, and should
follow the course desired, previously
marked out with a scriber.  Fig. 14 shows
this operation.  The method ot operating
this tool 1s to rock it slightly from side to
side, using a scraper cffect rather than a
distinet cut. After the engraving has
been completed it may be filled in with
chalk. .\ more lasting cffect is obtained
by using white cnamel, but it has the
disadvantage of being more ditficult to
apply.  Chalk may be rubbed in from the
solid stick and the surplus rubbed off. as
shown m Fig. 15, with a clean rag.

Where it 15 desired to have a high polish
on cbonite objects, such as condenser
dials, a pohshing mop run at « high speed

in a lathe or polishing head is used. Such
a mop 1s seen in Fig. 16, where the opera-
tion ot polishing @ condenser dial 15 in
progress. A\ uselul abrasive powder may
be made by using rottenstone and oil or
brickdust and water. Tripoli may also
be used.  Care should be taken to use the
powder wet, and not to run the bob at a
speed at which the water s liable to by
thrown off, unless some provision is made
to prevent it soaking the operator. Care
must be taken to keep all the edges sharp
and  clean, as a slightly rubbed and
reunded edge is detrimental to a good
finish.

Tools Required for Turning Ebonite

The turning ol ebonite calls for the use
ol verv sharp tools with plenty of top rake
and clearance.  Those used in a lathe can
be ol the general torms employed in turning
mild steel, but they must be sharp. A
round-nosed tool 1s adaptable to many
jobs, and leaves a neat fillet or radius in
the corner of shouldered work.  This is a
desirable feature whenever it is possible
te incorporate it into a design. The
point of the tool should be kept in perfect
condition by the use of an oilstone, as only
a very sharp and keen tool will turn out
good work.

Hand tools arc used in a similar way to
tlic processes of brass turning, and a simple
operation with a round-nosed tool 1s
llustrated in Fig. 17, where a tube is shown
in the act of being reduced to form a
shoulder at one end. The lathe should
run at a very high speed and a .very light
cut be taken to avoid overheating the tool,
as 1t is surprising how quickly a good
tool can be ruined on ebonite if the
tool is allowed to heat or the cut is not
centinuous.

It is imperative that the tool should cut
cvenly and constantly, and if a finishing
cut is taken with a very light cut, and at a
high speed with a slow fecd, the result will
be a practically perfect polished surface.

Another turning operation is shown in
Fig. 18, where a former for a variometer
1s seen held in a lathe chuck, while the edge
15 being turned with a side or facing tool
clamped in the tool post of the slide rest.
With a screw-cutting lathe most of the
turning is best effected with a very fine
automatic feed, accomplished by setting
up the wheels for the slowest sliding {eed.
The lathe should run at as high a speed as
possible.  Small bushes and other work of



Iig. 12 (left).  Surfaces of many components made of cbonite have to be matted. This process
is performed with emery paper. Fig. 13 (right). Superfine finish is imparted by the use of emery
powder and oil, or dry brickdust may be used

Fig. 14 (left). Calibrations may be engraved on an ebonite panel. 1
this kind may be a graver or burin. Iig. 15 (right). After the incisions h

'he tool used in small parts of

ave been made they are
filled in with white paint or chalk. The surplus is then wiped off

o A

is fixed in a latlie and the disk is applied as the mop rotates.
p

busixing or tube is held in the chuck of a li

I

“ig. 16. In this photograph the operator is seen holding an ebonite culibrated disk. A wool 'mop
This method gives a very fine
olish.  The disk, or any other component to be polished, can be applied to the polishing mop so as

to operate upon part at a time

d lathe is shown in progress. A short niece of ebonite

17. Turning cbonite by hand an
ght lathe, and the operator is holding a round-nosed
hand tool, resting his left hand on a support. The end on the piece of ebonite is being rounded

MATTING, POLISHING, AND ENGRAVING EBONITE COMPONENTS
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tool is held on a slide rest

is done on a lathe

Fig. 18.  Ebonite tube former for a variometer
held in the chuck of a lathe for turning. The turning a small ebonite bush in a screw-cutting

IFig. 20. One method of cutting a screw thread on Fig. 21. Heat treatment is applied in this case.
an cbonite component is illustrated. The work An ebonite handle is being fitted to the contact

TFig. 19. This photograph shows the method of

lathe

arm of a switch

VARIOUS METHODS OF WORKING IN EBONITE

a like character is carried out In a screw-
cutting Jathe in the manner shown in
Tig. 19, by grasping the work in the drill
jaws of a lathe chuck and running down
the ebonite rod with a side tool having
ample top and side rake.

The cutting of screw threads in the lathe
is carried out in the same wayv as on metal,
by using a V-pointed tool, as in Fig. 20,
with a very keen edge. A final finish is
unparted by clamping a chaser in the tool
post and using this to clean up and polish
the threads.

Small screw threads are generally cut
with dies and taps, and in such cases the
chonite is first drilled, and the tap worked
down by gradual stages, backing the tap

out of the work at frequent intervals to
avoid the tool clogging. If it does the
threads will be stripped and spoiled.
Precautions are to use plenty of lubricant,
such as turpentine or soft soap and water.
Taps, drills, and reamers should all be
backed out frequently for the same
reason.

Ebonite is amenable to treatment by
heat, and one way to take advantage of
this fact Is illustrated in Fig. 21, where a
handle is shown in the act of being fixed
to a brass lever or contact arm. The
latter is drilled in the centre and the arm
heated in the flame of a blow-lamp; if
pressed on to the end of the handle as
shown, the heated brass will soon slip into
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the handle, and when cold will be firmly
held in place.

Ebonite can be milled in a milling
machine, or in an attachment on a
lathe, and along the same line: as for
milling brass or mild stecl.

Cracks in cbonite are sometimes stopped
by running a heated soldering iron over
thie crack on cach side, and also running
in a little more cbonite by melting a
portion from a small cutting or «trip of
thin cbonite.  When cold, the swrface is
polished or matted as desired.  Small
holes in ebonite can be filled with black
scaling wax or Chatterton’s compound
worked in hot, and when cold levelled off
with a scraper and the surface repolished.
Larger holes are filled with plugs either
or screwed into place and
sccured by application.of a hot iron to
botl sides.

Sheet cbonite that has bent can readily
be straightened or flattened by placing it
between two sheets of wood or other
material previously warmed, and as soon
as the cbonite is warm, weights are placed
on the topmost plate and the whole allowed
to flatten and sct.

Knurled work, as the milling on the edgcs
of knobs and other handles, is accomplished
by well-supporting the work in the lathe
and running it at a slow speed while the
knurling tool, held in the tool post of the
slide rest, is forced into contact with the
revolving work with considerable pressure.
Soft soap can be used in this operation
with every success.—E. 1W. Hobbs.

EBONITE CONDENSER. XNam: given
to a type of condenser in which chonite is
used as the diclectric. Such condensers,
made by Marconi’s Wircless Telegraph
Co., have very thin shects of cbonite
arranged between metal plates.  In the
I'leming cymometer (g.2.) the variable con-
denser consists of a long brass tube
sheathed with thin cbonite, over which
another metal tube slides.

Though ebonite 1s an excellent insulator,
it has the disadvantage of being verv
liable to alter in its properties with the
lapse of time, cspecially on the snrface,
and its diclectric loss is relatively high.

EBONITE INSULATOR. Namec given
to an aecrial insulator made throughout in
chonite. It consists of two cvlindrical
parts, one having an external screw thread
formed upon it, and the other a hollow
member  screwed  correspondingly and
provided with a small circular hole for the
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 ECCLES, W. n.

to the body by passing it through a hole
drilled at right angles to the screwed
porticn and twisting the other end of the
conductor around itself for a distance of
two c¢r three inches.”

EBONITE INSULATOR
One part of this insulator holds the ends of two
wires, the other part is screwed on like a cap,
with ome of the wires passing through its centre

Shallow grooves are formed in the
screwed portion of the body, so that the
wire can rest in them below the level of
the screw threads. Consequently, when
the cap is screwed firmly in place, it holds
the wire securely. A hole is drilled at
right angles through the body as a means
of attachment to the aerial.

ECCLES, W. H. British scientist. Born
at Furness in Lancashire, in 1875, and
educated at the Royal College of Science,
South Kensington, he was appointed
demonstrator in the physics laboratory
there, and in 1898 he obtained first-class

DR. W. H. ECCLES, F.R.S.
First Chairman of the Wireless Section of the
Institution of Electrical Engineers, this well-
known scientist did much to advance the progress
of wireless research, especially in connexion with
his investigations of electrical oscillations in aerial
wires.  He contributes the article ** Valves for
Transmission ” to our Encyclopedia.
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honours in physics at Tondon University.
In the following year he joincd Marconi,
and at Chelmsford carried out a brilliant
series of rescarches in wireless, particularly
in connexion with coherers. In 1gor he
was appointed head of the mathematical
and physical department at the South-
Western Polytechnic, Chelsea. In 1910
Dr. Eccles became Professor of Electrical
Engincering at Finsbury Technical College

and afterwards Dean of the College. He
is Vice-President of the Institution of
Electrical Ingineers, of the Physical

Society, and of the Institute of Physics.
Iiccles was the first chairman of the
Wircless Scction of the Institution of
Electrical Engineers, is President of the
Radio Socicty of Great DBritain, and
is  Honorary Secretary of the British
Association  Committee for Radio-Tele-
graphic Investigation.

Dr. Eccles is one of the lcading men in
wireless, and has written widely on the
subject- for many scientific periodicals,
He 1s also the author of one of the standard
textbooks on the subject. Dr. Eccles has
written the article ““ Valves for Trans-
mission ” for this Encyclopedia.

ECON INSULATOR. Type of insulator
adapted for use in connexion with aerials,
or for any purpose where it is desired to
terminate an clectrical conductor.  As.can
be seen in the illustration, the {itting

ECON INSULATOR WITH FOUR PARTS

Between the two cbonite parts is @ metal plate
to which the wire is attached. This is held in
the body of the insulator when the two ebonite
parts are screwed together. A metal ring is
attached to one end for supporting the insulator

comprises four essential parts.  First, the
body, made of moulded insulating material
having embedded in it a metal eyebolt,
which forms a point of attachment for the
halyard or other means of support. . ;

The opposite end of the body is formed
with a coarse screw thread and has a slot
cut diametrically across it. The third
clement comprises a metal plate with two
holes pierced through it, and the stranded
conductor is placed through these holes
and the free end of the conductor twisted
round and round itself. This little plate
i< then inserted in the slot on the top of

. a number of thin laminations.
) large number of laminated disks, stamped
J to the exact shape of the finished core, are

the insulator  The cap or fourth element
is screwed on to the body.

It therebyv presses the plate firmly in the
slot and makes very secure connexion.
Should the wire twist, it will not have a
tendency to unscrew the cap, as the plate
is held in the slot in the body and is
consequently unable to move.

EDDY CURRENTS. Eddy currents are
stray currents which circulate in the iron
cores of an electro-magnetic apparatus, or,
more accurately, are currents circulating
in closed paths in any metal, being excited
on the spot by varying magnetic induction.

One of the commonest electric machines
in which the effects of eddy currents are
noticeable is the dynamo. Since iron is a
conductor as well as a magnetic substance,
and is cutting the lines of force in
its rotation, currents will be generated in
the core in exactly the same way that
they are in the windings.

All currents generated in the armature,
whether in the core or in the windings,
necessitate power being expended in their
generation.  Since the eddy currents can-
not be collected and have no useful purpose,
they clearlv represent so muech wasted
cnergy. Apart from that, moreover, they
heat up the armature. Eddy currents,
therefore, are bad from these two points
ol view. :

The most efticacious method, and that
invariably adopted, to prevent eddy
currents, is to split the armature core into
A very

threaded upon the armature spindle. The
heat treatment which these plates undergo
during manufacture results in a hard,
flaky scale being formed upon them. This
scale is quite a good insulator, and it is
general practice, particularly on smaller
machines, to thread them up all together,
fix the thicker plates at the ends, and bolt
or rivet the whole into one solid formation.
Some manufacturers, however, place
paper between each lamination to make a
better -and surer - insulation. It will be
scen thiat by building up the cores in this
manner the insulation between each Jamina-
tion is a preventive of the passage of any
current which may tend to be generated.
The magnetic reluctance of the core is
not increased by dividing it in this manner,
since the magnetic lines of force from the
field magnets run across the armature
laterally in the same directions as the
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lamination. The laminating 1ur111um(m
performs the function of c¢nsuring quick
demagnetization of the core, an essen-
tial feature in any machine in which the
polarity is always changing.

EDGE EFFECT. In condensers an
cffect on the capacity of a condenser duc
to the lines of clectric stress being curved
at the edges. Most of the formulie giving
the capacity of a multiple-plate run(h ‘nser
make the asswmiption that the lines of
clectric stress at the edges of the plates arc
perpendicular to the surfaces, which is not
the case in practice unless a guard ring is
provided.

A guard ring consists of a metal ring o
rim round thc outside edge of cach motw]
plate of the condenser and separaied from
the plate by a narrow gap. When the
guard ring and its plate are both at the
same potential the lines of stress on th(
condenser plate are at right angles a
the edges and the curving takes place on
the outer cdge of the g ulrd ring.

Sir J. J. Thomson has shown that in the
case of a condenser having plates with

THOMAS ALVA EDISON
Patent devices invented by Edison are known throughout the great 1n'1]Qr1t\ of storage cells,

world. Wireless science has gained many advances by his
discoveries. It was largely through his researches on the Iidison
cffect in carbon filament lamps that the valves universally usedd

in wireless came to be developed

EDISON CELL

straight edges the cd"e effect may be
allowed { for, i e linear dimensions of the
platcs are largc compared with thc dis-
tances between them, by assuming an
additional strip of width equal to IId,
where d 1s the distance between the plates.
FFor circular plates Maxwell gives the extra
strip as being -4413d. See Capacity ;
Condenser ; E1<-ct10>tat1c Capacity.

EDISON, THOMAS ALVA, American
inventor and scientist.  Born on February
11th, 1847, at Milan, Eriec County, Ohio, at
fiftcen he became a 1elugraph operator and
first began to make studics of and experi-
ments in electricity which were to make
him world-famous.  Before he was twenty-
one he invented an automatic repeater
enabling a message to be transferred from
one wire to xmth(r automatically.

With his invention of an improved form
of printing telegraph, for which he received
£10,000, he was enabled to establish his
laboratory and factory in Newark, where
he carried out his eqr]y experiments in
clectricity before removing ultimately to
West Orange. A very large number of
important inventions are due
to Edison, among the principal
being his system of duplex tele-

raphy, afterwards developed
into quadruplex and sextuplex
systems ; the carbon telephone
transmitter ; the phonograph;
the cinematograph; the electric
incandescent lamp ; and many
others.  Wireless owes a con-
siderable debt to Edison, since
it is largelv due to his re-
scarches on the Edison effect
in carbon filament lamps that
the two-clectrode and ulti-
mately  the three-electrode
electric  valve came to Dbe
invented.  More than goo
patents have been granted to
him for his inventions. and
he  has  heen honoured by
innumerable scientific societices
and universitics.

EDISON CELL. A propric-
tary accumulator or storage
cell having electrodes of nick-
elled steel and an electrolyvte
of potassinm hydrate solution.
It differs radically from the

in which the plates are made
of lead with diluted sulphuric
acid as the electrolyte.
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Fig. 1.

of these tubes has ecight strengthening rings.

Courtesy Edison Accunulator (o,

In the Edison cell the active material of
the depolarizing or positive clectrode is
nickel hydroxide and fine metallic nickel
flake.  The former is an imperfect con-
ductor of electricity, for which reason the
nickel is added to make a better conducting
material. A helical tube made of finely
perforated nickelled steel strip is filled with
alternate layers of nickel hvdroxide and
fine mectallic nickel flake.
These layers are compress-
cd into the tube, which is
about 4in. in length and
1 in. in diameter.  Fach
tube contains over 300 o!
the layers.

The  tubes  are
strengthened  and
their  conducting

power increased by
eight  steel  rings
placed cquidistant-
Iy on cach tube. The
positive plate con-
tains a number ol
such tubes arranged
m line and held in
position by a light
punched nickelled-

stecel framework.
This is shown in
the right-hand

plate in Fig. 1.

In a common size of cell a double
row of 15 tubes 1s used. The negative
plates are similarly constructed of small
units of oblong form. The oblong pockets,

also made of finely perforated nickelled-

POSITIVE AND NEGATIVE PLATES
On the right is an Edison positive plate, consisting
of a row of 15 tubes held together in a steel framework. Each
On the left is
an Ldison negative plate, composed of many small nickelled
steel pockets containing iron oxide with a little mercury

plates will be seen rubber separators.
(right). A battery of Edison cells is shown covered

steel strip, are filled with a
special preparation of iron oxide
with a trace of mercury to
make a better conductor. A
negative plate is scen on the leit
in Fig. 1. The plates in both
positive and regative electrodes
are bolted together with long
steel bolts passing right through
the of plates.  Suitable
spacing washers are employed
to separate the plates from each
other, and hard rubber strips
arc used to separate the positive
from the negative plates.

Fig. 2 illustrates this feature,
which shows the assembled
plates.  The container is made
of cold-rolled steel sheet, welded
at the seam. The electrolyte
consists of a solution of potash
in distilled water.  Fig. 3 shows a battery
of dve Edisor cells removed from a carrying
box. In this type the cell is covered with
Para rubber for purposes of insulation.
This type of battery is suitable for sup-
plving current for hghting valves or other
wircless werk where a steady supply of
current is required.

EDISON EFFECT. The Edison effect
is the phenomenon of the blackening
of the inside surface of an incan-
descent electric lamp bulb during use.
Edison, who was the inventor of the
incandescent lamp, noticed during his

2o
se

CONTENTS OF EDISON CELL AND A
BATTERY

Fig. 2 (left). Edison cell, removed from

its case, showing method of bolting the

plates together. At either end of the

TFig. 3

with Para rubber for insulation purposes
Courtesy Edison Accumulator Co.
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experiments  that as the lamp burned,
the bulb hecame black, finally becoming
almost opaque. The Dlackening occurred
on practically every part of the interior
surlace,

Edison's investigations into the cause
of the blackening led to the devdlopment
of the thermionic valve, for he fonnd that
it was the emission of clectrons which was
responsible  for the  phenomenen,  and,
turthermore, that they were flung  off
from the filament with a considerable
velocity. Further  experiments  of  his,
coupled with those of Professor Fleming,
led to the discovery that the addition of a

SUPPORTING AERIAL WIRES BY EGG INSULATORS

.. EIFFEL TOWER

insulator when the acrial is in position
shall be a compression and not a tension.
This 15 Dbecause porcelain and  similar
materials are better able to withstand
compression than tension.

The aerial to carth wire should he
pazse 1 through one of the holes, and cither
spliced or whipped with wire in the
manner illustrated in I'ig. 1. The halyard
is then pasced through the other hole and
splicedd or seized as shown. It will then
be neted that <hould the insulator break,
the aerial wire will not {all, as the loop
of the halyard passes through that on the
end of the acri

IFig. 1 (above).  One of the most common uses of an egg insulator is the connexion of wires for an

acrial wire and its support. In this case a rope support is insulated from the aerial wire.

Fig. 2 (below).  When two wires are to be insulated from each other it is usually found most
cfficient to use at least two egg insulators in this way

positively  charged sheath or plate sur-
rounding the filament would considerably
accelerate these emissions, and, tfurther,
that 1t would attract the clectrons to it—
the principle of the two-electrode valve.
See Electron; Fleming Valve ; Valve.
EGG INSULATOR. A small porcelain
insulator, so named on account of jts
shape. Iiigs. 1 and 2 show the characteristic
shape of this type ol insulator and its
arrangement of the holes and grooves.
The holes are arranged in the manner
shown so that the strain brought upon the

A better effcect is obtained by arranging
the insulators in the mauner shown in
Fig. 2, where two are employed. The
acrial terminates at one of them, and the
second is connected to the first by means
of a shert and twisted stranded wire. The
halyard is fixed in the manner already
described. In choosing egg  insulators,
accept only those which are perfect and
quite Irce from anyv cracks or flaws, or
these may speedily develop worse faults
and allow the electric waves to leak away
to carth.

THE EIFFEL TOWER STATION AND ITS EQUIPMENT

A Complete and Graphic Description of One of the Most Important Wireless Stations

Here is a comprehensive account of the great Paris station, known to all amateurs

on account of the high power of its transmission. The photographs illustrating the

article were specially obtained for this Encyclopedia by arrangement with the French
Government. See also Arc Transmitter; Broadcasting; Transmission

The Eiftel Tower is one of the chiel of
the Continental wireless stations, situated,
as its name implies, in the EFiffel Tower,
Paris. It is under government control.

The power supply of the station has
been  arranged to minimize as far as
possible  the  likelihood  of  enforced

inactivity through a breakdown in the
current supply. In addition to the electri-
cal energy generated at the station itself,
two outside sources of supply are avail-
able. One of these is supplied by the
State Electric Railway in the form of
three-phase alternating current, at the
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Fig. 2. Transmitting aerjals of Eiffel Tower, known to all
anuiteurs as I" L, Paris. Some idea of the size of the acrial may
be gathered from the fact that the tower is 948 ft. in height

EIFFEL TOWER AERIAL
INSULATORS

Fig. 1. Four of the wires of the

ecrial at the Litfel Tower are seen

at the point of insulation at the

top.  Note the way the insulators

are used

effective voltage of 5,000 and
a periodicity of 25 cycles.

This supply, largely owing
to its generation on a very
cxtensive scale, is found the
cheapest. and is put into use
whenever possible.

The other outside power
supply is generated by the
Paris  municipal authorities,
and consists of a monophase
alternating current at 3,300
cffective volts and a periodicity
of 42 cycles. At the station
this current is stepped down
by means of a transformer to
220 volts for the power supply
and to a voltage of 110 for
lighting the rooms and work-
shops of the station, which is
almost entirely underground.
A diagram of the aerial system
with the lead-in wires is given
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in Iig. 2, the insulators near the top of
the tower being scen in the photograph,
Iig. 1. The internal supply, used as a
stand-by 1if the outside current should fail,
is primarily generated by a 240 h.p. Diescl
engine, to which 1s coupled, by beit drive,
a dircet current dynamo.  This engine 1s
assisted by three subsidiary power units,
which arc shown in Fig. 3, representing
one scetion of the power station. The
output from this dynamo is converted
into the various forms of clectrical energy
required by means of four motor-
generator units.

There is a 1,000 volt direct current
generator direct-coupled to a three-phase
500 volt alternating motor which is not

~shown in Fig. 4. 1t is placed against the

remaining wall of the power room.  Many
combinations of power are possible from
the method of grouping the generators.

In addition, a battery room is arranged
to supply a potential of 110 volts for 300
ampere-hours.  This supply is largely used
in the signalling circuits.

EIFFEL TOWER

EIFFEL TOWER TRANSMISSION STATION POWER HOUSE

The power available is used for four
distinct systems of transmission, which
arc as follow :—-

1. Spark transmitter.

Poulsen arc.
High-irequency alternator.
Valve transmitter.

For the spark transmitter single-phase
alternating current is used, having a
frequency of 1.000 cycles. This method
of transmission is most largely used for
the issuing of time signals and meteoro-
logical observations, and is sent out on
such a high power as to enable it to be
received 1 England on a crystal sect.
These time signals, which are sent out
every morning at 10.30 a.m., Greenwich
time, arec on a wave-length of 2,600
metres.  The inductance that determines
this wave-length consists of 40 turns of
brass pipe, the diameter of each turn
being three fect. The long distance of
reception with which the Eiffel Tower
time signals are credited is more easily
understood when it is realized that the

[EENLEPR ]
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Fig. 3. Part of the power house from which F L, Paris, the Eiffel Tower broadcasting station, receives

its energy is shown in this photograph.
event of a breakdown in the external supply.

The section shown is chiefly used as a stand-by in the
The engine i3 assisted by three subsidiary power

units.  The two outside sources of power arc the State Electric Ra:lway and the Paris municipal
authorities



RE
interrupting
pumps. The

Fig. 4. External supply as well as
the extreme left. This view of the generating room shows the motcrs and generators.

is a 110 volt direct current motor.  Just behind is a 1,000 volt three-phase motor; on the right is a

the internal generators are connected

3,000 volt three-phise motor

Fig. 5. Mercury contact breakers of the Fiffel Tower spark transmitter are illustrated. These are for
{he cxcitation of the alternator, and consist of vertical motors which drive centrifugal

principle is to intercept by a shutter a stream of mercury thrown up, thus breaking contact

to the switchboard on
In the centre

APPARATUS USED AT THE EIFFEL TOWER WIRELESS STATION

208
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Sig. 0.

PNEUMATIC CREED RELAY OF EIFFEL TOWER SPARK TRANSMITTER

Im the centre, with the * Danger * warning displaved, is the pneumatic Creed relay used

vith the spark transmitter of the T'T., Paris, wircless stat:on.  On either side will be seen high-
tension transformers.  Compressed air is employed for extinguishing the arc which occurs when
the high-tension circuit is broken

acrial current is in the order of 8o wmperes.
An interesting feature of the spark
transmitter is the method of controlling
the spark. It will be seen that special
arrangements arc necessary when a very
large current 1s required to mak: and
break contact with the rapidity of the
dots and dashes required in Morse code
signalling.  Unless  preventive  mcasures
were  taken, the high-powered  current
would jump the spark gap, resulting in the
mctallic contacts being burned up. The
method of overcoming the difficulty is
done by varving the excitation current of
the alternator.

When the circuit is closed a big increase
of exciting current is occasioned, resulting
in a torrent of sparks across the spark
gap. This circuit is controlled by means
of mercury circuit-breakers, shown in
Iig. 5. Each of these consists of a vertical

motor driving a centrifugal pump. The
pump sucks up a quantity of mercury at
the bortom of an insulated metallic tank
and flings it horizontallv on to a metallic
ring integral with the motor spindle and
revolving with it.  The method of making
and breaking contact consists of a shutter
which may be raised or lowered to inter-
cept the mercury stream projected to
the revolving ring.  When the shutter is
lowered the mercury stream is prevented
from reaching the ring, and consequently
contact 1s broken. On raising the shutter
the stream of mercury completes the
circuit between the tank and the revolving
ring. It will be seen that, owing to the
revolving electrode, the spark occurring
at the break of contact will occur in a
different place each time, and thus the
likelihcod of overheating is obviated. To
prevent oxidation the tank is charged
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vtion is seen on the left, and on
the right the transmitting Gaiffe condensers. These condensers have a maximum capacity of ‘35 mid.
This is a portion of the spark transmitter apparatus

I'ig. 8. Part of the acrial tuning inductance of the Eiffel Tower sta

Fig. 9. On the right is the Poulsen Go kw. arc transmitter. The powerful electro-magnets are
used for steadying the arc.  To the left of the machine is the control panel. The electrodes of
the arcs consist of a carbon cathode and copper anode. The electrodes are ina water-cooled chamber

CONDENSER, AERIAL INDUCTANCE AND ARC TRANSMITTER OF F L. PARIS
811




EIFFEL TOWER

with coal gas.  The switches
and fuses controlling this cir-
cuit are mounted on the side
of the table on which the
circuit-breakers are mounted.
The shutters seen to the left
ol cach instrument are con-
trolled by a direct current at
110 volts operated by a Morse
tapping kev.

Fig. 6 shows a pncumatic
Creed relay used in the high-
tension side of the step-up
transformer, on either side
of which a high-tension trans-
former 1s seen.  The arc
occasioned by the breaking of
the high-tension circuit is ex-
tinguished by compressed air.

The transmitting condensers,
scen in Ifig. 8, consist of flat
aluminium sheet electrodes
with a diclectric of glass plates.
The condensers are contained

RADIO-TELEGRAPHY VALVE UNIT AT EIFFEL TOWER
in oil tanks, which, as seen in Fig- 10.  Transmissions of C.W. telegraphy at the Eiffel Tower
Fie. 8 ]'," L 1 station are sent out from a 1 kw. valve transmitter. To the right

18. S, have a corrugated of the valve unit is seen the spiral aerial tuning inductance.
exterior.  Considerable heat The unit comprises six valves in all

TOHEE gy
Sekkg,

BATTERY OF VALVES FOR TELEPHONIC TRANSMISSION
Fig. 11. Holweck tubes are shown mounted vertically in a rigid iron framework in the 5 kw.
valve transmitter of the Eiffel Tower Droadcasting Station. On the left of the apparatus will be
seen the molecular pump
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EINTHOVEN GALVANOMETER

15 occasioned in these condensers owing
to diclectric losses, and the corrugated
surface of the tanks helps in its dissipation.
tach condenser has a capacity of -05 mfd.
and the total capacity 1s -55 mid. Only
@ part of these is seen in the illustration.
The aerial inductance referred to earlier
in the article 1s scen to the left of the
transmitting condensers.

The Poulsen arc transmitter is worked
from direct current supply at a pressurc
of 1,000 volts. The transmitter
in use at the Eiffel Tower station
15 a 60 kilowatt set, and has
been used during the war for
military purposes.  Figs. 7 and
0o show two views of the arc

EINTHOVEN GALVANOMETER
IFig. 1. LElectric currents arc measured
by this instrument, which is highly
sensitive. It is generally used in con
junction with photographic apparatus,
which records the movement of a fibre

in the instrument
Courtesy Cambridge & Paul lustrument Co., Ltd.

transmitter.  The clectrodes of the arcs
consist of an anode of copper and a carbon
cathode.  These clectrodes are arranged
opposite to cach other in a water-cooled
chamber.  Two powerful electro-magnets,
clearly scenin both illustrations, are placed
at right angles to the electrodes, so that
the magnetic flux from the former has the
cffect of keeping the arc steadv. The
magnet windings are in series with the
arc.  'When working, the chamber is [ed
with coal or hydrogen gas, which enters at
the bottom of the chamber and passes out
through the top.

At the front of cither machine in Fig. 7
a large ammeter is seen which gives a direct
reading of the amount of current passing
through the arc. A close-up view showing
the control panel is seen in Fig. .

The valve transmitters, parts of which
arc scen in Figs. 10 and 11, are used for

continuous-wave telegraphy and telephony.
Fig. 10 is a 1 kilowatt transmitter, and its
use is now restricted to radio-telegraphy.

Two spiral aerial tuning inductances
are scen to the right of the wvalve unit.
The telephony set shown in Fig. 11 i3
used in broadcasting in conjunction
with Holweck tubes and molecular pump.
—W. W. Whiffen.

EINTHOVEN GALVANOMETER.
Special form of galvanometer primarily due
to Profescor Einthoven, of Leiden
University. It is clucﬂ; used, in
conjunction with a photographic
apparatus, for the purpose of record-
ing as well as measuring electric

3

currents.
extremely fine thread wire.
quartz fibre and silvered glass have been

Essentially 1t consists of ‘an
Silvered

successively  employed, stretched in a
strong magnetic field, 7.e. between the
poles of a strong magnet. The thread is in
series with a rectifying detector, with the
result that the passage of oscillations sets
up a current in the thread, causing the
latter to be displaced in consequence o
the surrounding magnetic field.  The dis-
placement is obscr\ ed by a microscope,
and, if desired, the magnified record can .
be- photographcd on a moving strip of
sensitized paper.

qu 1 shows a typical Einthoven
galvanometer as made by the Cambridge
and Paul Instrument Co.  The instrument
is extremely sensitive and has a short
period. It is dead beat and possesses
practically no self-induction or capacity.



CONDUCTIVE FIBRE IN EINTHOVEN
GALVANOMETER

Tig. 2. When a current passes down the fibre
in the gap a movement outward, as indicated
by the arrow, takes place. The deflection is
observed through the microscope, a path of
vision being provided through the pole pieces

The galvanometer is of the moving coil
tvpe, the coil and suspension being re-
placed by a fine wire, or conductive fibre,
which is stretched in a narrow air gap
between the poles of a powerful electro-
magnet. The arrangement is shown dia-
grammatically in Fig. 2, and effects a
ercat reduction in the moment of inertia
of the moving system.

When a current passes down the fibre
CC, the latter is deflected in the direction
of the arrow A, that is, at right angles to
the magnetic ficld, N S, The deflection is
observed either by means ol a microscope,
M, which passes through a hole bored in
the pole picces, or by projecting an image of
the fibre on to ascreen or photographic film.

The fibre used in these instruments is
generally of glass covered with a thin
metallic coating, and is 65 mn. in length
and from 0-002 to 0:c05 mm. in diameter.
The resistance varies from 2,000 to 4.000
ohms, depending on the thickness of the

Obyective
R @

- ELASTICITY

coating. [t a low-resistance fibre is re-
quired, the standard fibre is replaced by
a fine copper wire, the resistance of which
12 I2 to 15 ohms only.

A fine screw cnables the tension of the
fibre to be adjusted and the sensitivity
controlled, a stop eliminating all risk of
breaking the fibre by over-tightening.
The electro-magnet is so shaped as to con-
centrate the field in the air gap in which
the fibre moves.

The optical system is supported from
the electro-magnet by geometric fittings,
which permit i1t being readily alined and
focused. The arrangement of the optical
work depends on whether the deflections
of the {ibre are to be observed by means
of a microscope, projected on a screen, or
recorded  photographically.  The latter
method is usually adopted, and the optical
work is arranged as shown in Fig. 3. The
light from the lamp is concentrated by
lenses on the fibre, and a slit is placed
between the cylindrical lens of the camera
and the photographic plate to cut off any
extraneous light. See Galvanometer.

ELASTANCE. Another name for the
reciprocal of capacity. See Capacity.

ELASTICITY. DProperty of matter in
virtue of which it resists change in shape
or bulk, and tends, after distortion, to
recover its original shape or bulk when
allowed to do so. Fluids have no fixed
shape and therefore no power to resist
change of shape ; they have no elasticity
of form, in other words, but they resist
compression and have elasticity of bulk.
Solids possess both kinds of elasticity.

The property which most bodies possess
of returning to their original shape after
the distorting force has been removed is one
of great importance in all forms of engineer-
ing. Springs are examples of the use of
this property, and the uncoiling of the main-
spring of a clock or watch through suitable
gearing to move the hands round is so

Fibre

Lyeprece ‘
s Condenser—
PHOTOGRAPHIC METHOD OF RECORDING DEFLECTION L
IN EINTHOVEN GALVANOMETER raimp

Fig. 3. Tnstead of the eye watching the deflection of the fibre, photographic apparatus is so arranged

that the concentrated light of the lamp at the opposite end of the path of vision projects upon

the plate, a slit being placed between the cylindrical lens of the camera and the plate to
exclude extrancous light
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815 ELECTRIC INDUCTION

familiar as to be almost commonplace.
The compression of a gas by a piston and
its subsequent release i1s another cxample
which 15 widely used.

The clasticity of a body is measured by
the magnitude of the force that must be
applied in order to produce unit change of
shape in a body of unit dimensions. The
change of shape is known as the strain, and
the applied force is usually called the stress.

It is commonly said that rubber, for
example, is more clastic than glass or steel.
But 1t is not true,since elasticity is measured
by the force which must be applied to
produce unit change of shape, and this
force is considerably greater for glass and
steel than for rubber.

The clasticity of materials varies within
very wide limits.  Of the metals, lead, for
example, has little clasticity, while steel 1s
extremely elastic. When a material has
been subjected to such loads that it will
not return to its original shape after being
distorted, it is said to have been stressed
beyond its clastic limit.  Up to that limit
the distortion is proportional to the load,
but beyond it the law ceases to hold.  This
faw was first enunciated by Hooke in 1670,
and i1s a very important one.  Thus, by the
law, il it takes a certain load to stretch a
rod a given amount, say one inch, then it
will take twice that load to stretch it twice
that amount, that is two inches.

The loads applied to any material should
never exceed those which will stress it
beyond the clastic limit, or there will be a
permanent set in the material which may
become dangerous. The material will not
return to its original shape when the
distorting force has been removed.

One of the commonest things in which
the wireless experimenter is concerned
with the theory and practice of elasticity
15 in the stretching of wires. All wires
stretch when a sufficient load is applied to
them, and this fact should be taken into
account to some extent in the construction
of acrials, guy-ropes, etc. To carry out
the necessary calculations on the amount
of stretch a wire will undergo under a
given load it is nccessary to know the
modulus of elasticity of the material of
which the wire is made.

The modulus of elasticity, more common-
ly known as Young's modulus, may be
defined as the ratio of the stress per square
inch to the elongation in the length of one
inch caused by this stress. It may be
more correctly defined as the ratio of

intensity of stress to unital strain
Young’s modulus of elasticity for an-
nealed copper wire is about 15 million
pounds per square inch, and for unannealed
about 18 million ; for anncaled iron wire
15 million, and for unannealed iron wire
25 million ; for steel wire about 30 million ;
for aluminium 11 million, and for lead only
one million pounds per square inch. Up to
the elastic limit the elongation of a wire
may be calculated from the formula
e = S/E

where ¢ is the elongation, S the load
per unit area, and I Young’s modulus.—
J. L. Pritchard.

ELASTIVITY. This is a name for the
reciprocal of inductivity or specific in-
ductive capacity. See Dielectric.

ELECTRIC ABSORPTION, The qualitv
of a condenser of gradually “ soaking ”” up
a charge of electricity and, conversely,
retaining a part of it when momentarily
discharged. The latter cffect is known as
a residual charge. After receiving a
charge the mica or other dielectric is
strained to a greater extent than a
corresponding air dielectric, as it sets up a
less opposing influence to the machine
charging it up (in the same way a strip of
elastic offers less opposition than a similar
picce of cord), thus allowing the charge to
soak partiallv into the dielectric, which
will remain in this state even if the plates
forming the condenser are removed. The
sane cannot be said of a condenser having
an air dielectric, in which electric absorp-
tion is almost absent.

ELECTRIC FIELD. (1) The region
surrounding an electrified body, in which
the clectrical influence of that body can
be noticed. There is an electric field, for
instarce, in the dielectric of a condenser
when the plates of the latter have a current
passed into them. (2) Any region in
which there is electric force, whather
steadv or varving. The term is also
sometimes used quantitatively to denote
the amount or intensity of the force. See
Electricity ; Flux; Magnetism.

ELECTRIC INDUCTION. The transfer
of an eclectric state from an electrified body
to a non-electritied body without contact.
It difiers from clectro-magnetic induction
{g.v.)in that each line of force starts at a
unit positive charge and terminates at
a unit negative, whereas in the case of
electro-magnetic induction the lines re-
enter upon themselves, forming closed
rings. See Induction.



ELECTRICITY

816 _ELECTRICITY

ELECTRICITY: ITS CHARACTERISTICS & MODES OF ACTION
By J. H. T. Roberts, D.Se., F.Inst.P. .

In this article Dr. Roberts, late of the Cavendish Laboratory, University of Cam-

bridge, gives in clear and simple language an essentially scientific explanation

of the most modern theories of electricity and its manner of action, with special

reference to the needs of the amateur in wireless. The article is illustrated with

ingenious diagrams and photographs. See also Magnetism and special headings such
as Capacity ; Electron : Induction, etc.

The notion ot clectricity has not been
rendered  less  incomprehensible  to  the
layman by such definitions as ' matter is
clectricity,”  ““electricity 13 a  foree,”
“ clectricity 1s life,” and so on-—vaguc
half-truths which have bheen much heard
of recent years.  Itis true that there are
certain important limitations to our under-
standing of the nature of electricity and
of electrical and magnctic action, but
otherwise it is possible to obtain, com-
paratively casily, a working conception of
clectricity quite sufficient for an intelli-
gent understanding of its behaviour and
of its practical manipulation. As the
Jatter represents the main purpose of this
article, we need devote but a little con-
sideration to the nature of clectricity—
a mectaphysical rather than a physieal
(uestion.

Electricity as a Fluid

As it 13 proposed i this article to treat
clectricity as a fluid, it should be explained
at the outset, in order to avoid any possible
misunderstanding, that electricity as we
ordinarily know it-—as it flows along a
wire, or through the filament of an eleciric
lamp—-is a fluid in the sense that it isa
collection or stream of particles of elec-
tricity, just as sand is a fluid formed of a
collection of grains, air is a fluid formed
of a collection of molecules of oxygen and
nitrogen, and so on.  When we say that
clectricity is a fluid, therefore, we do not
mean that the individual particle of
electricity (see Electron, Proton) is neces-
sarily a fluid. Tt is only in very special
experiments that we ever deal with in-
dividual particles of electricity @ for all
ordinary purposes we deal with collections
or strecams of such particles, and it is in

this scnsc that we think of electricity as

a flmd.

Now, clectricity is not an maginary
fluid, as some suppose : it is very real and
definite.  The mass, for instance, of the
unit quantity of clectricity has been
accurately determined.  Electricity can be
accumulated, stored, transferred from one
place to another. Tt is, however, invisible

and intangible in that it is not ordinarily
perceptible by the senses.  All this 1s
mentioned in order to emphasize the fact
that although electricity cannot be seen or
handled, it is nevertheless a real thing—
as real as ordinary matter : in fact, as we
shall see presently, ordinary matter is
probably a collection of positive and
negative electrical particles arranged and
fixed in a special way. When we speak
of the flow of clectricity along a wire, we
use no mere figure of speech ; a stream of
electrical particles may actually flow along
a wire (IFig. 1), just as a stream of drops
of water may flow along a pipe.

Electron Atoms

(Fixed inposition)
ELECTRONS FLOWING THROUGH A CONDUCTOR
Fiz. 1. This is an imaginary view of a solid
substance through which an electric current is
flowing. The atoms are fixed in position, and
vagrant electrons are scen passing through
inter-atomic spaces. Arrows show the direction

of negative current

It has already been stated that clec-
tricity, as it is ordinarily employed, consists
of a flow of electrical particles, usually
negative particles only (see Electron),
but sometimes both negative and positive
particles (sez Proton), and it has been
hinted that ordinary matter is probably
entirely electrical in nature and consists
of these same electrical particles built up
into complex  structures. To -use very
popular language, we may say that we
have “ fluid electricity,” which is clec—
tricity as we ordinarily know it, and “ solid
clectricity,” which is these same eclectrical
particles or grains built up into atoms and
molecules of matter. A simple analogy
is that of ice and water: the “ fluid
electricity 7 would correspond to the water,
and the “ solid electricity ” or matter, to
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the ice. This analogy is extremely crude
and must be recognized as such.

Now if matter consists of electrical
particles in a special arrangement, and
‘“ electricity " consists of a swarm or
strcam of the same particles in a com-
paratively frec or mobile state, the
question naturally follows: What is the
nature and composition of this electrical
particle ? If the eclectron, for example,
15 a particle of pure electricity, in a sub-
atomic or sub-material state, disembodied
and separated from ordinary matter as
such, what is the nature of the stuff out of
which the electron itscelf is made. In
other words, if *“ electricity  is a collection
of particles of electricity, what are the

- particles made of ?

This question brings us to the threshold
of the unknown.  We may say the electron
is a ‘“‘corpuscle of cther,” but since we
know as little of the ultimate nature of the
cther as we do of the naturc of electricity,
we are no further, and our terms, for
practical purposes, become meaningless.

There are certain other fundamental
mysteries which appear to be bevond our
ken. Why do eclectrified or magnetic
bodies attract or repel one another ?
What is the nature of clectrical force, or
of magnetic, gravitational, or, in fact, of
any other force? It may be that thesc
are processes more fundamental than the
process of thought itself, or that the
phenomena in question are manifestations
associated with a state outside the sphere
of our so-called **three-dimensional
existence. But without venturing into
the domain of metaphysics, let us say that
to the question, “ What is the ulfimatc
composition of the electrical particle ? ™
no uscful answer (in terms of anything
with which we are familiar) can at present
be given.

It will be convenient, at this point, to
refer again in a little more detail to the
question of the relationship or identity
of matter and electricity. According to
the universally accepted chemical theory,
matter is built up of wmolecules (q.v.),
whilst each individual molecule consists
of atoms (g.v.), sometimes only one atom,
but more usually scveral atoms linked
together in a special way. Until com-
paratively recent years, since the atom was
the smallest particle of matter which had

cver been observed to take part in any

chemical reaction, it was thought "to e
the ultimate unit of which all matter wis
D 28

built up. But during the past few years
it has been discovered from special
experiments that the atom, in turn, is
a minute solar system, in which the sun
and planets arc minute positive and
negative clectrical particles (Fig. 2).
Furthermore, it has been found that
these particles arc identical with those

VAGRANT ELECTRON LEAVING SODIUM ATOM

Fig. 2. Grouped in the centre of this imaginary
picture of the atom of sodium is the nucleus,
consisting of 23 protons, or positive particles,
and 12 electrons, or negative particles. In
addition there are 11 more electrons in the
external orbits, but one has left the outer orbit
and become a vagrant electron carrying clectric
current, as seen in Fig. 1

which, when moving in streams, constitute
clectric current.  The atom is thus made
up of electrical particles, and since atoms
arc huilt into molecules and a collection
of molecules constitutes a portion of
ordinary matter, it follows that ordinary
matter is, in fact, a vast aggregation of
infinitesimal electrical particles.

The Electricity within Matter

Now when the atoms and molecules are
built up into matter there are spaces
between them, just as there are spaces
in a quantity of potatoes or of loaf sugar.
Some of the electrical particles (parti-
cularly the negative ones) may not be
very closely held by the atoms to which
they rightly belong, and so may wander
about in the spaces between atoms (called
inter-atomic spaces). Thus we have a
substance consisting of clectrical particles
built up into matter (and thus having the
ordinary properties of matter) whilst
within its minute pores and atomic
cavitics are free negative particles of
clectricity, not built into atoms, and
thercfore possessing the properties of
clectricity as distinct from those of
matter.

F2
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It should be mentioned that the inter-
atomic spaces referred to are almost
inconccivably small, far beyond the most
powerful microscope ; the clectrical par-
ticles are infinitesimal even compared
with the spaces in which they move,

Let us use an illustration to make
clear the idea of the electricity within
matter. Imagine a sponge soaked in
water.  The water remains in the pores
and cavities of the sponge, but can be
brought into cvidence by a certain
operation (in this case, squeczing). The
sponge corresponds roughlv to the matter,

Atom, Showing its structure
oF flectrons & Protons

Loose Electron
carrying cirrent

Portion of
CopperWire

WHY COPPER WIRE IS A GOOD CONDUCTOR

Fig. 3. Atoms of a copper wire are imagined
in this scctional diagram. Clusters or systems
of electrical particles arc seen, each cluster
representing an atom.  The loose  electrons
which leave the outer orbits, as illustrated in
Iiig. 2, arc available for carrying current. A
good conductor, as copper, has plenty of these
loose clectrons, an insulator has few, or they are

difficult to move

and the water-drops to the electricity
within it. The operation by which the
clectricity is brought into evidence will
be considered presently.

Again, to use a somewhat closer illus-
tration, imagine a ‘ sponge’ made out
of ice—picture a block of ice traversed
by innumerable pores and channels, the
spaces being filled with water. Here we
have the idea of the * sponge” and the
fluid being of the same nature, but in
different states—the ice is identical with
the water, but is at a lower temperature.

Matter consists of the electrical particles
built up in a special way, whilst the free
particles may be moved about, and itis upon
these latter that the clectrical behaviour
of the substance largely depends (Fig. 3).
Perhaps a third illustration may be help-
ful. A town usually has a fixed popula-
tion and a “ floating ” population. The
fixed population may be compared to a
substance, and the floating population

corresponds to theloose clectrical particles
between the atoms of the substance.

It will be observed that the electrical
particles which are built up into atoms
do not, in gencral, exhibit their electrical
properties, and it is only by special
experiments that their electrical nature
may be rendered evident. The ordinary
clectrical properties of a substance depend
upon the comparatively free mobile par-
ticles. TIor example, if a current of elec-
tricity is made to flow round a closed
copper ring, what is happening is that
the loose negative particles between the
atoms are moving round the circle in one
direction ; if the current is increased,
they move faster, so that a greater number
of them pass any given point per second.

It should also be remarked, although
we cannot go further into it, that in
general the ““fixed electricity,” - which
constitutes matter, includes all the positive
particles of the substance and most of
the negative, the “ fluid electricity ” con-
sisting of the remaining negative particles.
Leaving aside the rather special cases of
the conduction of electricity through
liguids and gases, we may say broadly
that in so/id conductors the * floating
population ” consists of negative particles
only. Thus under most ordinary cir-
cumstances, a ‘“current of electricity ”
consists of the flow of a stream of
“ clectrons.”

What is Meant by * Electric Charge

It may be asked why, if this electrical
fluid is present in all bodies, it does not
ordinarily manifest itself. The complete
answer to this question would carry us
bevond our present scope (see Electron),
but it may be said briefly that it is because
the total number of positive electrical parti-
cles in a substance is normally equal to
the number of negative particles : these two
kinds of particle are complementary, so
that equal numbers form a satisfied whole.

When, however, the balance is by any
means upset, and some particles of either
kind are supcradded to or abstracted
from a body, the body does, in fact,
exhibit certain new properties and is said
to be ‘“electrified,” or to possess an
“electric charge.” It is important to
note that when we say it possesses an
electric charge, we mean that it possesses
an eclectric charge which is manifest : it
already possesses a charge of electricity,
as we have pointed out, but its normal
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charge is balanced and therefore not
cvident.

The characteristic properties cxhibited
by an clectrified body may now be
considered.

If an ecbonite rod is rubbed against
the coat sleeve, for example, some of the
negative electrical particles of the surface
atoms of the rod are accumulated upon
the surface, and so form a negative charge
ol clectricity upon the ebonite (Fig. 4). It
the rod, whilst so charged, is brought near

Electrons on surface
(Constituting negative
‘charge”) .

[
.

ELbonrte Rod

ELECTRICAL EFFECT OF FRICTION UPON AN EBONITE ROD
(left). Owing to the effect of friction some electrons from sarface atoms of the

Fig. 4

The tendency for such a transference of
electricity will evidently be greater the
greater the electrical charge upon the
body, and we may think of the condition
as one of pressure, tending to drive the
electrical fluid along any available con-
ductor. The name “ potential ” has been
given to this “ pressure ”’: thus a body
may be at a higher negative or positive
potential than its surroundings. If it is
at a higher negative potential, negative
electricity will be ready to flow away

1

Lbomte Rod
|
\ Negative Charge
S Positive Charge
(Absence of FHections,
induced by Negative
Charge on Rod

ebonite have been temporarily dislodged and accumulated upon the surface, constituting a

“ negative charge ”’

upon the rod. Fig. 3
paper, the negative charge repels the negative charge in the paper.

(richt). The rod approaching a tiny piece of

The positive charge in

the paper then being nearer than the negative, the result is attraction of the paper to the rod

to a light object, such as a tiny piece of
paper, the electrical particles of the latter
arc temporarily displaced in such a way
that a charge of positive electricity 1s
“induced ”’ on the part nearest to the
rod : the positive charge on the paper
and the negative charge on the rol attract
onc another (the reason is unknown), and
so the paper is attracted to therod (Fig. 3).
The production of a charge of electricity
on the paper owing to the influence of
the neighbouring charge on the rod is
an example of the phenomenon known
as ““ electrostatic induction "—an clectric
charge always tends to “* induce " a charge
of opposite sign on neighbouring hodies.

Electric Potential

If a body has a charge of electricity upon
it (by which we usually mean, as already
explained, if it has more or less than its
normal quantity of the negative clectrical
particles) there is a tendency for the body
to return to the ncutral condition, either
by yiclding electricity to some neighbour-
ing body or by receiving clectricity {rom
some neighbouring body, as the case may
require.

from it, and if it is a higher positive
potential, negative electricity will be.
readv to flow to it from surrounding
bodies.

This may well be illustrated by the
analogy of heat and temperature. If
two similar bodies possess different amounts
of heat they will be at different tempera-
tures, and there will be a tendency for
heat to flow from the one at the higher
temperature to the one at the lower

temperature. The temperature is a
“pressure ” tending to cause the flow

of hcat.
is a *“ pressure”
flow of electricity.

We may uscfully employ this analogy
further. For if two bodies (say two
pieces of iron, one of 1 1b. and the other
of 10 1b.) posscss equal quantities of heat,
the first one will be at a higher tempera-
ture than the other because, its capacity
for heat being less, a given quantity of
heat will raise its heat *‘ pressure ’—i.e.
temperature—to a greater extent.

A similar law holds in electricity. Every
body has a certain electrical capacity.
Generally speaking, a large body will have

Similarly electrical ““ potential ”’
tending to cause the
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ELECTRICAL CAPACITYk OF CONDENSERS INDICATED BY ELECTROSCOPE

Ihg. 6. Two tests are illustrated showing the

increase of electrical capacity of two bodies

on being brought closer together. Divergence of :old leaves of an electroscope indicates

potential,  If bodies approach the capacity is increased, and potenti

al therefore drops (for the same

charge) as indicated by reduced divergence of leaves in the electroscope

a greater clectrical capacity than a small
body. It will be evident that if a body
of small clectrical capacity and a body
of large clectrical capacity be given equal
clectrical charges, the potential (i.e. the
clectrical pressure tending to make the
charge flow away again) will be raised
to a greater extent in the case of the small
capacity than in the case of the large
capacity.

The clectrical capacity of a body has the
very curious property that it depends not
only upon the body itself, but alsoupon the
proximity of neighbouring bodies (Fig. 6).
Generaily speaking, the combined capacity
of two bodies is increcased by bringing
them closer together. This circumstance
is very useful in some cases, for it enables
us to make a device known as an electrical
“ condenser ” (¢g.v.) into which a relatively

PRACTICAL

large amount of electrical charge may
flow for a given potential difference
created between its parts. Furthermore,
by making the parts of the condenser
adjustable in position relative to one
another, the capacity of the condenser
may be varied (Fig. 7). Such a condenser
is Known as a ‘* variable condenser ~ and
is much used in wircless, the two bodies”’
consisting of the two sets of metal vanes,
one set fixed and one set moving.

The potential difference between two
bodies is measured in units called “* volts ™
(g.v.). Since it tends to cause the flow
or motion of electricity, potential difference
is sometimes referred to as electro-motive
force (EALE.).

So far we have dealt with the electricity
resident in a body or stored upon it.
We have seen how the potential or

METHOD OF ALTERING ELECTRICAL CAPACITY OF A CONDENSER

FFig. 7. Variable condensers as used in wireless sets are shown with the relative po.itions of
the two bodies, in this case, sets of metal plates, marked according to the extent of overlap of the
two sets of plates, by means of which the capacity of the condenser is adjusted to the desired value
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“ pressure ”’ tends to make the electric
charge flow between one body and another.
But we have not considered what happens
when the electricity actually does flow.

The Electric Current and its Effects

If two bodies at different potentials are
connected together by means of a “ con-
ductor,” such as a metal wire, the electrical
particles from the one body will flow
along the wire to the other body until
the potentials arc equalized. Such a
flow of electricity is known as an *‘ electric
current,”

In flowing along the wire
the electricity produces certain
effects. In the first place, it
heats the wire.  This 1s due to
the eclectrical particles hitting
the molecules of the metal of
the wire as the particles rush
through the spaces between
the molecules.  The molecules
of the metal are thus agitated
and (as is known from the
science of heat) such molecular
agitation constitutes heat. (In
certain substances the mole-

cule consistsof oncatomonly.)  g,cries /4{/’7) g . i
Familiar examples of the em- Ato;ﬂ/,";iz;/ 27 /o‘?[z Liguid i t/xfcbf charged |
ployment of this heating effect an Llectso Ata’;gl”gg”/’?g‘” ed

will occur to the reader—the
filament lamp, the wireless
valve, the clectric fire.  The (pareed.
sccond effect of the current a liquid,
when flowing in the wire will electron.
be dealt with presently.

The current may also pro-
duce chemical effects.  For
example, if two copper plates arce dipped
into a water solution of copper sulphate
and current is made to flow through the
liquid from one plate to the other (Fig. 8),
the molecules of the copper sulphate will
be decomposed and metallic copper will be
deposited upon one of the plates (see
Electrolysis). Effects of this kind are
used in electro-plating, and in a great
variety of industrial processes.

Another curious phenomenoin, which
should be mentioned at this point, is that
if ditferent substances arc placed in con-
tact with one another, they assume
different clectrical potentials automatic-
ally—that is, clectricity passes over from
one to the other, and the substances are
only “ content” when this potential
difference exists between them. This may
scem to be in contradiction to the state-

atoms,

atoms in these circumstances,
In gases the exact mechanism depends upon the

ment that bodles in contact endeavour to
attain uniform potential. It is due,
however, to chemical action, and is not
in conflict with the general statement
referred to. The effect may be turned to
very useful account. TFor example, if a
piece of carbon and a piece of zinc be
immersed in a water solution of sal-
ammoniac, the carbon assumes a higher
positive potential than the zinc. If the
carbon and the zinc be connccted together,
externally to the liquid, a current will flow
between them tending to equalize their
potentials (in accordance with what has

Llectron attached to Atom
grving 1 nega tive c/n?/yo
) 91//;%; of

Fositive

HOW ELECTRICITY TRAVELS THROUGH LIQUIDS
Tig. 8. The loss of an electron leaves the parent atom positively
In a solid substance the atom cannot move, but in
or gas,
Vagrant electrons mostly attach themselves to other

it moves in the opposite direction to the

thus forming negatively charged
pressure of the gas

been said), but owing to the peculiar
property just mentioned above, chemical
action will at once set in, tending to main-
tain the difference of potential. This
arrangement constitutes a very useful
source of electric current, and is known as
a primary battery (see Cell; Leclanché
Cell). There are numerous other types
of battery (see Accumulator).

Electro- Magnetism

Perhaps the most important effect of the
electric current, however, is the electro-
magnetic cffect. When an electric current
is flowing (e.g. along a wire), magnetic
effects are exhibited (I'ig. g) in the vicinity.
This is a fundamental phenomenon which
has to be accepted. As regards its
ultimate explanation, it may be placed in
the same category as the mysteries already
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\ Direction_of

agnet/c force

MAGNETIC EFFECTS OF CURRENT.
CARRYING WIRE AND COIL
Fig. 9 (above).  Magnetic effects are
exhibited in the region surrounding a
vertical wire carrving a current. Thc
iron filings have arranged themselves
Fig. 10 (left). With a coiled wirc
carrying a current the filings show
that the coil Dbchaves exactly as a
magnet. Both illustrations are actual
photographs of experiments

referred to. If the wire be formed
into a coil, the coil behaves as
though it had a bar magnet
placed along its axis, the effect
being exhibited, however, only so
long as the current is flowing in
the wire (Figs. 10 and 11). This
is the principle upon which the
clectric motor is based.

If a small compass-needle Lc¢
placed at the centre of the coil, it
will evidently be affected by thc
' e magnetism, and the needle will,

" South Pole in general, be deflected (Tig. 12).
of Coil ; The strength of the magnetic

: effect, and, consequently, the
amount of the deflection, will
depend upon the strength of the
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clectric current in the wire of the coil, and
hence an arrangement of this kind may be
employed for measuring the strengths of
clectric currents. This 1s the principle of
the galvanometer, ampere-meter, milliam-
meter, and certain other instruments.
Just as the flow of electric current in a
coil of wire will produce a magnetic “ field”
in the region of the coil, so the introduction

Magnetic Bar.

Fguivalent
tor!

Electrons_ rotating
/n Orbits

MAGNETISM OF A STEEL BAR
11. Electrons in atoms are assumed to
be rotating, and are thus equivalent to in-
numerable infinitesimal current-carrying coils.
The magnetism of the bar is thus the resultant
of the magnetism due to the atoms

i

Fig.

of a permanent magnet into the region of
the coil will cause a momentary current in
the wire of the coil (Ifigs. 13and 14). Sucha
current issaid to be “induced,” o
and is called an “induced
current”’ (g.v.). If a magnet
be alternately inserted into
and withdrawn from the coil,
a momentary current will be
induced in the coil at each
movement of the magnet, the
current being in one direction
when the magnet is approach-
7ng the coil and in the opposite
direction when the magnet
is receding from the coil.  If
the magnet be continually
inserted and removed, an
‘“ alternating current ”’ may
thus be drawn from the coil.
This is the principle of the
dynamo or electrical gener-
ator, which is employed as
the source of current for
clectric lighting and power
plants, and for many other
purposes.  Instead of the
magnets being inserted into
the coil, however, magnets
and coils are rotated on a
shaft, <o as to pass one
another with great rapidity.

Fig. 12.

L |

/l/%gt/‘c

It will easily be seen that the motion of
a magnet past a coil will have a similar
effect to the insertion and removal of a
magnet. As the magnet is approaching
the coil the amount of magnetic fux is
increasing, and it is greatest when the
magnet is exactly opposite the coil; from
that point the flux begins to decrease.

Thus there is a reversal of the current in
the coil at the moment when the magnet
passes it. Usually an electrical generating
machine has a number of magnets and
coils ; frequently each consists of an iron
core wound with many turns of insulated
wire. The number of reversals of the
current per second from an alternating
current generator is called the frequency
or ** periodicity ” of the alternating cur-
rent. The periodicity is spoken of as so
many cycles per second ; a frequent value
for electric-supply mains is 50 per second.

It may be useful to mention at this point
that a wireless transrnitter is an alterna-
ting current generator, but the frequency
of the alternations is in the region of one
million per second. This is enormously
greater than the frequency of the alterna-
ting current used for ordinary purposes, and
entirely different apparatus is necessary
for the production of these high frequencies.

Turrent N,

Horizontal Jisk

PRINCIPLE OF ELECTRICAL MEASURING INSTRUMENTS
2 How a magnetic needle placed within a current-
carrying coil is deflected is illustrated. This is the principle of
the ‘ampere-meter, galvanometer, and many other electrical
measuring instruments.
wire are used, instead of one only, the effect upon the needle
for the same current being correspondingly greater and the

Usually a large number of turns of

instrument thus more sensitive
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INDUCTANCE COIL THEORY DEMONSTRATED PHOTOGRAPHICALLY
Iig. 13. Laid on a sheet of paper is a fairly powerful bar magnet surrounded by iron filings,

which have arranged themselves according to the lines of force in the magnetic field.
of the magnet is a coil of wire, the ends of which are connected to a galvanometer.

On the left
The

magnetic field entering the region of the coil causes an induced current in the coil, which is recorded
by the deflection of the needle indicator in the galvanometer, as seen in the photograph

We have seen that a coil carrying a
current behaves as a magnet, and also that
a magnet inscrted into a coil causes an
induced current. Thus if we have two
coils suitably placed with relation to one
another and we pass a current through
one coil, the establishment of the magnetic
ficld will be equivalent to bringing up a
bar-magnet to the second coil.  Conse-
quently, in accordance with what has been
said, there will be a current induced in the
sccond coil at the moment when the
current is started in the first coil. A
current will also be momentarilyv induced
in the second coil at the moment when the
current in the first coil is broken.

This phenomenon is known as “ mutuad
induction,” and is the principle of the
“induction coil ¥ and a great varicty of
other clectrical devices. In particular, it
is the principle of the transformer which
is largely used in wireless apparatus.  (See

High-frequency and Low-frequency Trans-
former ; Induction Coil ; Jigger; Tuning
Inductance.)

Tt may well be asked what is the cause of
all these effects, but no final answer can
be given. We know that when a current
is flowing in a conductor, a magnetic ficld
is set up around the conductor, and also
that if a change be brought about in the
magnetic field in the region around a con-
ductor, there will be a momentary current
set up in the conductor, which current will
create magnetic effects tending to oppose
the magnetic change. We have been able
to utilize the phenomena of electro-
magnetic induction to an enormous extent
-—as has already been indicated, the whole
of clectrical engincering is built upon it.
But what is the ultimate nature of the
mysterious connection between a current
of clectricity and a magnetic field is at
present unknown.
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We have various theories of the pheno-
menon, expressed in terms of a supposed
medium called the Ether. This medium is
assumed to exist throughout all matter

and throughout all space in the uni-
verse. It is invisible, intangible, and
imponderable. '

One theory of clectricity assumes

that the electrical particle is the ether
medium in special form or state (soe
Ether). The magnetic field which sur-
rounds a current-carrying conductor or a
bar-magnet is conceived as a state of
“strain ”’ in the ether. and is sometimes
referred to as magnetic ““strain”  or
“ displacement.”  Similarly, a stationary
¢harge of electricity produces an ether strain
known as electric strain or displacement.

Coil /

The moment any change takes place in
the ether strain, the readjustment begins
to be propagated outwards through the
cther mediun, just as a disturbance on the
surface of a pond is propagated outwards
from the source of disturbance. A change
in electric and magnetic displacement 1s
known as an electro-magnetic disturbance
such disturbance travels away thirough the
ether with the very high speed of about
186,000 miles per second. It is sometimes
said to travel with the velocity of light :
this is because light-waves are electro-
magnetic disturbances proceeding from
special sources. There are various other
kinds of radiation which consist of electro-
magnetic disturbances and which travel
through the ether with the same speed as

lron Filings indicating
Magriétic Freld

INFLUENCE OF A CURRENT-CARRYING COIL UPON ANOTHER COIL

Fig. 14. Asin Fig. 13, a coil of wire is connected at both ends to a galvanometer, but in this case
the magnetic field is set up not by a permanent bar magnet, but by a current fiom a battery

carricd by another coil of wire.
of the iron filings.

As before, the magnetic field is indicated by the self-arrangement
The coil attached to the battery is equivalent to the magnet.

When the

current in the right-hand coil is broken the effect upon the left-hand coil is the same as that
of removing the magnet in the case illustrated in Iiig. 13
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light-waves.  “ The velocity of light ” is
thus a short version of the more complete
expression ““ the velocity of propagation,
through {frec ether, of electro-magnetic
disturbance.” [ mention “ iree cther ”
because the wvelocity of some kinds of
cicctro-magnetic  radiation  (light-waves,
for example) is very different when the
waves arc travelling in ether which is
within matter: the velocity of light
through glass, {for example, ix about two-
thirds of the velocity of light through free
cther.

There is a special significance about the
velocity of light, and we have reason to
believe that it is fundamentally impessible
for anything in the physical universe to
travel with a velocity exceeding the velocity
of light.

It may be mentioned that the ether
medium is postulated, or assumed, rather,
as a means of visualizing processes:  its
nature is, if possible, even more obscure
than that of the eclectron. Some of the
properties which it must possess can, how-
ever, be worked out comparatively simply
from a knowledge of the velocity of light
and certain other factors, and making
certain assumptions as to the nature of
light radiation.

Production of Wireless Waves

Now suppose we have two bodies at
different potentials and connect them by a
wire.  Electricity will flow along the wire,
and whilst it is flowing we have magnetic
disturbances, due to the changing current,
and electric disturbances, due to the chang-
ing charges on the bodies. The svstem
will, therefore, be a source of electro-
magnetic disturbance, but when the two
bodies have attained the same potential,
if all clectrical motion ceases, no further
clectro-magnetic  disturbance  will  be
created. We may say that a single
clectro-magnetic wave has been emitted
{rom the system. If a mcthod can be found
for causing a to-and-fro curge o! the clectric
charge between the two bodies so that,
alter equalizing the potentials, it over-
shools the mark, stores itself upon the
opposite body, returns, again overshoots,
and so on (like a pendulum), we shall
evidently have the simple process mien-
tioned above repeated a number of times,
and thus, instead of onc electro-magnetic
disturbance being emitted froni the system,
a train of disturbances or a train of waves
will proceed from the svstem.

These electro-magnetic waves are of the
kind which are employed for wireless trans-
mission, and a system such as that which
we have just been considering would con-
stitute a simple wireless *‘ transmitter.”

A condenser consists, in reality, of two
charged bodies (each ““body” being
usually a set of metal plates), and if one
set of plates be charged and allowed to
discharge to the other set the discharge
will, in general, be *“ oscillatory,” or
" electrical oscillations ” will be set up
{such as those we have just been consider-
ing), and electro-magnetic waves will be
radiated from the svstem (Figs. 15 to 19).
The number of times per second the
charge will flow to and fro, or the
" Irequency ” of the oscillations, as it is
called (see Frequency), will depend upon
the capacity of the condenser and the
inductive properties of the system (see
Inductance). By varying these quantities
the {frequency may  be varied, and
hence the “ wave-length ” of the emitted
electro-magnetic waves may be varied.

Oscillations in the Receiving Aerial

Now let us suppose we have a system
such as the above, but instead of employing
it for producing electro-magnetic waves,
let us suppose that such waves (produced
by another similar system at a distance)
fall upon our system. They will have the
converse effect of setting the quiescent
clectrical fluid of the system into oscilla-
tion (just as, if we were in a boat on a
pond, waves set up by another distant
boat would cause our boat to rock).

The oscillations set up by the incoming
waves will be greatest if the frequency of
the incoming waves is the same as the
frequency of the waves which our receiving
svstem would emit if it were used a# a
transmitter. This frequency is calied the
" natural {frequency " of the system, and if
it does not happen to be the same as that
ot the incoming waves which it is desired
to receive, the capacity or inductance of the
svstem (or both) may be varied until its
“ natural frequency ” has been adjusted
to the proper value.  The receiving system
15 then said to be *“ tuned ” to the incoming
waves.

This is the principle of wireless trans-
mission and reception.  The electrical fluid
0i one system (transmitter) is artificially
caused to oscillate : owing to its peculiar
rclationship with the ether, it sets up ether
disturbances (wireless waves) which travel
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first stage in the series of oscilla-
tions following the discharge of a

condenser. Lines of electric force
— are shown across the plates of the
: Electric fines charged condenser, with no current
v, of furce in circuit. The condition is shown
Rt - graphically in the diagram above
Connecting
| ne g .
| ST - 3 : Current at maximum
‘ i [ AR 3 : / (Charge at Zero)
. Gk Representypn i
| B /I/(/ID/M’t/Céﬂ : ) ) .
; i o force due Time

. . ent
Direction ta Lurr ’

7 One guarter of
of Lurrent

‘Oscrffation period”

Fig. 16. Terminalsarc connected and
" the condenser is accordingly dis-
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an oscillation period. The series is
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Fig. 19. Conditions are now exactly
as at the commencement, and a
complete oscillation has taken place
and the cycle of events is about
to be repeated. These diagrams are
necessarily simplified and do not take
account of factors which complicate
the matter in actual practice

OSCILLATORY DISCHARGE OF A CONDENSER :

away at bigh spced : when thev fall upon
another body or system (receiver), again
owing to the mysterious relationship
between the ether and the electrical fluid
in bodies, they cause the electrical fluid of
the sccond system to oscillate.  Special
apparatus (a detector valve or crvstal)
cnables the oscillations of the clectricity
in the sceond body or svstem to be
detected and interpreted.

It should be noted that the electricity
which oscillates in the receiving system is
the electrical fluid of that system and is
not reccived from the transmitier.  Elec-
tro-magnetic cuergy is received in the form
of cther waves, but clectricity does not
travel from {ransmitter to recciver.

CYCLE COMPLETE

This may be illustrated by the case of a
singer : the singer’s vocal organs set the air
into vibration, and the vibratory motion
is transmitted through the air to your ear-
drums, but the air from the singer’s throat
does not reach your ear—-in fact, the
singer might be enclosed in an air-tight
cabinet and vou would still be able to
receive the sound. Similarly, the heat
from a fire may warm a cold person and
cause the blood to course through his
veing, but he does not derive the blood
from the fire—only the stimulus. The
electro-magnetic waves are the stimulus
which sends the electrons coursing through
the inter-atomic spaces of the aerial-and-
earth system of the wircless receiver.

¥
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ELECTRO-CHEMICAL EQUIVALENT.
The weight in grammes of cach clement
of an electrolyte which is deposited by one
coulomb of electricity. Tt has been found
by cxperiment  that 1 coulomb (= I
ampere  flowing  for one second) will
liberate 0-00001035 gr. of hydrogen, which
is accordingly reckoned the electro-chemi-
cal cquivalent of hydrogen. The electro-
chemical equivalents of other clements
can be ascertained by multiplying the
figure for hydrogen by the atomic weight
of the element and dividing the product
by the valency of the element. Electro-
chemical equivalents are employed in the
application of the important law of clectro-
Ivsis, which lays it down that the amount
of an ion liberated at an electrode per
. second is equal to the strength of the
current multiplied by the electro-chemical
cquivalent.

ELECTRODE. The terminal or pole ot
current-carrying conductors separated by
a medium through which the current can
flow from one to the other, ot others,
where more than two exist. The expres-
cion covers many applications, both in
wireless and electrical engineering.

Tn wirciess, the term is used for the main
components  of the  transmitting and
receiving valves, which, in the case of the
three-electrode  valve, consist of a fila
ment, grid, and anode. The plates of
the positive and negative poles of an
accumulator are sometimes called elec-
trodes, and the plates of the elements of
primary batteries are similarly designated.

In clectrical practice the expression
appliesto the carbon pencils of the arclamp
and the opposing conducters of a spark
cap, including the points of the sparking
plug used on internal combustion engines.
The anode an:d cathode, which are respec-
tively the positive plate and the article
to be plated, in an electro-plating bath
are referred to as electrodes, and similarly
named arc the corresponding plates used
in electrolysis.

The brush electrode is a soft wire brush
composed of very fine wires, used  in
conjunction with a Rhumkortf or shocking
coil for curative purposes. See Accumu-
lator ; Anode; Battery; Cathode; Cell ;
Grid ; etc.

ELECTRO-DYNAMICS. Term used for
the study of the laws of electricity in
motion. ~ The study of electricity in
motion first came into prominence when
A. M. Ampéere, in 1820, announced the

results of his and D. F. J. Arago’s investi-
gations. Ampére then announced that
parallel conductors through which electric
currents were flowing in the same direction
attracted one amnother, and repeiled onc
another when the currents were flowing in
opposite directions.  Ampere established
the laws governing this attraction and
repulsion.

In this Encyclopedia the subject of
clectro-dynamicsis dealt with under various
headings. Such articles as Ampere, Volt,
and other electrical units should be con-
sulted : also the articles on Alternating Cur-
rent, Current, Electricity, Magnetism, etc.

ELECTRO-DYNAMOMETER. The
electro-dynamometer is another term for
a wattmeter, an instrument for measuring
power in a circuit. It must be understood
that while in a direct current circuit it is
true to assumec that volts multiplied by
amperes = watts = power, in an alterna-
ting current circuit this rule hardly ever
holds good. In A.C. work it is necessary
to differentiate be-
tween apparent watts
and true watts.

Voltage Consider the con-
Maxinwm  ditions obtaining in
Volt an A.C. circuit having
Lurve a highly inductive

load, such as a trans-
former or a squirrel cage
induction motor. The
effect of such a load in
this circuit will be to cause
the current to lag so many
degrees behind the volts.
This condition is shown
in Fig. 1, which should be
read downwards. In this
figure a typical voltage
curve is plotted against

ey

Current
laxumuim

Ampere
Curve

the current curve. It
‘ o will be scen that the
Fig. 1. Typical ppaximum volts and maxi-
voltage curve

mum amperes {shown by
the dotted lines) are not
coincident.

The power in a circuit is represented
by the multiplication of the instantaneous
voltage by the instantaneous amperes. In
the circuit shown in Fig. 1, thercfore, the
power would be measured by taking the
volt and ampere readings where they are
vertically above one another, and multiply-
ing these two together. The product would
be the true watts, and would therefore
represent a true measure of power.

plotted againsta
current curve




The apparent watts, however, are the
maximum volts multiplied by the maxi-
mum amperes, and this is the result which
one would obtain by measuring the tworead-
ings given on an ordinary A.C. voltmcter
and ammeter respectively. The result
obtained in this way then would be totally
misleading, as it would be invariably
greater than that obtained by an instan-
tancous method, where the difference in
angle, or phase, as it is generally termed,
is accounted for.

This phrase difference is expressed in
degrees.  While inductance makes {he
circuit lag behind the volts, capacity tends
to make it lead in front of them. The
number of degrees which the lag or lead
assumes 18 called the angle of lag or lead,
and the cosine of this angle is termed
the power factor, which figure obviously
cannot exceed unity. It is general prac-
tice to denote the angle of lag or lead as
#, and therefore the power factor is cos b.

Suppose, now, a circuit to be so very
inductive that the current lags go0°
behind  the volts  (which circumstance
can almost be obtained in the laboratoryy),
then the value of cos ¢ will be zero, If 4
voltmeter and ammeter are applied to
this circuit, both will give a reading, and
the apparent power will be the product
of these two readings. The true power,
however, will be volts multiplied by
amperes multiplied by cos ¢. As the
latter value is zero, it follows that the
result is zero, which is, of course, correct,
and represents the true state ol affairs in
that circuit. The current present in such
a circuit is known as a wattless current,
and this term applies to that amount of
current in any A.C. circuit which is not
doing uscful work.  The conditions obtain-
Ing in a circuit where current is applied
to the primary of a transformer whose
sccondary circuit is left open are such that
nearly the whole of that current will be
wattless,

It will therefore be appreciated that in
A.C.work something more than voltmeters
and ammeters are required if true watts are
to be ascertained, and it is for this reason
that the wattmeter was designed and
developed.  The Siemens electro-dynamo-
meter type of wattmeter represents the
carliest form of such instruments.  This
type is, however, now rendered obsolete
by others, chiefly because it is not par-
ticularly accurate, and also not a direct-
reading instrument, 7.c. readings cannot
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be obtained purely by the instrument
movement causing a pointer to move
along a divided scale.

A dynamometer consists essentially of
two coils, one fixed and the other rotating
within the fixed one. The fixed coil is
wound with many turns of fine wire, and
is shunted across the load. Therefore it
measures the potential difference across
the load, and may be termed the volt coil.
The other coil, which moves within it, is in
series in the circuit, has few turns of
thick wire, and is termed the current coil.
The passage of current through both coils
simultaneously causes them to be mutually
attracted, with the result that the
carrent coil, which is normally situated
at right angles to the volt coil, swings
round on its pivot until both are in
line with one another. The essential
feature to be grasped, however, is that it
1s not merely the distance through which
the moving coil swings which represents
the watts, but the torque exerted by it.
It is the torque, therefore, which has to be
ascertained.  The method of accomplish-
ing this is as follows :—

Reference must be made to Fig. 2, in
which the essential features of the dynamo-
meterare diagrammatically depicted. Here,

— )
Maimns
—

Volt:
T——\\ ——Y— —Coi/
|
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ESSENTIAL FEATURES OF A DYNAMOMETER

Fig. 2. Connected to the mains and the load

are the volt and current coils, shown thin and

thick respectively. When the instrument is in

circwt with the load the moving coil swings

round to take up a position with the other. The
top knob is rotated by hand
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ELECTROLINES

the volt and current coils are shown thin
and thick respectively, and connected to
the mains and load. The latter in this
instance is a lamp. Above the coils is
the scale, which is a circular one divided
into degrees.  The scale surrounds the
control knob, which is connected to the
spiral spring, the other end of which is
attached to the moving coil. A\ pointer
15 attached to the knob.  Another pointer,
which indexes on the outer edge of the
scale, is rigidly connected to the mov-
ing coil, thus indicating the latter's
position.

Upon the instrument being put into
circuit with the load, the moving coil, the
normal position of which is at right angles
to the fixed one, swings round to take up
a position in line with the other.  This
movement having been completed, the
top knob is rotated by hand in the oppo-
site direction. The application of this
torque, applicd by hand to the moving
coil via the spring, will naturally bring
the moving coil back to its normal posi-
tion. The strength of the spring being
constant, every different degree of strength
which the dynamometer itself exerts will
mean a correspondingly different spring
tension to bring it back again. Thus the
number of degrees through which the
knob has to be rotated represents
true measure of the dynamometer torque
exerted.

As 1t is practically impossible to manu-
facture two springs having cxactly the
same strength, it is  necessary that
cach instrument should be individually
calibrated.  Furthermore the tempera-
ture of the spring will make slight varia-
tions in its strength; thercfore it is
advisable to work it always at whatever
temperature it was-calibrated at, if really
accurate results are to be obtained. Sec
Power Factor; Siemens Dynamometer ;
Wattmeter.

ELECTROLINES. Term suggested by
Professor J. A. Fleming for the lines of elec-
tric force which radiate from an electron.
Fleming drew the analogy between electro-
lines radiating from an electron and long
straight wires radiating in all directions
from the centre of a small ball.

Electrolines or lines of electric force tend
to keep as short as possible, and it is
the attraction between positive and nega-
tive electrons which is a phenomenon of
this cffort on the part of the clectrolines
to keep short.  Professor Fleming has

pointed out that the electrolines possess
a quality which is equivalent to mass or
inertia, and this quality provides the
electric mass of the electron.

Since the lines possess inertia, if the
electron moves suddenly or changes its
speed, the ends of the lines resting on the
electron also move suddenly, but the
remaining part of the lines lag momen-
tarily behind. A kind of wave motion
takes place along each electroline as the
movement of the electron continues, until
the electroline takes up the movement as
a whole.

The movement of the electrolines causes
a magnetic force to act at right angles to
the lmes. The wave motion along the
electrolines moves outwards from the
clectron with the velocity of light, and
this movement, combined with the result-
ing movement of the lines of magnetic
force, or magnetolines, is called electric
radiation.  Such radiation may be caused
by any sudden movement of the electron—
that is, by it suddenly stopping or by
suddenly starting.

What Happens When an Aerial Radiates

Electric radiation does not always follow
from any change of velocity of the electron.
Thus an clectron which is moving in a
circular path at constant speed is con-
tinually changing its velocity, but does
not radiate electro-magnetic waves, But
if the electron is moving backwards and
forwards along a straight line, electro-
magnetic waves are radiated. If there
are a large number of these electrons
moving backwards and forwards in this
way, as in the case of radio-frequency
currents, an electro-magnetic wave 1s
propagated throughout the surrounding
medium,

This is an important fact which must
be grasped fully by the reader who is
interested in wireless theory, and though
the conception involves high mathematical
difficulties, it is one which enables a
visualization to be made of what happens
when an aerial is radiating waves into
space.

The electrolines may be regarded as
lines along which there is a displacement
of electricity against the elastic force of
the medium. There is a tension along
these lines and a pressure at right angles
to them.

The propagation of waves may be
better followed by considering “what
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happens in a simple Hertz oscillator or
radiator. Fig. 1 shows diagrammatically
such an oscillator. It consists of an in-
duction coil (not shown), spark gap, and
two metal plates fixed to either end of

the gap. The metal plates represent a
Meta/ Meta/
Flate Flate

SIMPLE HERTZ OSCILLATOR

Fig. 1. Metal nlates are fixed to cither end of

the spark gap represented above, which is used

in conjunction with an induction coil. This

should be studied when considering the pro-
pagation of waves

condenser, whose opposed surfaces are
widely separated, while the diclectric is air.

As the potential difference rises during
the accumulation of the charge on these
plates an clectrostatic field is created
about them. There comes a time when
the difference of potential becomes so
great that the resistance of the dielectric
is broken down and a discharge takes
place across the spark gap.

In Fig. 2 is shown a diagram with the
spark gap shown vertically. On the right
and left are shown the lines of electric
force before discharge takes place. The
source of the alternating current is
omitted for the sake of clearness. The
lines of electric force form closed loops,
and, of course, are actually in all directions
round the oscillator, forming, in fact,
surfaces of which the loops shown are
sections,

When a discharge takes place the strain
immediately relieved, and electric
oscillations take place, free electrons
vibrating backwards and forwards in the
rods. One of these rods is supercharged
or negatively charged, and the other is
undercharged or is deficient in electrons.
To put it in another way, the electrons
in one rod are all crowded together,
wanting elbow room, so to speak, while
there is plenty of room in the other rod.

With the breakdown of the dielectric
the crowded eclectrons immediately rush
towards the rod deficient in electrons and
oscillate to and fro until a state of equi-
librium is restored. But, as already
stated, this movement of electrons causes

is

G

Fig. Electrolines are
shown at A I before dis-
charge takes place

2

takes place

Fig. 5. Alter the loops have been formed
as in Ilig. 4, they break, forming the two
portions E and F

Fig. 3. A B lines cease
to exist when discharge

—

Fig. 4.
result

Loops are formed as the
of momentum following
discharge

@

Iig. 6. Ultimately the electrolines form the
shape here shown, a series of Joops being
thrown off

DISTORTION OF ELECTROLINES BY THE DISCHARGE OF A SPARK GAP
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Contents of Part 10

Among the extraordinarily varied con-
tents of Part 10, with its 9o articles on prac-
tice, theory and construction in wireless
work, will be “How-to-Make” articles on :

Experimenter’s Valve Panel

How to construct a panel or series of panels which,

without any alteration of internal wiring, can be

easily connected up to test almost any type of
circuit, with 10 new photographs

Fan Aerials

Types of acrials for transmission fully explained,
with constructional details for the amatceur trans-
mitter

Faults and How. to Find Them

Systematic methods of tracing and correct:ng
faults and failures in any receiving set, whether
crystal or valve set. Illustrated with a special
plate in photogravure—i17 * action’’ photographs.
This article will enable the amatcur to maintain
his apparatus in the highest state of cfficiericy

Filament Resistances

The best types illustrated and described, with prac-
tical instructions for making simple and efficient
resistances, with special ‘““new” photographs

Part 10 will also contain three articles
of outstanding importance and interest
by our Consultative Editor,

Sir Oliver Lodge, F.R.S.,D.Sc.,
giving clear but simple expositions of
some of the fundamental theories under-
lying wireless reception and transmission.

THE ELECTRON IN THEORY AND PRACTICE

Sir Oliver Lodge’s own original work on clectrons

gives his fascinating explanation of - the standard

theories of the electron added weight. It is

illustrated with 20 diagrams and photographs

specially prepared to make the theories plain to
the least instructed reader

ELECTROSTATIC CAPACITY AND HOW TO
CALCULATE IT

In this article the distinguished scientist gives

practical assistance to thf- amateur and experi-

menter in a matter, the importance of which in

connexion with aerial “design is not alwayvs
sufficiently appreciated

THE ETHERIN ITS RELATION TO WIRELESS
Sir Otliver Lodge here describes the work of
himself and other scientists in working out
‘theories of this essential medium for the trans-
mission of wireless and other clectro-magnetic
waves. A masterly exposition which will appcal

to every class of reader
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