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ARMATURE CORES FOR GENERATORS

Fig. 9. Armature cores for generators take a
wide variety of forms and four examples are here
shown. Band C are the most common in use
with direct current generators of all sizes. A'is
most]y used with very small motors and D with
alternating current generators

current machine, instead of armature and
fields respectively.

Direct current generators may be con-
structed with either one pair of field
magnet poles, or with two or more pairs.
In all but very small machines multipolar
fields are common, since more efficient
use can be made of space and material.

The appearance of a complete direct
current generator of the multipolar type
will be gathered from the photograph
(Fig. 7). Whether designed with two,
four, or more field poles, modern generators,
almost without exception, have the yoke
or frame of circular outline.

A typical armature core, mounted on
the shatt complete with its commutator,
is shown in Fig. 8. Armaturc cores take
a diversity of forms, a few of which are
shown in Fig. 9. The one labelled A
is seldom used except for toys and very
small motors. The one with six poles, 1),
is adapted for use in alternating current
generators, while the other two, B and C,
consisting of slotted ring and slotted drumn
types, are those most commonly employed
in direct current generators of all sizes,
having varying numbers of teeth, and
slots of either open or semi-enclosed form.

The design of generators to comply
with any particular output specification
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i too lengthy and complex a matter for
satisfactory treatment in a short article,
and it is only possible to give the briefest
outline of the principles involved. Accord-
ing to Figs. 4 and 5 and the explanatory
matter accompanying them, certain effects
arise under the conditions there illustrated.
The relation between cause and effect may
be very briefly stated as follows. The
fundamental formula relating motion,
flux, and induction may be ‘stated :—

Electro-motive force is proportional to
specd, flux strength, and length of conduc-
for. It remains, therefore, to ascertain how
to arrive at the necessary field strength and
length of conductor to comply with the
stated E.M.F. at the given speed. Thereis,
of course, a direct relation between the
output required from the generator in
watts and the size of the machine as a
whole. Various ‘ output coefficients ”
have been put forward to enable the
dimensions of an armature to be quickly
arrived at, given a certain performance
specification, and one of the simplest may
be stated as under :—

EC_D2L

N K
where E represents volts, C current, and
N revolutions per minute. K is a coeffi-
cient which varies according to the size of
the machine.

This is equivalent to the statement that
the output of a generator per minute per
revolution is proportional to the square
of the diameter of the armature core, to
the length ol core, to the flux density in the
air gaps, and to the ampere-turns per unit
length of the circumierence.

The electro-motive force generated in a
continuous current armature is

E. ZPNT

T2 X 60 Xg X108

In the above, P is the number of pairs of
poles, N the number of revolutions per
minute, T the number of active wires
round the periphery of the armature,
¢ the number of parallel paths from brush
to brush through which the current can
circulate, and Z the strength of the
magnetic flux.

The number of armature conductors
being determined, the exciting power
required from the field coils to drive the
requisite flux (Z) through the armature
is dealt with by taking each part of the
magnetic circuit separately, such as
poles, yoke, air gaps, armature teeth, and
armature body, with due allowance for

T2
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magnetic leakage, and summing up the
whole in the form of

Ampere-turns = 0-8/ S

ua
! being the length of the circuit, # the
permeability, and a the area. Perme-
abilities for any value of flux per square
inch are obtained from reference tables
relating to the particular quality of iron
employed, or a table of ampere-turns per
inch length for various flux-densities can
be worked to instead.

Excitation of direct current generator
fields is derived in several ways, according
to the performance required. The fields
may be separately excited from outside
sources, and independent of the speed and
voltage variations of the armature, as
in Fig. 10, or an independent field circuit
may be taken from the generator brushes,
as in Fig. 11, called shunt excitation, which

ENERATOR

15 the most customary method. Again,
series excitation is sometimes employed
(Fig. 12) where the fields and armafure
are in the same circuit. Any variation in
the armature current then affects the
field excitation in proportion. Or a
combination of shunt and series excita-
tion 1s often used, as in Fig. 13.

The effect of these various methods
of excitation on the voltage characteristic
of the generator is shown in graph form
in Fig. 14, hence a method of excitation
can be chosen which will meet the required
performance best. This curve shows the
variations in voltage at the terminals of
a direct current gencrator when the fields
are excited by the different methods
named.

As a rule direct current generators are
made self-cxciting, but in the case of
alternating current machines it is necessary

%

P Fig. 10. Separate field excitation in a direct
current generator is shown in this diagram

O

Fig. 11. Shunt field excitation is represented
here. This is the most customary method

:

Fig. 13. Compound field excitation, as repre-
sented in this diagram, is a combination of the
shunt and series methods

Fig. 12, This method is known as serics tield
excitation, the fields and armature being in
the same circuit

Sef'es .
/ Seoarately Excited

<
Lurrent

Fig. 14. Characteristic curves of dynamo

voltages for the four methods of excitation

illustrated in Figs 10 and 13

SIMPLE DIAGRAMS OF THE VARIOUS EXCI{ATION METHODS USED IN GENERATORS
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A few representative exam-
ples will serve to familiarize the
reader with modern examples
of generator design. Fig. 17
shows a 110~140 volt direct
- current 1} kilowatt generator
particularly suitable for bat-
tery charging, driven from a
single phase alternating current
motor, the two forming a rotary
converter. In Fig.18is a photo-
graph of a similar but reversed
combination, comprising a
3 h.p. 110 VOIt shunt-wound
direct current motor, arranged
to drive an alternating current
generator. Fig. 19 1s a large
slow-speed direct current gene-
rator of another design, driven

Fig. 15. Field excitation of this alternating current generator }y g 500 h.p. induction motor

is effected by the small direct current gencrator seen on the left

Courtesy English Electric Co.

to supply some auxiliary source of con-
tinuous current for field excitation, since
the polarity of the alternator fields must
remain unchanged and they cannot, con-
sequently, be excited from alternating
current. This is met by providing a
small, entirely separate direct current
generator as an ‘ exciter,” usually direct-
coupled to the shaft of the alternator rotor
and series woun® Fig. 15 gives a repre-
sentative example, the auxiliary source
of direct current being seen on the left
and the alternating current generator on
the right.

The output of an alternator is con-
trollable by the extent of its field excita-
tion, and can consequently be governed by
providing a variable resistance between
the exciter terminals and the stator field
winding.

The output of a continuous current
generator can be similarly controlled in
the case of a shunt or compound machine
by inserting a variable field rheostat in
series with the shunt field coils, so that
without any change in the speed the
strength of field excitation, and therefore
the output, is under. control by modifying
the ampere-turn effect of the magnetizing
field coils. A diagram of this control
appears in Fig. 16, and is particularly
useful when charging accumulators, since
the charging rate in amperes follows the
terminal voltage of the generator, hence
any change in the latter affects the former.
Reference should also be made in this
connexion to the heading Field Rheostat.

running on 440 volts, 50 cycles,
at 490 revolutions per minute.

Again in Fig. 20 appears a 300 kilo-
watt direct current generator capable of
delivering 850 to 1,350 volts at 490-500
revolutions per minute, driven by a
440 b.h.p. slip-ring 50 cycle alternating
motor ; the feature of this set is the fact
that the generator is separately excited by
a smaller direct-coupled exciter dynamo
wound for 110 volts, which gives a great
range of voltage on the larger unit.

A specially interesting set is shown
in Fig. 21 ; at the back of the picture is
a 200 h.p. shunt-wound motor driving a
Marconi disk at a speed of 750 to 86o
revolutions per minute. In the foreground
is a special automatic booster set com-
prising a 65 h.p. motor for 440 volts,
boosting up 160 volts with 300 amperes
capacity and a momentary overload
capacity of 430 amperes.

The booster set is controlled by a
Brown-Boveri regulator, which keeps the
direct current supply constant, thus ensur-
ing that with any normal variation of

CZi;§\
e

VARYING GENERATOR OUTPUT
Fig. 16. Output of a dircct current generator
may be varied by a variable shunt ficld resistance,
as in the above diagram
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2 KW. D.C. MOTOR AND ALTERNATOR
Fig. 18. Made to run at 1,800 r.p.m.. this 3 h.p. 110 volt shunt- the foreground will be seen a

wound direct current motor is arranged to drive an alternating
current generator. The alternator capacity is 13 kilowatts

Courtesy Marcony’s Wareless Telegraph Co., Ltd

ROTARY CONVERTER AND STARTERy-

Fig. 17. Driven from a single phase
alternating current motor, this 1} kilo-
watt rotary converter, with starter and
field regulator, is particularly suitable
for battery charging. This i1s a ship-
type Electrical Construction Company’s
machine
Courtesy Marconi’s Wireless Telegraph Co., Lid.

supply frequency the speed
of the Marconi disk remains
practically constant. In fact
the regulation is so close that
the makers guarantee a maxi-
mum of not more than one
quarter of 1 per cent speed
variation on-the disk when
the supply frequency varies
as much as 5 per cent.

At the right-hand side of
the figure is seen a main direct
current generator for supply-
ing power to the motor booster
set and battery. The output
capacity is 162 kilowatts at
440 volts, and it is direct-
coupled to a 440 volt alter-
nating current 50 cycle motor
running at 750 revolutions
per minute.

A slightly different composi-
tion is shown in the next set,
illustrated in Fig. 22. In

motor-generator set consisting
ofa230b.h.p. 440 volt 50 cycle




Fig. 19. This generator is installed at the Marconi station at Carnarvon. A 500 h.p. induction
motor of the slip-ring type running on 440 volts is direct-coupled to Dick Kerr generators

Fig. 20. Separately excited by a smaller direct-coupled exciter dynamo, at Marconi's Carnarvon
station is a 300 kilowatt direct current generator capable of delivering 850-1350 volts at 490-500
revolutions per minute. It is driven by a 440 h.p. alternating motor

HIGH.TENSION GENERATOR AND 550 KW. ARC GENERATOR AT CARNARVON
Courtesy Marconi's Wareless Telegraph Co., Ltd,
1029
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SHUNT-WOUND MOTOR-DRIVEN MARCONI DISK AND BOOSTER

Fig. 21. At the back in the photograph is a 200 h.p. shunt-wound motor driving a Marconi disk
at 750-860 r.p.m. In the foreground is an automatic booster. So closely regulated is this set with
its booster that the specd of the disk does not vary more than ‘25 per cent. At the right-hand side
appears a main direct current generator for supplying power to the booster and battery
Courtesy Marconi's Wareless Telegraph Co., Lid.

730=750 r.p.m. motor, and a 162 kilowatt
440 volt direct current generator. At the
back of the picture is an automatic battery
booster set consisting of a 440 volt motor
and reversible booster of 0-180 volts and
300 amperes capacity. With aif automatic
regulator this' set controls the power
supplied to the motor-driven spark disk,
and is also guaranteed to keep the speed
of the motor within one quarter of 1 per
cent with a 5 per cent variation in the
supply volts and frequency.

As an example of a set especially
designed for the conjoint supply of high-
tension and low-tension direct current for
wireless purposes, Fig. 23 is given. The
set consists of three separate units--a
110 volt 14 h.p. 1,800 r.p.m. shunt-wound
driving motor on the extreme left, direct-
coupled to a low-tension 12 volt 24 ampere
direct current generator in the middle, and
firther coupled to a 3,000 volt 120 milli-
ampere direct current generator on the
extreme right. _

The points of especial note in the design
of the high and low tension units are:
the extreme care taken in proportioning

the various parts in order to eliminate
unnecessary weight, the adoption of a
laminated ficld magnet, the use of special
high-permeability high-resistance material
for the stampings, and the general pro-
visions for eliminating the undesirable
factor of commutator and voltage ripple,
so detrimental to transmission.

In order to minimize the difficulties
attendant upon commutation of currents
at such high voltages, the high-tension
output has been split up into two distinct
and separately insulated armature wind-
ings, each with its own separate com-
mutator, which, it will be seen, is divided
up into an extremely large number of
segments. The armature teeth are
skewed, and so designed as to give the
minimum possible disturbance to the pole
flux, while the arrangement of the coils
in the armature slots is carried out on
a definite colour scheme, resulting in a
completely symmetrical winding, and a
steady electro-motive force almost entirely
free from trace of ripple when examined
under the oscillograph. Each half of
the winding is elaborately insulated and




GENERATOR

subjected to a flash-test of 4,500 alternating
volts, and the two sets of brushes are
afterwards put in series to obtain 3,000
volts at the normal running speed of 1,800
revolutions per minute on full field
excitation.

The field excitation for the high-tension
generator is derived from *he low-tension
unit, which also excites its own fields as
well as supplying current for external
purposes. Both high- and low-tension sets
run’ in ball bearings of the self-aligning
double-race type, and the set is practically
noiseless in~ operation. Owing to the
division of the high-tension armature

Fig. 22.
foreground. In the background
regulation as in the set shown in Fig. 21.

CARNARVON STATION BATTERY-CHARGING MACHINES AND BOOSTERS -
Battery-charging machines of the Marconi station at Carnarvon

windings it is possible to couple up the
brushes for alternative outputs of either
3,000 volts 120 milliamperes with the
two windings in series, or for 1,500 volts
240 milliamperes with the two windings
in parallel.

Fig. 24 is an illustration
3 kilowatt generator by

of a twin
the Radio

Communication Co., Ltd. Both machines
are identical in design and construction,
but the top one is intended to be used as a
stand-by, should the other one fail. The
machines are motor generators, and con-
vert direct current at a pressure of either
110 or 220 volts (as required) to alternating

-~

are shown in the

are reversible boosters of 300 ampere capacity with automatic
On the right is the motor for driving the spark disk

Courtesy Marconi's Wireless Telegraph Co., Ltd,
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GENERATING SET SUPPLYING HIGH- AND LOW.TENSION CURRENT FOR TRANSMITTERS

Fig. 23.

On the left of this three-unit set is a 110 voit 14 h.p. shunt-wound motor direct-coupled to

a low-tension 12 volt direct current generator in the centre, and further coupled to a 3,000 volt

direct current generator on the right.

This set incorporates many special points of its design

Courtesy George Kent, Ltd.

current at 200 volts, 500 cycles. The
direct current is used to excite the alter-
nating current ends of the machines.

3 KW, TWIN .GENERATORS

Fig. 24. Twin } kw. generators are illustrated.
The top generator is a stand-by in case the lower
one fails. This is direct current at 110 or 220
volts and converted into alternating current at
200 volts. Note the rotary spark gap on the
lower machine
Courtesy Radio Communication Co., Lid.

The lower machine is unusual in that it is
permanently fitted with a rotary spark
gap. This feature is well shown in the
photograph. The gap has three elec-
trodes, one being a rotary toothed disk
having twenty teeth directly coupled to
the armature shaft, and the other two are
fixed. The leads and insulation attached
to the latter may be seen fixed to the top
of the outer cover of the gap. This cover
is a casting with fins attached, which assist
in dissipating the heat generated during
discharge.

A means of rotating the’
cover around the motor end
plate is provided. As the
fixed electrodes are rigidly
attached to this cover, the
latter’s rotation will mean that an adjust-
ment of phase relationship between the
rotary electrode and the fixed ones is
possible.  Should the lower generator, or
its gap, become inoperative, a switch is
provided to bring the spare one into im-
mediate use. The gap for this is a fixed
one, which is not illustrated, but is fixed
in the wireless cabin of the ship.

Fig. 25 shows a generator driven by
a 2% h.p. Douglas motor-cycle engine.
This type of machine was used in very
large numbers indeed during the War for
trench transmitters. The engine is the
standard well-known 350 c.c. horizontally
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GERMAN SILVER

opposed unit, equipped with a petrol
tank situated immediately above the
cylinders, and having automatic lubrica-
tion. No cooling device other than the
usual fins is employed, it being found un-
necessary, even if the set be used over
long periods.

The armature shaft of the generator is
directly coupled to the engine crank-shaft,
and runs, therefore, at the same speed.
The, generator is designed for two pur-
poses: it delivers alternating current at
a frequency of 1go and at a presure of
94 volts, and diréct current at 24 volts.
The output on the alternating current
side is 0-75 kilovolt-ampere, and on the
direct current side 15 amperes.

Slip-rings for the <collection of the
alternating current, as well as the com-
mutator for the direct current supply, are
all situated at one end of the machine.
The large inspection cover may be elearly
seen in the picture. There being ten
pairs of poles, the machine runs at 1,900
revolutions per minute.

CROMPTON’S GENERATOR DRIVEN BY MOTOR.CYCLE ENGINE

Straps may be seen at various places on
the machine. These were used in order
that the whole unit might readily be trans-
ported on mules or other animals.

GERMAN SILVER. Name of a silvery-
coloured alloy. Its composition varies
somewhat, but that used in wireless work
may contain from 45 to 65 per cent of
copper, 5 to 30 per cent of nickel, 15 to
25 per cent of zinc. There is generally a
small amount of lead present. The metal
is pleasant to work, can be machined
similarly to hard brass, and finishes with
a bright lustrous polish. Its application
to wireless work is limited practically to
resistance wires, the electrical resistance
varying more or less in accordance with
the amount of nickel content. An alloy
associated with the german silvers, or
nickel silvers, is known as platinoid, and
includes in its composition a small amount
of tungsten, giving it a greater electrical
resistance; about one and a half times
greater than ordinary german silver.

German silver composed of copper
601 per cent, zinc 2537 per cent, iron
0-3 per cent, and nickel 14-03 per cent,
has a specific resistance in legal microhms
of 30. Relative conductivity compared
with silver at 100 is 4-89 at 0° centigrade.

Fig. 25. Crompton’s generator, as seen in the above photograph, is driven by an ordinary

Douglas motor-cycle engine. It was used largel

y for trench transmitters during the Great War.

Alternating current is delivered at 94 volts and direct current at 24 volts
Courtesy Marconi's Wireless Telegraph Co., Lid.
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The thermo-electric' force in micro-volts
is 1175 for a difference of 1° at a temper-
ature of about 20°, lead being one of the
elements of the couple. |

GERNSBACK VARIABLE CONDENSER
A type of variable condenser in which the
capacity is varied by unrolling flexible
plates from two outside drums to a drum
placed between them, and vice versa.
Three drums of insulating material of the
same diameter and length are geared to-
gether so that a certain movement on one
drum causes a corresponding amount of
movement on the other two. The central
drum has a spindle and knob attached by
which the whole are operated.

The effect of turning the knob in one
direction is to unwind a sheet of flexible
insulating material and a shect of flexible
metal from each of the outside drunis on
to the central drum. When half a turn of
the knob is made the metallic and the
insulating sheets commence to overlap,
thus giving a condenser effect between the
metallic plates from the two opposing
drums. These are prevented from touch-
ing by means of the insulating sheets that
move with the metallic sheets.

Connexion between the opposing plates
is effected by a spring contact operating
on the metallic plates.

GIBLIN REMLER COIL. Name of a
proprietary inductance coil having cotton
spacing between the layers and turns.
The Giblin Remler coils are very similar
to the Burndept coils, in the form of
successive layers of wire wound as a
multi-layer solenoid. The cotton spacing
is put on as a zigzag lattice, interleaved
with the turns. By this method of
winding the spacing between the layers
increases from nothing at the beginning of
a layer to a large value at the end, so
lessening the self-capacity.

GIMLET. Tool used by woodworkers for
boring small holes in wood. The standard
pattern illustrated in the figure comprises
a long, hard-steel shank, the upper end
pointed and finished to the shape ot a wood
screw. A spiral groove is formed along
the lower half of the shank, and the upper
end is squared to form a tang, and passes
through the centre of a horizontal piece
of boxwood whichs forms a T-shaped
handle. The shank is attached securely to
it by means of a washer and rivet.

Several different sizes of gimlet are
available at low cost and the experimenter
will do well to have at least two, one very
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HOW TO USE A GIMLET

When boring into wood, as in the photograph,

a gimlet must be kept upright.  An even

pressure should be kept up. Gimlets should not
be used on very thin wood, or on ebonite

small for use with fine screws, and one
large for dealing with screws of 2 in. in
length and upwards.

In use, the gimlet is held upright in the
right hand, as in the photograph, and
pressed firmly into the wood exactly at
the spot” where it is desired that the hole
should be made. The handle is then rotated
by twisting the wrist, at the same time

maintaining a pressure in a downward -

direction so that the gimlet can screw its
way into the wood. The chips should pass
freely upwards through the spiral grooves.
The gimlet is chiefly used for making
holes in which screws are subsequently to
be driven, for which purpose it is admirably
suited, as a hole made by a gimlet has a
form of screw thread formed on the walls
of the hole. Gimlets should not be used
on very thin wood, otherwise the material
is almost sure to be cracked or split. A
better tool is a small drill or a bradawl.
Nor should a gimlet be used -on ebonite.
GLAND KEY. A gland key is a spanner,
shaped similarly to an ordinary drill-chuck
spanner, which is used to adjust the

GLAND KEY
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packing gland of a Bradfield deck insulator.
It is usually made of forged steel. The
semicircular portion is made to fit the
circumference of the gland, while a little
projection on the tip of the inside radius
of the key fits into holes made for it.
Considerable leverage is obtained by using
this shape of instrument, and slipping of
thespannerround the object to be tightened
is almost entirely obviated. See Bradfield
Insulator ; Deck Insulator.

., GLASGOW BROADCASTING STATION
(6SC). This, the . first broadcasting
statien established in Scotland, was opened
on March 6th, 1923.  The station proper is
situated in the tower of the Glasgow
Corporation’s power station at Port
Dundas, the studio being located more
centrally in the city at a distance of about
a mile. The power supply is 500 volts
direct current from the Corporation mains,
this being transformed by a rotary con-
verter to 500 volts alternating current at
300 cycles. After being’led to the instru-

ment room at the top of .the tower, the
alternating current is supplied to a static

i~
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GLASGOW B.B.C. STATION

_ INTERIOR OF INSTRUMENT ROOM AT

transformer with two secondaries, one
used for high tension &t about 10,000 volts,
the other for lighting the filaments of
the rectifying valves. The high tension
having passed through therectifying valves
and become pulsating direct current, is
“smoothed "’ by chokes and condensers
until an almost perfect direct current 1is
produced. The high tension is then sup-
plied to the * dri¢e” valve and power
valve plates, the purpose of the drive valve
being to cause the power valve to oscillate,
but not of its own accord (Fig. 1).

The transmitting station is linked with
the studio by a cable laid through the
existing Post Office conduits. At the
studio there is a microphone and also an
amplifier of special type, further amplifica-
tion and modulation being effected at the
transmitting station. The aerial is of the
cage type, consisting of four wires separated
round hoops of about 4 ft. 6 in. diameter,
and is about 180 ft. long. The insulators,
consisting of porcelain reels strung in
serics, are about 7 ft. long. The range is
given officially as 75 miles, but in practice

GLASGOW B.B.C. STATION

il

Fig. 1. About a mile separates the transmitting department frorm the studio of the Glasgow broad-

casting station. In the instrument room, shown above, high-tension current is rectified by valves and

“smoothed *’ by chokes and condensers until almost perfect direct current is produced. Power valves
are caused to oscillate by a drive valve, which is supplied by the high-tension current
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During the actual broadcasting period the room attached to the studio, which is seen

in this photograph, is occupied by the control man, whose duty it is, by the aid of the signal

lamps seen on the right and the telephones on the table, to control the technical quality of the
’ transmission, = This operator receives the transmission on a special receiver

Fig. 3. Switchboard apparatus and accumulators are scen in this photograph.  This is one of
the several departments which are controlled by the operator in the room seen in Fig. 1

INTERIOR OF GLASGOW BROADCASTING STATION
1036
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this has been largely exceeded, and the
station is a favourite one for reception by
English amateurs. The transmitting ap-
garatus was installed by the Marconi

ompany, while the studio gear is of
“ Western Electric ” manufacture.

GLASS. Brittle transparent mixture of
fused silica and two or more alkaline bases,
such as lime and soda or potash. When
heated it becomecs soft and workable. In
the hard state it can be cut with a
diamond or very hard steel cutter. It can
be ground and polished, and is resistant to
practically all acids except fluoric acid.

Glass is used in wireless work in several
forms, including ordinary sheet glass, made
by blowing molten metal into a cylinder
which is then cut and flattened. Plate
glass is poured on to a table and compacted
and rolled to uniform thickncss.

There are numerous names given to
many different glass compositions, mostly
due to the presence of a predominating
metallic oxide, as for instance, soda glass,
or lead glass, or because of the manufactur-
ing process, such as blown glass, roller
glass and the like. Toughened glass is
subjected to a chemical and heat treatment
calculated to reduce the brittleness.

Glass is used for the globes or bulbs of
valves, as containers for the electrolyte in
accumulators, and as the dielectric in some
forms of condensers. The specific induc-
tive capacity of glass varies considerably
even for the same kind of glass. That of

crown glass lies between 3-11 and 6-g6, and
of flint glassis from 6-61 to g-0. Glasshasa
specific gravity of about 2:g and a density of
some 180 Ib. per cubic foot, and the melting
point is in the neighbourhood of 2,000° F.

The cutting of ordinary sheet glass for
such purposes as the front window of a

Fig. 1 (lett).

straight edge.

being held properly. Fig. 2 (right).
cutter in making glass disks

CUTTING GLASS FOR WIRELESS COMPONENTS
Straight cuts can be madle in glass with a glass-cutter guided by a wood rule or

The cutter should make a clean, ripping ncise, not a dull tearing sound, if it is
A wooden guide disk is used to control the direction of the

cabinet receiving set is not a difficult
matter. The glass should be placed on a
flat surface covered with a piece of felt or
cloth. One edge has next to be cut straight
by holding a batten or straight edge on the
glass and pressing it down firmly with the
left hand. The glass is cut with a diamond
or a cutter. The diamond is generally
considered preferable, but is an expensive
tool. Quite satisfactory results are given
by a cutter with a small diameter hard steel
whecl, and these are inexpensive.

Both cutters are manipulated in the same
way, by gripping the handle between the
thumb and second finger with the first
finger on the top of the handle, as shown in
Fig. 1. The cutter is held at a small angle
and inclined towards the body ; the cut is
made by drawing the cutter towards the
body. It is important to get the correct
angle. This isindicated by the glass making
a clean, ripping noise, as against a dull
tearing sound when incorrectly held.

The glass is not cut through by the
cutter, but only a shallow scratch made on
the surface, and it is necessary only to
make one cut. The glass is then rested on
a smooth piece of wood with the edge of
the wood exactly under the cut. Gently
tapping the glass with the back of the
holder of the cutter will cause the glass to
break. The subsequent cuts are made in
the same way, but the lines are marked
with a square, and the cuts made to them.
Rubbing the surface with a piece of soap
will make the marks clear.

A circular piece of glass such as may be
needed for a galvanometer case can be cut
with a special tool, but in its absence the
amateur will find that a disk of wood or
metal can be used, as shown in Fig. 2.
The size of the disk must be smaller than
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Fig. 3.

rotated by the right hand.

the required size for the glass, the amount
depending on the thickness of the cutter
head. The diamcter of the guide disk
ought to be less than the desired diameter
of the glass by 14 times the thickness of
the cutter head.  The cutter is simply run
round the guide disk, and then several
cuts made radially from the cdge of the
sheet of glass to the circular cut and the
glass broken away carefully.

Rough edges on the glass can be removed
by grinding on a carborundum wheel, such
as the bench grinder type shown in Fig. 3.
The glass is held in the left hand, and the
handle of the grinder revolved with the
right. The glass rests on the tool rest or
support and is held carefully and steadily.
The wheel rotates towards the glass, and
the latter is constantly moved to and {iro
across the grinding wheel to obtain a
smooth edge. .

Ground or obscured glass can be made
by sprinkling emery powder on the glass
and moistening it with water and rubbing
with a smooth piece of stone or a piece of
glass, such as a solid stopper {rom a large
bottle. The rubbing is carried out with a
brisk circular movement all over the surface
and the whole kept well moistened with
water. The glass should rest on a piece of
felt or cloth, and the rubber be slid off the

REMOVING ROUGH EDGES FROM GLASS
Rough edges are removed by caretuily grinding on
an emery or carborundum wheel, as illustrated. Note how the
glass is held in the left hand and the handle of the grinder
The glass is held on the tool rest

glass and not lifted, as to lift it
would be likely to break the
glass by the suction between
the rubber and the surface.
Glass can be ctched by sand-
blasting, or with hydrofluoric
acid, but the process 1s injurious
to health and 1is best not
attempted by the amateur.
These processes, as well as
embossing and bevelling, are
carried out cheaply by the glass
merchants.

GLASS PAPER. Paper
sheets  covered with  finely
powdered glass. The term 1s
popularly synonymous with
sandpaper (g.v.), and the paper
is used in a similar way.

GLASS PLATE CONDENSER.
Type of condenser in which the
dielectric is composed of glass.

The most common form of
condenser having a glass
dielectric is the Leyden jar
used for experimental work,
mainly with f{rictional elec-
tricity. In this form a good
quality flint glass jar is covered inside and
outside with a coating of tinfoil, leaving
sufficient space at top and bottom of
the jar to prevent electrical losses
through leakages. In the common form
illustrated on page 858 an insulated
cap is provided through which a rod
having a short length of chain is
attached. The chain is allowed to rest
on the tinfoil on the inside of the jar.

The outer end of the rod is provided- with

a round brass knob. This type of con-
denser is largely supplanted by the flat
multi-plate condenser, which is used
extensively in the large condensers of
transmitting stations. Glass is chosen
in preference to ebonite or mica mainly
on account of its comparative cheapness
in construction. Although glass has a
high dielectric constant, its dielectric
strength is not so good as the other forms
of dielectric mentioned.

The accompanying illustration shows
the construction of a plate condenser.
A number of leaves of tin or lead foil are
placed alternate ways between sheets of
flat glass, so that no two neighbouring
sheets of foil touch or are sufﬁciently‘
near to brecak down the insulation be-
tween them. Alternate sheets at each
end are electrically connected. In large



GLASS PLATE CONDENSER

condensers empioyed in very hlgh tension
work, such as would be required in big
transmitting stations, the conductors or
electrodes of the condensers usually con-
sist of zinc or other metal plates. The

GLASS AND PAPER CONDENSER

In this type of condenser good crystal or flint glass is used,
selected as free from blow holes and imperfections as possible.
The plates seen are of tin foll placed with the overlap at

alternate ends

whole condenser is also generally immersed
in an oil tank, which adds to the dielec-
tric strength and assists in cooling the
condenser. See Condenser. .

GLASS SEPARATORS. Glass separa-
tors are rods of that material which are
used in storage batteries to keep the
plates scparated. They are usually a
little longer than the height of the plates,
to enable them to stand on the bottom
of the containers. In the case of a small
cell only two would be used between
each pair of plates, the larger sizes having
three or more.

Apart from its inherent brittleness,
glass is an ideal material for this purpose,
as it is entirely unaffected by sulphuric
acid. Furthermore, rod separators have
a negligible area in contact with the plates
themselves, and thus present a free space
between the plates to allow any paste
which may become detached to fall to
the bottom. This prevents any possi-
bility of internal short circuits. Owing
to their brittleness, glass separators are
never used in cells which are likely to
be moved, except for repairs or other
emergency, during their life

GLASS SILENCER. A glass tube fitted
with end pieces of some insulating material
fitted over the electrodes of a spark gap,
to enclose it and quieten the noise of the
spark. The end plates are drilled a
convenient size for the insertion of the
electrode rods. In fitting this type of
silencer it should be seen that the diameter
is sufficiently large to prevent cracking
through' the heat of the spark. It is also
essential that the interior of the glass
be kept as clean as possible to prevent
surface leakages.
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GLASS TUBE Clean dry glass is onc
of the best insulators, and may he used 1n
a variety of apphcatmns where efficient
insulation is important. A common use
for glass tube 1s in the construction of
enclosed crystal detectors. Glass
tube is largely used in the con-
struction ot dry batteries to act
as vent holes for the escape of gas
from the cells. In this case the
tube is of very small diameter.
Another application is in the
 glass silencer (g.v.).

A reason why glass tube is
not more extensively used is
owing to the difficulty of cutting
and working it. A good method
of cutting off a desired length
from a long tube is to put the tube in the
lathe, using any soft medium of uniform
thickness between the tube and the lathe
chuck jaws to prevent breakage of the
tube when tightening the chuck. The
place where it is desired to cut the tube
is marked all the way round with chalk.

A piece of strong string attached to the

‘back of the lathe bed is turned once round

the tube, the string being guided over the
chalk mark. The lathe 1s then run at a
good speed and the string pulled tight.
Care must be taken to keep the string in
the same position. The tube will drop
off when the friction of the string heats
the tube sufficiently. If difficulty 1is
experienced in breaking the tube at the
right spot the string may be rubbed with
a little powdered resin to obtain more
friction and the tube rupidly cooled with
cold water.

It a lathe is not available the operation
may be performed with a new three-
square file, such as a saw-file. This 1is
held rigidly at the very top of a vice so
that one V-side is uppermost. The tube
is then rubbed at right angles to the file
on the mark where it is desired to cut it.
Only a scratch is needed, but it is necessary
to see that the scratch extends in a ring
all the way round. The tube i1s then
very smartly tapped with one hand on
either side of it, when it will break at
the weakest spot, where the scratch has
been made. The deeper the scratch, the
more easily the tube breaks, and ex-
perience will show how far it is necessary
to go before attempting to break the
tube.

Jagged edges may be removed by
wet grinding on a hard stone.
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GLASS WOOL.

A fibrous material

made of finely shredded threads of glass
mixed with natural wool and shown in the
figure. It is used in what is known as the
dry accumulator, in which the glass wool
forms the separator between the positive

EXMPLE OF GLASS wOOL

detected by day or night at any point in
the world where an appropriate receiving
station exists. He adds that all mathe-
matical examination shows that this effect
cannot possibly be due to pure diffraction
—as the bending of waves round the
curvature of the earth is
called—but must in some way
depend upon the presence of
a reflecting surface of some
kind at a high level in the
atmosphere.  See Heaviside
Layer ; Refraction.

GLOW DISCHARGE. Among
the phenomena attributable to
the discharge of an electrified
conductor are those which
manifest themselves by reason
of their luminous effects, and
the glow discharge is included
in this category.

If an insulated conductor is
charged toa high potential by
means of aninfluence machine
or an induction coil, the electri-

Glass wool is made of finely shredded threads of glass mixed City SO imparted to it does

with nataral wool. It is used in dry accumnlators to soak
up the clectrolyte and prevent it from spilling

Courtesy Economic Electric Co., Ltd.

and negative plates. The remainder of
the container in which the plates are
placed is also filled in with the glass wool.
The object of the wool is to soak up the
electrolyte, thus making an unspillable
accumulator. It has been found in prac-
tice that this system is not altogether
satisfactory, as the wool does not permit
a full charge in the case of some accumu-
lators. It is useful in cases where extreme
portability is essential.

Glass wool is useful in a leaky accumu-
lator, where it may be used to soak up the
acid, thus converting the accumulator to
the dry type.

GLIDING THEORY. This theory sup-
poses that electro-magnetic waves, such as
are used in wireless transmission, follow
the curvature of the earth without depend-
ing upon reflection. The theory gained
at one time considerable support among
both mathematicians and physicists, but
iIs now largely discredited owing to the
disconcerting results, more especially in
regard to strength of signals, which have
been obtained in the case of some of the
more widely  separated stations. In his
latest work Dr. Fleming points out that
there are now at least half a dozen radio
stations, signals from which can be

not remain on the body in-
definitely, but tends to leak
. away. In the event of the
conductor possessing points or projections,
the density of the charge becomes greatest
at such places, and will exert such an
influence on the surrounding dielectric as
to cause the adjacent particles of air to
become electrified.

A force of mutual repulsion will accord-
ingly be exerted between the latter and
the conductor, with the result that these
particles will move away along the lines of
force, carrying with them minute portions
of the charge, which is thus gradually
dissipated by convection.

If the experiment is performed in dark-
ness, a pale blue glow may be observed
at such points. As opposed to brush
discharge, this phenomenon occurs in
perfect silence, and is more easily exhibited
in rarefied gases than in air at ordinary
atmospheric pressure. The glow will be
separated from the conductor by a narrow
dark space in the case of a negatively
charged body. '

GOLD and GOLD WIRE. The use of
gold in wireless is largely restricted to the
gold cat’s-whisker used in conjunction
with some crystals for the rectification of
radio-frequency currents. In this applica-
tion a springy wire wound to a coil shape
is used, one end of which is straightened
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GOLDSMITH, A. N.

and lightly touches the crystal. The golc
cat’s-whisker is largely used in conjunction
with the crystal tellurium. A nine-carat
gold spring is usual in this connexion.
In static electricity gold is used in
the form of very thin leaves in the con-

struction of gold-leaf clectroscopes. See
Electroscope.
GOLDSCHMIDT ALTERNATOR. One

of the earliest types of high-frequency
alternators for the production of con-
tinuous waves. It was constructed about
1912 by R. Goldschmidt, on the principle
ol first producing a single-phase alterna-
ting current of, say, 10,000 cycles per
second—which can be done by pushing
ordinary methods of construction to their
limit—and multiplying this up to much
higher frequencies by taking advantage
of Fresnel’s theorem.

Tuned circuits are connected to both
stator and rotor so as to produce in effect a
series of machines in cascade with eurrents
of frequencies in the ratio of 1, 2, 4, and
so on. The current of the highest fre-
quency can be put into an aerial wire and
employed to radiate long electric waves of
corresponding wave-length. The machine
in practice has several drawbacks, one
being that the air gap has to be kept to
a little over 3% in.—a difficult problem
with a five-ton rotor revolving at very high
spced. Not many machines of this type
have been constructed, and alternators
have becn largely superseded in wireless
transmission by valves.  See Alternator.

GOLDSCHMIDT, RUDOLF. German
wireless expert. Born March 1gth, 1870,
at Neu-Bukow, Mecklenburg, Germany,
he was cducated at the Wismar Municipal
School, and studied engincering at Char-
lottenburg and Darmstadt Technical High
School. He joined the A.E.G. in 1900,
and in succession became chief engineer
to Crompton & Co. and the British
Westinghouse Electric and Manufacturing
Company. In 1go7 he was appointed
lecturer at Darmstadt Technical College,
and afterwards practised as a consulting
engincer. Goldschmidt is famous for the
high-frequency alternators which bear his
name, and in 1911 he established two large
wireless stations at Eilvese, Province of
Hanover, and Tuckerton, New Jersey,
U.S.A., for wireless communication between
Germany and America. He has written a
large number of articles on his alternators
and other aspects of wireless transmission,
and is also the author of a series of patents.

D

GOLDSMITH, ALFRED N. American
wireless expert. Born in New York in
1887, he was educated at the College
of the City of New York at Columbia
University.

Goldsmith carly took an interest in
wireless, and has held many high positions
in the wireless world. In 1912 he was
appointed the wireless consultant to the
United States Department of Justice, in
1914 consulting wireless engincer to the
Atlantic Communication Co., and in
1915-17 consultant to the General Elec-
trical Co. From 1917-19 Goldsmith was
Director of Research to the Marconi
Wireless Telegraph Co. of America, and
in the latter year he became Director of
Research for the Radio Corporation of
America. In 1922 he was appointed
a member of the U.S. Federal Radio
Telephone Commission.

Professor Goldsmith has carried out a
large series of investigations into sim-
plex and duplex wireless telegraphy and
telephony, transmission of canal rays, and

PROF. ALFRED N. GOLDSMITH

Ediror of the DProceedings of the Institute of

Radio Engineers of America, Prof. Goldsmithisa

prominent wircless expert and well-known writer

on radio subjects. His investigations into sim-

plex and dupiex telegraphy and telephony and

the transmission of canal rays are regarded as
notable scientific achievements

u2




precision instruments in wireless engineer-
ing. He is a member of many wireless
societies, and since 1912 has been editor
of the proceedings of the Institute of Radio
Engineers. Goldsmith is the author of
many papers on wireless subjects, and of a
number of well-known and authoritative
books, including * Wircless Telephony,”
“ Radio Measurements.” etc.

GONIOMETER. The goniometer is an
instrument designed for use in conjunction
with special tvpes of acrials, both for the
purpose of deterinining the direction of a
source of incoming signals, and for the
propagation of electric waves to a desired
point. The term is, however, frequently
applied in a broader scnse, to embrace the
whole of a directive radio system.

The side of directional wireless in which
research has shown the greatcst advances,
and to which particular reference isade in
this section, is that of reception. The most
important application appears to exist in
direction and position {inding, though the
problem of the elimination of interference
and jamming, owing to the rapidly in-
creasing number of transmitting stations.
will doubtless lead to further developments
in directive transmission.

In this connexion the researches of
Senatore Marconi and his band of wircless
experts into short-wave transmission are
of great importance. The subject is dealt
with " in this Encyclopedia under the
heading Short Wave, and also to some
extent under Reflection.

The type of instrument which has been
most widely adopted is that based on the

70 Aerial
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DISPOSITION OF COILS IN GONIOMETER
Fig. 1. Viewed {rom the top the disposition of
coils in a goniometer appears as in this diagram

1042 __ GONIOMETER

Bellini-Tosi (g.v.) system, and takes the
form of a specially designed oscillation
transformer.  This consists essentially of
two fixed coils of wire, mounted exactly at
right angles to one another in order that
mutual inductive effects between them
may be a minimum. Both coils are
wound in two equal sections and divided
at their centres by a variable condenser
for tuning purposes. Reference to the
A 70 Aerial
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lpparatus

STATIONARY AND SEARCH COILS

Fig. 2. For simplicity the two sections of each
stationary coil are merged into one, and the
condensers are omitted. Within the stationary
coils is the rotating search coil with pointer
accompanying diagram (Fig. 1) will make
clear the disposition of the coils as viewed
from the top.

Mounted concentrically inside the two
stationary coils is placed a smaller one,
capablce of being rotated through a com-
plete circle. A pointer is attached to this
movable or search coil, as it is usually
lnown, and a scale provided so that its
angular position with regard to the fixed
coils may be read at a glance.

The diagram, Fig. 2, shows the complete
arrangement, where for simplicity the
two sections of cach fixed coil are nmerged
into one and tuning condensers omitted.
Leads, which should be as short as possible
and not run too close together, are taken
from cach fixed coil to its respective
directive antenna and from the search coil
to recetving apparatus. Each stationary
coil is wound continuously in the same
direction, due care being taken to ensure
that both sections have the same number
of turns and that the spacing between
each conductor is constant.

A very simple case is provided by a
square loop of wire (Fig. 3), mounted so as
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. DIRECTIVE ANTENNA THEORY OF A GONIOMETER!
Fig. 3. Rotating about its vertical axis is a square loop of wire. " Arrow heads a, b, represent

electro-motive force induced by a received pressure wave.
Fig. 4 is a plan view of the loop, and what takes place when the two induced

one another.

electro-motive forces are out of phase is shown in Fig. 5.
and the greatest current will flow

the greatest phase difference

to be capable of rotation about its vertical
axis. This is again shown in plan by
Figs. 4, 5 and 6. A pressure wave set up
in the ether by a transmitter situated on a
line perpendicular to the plane of the loop
(Fig. 4), in spreading outwards in ever-
widening circles, will cut the two upright
conductors a and b simultaneously, with
the result that the two electro-motive
forces induced in them, whatever their
direction and value, will be in phase.
Assume that their direction is upwards,
as indicated by the arrow heads (Fig. 3) ;
being in opposition, they will cancel one
another, and no current will flow in the
circuit.

Suppose, now, the loop is rotated to the
position in Fig. 5. The waves will excite
b before a, so that the two induced
electro-motive forces will be out of phase,
and a current will flow as a result of this
phase difference. If the loop is still
further rotated until its plane comes into

direct alinement with the source of wave.

emission (Fig. 6), we shall have a case
where the phase difference will be a

I’ig.. 7
7o Freld Colls

Peing in opposition, they cancel

In Fig. 6 the loop is rotated to.obtain

maximum and the greatest current will
flow.

[n the system under consideration the
aerials take the form of two triangular
loops, one of which is shown in Fig. 7,
slung from an insulator at their apex, the
plane of each triangle being at right angles
to the other.

From a similar train of reasoning to that
given above, these antennae are found to
possess directional qualities, so that a
maximum current is induced when alined
with a transmitting station, and a minimum
when at right angles. In intermedigte
positions the value of the current is
proportional to the cosine of the angle a
between the plane of the aerial and the
transmitter. Fig. 8 gives a plan of the
two loops.

Signals from X will produce a maximum
effect upon A, and a nil effect upon B.
Similarly transmission from Y will energize
B, but not A. For radiation trom a point
7 the current in A will be proportional to
cos a, and in B, cos (9o — a).

To return to the goniometer itsclf. The

fixed coils, which are merely
continuations and reproduc-
" tions of the cxternal antennac,
will accordingly be excited in
a similar way and will be

Fig. o

GONIOMETER TRIANGULAR LOOP ANTENNA THEORY

Fig. 7.
each other.

Triangular loops are slung {rom an insulator, the triangles being at right angles to
Fig. 8. A plan of the two aerials is given in which one is energized by a transmitter

X, and the other by another transmitter, ¥. Fig. g is a theoretical diagram representing a wave in
the act of cutting a loop
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FIRST DIRECTION-FINDING GONIOMETER

Fig. 10. This photograph shows the original

Marconi-Bellini-Tosi goniometer, with the various

coils, which was the first coniometer for the
wireless direction finder

Courtesy Marcons’s Wireless ’I‘glegraph Co., Lid.

productive of magnetic fields at right
angles to the direction of the windings.
These will be proportional in value to the
strength of the current flowing in them.

It may be proved by mathematical
reasoning that, for a given power of
transmission, the value of the resultant
field is constant, but its direction will vary,
and is found to be at right angles to the
line joining the transmitting and gonio-
meter stations, provided, of course, the
" coils of the latter are set parallel to their
respective loops.  The effects of  this
resultant field will produce the greatest
results on the search coil when the latter
cuts the lines of force at an angle of go°,
and if the pointer is alined in the planc of
this coil, will indicate the direction of the
source of transmission when signals are
loudest.

In actual practice it is found somewhat
difficult to define accurately the position
giving maximum intensity of signal

strength, and it is customary to search
for two points where signals disappear and
bisect the angle between them. Alter-
natively, the pointer may be set at right
angles to the coil, indication of the required
direction being obtained when the sound
in the headphones is faintest.

It is very convenient to have some
means of giving bearings in terms of
points of the compass, and for this purpose
the scale over which the gpointer moves
may be divided into 360°, with the zero
position indicating north. Once this scale
is fixed by trial on the instrument the
necessity of keeping the coils in alinement
with the aerials disappears, for the position
of the search coil with regard to the
fixed windings will be the same as that
of the transmitting station with reference
to the triangular loops.

With the advent of the valve receiver
the use of external aerials was obviated to
a large extent, and frame aerials came
into prominence as direction finders, the
low efficiency of such closed loops being
compensated by the enormous degree of
amplification obtainable by multi-valve
sets. By some authorities they are
considered to be capable of giving more
accurate results than the method just
described, particularly on short wave-
lengths. Reference to Fig. 9, which shows
a wave in the act of cutting the loop, will
ilustrate why short waves are preferable.
As can be seen, maximum phase difference
between the two electro-motive forces
induced in @ and & can only be obtained
if the sides of the frame are spaced half a
wave-length apart, a case which is quite
impracticable in most instances.

The result is, that if the dimensions of
the frame are to be kept within reasonable
limits, the only alternative to produce the
greatest phase differcnce possible lies in
decreasing wave-length.,

The foregoing treats of direction, but
not of sensc of direction. Only in rare
cases, however, is the latter unknown, and
moreover, usually owing to some minor
inaccuracies of construction which throw
the system out of perfect electrical balance,
better results are obtained in one sense
than in the other. This can be found by
practical tests with known stations.

Fig. 10 shows the original Marcdhi-
Bellini-Tosi goniometer. The two field
coils, which are connected to the respective
loop aerials, are wound upon ebonite end
plates. The separate turns in these coils
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are not all wound together. The end
plates are slotted at their edges, cach slot
being wide enough to accommodate about
eight turns of wire. This construction is
clearly shown in the photograph. Two
further ebonite plates mounted upon a
spindle may be seen inside the field coils.
The windings on these have been removed
for the sake of clearness, and a cylindrical
coil is seen resting upon the lower plate.
The knob at the top of.the instrument is
for adjusting the relative position of the
inner coils with the outer ones. A circular
scale is fitted to enable the position of the
inner coil to be noted. The instrument
stands about two feet high.—E. C. Saker.

See Bellini-Tosi Aerial ; Directional Wire-
less; Direction Finder; Frame Aerial;
Reflection ; Short Wave.

GOUGE. Name of a cutting tool used in
woodwork. The purpose of a gouge is to
cut out hollow shapes, and for this reason
the gouge is half-round or approximately so
inshape. A typical exampleis illustrated in
Fig. 1, known as a firmer or straight gouge.

The blade is made of cast steel tempered
and ground to an angle or bevel at the end,

HANDLED FIRMER OR STRAIGHT GOUGE

Fig. 1. For all forms of hollow work in wood
this gouge, which has a boxwood carver-shape
handle, is invaluable

and brought to a keen cutting edge with
the aid of an oilstone. The shank or tang
is forged at the other end and is left soft
to add to the strength. It has a shouldercd
portion, which bears against the end of the
handle. The latter is made ot hardwood,
and in various shapes to suit individual
fancy. In the pattern illustrated it is
known as a carver shape and usually made
of boxwood.

The end where the gouge fits in is
- provided with a brass or steel ferrule, to
prevent splitting the wood avhen the tang
15 driven home. Three other types of
gouge are illustrated in Fig. 2, and named
from the top downwards as a handled
firmer gouge, a paring gouge, and a spoocn
or carver’s gouge. The latter is used for
shaping the bottom of relatively decp
holes, and has many uses in pattern-
making and carving gencrally.

The experimenter who makes cabinets
and similar containers for wireleds scts
ought to have a small selection of gouges
of different types and sweeps. By sweep

GOUGES FOR WIRELESS WORK

Tig. 2. Three gouges useful to the experimenter
are, (top) the straight or firmer gouge, {middle)
paring gouge, and the spoon or bent gouge

Is meant the curvature of the. blade.
Some are nearly flat, others almost half-
round in cross-section.

The width varies usually from } in. to
1in.; and a selection of firmer gouges
from } in. to 1 in. by } in. will cover most
amateur requirements, with the addition
of a couple of paring gouges and a spoon
or front bent gouge.

The method of using an ordinary firmer
gouge is illustrated in Fig. 3, and shows
the work held in the left hand, with one
end resting on the bench. The gouge is

_ always worked downbhill, or with the grain

of the wood, and it is desirable to always
have a good view of the path of the gouge,
as this aids in controlling the cut. The
“tool is gripped in the right hand, with the
first finger on the top of the handle to
assist in its accurate direction.

The gouge is inclined at an angle to
the face of the work, and the amount
should be varied, until, by trial, the best
is found. This will be shown by the
nature of the chips. When these come
away {frecly, and with a clean, ripping
sound, the tool is worked correctly.
Paring gouges are ground on the opposite.
side of the blade to the firmer gougces,
and are used for cutting across the end
grain of timber, as shown in Fig. 4. In
this case the gouge is gripped by the
right hand, with the thumb on top of the
end of the handle.

The left hand rests on the work, and
presses it down firmly on to the work-
bench; or, preferably, on a picce of
smooth wood, as this saves the surface
of the bench from destruction by the
gouge. The second, third, and {fourth
fingers of the left hand are placed behind
the blade, but the first finger surrounds
the blade, to prevent it slipping or getting
displaced. The cut is made in a vertical
manner by pressing the gouge down and,



. L

~ GRAMOPHONE ATTACHMENT

Fig. 3 (left). Long grooves in a picce of timber are made with a firmer gouge.
The paring gouge is used for cutting grooves and carving the ends of timber.

the hands.

IMie. 5 (right). A spoen-shaped carver’s gouge is used for hollowing recesses.

HOW THE PRINCIPAL TYPES OF GOUGES ARE USED -

Iig. 4 {centre).
Note the position of
It is

manipulated in much the same way as the paring gouge

at the same time, keeping it drawn back
against the face of the work to keep it in
cut.  For good work the edge must be
very sharp.

The spoon gouge is shown in use in
Tig. 5, and is guided and manipulated in
much the same way as the paring gouge,
except that it has to be worked with
a sweeping movement to obtain  the
desired contour.

Gouges are sharpened by grinding on
a grindstone and setting the cdge on an
oilstone.  Hollows are sharpened with a
small circular-sectioned oilstone slip.

GRAMME RING ARMATURE. Tle
Gramme ring armature  is the name
applied to a certain form of armature
mvented by a French clectrical pioneer

named Gramme. The original armature,
for which he took out a patent in the
year 1871, consisted of a ring composed
of a number of iron wires, over which
were wound coils of insulated copper
wire, It was from this invention that
the modern toothed-ring form of iron
armaturc core developed. Instead of
Iron wires, it is now general practice to
form the armature core of a large number
ol toothed iron stampings, the windings
thereon being wound in the slots between
cach tooth. See Converter; Dynamo.
GRAMOPHONE ATTACHMENT,
Expression applied to a varicty of different
types ol telephone receiver, the top of
whichis so shaped as to permit of its being
used on the tone arm of a gramophone

TELEPHONE RECEIVER ATTACHMENT FOR GRAMOPHONE

Fig. 1. In place of the ordinary ebonite cap the telephone receiver is fitted
with a hardwood cap, soshaped that it will fit the tone arm of a gramophone.

These appliances can cither be purchased from wireless retailers or made by the amateur.
Commercially made gramophone attachments are supplied in high- or low-resistance values, a
transformer being required for the low-resistance attachments
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Fig. 2.

FIRST STAGE IN TURNING A GRAMOPHONE ATTACHMENT
Fitted to the chuck of a lathe is a block of hardwood, which is first made round.

The

photograph shows the beginning of the process of turning the cup for the telephone carpiece to fit

into the gramophone.

in place of the ordinary sound box.
Most of the leading manufacturers supply
such appliances in various resistances,
varying from 120 to 4,000 ohms. The
former should be used in conjunction
with a telephone transformer, and the
latter for the ordinary type of receiving
set.

The construction of a gramophone
attachment iz a comparatively simple
matter. The first requirement 1s a good
quality carpiece or telephone receiver,
such as that shown in Fig. 1, and to turn

HOLLOWING OUT THE CUP OF A GRAMOP

After the outside of the hardwood cup has been turned the cup is not severed irom

Fig. 3.

@

A gouge is used to cut away the wood

up a hardwood cap which can be fitted
in place of the ordinary ebonite cap, the
opposite end being bolted to feet on the
tone arm.

The bulk of the work can be carried out
in one operation in the turning lathe.
Fig. 2 shows early stages, and the method
of holding the gouge while turning the
exterior of the cap. When this has been
turned, its edges are bevelled and the
inside hollowed out, somewhat as illus-
trated in Fig. 3, alter which a screw thread
is cut on the outer portion to correspond

o . S

HONE ATTACHMENT

the main block. The inside is hollowed out in the manner illustrated in the above photograph
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in pitch and diameter to the threads cut
on the case of the telephone.

A small shoulder must be formed so
that when the new cap is screwed in place
it holds the diaphragm in its prpper place
in the manner illustrated in Fig. 4, which
shows a section through the completed
apparatus, the details of the telephone
being omitted for the sake of clearncss.

A small ring of indiarubber should be
interposed between the diaphragm and
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SECTIONAL DIAGRAM OF GRAMOPHONE
ATTACHMENT
Iig. 4. How the gramophone attachment is
built up can be seen in this sectional diagram.
Fitted into the wooden cup is a rubber tube at
the base, and the case of the telephone carpiece
at the mouth

the rest of the cap, to obviate any chance
of its rattling. The small end of the cap
should be bored out slightly larger than
the diameter of the tone arm, usually
about #in. in diameter. It should then
be lined with thin sheet indiarubber ;
or a small piece of rubber pipe may be
cut off and mounted in place with a little
rubber solution, and the outer ¢nd rounded
off to facilitate its easy insertion on to the
tone arm.

The telephone leads should be attached
to the terminals of the telephones, and
may conveniently end in small tags or,
if preferred, a plug-and-socket connector,
according to the arrangement of the
receiving set. Such an adaptor will act
as a miniature loud speaker, and the
quality of the music depends considerably

upon the excellence of the tclephone and
the proportioning of the tone arm and
trumpet of the gramophone, as well as
the power available from the receiving set.
See Amplifving Telephone. '

GRANULE.
convey the idea of a small lump of any
particular substance. In wireless, granules
of carbon are used in the construction of
microphones, and also in many types of
primary batteries. See Carbon Granules.

GRAPH. Diagrammatic representation
ot certain statements of facts, formulae,
ctc.  Graphical methods are increasingly
employed in the solution of problems and
the results of analysis, not only in science,
but in evervday affairs.

In wireless, the experimenter will find a
knowledge of carves and curve plotting—
the graphical representation, in other
words, of the facts he is called upon to
deal with—-exceedingly useful. For this
purposc he should become absolutely
familiar with squared paper. This is
paper which is divided off intg small
squares by horizontal and vertical lines,
and every tenth line is usually made more
distinctive than the others. By this
means it 15 extremely easy to measure
off distances horizontally or vertically.

The plotting of curves is dealt with
in this Encyclopedia under the head-
ing Curve. See also Alinement Chart ;
Characteristic Curve ; Sine Curve.

GRAPHITE. A form of carbon largely
used in wireless and electrical work.

Graphite is a black opaque substance,
and a good conductor of electricity. It is
used for thic construction of high resist-
ances, such as grid leaks (g.9.).

An improvised grid leak may be magle by
using a graphite lead pencil, and rubbing
the lead between two fixed terminals or
conductors.

Tor the reason that graphite is a con-
ductor, marking out wireless panels with
a pencil should be avoided.

Among forms of manufactured graphite,
its use in electric arc lamps and dynamo
and motor collecting brushes is common.
Many types of primary batteries use

sgraphite in their construction, including
the great majority of dry cells. Graphite
is also extensively used in microphones
for telephonic transmission, where it takes
the form of small granules set in a vertical
cup of graphite, or, in some cases, of metal,
and kept in position by a diaphragm of
soft iron housed in a support just clear of

An expression used to



the cup. Owing to the fact that graphite
is a conductor an electric current will
pass through the granules to the diaphragm.
When the diaphragm is moved by the
sound waves of speech the granules of
graphite are compressed or released from
compression, which causes a fluctuation of
current value. ‘This fluctuation is used to
record sound in the telephone receivers.

GRAPHITE RESISTANCE. Naine ap-
plied to any high-resistance wire or path,
the resistant material of which is composed
of graphite. Lxamples include the high-
resistance leak used in some forms of grid
leak, and also for resistance capacity
coupling.  For experimental work a
graphite resistance has many advantages.
It is capable of verv considerable varia-
tions in value, from a few hundreds to
several million ohms, dependent upon the
length of the path and the nature and
breadth of the graphite.

A simple method of constructing such a
resistance for experimental purposes is
by building it up on an ebonite baseboard,
and fitting to it a movable contact blade
running in a trackway composed of
graphite, somewhat on the lines illustrated
m Fig. 1. In this case the chonite base
measures 4 in. in length, 1 in. in width, and
1 in. in thickness, To it are attached two
separate ebonite blocks, or feet, measuring

GRAPHITE HIGH-RESISTANCE DEVICE

Fig. 1. High resistance is obtained in & simple
device which can easily be made by the amatcur.
This may be used as a variable ¢grid leak

1l in. in length and 1 in. in width.  This
is done to raise the resistant clement above
the surface of the baseboard and help to
minimize surface losses.

The first steps in construction are to
prepare three pieces ot cbonite
and screw the two smaller
portions to the long strip
with four small brass screws
tapped into screwed holes in the fect. The
next step is to fit terminals to each of the
feet and a strip of copper, to act as a con-
ductor, as shown in Fig. 2, to conduct the
current from the terminal on the base to a
terminal at the end of the resistance path.

Contact is effected by tightening a nut
on to the bottom of thd telephone terminal,

1049 GRAPHITE RESISTANCE
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CONTACT STRIP OF GRAPHITE RESISTANCE

Fig. 2. Current is carried from the terminal on

the base of the resistance to the terminal which

joins up with one end of the resistance path
by the copper strip in this photograph

which passes through a hole in the upper
ebonite plate at one end.  The other end
is connected in a similar manner to an
ordinary contact stud, which is recessed
below the surface of the upper piece of
ebonite. The contact arm illustrated in
Fig. 3, together with the telephone terminal
which acts as a support for it, is con-
structed from a piece of brass
wire about .% in. in diameter,
shaped as shown in Fig. 3, and
passed through a hole in the
telephone terminal.

The upper end of the wire is provided
with a small ebonite knob. A shallow
groove is then cut into the upper ebonite
plate connecting the two terminal holes.
The telephone terminal and the contact
stud then pass through these holes, and the
nuts are tightened up. A soft lead pencil
is rubbed along the groove, thus covering
it with a film of graphite. The contact
arm is placed in position, and bent so that

VARIABLE CONTACT OF GRAPHITE
RESISTANCE

Fig. 3. Held by a telephone terminal is a bent

brass arm with an ebonite handle. The end ot

this arm runs along the graphite line to vary the
point of contact
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it springs upwards, making contact with
the graphite.

The exact value of resistance can only
be determined by experiment and direct
measurement, but is readily variable by
sliding the contact arm in the groove and,
when  the desired position is reached,
securing it by tightening the knurled knob
on the telephone terminal. The whole

g o ¢
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scarch coil itself is of no importance, and
the design of the fluxmeter is such that the
indications of the pointer are to a great
extent independent of the rate at which
the magnetic field is being cut by the
search coil.

The instrument is usually about 6 in.
long, and is divided into 50 divisions
on either side of a centre zero, and each

DISSEMBLED COMPONENTS OF VARIABLE GRAPHITE RESISTANCE
Fig. 4. Parts of the variable graphite resistance shown in Fig. 1 are laid out as a guide for the
amateur constructor. All the parts required for making this device are three picces of ebonite, five
SCrews, two copper strips, two terminals, a telephone terminal, and a contact arm

of the component parts for this simple
graphite resistance are shown separately
in Fig. 4. See Blacklead.

GRASSOT FLUXMETER. For the
imvestigation of magnetic fields and regions
round about a magnet pole, and particu-
larly for the rapid measurement of relative
strengths of various magnets for com-
parative purposes, an instrument termed
the Grassot Iluxmeter has been designed.
The fluxmeter consists essentially o1 a
sensitive moving-coil type of galvanometer,
shown in the diagram. The moving coil,
B, is suspended by a silk fibre to a shock-
proof anchorage, R, consisting of a spring
mounting, and current is led mnto and out
of the coll by thin silver brushes B, and
B,, the torsional controlling force on
the coil being reduced to a minimum.
E, Iis the suspension stirrup, N, S the poles
of the permanent magnet between which
the moving coil is suspended, and I, L the
terminals.  The instrument itself is illus-
trated on page 949.

If a search coil consisting of a suitable
number of turns of copper wire, appro-
priately shaped for the purpose, is intro-
duced into the magnetic field  whose
strength it is required to mcasure, the
ends of the scarch coil being also connected
to the fluxmeter terminals, a direct reading
on the scale of the instrument will be
obtained proportional to the strength of

the ficld in which the search coil is placed -

for the time being.  The resistance of the

division represents a definite number of
Maxwell-turns  (the Maxwell being the
unit of flux); this number is usually
20,000, and is marked on the scale. Thus
the total number of lines cut by cach
turn of the search coil is obtained by divid-
ing the deflection on the scale by .the
actual number of turns according to the

GRASSOT FLUXMETER

This instrument consists of a sensitive mos ing-

coil type galvanometer; the essential parts we

represented in the above diagram. The instru-
ment itself is scen on page 949
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1 used in testing. Also if the mean
;a of the search coil is known, it is
rfectly easy to calculate the field
rength in lines per square centimetre,
1at 1s, the flux-density in Gausses.
In the commercial testing of magnets
t is generally desired to find the total
wmber of magnetic lines generated by the
nagnet itself, and in order to do this it
becomes necessary to use a search coil of
such shape and dimensions that it is possible
to cut all the lines issuing from the magnet
being tested. Different coils  will  be
needed for different types of magnet, and
they must also contain a sufficient number
of furns to give a convenient deflection.
In making a test as to the total lines of
force generated by a given magnet, the
search coil is first placed over this magnet
at a point equidistant from the two poles
(the equator), where it will embrace
practically all the lines gencrated in the
magnet before they leak away. Lf the
search coil is then removed from the
magnet (still connected to the fluxmeter)
and taken to a sufficient distance away to
ensure its being practically free of the
field from the test magnet, it is evident
that the coil must have cut the whole of
the lines once during this journey. If it
is assumed, for instance, that the search
coil has 100 turns, and that the fluxmeter
indicates 35 scale divisions, each division
representing 20,000 Maxwell-turns, then
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the total flux generated by the magnet
under test will be cqual to 20,000 X 35 =
100 = 7,000 lines of force or Maxwells.
No allowance need to be taken into
account as regards the actual area of the
search coil when the total flux is being
rneasured, but if it is necessary to ascertain
the flux density in the cross-section of the
magnet under test it is simply a question
of dividing the total flux registered by
the fluxieter by the cross-section of the
magnet in square centimetres in order to
arrive at the flux density per squarce
centimetre in (Grausses.

A verv useful application of the Grassot
fluxmeter s the measurement of field
strength in the air gaps of motors and
generators, which may be done_ by first
taking the deflection value in Maxwell-
turns given by the instrument rcading,
and dividing this by the arca of the search
coil in square centimetres and the number
of turns in the coil.

Many other useful purposes can be served
by the fluxmeter, such as the determina-
tion of magnetic constants in a magnetic
circuit, the study of hysteresis, the
measurements of coefficients of mutual
induction, the measurements of quantities
of clectricity and capacitics of condensers,
etc. It can also be used as a galvanometer
for small potential differences and insula-
tion resistance mecasurement. See Flux-
meter.

GRAVITY CELL. Name given to a type
of primary battery in which
the electrolytes are separ-
ated-—cue to their specific

x/J

DANIELL GRAVITY CELL AND ITS CONSTRUCTION

On the left is scen the complete Daniell gravity cell, and on the right the copper plate, zinc plate
with supporting rod and terminals, and the cap to which the rod is attached
Courtesy Indiz Rubber, Guttr Percha ard Telegraph Works Co., Ltd.
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coil used in testing. Also if the meaun
area of the search coil is known, it i3
perfectly ecasy to calculate’ the field
strength in lines per square centimetre,
that is, the flux-density in Gausses.

In the commercial testing of magnet-
it is generally desired to find the total
number of magnetic lines generated by the
magnet itself, and in order to do this it
becomes necessary to use a search coil ot
such shape and dimensions that it is possible
to cut all the lines issuing from the magnet
being tested. Different coils will  be
needed for different types of magnet, and
they must also contain a sufficient number
of turns to give a convenient deflection.

In making a test as to the total lines of
force generated by a given magnet, the
search coil is first placed over this magnet
at a point equidistant from the two poles
(the equator), where it will embrace
practically all the lines generated in the
magnet before they leak away. If the
search coil is then removed from the
magnet (still connected to the fluxmeter)
and taken to a sufficient distance away to
ensure its being practically free of the

field from the test magnet, it is cvident’

that the coil must have cut the whole of
the lines once during this journey. 1f 1t
is assumed, for instance, that the search
coil has 100 turns, and that the fluxmeter
indicates 33 scale divisions, each division
representing 20,000 Maxwell-turns,  then
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the total flux generated by the magnet
under test will be cqual to 20,000 X 35
100 = 7,000 lines of force or Maxwells.
No allowance need to be taken into
account as regards the actual area of the
search coil when the total flux is being
measured, but if it is necessary to ascertain
the flux densitv in the cross-section of the
magnet under test it is simply a question
of dividing the total flux registered by
the fluxmeter by the cross-section of the
magnet in square centimetres in order to
arrive at the flux density per square
centimetre in (Gausses.

A very useful application of the Grassot
fluxmeter is the measurement of ficld
strength in the air gaps of motors and
gencrators. which may be done by first
taking the deflection value in Maxwell-
turns given by the instrument rcading.
and dividing this by the area of the search
coil in square centimetres and the number
of turns 1 the coil.

Many other useful purposes can be served
by the fluxmeter, such as the determina-
tion of magnetic constants in a magnetic
circuit, the study of hysteresis, the
mecasurements of coefficients of mutual
induction, the measurements of quantities
of electricity and capacities of condensers,
ete. It can also be used as a galvanometer
for small potential differences and insula-
tion resistance measurement.  See Flux-
metcr.

GRAVITY CELL. Name given to a type
of primary battery in which
the clectrolytes are separ-
ated-—due to their specific

On the left is seen the complete Daniell gravity cell, and on the right the copper plate, zinc plate
with supporting rod and terminals, and the cap to which the rod 1s attached
Courtesy India Rubber, Gutta Percha and Telegraph Works Co., Ltd.
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gravity—the lighter one floating on top of
the heavier fluid. An example of this
form of cell is the gravity Daniell cell. In
this cell copper sulphate solution forms the
heavier clectrolyte, and a weak solution of
sulphuric acid, or zinc sulphate, rests on
top of it.

The illustration shows a typical gravity
Daniell ccll.  On the left is shown the
complete cell, and to the right the various
components going to its construction. A
waxed wood or ebonite cap fitting into a
flange-topped glass jar supports a cast
zinc plate suspended from the cap by a

" screwed rod on which terminals are placed

for connexion to the external circuit. It
will be scen from the illustration that the
zinc plate is held half-way up the jar.
Resting on the bottom of the jar is a thick
copper plate, clectrical connexion to which
is made by an insulated wire drawn through
one of the holes in the zinc plate.

In operation the copper plate is covered
with a quantity of coppcr sulphate
crystals. A concentrated solution of these
crystals is then poured in until a level is
found below the zinc plate. The solution
must not touch this plate, as deposition
would occur and local action cnsue. The
object of the crystals is to keep the
solution saturated. A solution of zinc
sulphate is poured in to cover the zinc
plate.  Owing to the lighter specific
gravity of the zinc sulphate it will not
mix with the copper sulphate solution,
but will remain on the top of it.

This cell is not portable, as shaking
tends to diffuse the lower solution.

The clectro-motive force of the gravity
Daniell cell is not high, and ranges
between 107 and 1-14 volts.  The copper
plate forms the positive and the zinc
the negative element.  See Daniell Cell ;
Primary Cell.

GRID. Name applied in wircless work
to the control electrode in a thermionic
valve.  The details of its construction
vary with the different types of valve,
but in a standard construction comprise a
spiral of wire surrounding the filament and
located between the latter and the plate
or anode. The ends of the grid wire are
suitably supported, and one ¢nd is con-
nected to a terminal plug on the lower
part or exterior of the valve.

The function of the grid in a valve is to
control the steady flow of electrons from
the filament to the anode or plate. Take
the case of a receiving set tuned to a

particular broadcasting station. The in-
coming pulses of current are collected by
the acrial, and handed on to the grid
through the agency of the tuning coil or
other device. These pulsations of current
affect the flow of electrons passing between
the filament and the anode, because when
the grid potential is negative, some of the
clectrons will be repelled and will return
to the filament.

When the grid potential is positive some
of the clectrons will be assisted towards
the anode, and the anode or plate current
will be increased. Normally, when no
signals are being received, the grid may
be considered as at zero or no potential,
and the electrons flow in a steady stream
from the filament to the anode. The
technical details and scientific reasons for
this are closely associated with the whole
of the functions of the thermionic valve,
and are dealt with at length under the
heading Valve,

It is important to bear in mind that-a
very small current flowing in the grid
circuit has a great effect on the anode
current. Consequently, the tiny impulses
of current from the aerial cause a similar,
but more appreciable, pulsation in the
anode current, with the result that signals
are readily detected. The same applies to
the grid of a valve used for amplification
purposes; as well asin the transmission of
messages.  The important practical point
is that the grid and the grid current
control the much larger and stronger
anode current. There arc many ways in
which the grid potential can be varied, as
by the use of a grid potentiometer, grid-
biasing batteries, coils, and inwother ways.
See  Anode; TFilament; Grid [eak :
Modulation ; Valve.

GRID BATTERY. A battery, usually
consisting of one, two, or three dry cells, so
arranged in a wireless receiving set as to
bias the grid of a valve or valves in a
positive or negative direction. The usual
object of this is to influence the grid in a
negative direction, in order to alter the
position of its working on the characteristic
curve. It is not only desired in a sensitive
receiver to obtain a maximum of current,
but to obtain as great a change of current
as possible. Refcrence to the graph in
Fig. 1 will show how the grid-biasing
battery is used in this respect.

On the ordinates is plotted current in
micro-amperes, and on the abscissac are
plotted negative grid volts. It will be
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seen from this valve characteristic curve

that considerably more current differences
occur between B and C than between A 48

and B. The grid battery,

determines the point on the valve charac-
valve will work.
Beyond a certain point it will be scen
that an increase of negative potential on

teristic at which the

thereforc,

the grid will adversely affect its operation.

Fig. 2 shows a circuit where a grid- 72"

biasing battery is applied to a single-
g y PP g

stage low-frequency amplifier.

An alternative position for the grid
battery is on the other side ot the trans- 8

former secondary, the

negative
being wired to the transformer.

side

A practical example of the application
of single cells in a receiving set isshown in
Fig. 3, where two are used in negatively

biasing the grids of two low-frequency

amplitying valves.
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POSITION OF GRID BATTERY

Fig. 2. In this diagram the position of a grid-biasing battery

in a single stage of low-frequency amplification is scen

SINGLE-CELL NEGATIVE BIAS IN GRID CIRCUIT
Fig. 3. The position is indicated in this photograph of two grid-biasing batteries in a recciving sct.
It will be scen that the negative is attached to the negative of the valve leg, and the positive side

t
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INFLUENCE OF GRID BATTERY

Fig. r. Refcerence to the above

characteristic curve of a valve will

show the effect of a negative grid
potential

The grid battery plays an
important part in the opera-
tion of power-amplifying
valves or for other hard
valves used in low-frequency
amplification. As the anode
voltage on such a valve is
incrcased, the characteristic

of the battery to the transformer secondary
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curve is moved to the left, which necessi-
tates a strong negative grid potential. The
ordinary R valve working on an anode
potential of 50 volts should have a grid
value of about zero potential. If the
anode voltage is increased to 100 volts,
advantage will be found in negatively
biasing the valve grid to the extent of
3 volts.  Assuming that a valve working
under these conditions is giving its maxi-
mum  cfficiency, it will be necessary to
use increased power if another stage of
magnification is required. This entails
a higher anode voltage and a correspond-
Ing increase in negative grid potential. A
valve working with an anode potential
of 300 may require 12 volts on the grid.

An additional advantage of the grid
battery is that if it is of sufficient potential
it is enabled to overcome the strongest
positive potential applied by an incoming
signal, and prevents the flow of grid
current, which almost invariably means
distortion in power amplification.

In certain circuits, such as the Arm-
strong super-regenerative circuit, it 1is
customary to use a grid battery in place
of the usual grid condenser and leak., See

Frame Aerial; Grid Control; Hanging
Set; Regencrative Set.
GRID CIRCUIT. Name sometines

given to that part of a circuit which
includes the grid of the valve. The
pictorial representation given of such a
circuit shows that the circuit includes
the low-tension battery or accumulator,
and commencing from the outside ter-
minal, leads to the filament
rheostat, from this to one
of the filament terminals
¢ of the valve, and through
; the filament of the valve

by another wire to the
\ negative side of the
G ~ battery.

The second wire leads from one side of the
coupled circuit to the grid leak condenser
and thence to the grid terminal of the valve.
The grid leak and condenser are not always
found in this position in the grid circuit, but
are so placed when the valve is to function
asarectifier. It is usually possible to pick
out the grid circuit, even from the most
complicated systems, by commencing {rom
the grid of the valve and tracing the circuit
to aerial in one direction, and through the
rheostat and batteries to earth. See Grid
High-frequency Amplifier.

GRID CONTROL. Term applied in a
wide sense to all the controlling devices
incorporated in the grid circuit, and in a
limited sensc to devices for the control of
the potential applied to the grid. In the

former application the grid leak and con-

denser are controls, as they affect the
incoming pulses of current, and enable the
valve to function as a rectifier. In the
case of a high-frequency amplifier the
transformer or tuned anode arrangement
is a controller of the grid in the next valve,
as it may affect the fluctuating potential
differences impressed on the grid of the
next valve. .

The greatest use of grid control is
effected by the control of the potential
impressed on the grid. One of the means
that may be adopted to do this is by a
potentiometer across the terminals of the
filament battery, thus allowing the grid
voltage to be varied from zero fo a maxi-
mum, either positive or negative. Anothey

control along the same lines is to change .

the polarity of the connexions from the
filament battery to the grid.

These alterations are more pronounced
with different types of valve, the purpose
in all methods being to enable the valve to
function at the most efficient portion of its
characteristic curve. See Grid Battery;
Transmission ; Valve.

. b i
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GRID CIRCUIT WITH VALVE AS RECTIFIER

Spread out unmounted to show the wiring are the details of a grid circuit which includes the acrial
circuit coupled to a closed circuit, grid leak, condenser and the grid of the valve

¢
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GRID LEAKS: FUNCTIONS, VARIETIES & HOW TO MAKE

Clear Explanations of Grid Leak Working and Full Constructional Details

Here are described the theory and practice of the important part played by grid leaks
in detector circuits, with illustrations and practical information, covering both fixed

and variable leaks.

Such headings as Circuits; Detector; Filtron; High-frequency

Amplifier; Rectification, etc., should also be consulted

GRID LEAK. The grid leak is a path
of high resistance usually shunting a
condenser in the grid-filament circuit of a
three-clectrode valve. The object of the
arrangement is to provide a path of
sufficient size for leakage of the electrons
forming the grid current, so that these do
not alter the negative grid potential to an
undesirable cxtent. Any change beyond
saturation values in the characteristic
curve on which the valve is working
destroys its utility as a producer of fluc-
tuations in the plate current proportional
to the changes in the grid potential.

Langmuir describes his grid leak as “a
wireless signalling device including =
discharge device having connected to its
grid or control electrode a condenser
which has a teakage path connected across
its terminals for the purpose specified.”
This leakage path “ is preferably such that
in the intervals between the successive
trains of oscillations there is just time for
the grid to recover its normal potential.”
This timing of audio-frequency impulses i3
the basis of grid-leak practice in wireless
telephony. A condenser inserted+in the
grid circuit of a valve will stop the flow of
electrons from filament to grid when the
potential on the condenser plate attached
to the grid obtains a value of about 1 volt,
so that a detector valve not recciving

electro-magnetic impulses will have nor--

mally a slight negative potential.

When radio-frequency oscillations are
induced in the grid circuit each positive
half-cycle #f the first incoming wavces
makes the grid momentarily positive and
draws electrons up from the filament.
Without a leakage path the accumulation
of negative charge on grid would build up
until the plate current is completely cut
off and the valve is paralysed as a
detector, unless and until the negative
potential on the grid again diminishes.
The function of the grid leak is to provide
this leakage path, which should be pro-
portionate to the capacity of the grid
condenser.

This grid condenser often forms part of
a secondary tuned (grid) circuit, and its
capacity enters into the required reactance

“of this

circuit. The amplitude of the
potential variations in the grid depend
upon several factors, including the strength
of the incoming signals and the grid
filament current, but in gencral thesc
voltage variations must not attain satura-
tion limits on the characteristic curve ot
the receiving valve, or else distortion will
occur. On the other hand, it the con-
denser is too large the amplitude of the
voltage variations in grid is diminished,
with reduction in loudness. For ordinary
R or French type valves, the capacity ol
the grid condenser in general usc is
-0003 mid., which is some twenty times
the capacity of the wvalve itself. The
corresponding value of the grid leak has a
resistance of 1+5 to 2 megohms, this being
generally accepte® as most suitable for
use as a fixed grid leak with a -0003 mfcl.
condenser.

The grid leak is usually connccted across
the grid condenser to one side of the
battery supplying the filament current.
It works almost or quite as well across
grid and filament.

The grid-leak method of rectification 1s
used more frequently than anode rectifi-
cation, owing to its sensitivity with weak
signals.  With soft valves a grid leak
may not be necessary, as the positive
jonization of the gas in the bulb helps
to prevent the accumulation of negative
electrons on the grid. Buzzing noiscs,
ticking, and howling may be duc to a grid
leak of too high a resistance, especially
when using reaction or regenerative coup-
ling.

Variable grid lcaks are gaining ground
as a ready means for maintaining grid
potential ncar zero and a cure for noisc
troubles in sensitive circuits.

A scientific tvpe of fixed grid leak con-
sists of platinum or tungsten deposited
electrolytically on glass and embedded in
paraffin wax or other waterproof insulating
medium. The metal, however, is lable
to peel off the support, while the glass
mount and connexions make such grid
leaks cumbcrsome.

Practicable and commercial fixed grid
leaks, with resistances of definite value
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COMBINATION GRID LEAKS AND CONDENSERS
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Tig. 1. Suitable for panel mounting or otherwise, this grid leak and fixed condenser has connexions
made through the nuts and screwed rod. Fig. 2. In this case the grid leak is held between spring clips
and connexions are made through the soldering tags seen in the foreground

unaffected by local conditions, consist of
a  moisture-proof partially carbonized
filament enclosed in a tube and mounted
for insertion in clip holders, as shown in
TFigs. 1, 2 and 3. S. R. Mullard in his
patent described such a grid leak made
from viscous ccllulose or parchmented
cotton thread by heating in a graphite

SEPARATE GRID LEAK

Fig. 3. Separated from the combination in Iig. 2,

the grid leak appears as illustrated above. This

form of grid leak allows quick change to be made
by the experimenter

crucible. Charring of the filament, offected
by heating at' 700° C. for about fifty
minutes, should produce a resistance of
one megohm in thread 4 centimetres long
by 4-9 square millimetres in scctional area,
The resistance is isolated from atmos-
pheric humidity by filling the tube enclosing
it with paraffin wax.

~ Other commercial fixed grid leaks and

FPaper
F—M '/ )
Indian Ink Line
6rc§zmte Paste
2 5
Meta/ Cap Glass Tube

INDIAN INK AND GRAPHITE GRID LEAKS

Fig. 4. Indian ink may be used as a means of

resistance in making a grid leak. A line is drawn

on a strip of paper, which is inserted in metal

caps and held by graphite paste; the whole is
enclosed in a glass tube.

home-made grid leaks consist usually of an
indian ink or graphite paste line drawn on
a strip of stout paper. These are fixed in
terminals and mounted in glass tubes, as
illustrated in Fig. 4. The claims of makers
of this type of fixed grid leak for constancy
and accuracy of the resistance values are
based upon the use of secret compositions,
it is stated, which do not absorb moisture
as indian ink does.

The graphite grid leak, consisting of a
streak of lead pencil graphite in a groove
on cbonite plate, is another form of a fixed
grid leak. The calibration of the fixed
grid leak is done by the maker by means
of a megger (q.v.).

FILTRON VARIABLE GRID LEAK
Fig. 5. This grid leak has a spiral groove filled
with graphite. The contact moves along the
groove, and the resistance may be varied {rom
'0I to 10 megohms
Courtesy Radio Specialities

‘The use of a variable grid leak presents
the anomaly of being unsound theoretically
and giving good results in practice. It Is
affected by moisture, vibration and hand
capacity, but through being adjustable
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to the conditions of the moment, a

variable grid leak is of considerable advan-

tage in damping of oscillations preceding
it, particularly in reaction circuits.

The Filtron variable grid leak (Fig. 5)
consists of a spiral groove with graphite
(from lead pencil) thereon. The central
knob can be rotated morc than three
revolutions (about 1,170°). Approximate
calibration with H graphite is g:ven as
-0I to 10 megohms.

The Watmel grid leak consists of carbon
pellets in an cbonite tube. Rotation of a
screwed plunger alters contact area be-
tween these pellets by compres:zion or

BRETWOOD VARIABLE GRID
LEAK
f'ig. 6. This leak consists of a
tube containing a plastic material
into which a plunger is screwed
by rotating the knob, which varies the area
of the resistance material.  Resistance varies
regularly from zero to 6 megohms
Courtesy Radio I'mprovements, I.td

release, and, conscquently, changes the
value of the resistance.  Control 15 sensi-
tive, but becomes somewhat delicate
between 1-5 and 2 megohms, as resistance
tends to rise rapidly to infinity.  Another
variable grid leak, the Bretwood, is shown
in Fig. 6. It is said to give delicate control.

Another forin of commercial variable
grid leak is a semicircular strip with stud-

like projections drawn on cartridge paper
with indian ink or graphite paste. Con-
tact studs are placed on the centres of
these projections. The resistance is
mounted 1in paraffin  between ebonite
plates, and the resistance is varied by
means of a rotating arm. :

How to Make Grid Leaks. The con-
struction of a siraple but efficient variable
grid leak nced not occupy much of the
experinenter’s time. One of the many
methods that may be adopted is illustrated
in Fig. 7, and comprises a small ebonite
plate, 3 1n. in length, 2 in. in breadth, and
1 in. in thickness. Four holes are drilled,
one at cach correr, for holding-down pur- |
poscs.  Two other holes are drilled and
tapped to receive the shanks of
small terminals, but belore g
these holes are drilled the path
for the grid leak should be
marked out ‘with the aid of a
pair of dividers, as illustrated
in Fig. 8, by setting the legs to
an opening of 2 in. and striking
two arcs through all the points where the
terminals arc to be fitted, and connecting
the arcs by a short, straight portion.

This groove need not be of any great
depth —it will suffice to move the dividers
backwards and forwards about hall a
dozen times to incise a sufficiently deep
groove. Holes should then be drilled and
the two contact arms made up as shown
in Fig. ¢ Fach arm is simply cut
from a strip ot hard, fine brass, about
1 in. m width and 1} in. in length, bent
over and rounded at the upper ends and
provided with a small ebonite knob.

The opposite end is drilled so that 1t
may turn freely on the shank of the

HOME-MADE VARIABLE GRID LEAK OF SIMPLE DESIGN

Fig. 7 (left).

leak shown in this photograph.

Pivoted contacts move along a graphite line in the home-made variable grid
An ebonite panel forms the base. Fig. 8 (right). How the

path for the grid leak is marked out on the ebonite with dividers. The path consists of twe
arcs joined together

D23
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CONSTRUCTIONAL DETAILS OF SIMPLE HOME-MADE VARIABLE GRID LEAK
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Fig. o (left). Details are shown in this photograph of the contact arm for the variable grid
leak in Fig. 7. The arm is cut from a trip of brass and bent over to shape. Fig. 1o (right).
Here the contact arm is shown assembled on the cbonite baso, The arm should move easily

along the graphite groove which forms the resistance ’

terminal.  The parts arc then assembled,
as clearly visible in Fig. 10, by first placing
the contact arm over the screwed part of
the terminal, placing a washer upon it and
then a spring washer, tightening down the
upper nut.  The arms should be adjusted
so that their ends move in the ‘groove
already cut in the base.  They should then
be taken down and the groove filled with
graphite Dy rubbing a pencil along it in
the manner illustrated in Fig, 11.

The value of the grid leak can only be
determined by experiment and direct
measurement, and is casily variable by
moving the two contact arms.  The value

f

FILLING THE GROOVE WITH GRAPHITE
Fig. 11. An H.B. pencil is used for filling the groove with

diminishes when the two contact arms are
brought close together, and increases to
4 maximuin when they arc farthest apart.
To increasc the resistance use a hard pencil
and very little graphite, and to diminish
the resistance use a soft pencil and cover
the groove thickly with it.

The second variable grid leak, shown
in Fig. 12, will be found a handy piece
of apparatus to make up, as it will not
only serve to obtain critical adjustment
in any particular circus, but may also
be used for the rapid adjustment of a
leak which may be removed and fitted
permanently in position upon the set,

. with the assurance that the

+ best value of leak has been
obtained for the particular
detector valve in use.

Prepare a piecce of 1 in.
ebonite 31 in. square and drill
a central hole to clear a z B.A.
screwed rod. Fit a couple of
terminals at a convenient dis-
tance from the top edge, say
§in. A piece of thin brass is
required 1 in. by } in. with a
hole drilled for one terminal,
whilst a thin metal connecting
arm from the centre to the
other terminal will also be
required, as may be scen from
the photograph of the back
of the panel, Fig. 14. A thin
metal moving arm, which is
shown in detail, may now be
prepared. This may be 1 in.
wide and 1 in. long, one end
being drilled to take a short
length of hard lead pencil,
around which is wrapped for a

graphite to form the resistance in the home-made grid leak portion of its len_gfch a piece of
illustrated in Iig. 6. The pencil is rubbed along the groove copper or brass foil.
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1f the hole is drilled on the small side
and subsequently enlarged carefully the
lead and foil will make a good tight fit
without further fixing, though a touch
of solder may be used with advantagc.
At the other end a piece of 2 B.A. screwed
rod, 2 in. long, may be soldered in position.
This may now be mounted upon the centre
of the panel with a washer both {ront
and back, and a 2 B.A. nut screwed down
from the front until sufficient tension is
obtained, when it may be locked with a
knob and pointer. At this stage do not
run the pencil upon the cbonite.

Two picces of cartridge paper may now
be cut with 1 in. radius as centre and of
nearly complete circumference, as will be
seen from the illustrations. These should
be thoroughly immersed in shellac varnish
and dried. One of these may now be
fitted under the short connexion to the
terminal, having first made a pencil mark
sufficiently large to allow a pencil line
connexion to same just outside the area
of the clamping piece. A little pad of
tinfoil under the brass clamping piece
will afford a sufficient contact. The
other end of the paper disk may be held
down with a 6 or 8 B.A. screw tapped
into the ebonite.

A small box about 1 in. deep will com-
plete the actual preparation of the parts
(Fig. 13). If it 1s desired to prepare a
grid leak for removal, the leak may now be
connected up to the set, the pencil may
be started from the outside terminal end,
and with a gentle to and fro motion, a
little at a time, may be adjusted to the
correct value under actual working con-

!
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BOX-FORM AMATEUR-MADE GRID LEAK

Fig. 12. On the front of the panel of this variable

grid ieak is a divided crescent and turning

knob with a pointer. This type of leak will be

found oxtremely uscful with dual amplification
circuits

ditions. When the received signals indi-
cate that a maximum efficiency has been
obtained, the top may be removed and
the position of the pencil noted.

The paper disk can be loosened, the
leak mounted upon a small piece of
ebonite with a screw and a little pad ol
tinfoil at either e¢nd, and given a coat
of shellac. The connexions may be
soldered to the screws.

If it is desired to use the leak as a
permanently variable one, a disk of
shellacked paper may be provided with
a line drawn on the same with indian

k& : }

" "HOME-MADE GRID LEAK WITH CRITICAL ADJUSTMENT

Fig. 13 (left). This grid leak is not difficult to make, has a neat appearance,
A calibrated scale and pointer
This photograph shows how the moving arm is connected up to one of

critical adjustment.
circuit. Fig. 14 (right).

and provides

record the amount of resistance in

the terminals and the circular path of the grid leak
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PARTS OF GRID LEAK WITH CRITICAL ADJUSTMENT
Iz 15, Two types of contact may be used in the variable grid “eak illustrated in Fig. 13. One of
these will be seen in the above photograph to be like a pointer, the other is made by merely
tiending the contact arm so that the square end runs along the graphite line. The pointer, knob, and
washers are also shown

mk, and a moving arm may be made of
i shghtly different pattern, shown in
Fig. 15. This is made of thin springy
brass and shaped so that it will make
contact with the indian-ink line. It will
be necessary to try one or two different
widths of line in order to secure the best
result, whichis however, arrived at without
much difficulty.

It may be added that this little picce
ol apparatus has also been used success-
fully as a variable high resistance, as is
used, for mnstance, in the S.T. 100 circuit,
m which case a fairly broad band of
indian mk, to which has been added a
hittle powdered graphite, or even ordinary
blacklead stove polish, may be used. See
Blacklead ; Resistance.

GRINDSTONE AND GRINDING. A
grindstone is a circular picce of stone
adapted for revolution on an axle. It
5 a necessary tool for all experimenters,
as by its aid the various tools are kept in
order. The stones used are chiefly those
from Yorkshire and Derbyshire, generally
light grey or yellow in colour.

When purchasing a stone -hoose one
that is of uniform colour and texture,
as unequal colouring or the presence of
dark places generally indicates the pre-
scnce of hard spots that wear away more
slowly than the others and thus call for
constant trueing and attention.

The stone is mounted on the axle by
packing the rough hole in the stone with
thin wooden slips or with lead, and
gripping the sides of the stone with metal
flanges tightened with a nut or nuts.

The axle should have a squared portion
for the wood slips to bear upon and act
as a positive drive for the stone, which
has a squared hole through it.

The width of the stone should not
exceed 2§ in. to 3 in., and may vary from
I2 in. to 30 in. or more in diameter. For
many purposes the small bench grind-
stones mounted in a cast-iron frame
are very convenient, and a typical pattern
is lllustrated in Fig. 1. The case acts as
a trough for the water used to keep the
stone wet while in use. The wheel is
revolved by the crank handle. The
combined type, illustrated in Fig. 2, that
can be driven by foot power or by hand
is preferable, as it leaves both hands frec
for the grinding operations. The stand
raises the stone to a convenient height
and the treadle allows of greater power
on the stone, as well as assistance when
nceded from an assistant, who can turn
the handle when heavy grinding is in
progress.

Wooden stands are also extensively
used, as shown -in Fig. 3, and can be
readily framed up from  stout timber
about 3 in. square.

A drip can supplies the water for the
grinding operations. This type of grinder
15 often kept outdoors, and should then
always be covered when not in use to
protect the stone from the detrimental
cffects of the weather.

Small tools are often ground on a
bench grinding machine, using an emery
or carborundum wheel, as shown in
Fig. 4, and such patterns incorporate a
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HAND AND TREADLE GRINDSTONES FOR WIRELESS WORKERS
Iig. 1 (left). Insmall workshops a bench grindstone, of thie type illustrated, will be found very useful.
It has a cast-iron case and a turning handle. The case acts as a trough for the water used to keep
the stone wet in use.  Tig. 2 (right). In addition to the handle for operating the grindstone in this
photograph there is a treadle, by using which both hands are left free. An iron frame raises the
stone to a convenient height
Corrlesy G. Lk

geardrive that drives the wheel
at a high speed.

Wet grinding with an ordin-
ary grindstone is done at a
relatively slow speed, but the
cmery type of grinding wheel
has to run at high speeds of
1,000 revolutions per minute
or more.  These wheels cut
faster than a grindstone, and
consequently tend to heat the
tools rapidly.  This has to be
neutralized by repeatedly dip-
ping the tools in a pail of
water kept necar at hand on
the floor or clsewhere.

This precaution must on no
account be omitted, or the
tools will be so heated that the
temper will be drawn and the
tool ruined.

‘ .GR!NDSTONE ON HOME.MADE STAND High-speed tool steels can,
Ijlg. 3. (:r\:ndstonos may be mounted on 2 home-made vfooden however, be ground without
stand. The stone in the photograph is a fairly heavy one, '~ ; . [
and the home-made stand is provided with a splashboard and such regard to the heating o
drip can the steel, but such tools arc
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seldom found in the ordinary run of
amateur work.  The operaticn illustrated
in Fig. 4 is that of grinding a swan-neck
tool for use in a turning lathe, and is
accomplished by resting the tool on the
rest and inclining it at a small angle and
rocking the tool to and fro in order to
form the rounded edge.

The mecthod of grinding a cold chisel is
shown in Fig. 5, and in this case the tool
15 pointed uphill and the rest adjusted to
the correct angle to enable the chisel to
rest flat upon it. as shown. The grinding
wheel should revolve towards the operator
in both these examples.

When a proper grindstone or bench
grinding machine is not available a sub-
stitute is to use a small polishing lathe, as
shown in IVig. 0. The <tone is mounted on
the polishing spindle and secured with a
nut and a flanged plate.  Blotting paper
15 interposed between the sides of the
wheel and the flanges to prevent the wheel
breaking when the nut is tightened.
These small tools are generally treadle-
driven, and thus leave the two hands free
to manipulate the work, as shiown in. the
grinding of a twist drill illustrated in Fig. 6.
In this case the wheel can be revolved
towards the worker, as this throws the grit
and sparks away from the eyes.  The drill
15 ground by inclining it at an angle to the
face or rim of the wheel and rocking it
lightly about its own axis 1o form the
curved shape of the end of the drill and to
give the requisite clearance.

Another method of grinding i= illustrated
in Fig. 7, and shows how a wheel can be
mounted on a mandrel and driven between
centres or chucked in a lathe. The outer
end of the mandrel is supported by the
tail stock in the usual way. Small tools
can be held in the two hands, or a rest can
be contrived by placing a bar of metal in
the tool post and resting the work thercon.

When the grinding process is inished the
lathe should be very carefully cleaned, or
the emery grit thrown off in the grinding
operations will speedily spoil the lathe and
bearings.  The correct angle at which to
grind a tool is determined by its shape and
purpose, but in general the softer the
material it has to work the longer the slope
of the cutting part, and the harder the
material the more the slope approaches
the vertical.  The grindstone and the
emery or carborundum wheels have to be
trued from time to time with an emery
wheel dresser or similar device.

GRISSON ELECTROLYTIC CON-
DENSER INTERRUPTER. A form of
electrolytic interrupter used for induction
coils  which dispénses with the supple-
mentary paraffined paper condenser neces-
sary in the case of hammer or mercury
mterrupters.

Its emplovment depends on the fact
that, if a plate of alumininm with one of
carbon or iron is placed in an electrolyte
vielding oxvgen, the combination will pass
current in one direction but not in the
other, owing to the formation of a film of
auminic hvdroxide on the aluminium,
with the result that the aluminium plate
otfersmuch greater resistance to the current
than the carbon or iron one. :

In the Grisson electrolytic condenser
interrupter a cell is used consisting of a
number of alternate aluminium and carbon
or iron plates in an alkakine solution. By
inserting this in the primary circuit of an
induction coil, and applying an eclectro-
motive force in the right direction, a
transitory current will be caused to flow
through the coil till the electrolytic
condenser is charged. By commutation a
reverse effect can be produced, and another
transitory primary current created, the
intermittent magnetization of the core
necessary to produce the secondary electro-
motive force being thus provided. See
Mercury Jet Interrupter; Rectifier.

GRISSON INTERRUPTER. One of the
iater forms of electrolytic interrupter used
in connexion with induction coils. In the
Grisson pattern the primary circuit of the
induction coil is divided into two equal
parts by a middle terminal which is con-
nected to one pole of the battery, the
other two terminals being connected
alternately, by means of a revolving
commutator, to the opposite pole.

The cominutator can be made succes-
sively to (1) pass a current through one
half of the primary circuit, thus magnetiz-
ing the core; (2) pass a current through
both halves in opposite directions, thus
annulling the magnetization; (3) pass a
current through the second half of the
primary, thus reversing the magnetization
of the core ; and (4) pass a current in both
halves in opposite directions, as in (2).
All these operations being feasible without
interrupting a large current through the
inductive  circuit, sparking at the com-
mutator is reduced, «and the speed of
commutation can be usefully regulated.
See Hammer Break.



Fig. 4. An emery wheel on a bench grinder is  Fig. 5. Cold chisels are ground by resting the tool
shown in use grinding a swan-neck lathe tool  on the rest and revolving the stone toward it

Tig. 6. Mounted on a small polishing lathe head is an emery wheel, shown in use grinding a twist
drill. [n order to best control the pressure of the work on the wheel the hand should be rested
as illustrated

e ‘ p o ! & -:&7“ Z o i s ici B
Fig. 7. This photograph shows how a grinding wheel is mounted on a mandrel and driven
on a lathe. In this case a scraper for metal-fitting purposes is being ground

BENCH AND LATHE GRINDSTONES AND METHODS OF GRINDING
1063
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GROUND. The expression ground is
used in many cases in the place of earth.
A ground circuit is one employing the
carth as one part of the circuit, for
example.  Ground wires are those which
conncct to the carth. See Earth.

GROUND AERIAL. Almost any system
of clectrical conductors, more or less
removed from the ground und insulated
from it, 15 capable of absorbing energy
from a passing electro-magnetic wave, and
is capable ol Iending itsell to wireless
reception of signals, provided sufficiently
sensitive  detecting devices are used in
conjunction with it. )

The wire on a wire fence, a system of
clectric light wiring or bell wiring in a
house, or even a living tree has success-
fully been used as an *“aerial.”  Signals
can be quite effectively received from a
fength ot well-insulated wire lying on the
ground or buricd below its surtace; it
can even be immersed under the swrface
of water, but in the case of salt water the
depth of immersion 1s very limited.

Although it would seem contrary te the
gencrally aceepted  principles of radio
reception, there is no doubt that the waves
do penctrate to a certain depth below the
surlace, probably modified to a Jarge
extent by the nature of the soil and its
degree of moisture or otherwise, also upon
the wave-length being transmitted.

The amount of power received by a
ground acrial 1s considerably less than
woukl be picked up by the usunal overhead
acrial, and considerable amplification is
usually necessary  to  get  satisfactory
reception.  But  there 18 no doubt 1t
also possesses appreciable advantages as
regards the climmation of strays and
atmospherics, in comparison with other
forms of acrial.

The best length of wire fo use as a
ground acrial depends upon the wave-
length to be received ; for long waves,
shorter wires are used than {for short
wave-lengths,  The best working wave-
length of a given wire depends, to some
extent, upon the diameter of the Wire
itself, the thickness and nature of its
mmsulating covering, whether it is situated
under water or under ground; and, if
the latter, upon the condition and charac-
ter of the ground itself. It is therefore
apparent there are very many variables
to take into consideration. It has been
stated that the best working wave-length
of a given ground aerial is inversely pro-

portional to the capacity of the wire per
unit length of wire. In other words, with
a given size of wire, the thicker the insu-
lation, the longer the most effective wave-
length will become ; and with a given
thickness of insulation, larger wires will
work more effectively on a short wave-
length.

With average conditions of the ground,
a No. 14 sohd wire, or the equivalent
section in  stranded wire, with good
vulcanized rubber insulation, buried in a
shallow trench not more than 12 in. deep,
may be cxpected to give satisfactory
reception of waves from 150 to 500
metres if it 1s about 75 {t. long.  For long
waves between 6,000 and 15,000 metres
the length of the ground aerial may be
mereased to 1,000 or even I,500 ft.

The recention of signal strength appears
to be more consistent if the aerial is under
water than if under ground, probably
owing to the more stable conditions of
fluids than solids. In salt water the signal
strength s found to fall off rapidly with
increasing depth, no doubt due to the
conductivity of the saline constituents.
But in fresh water the range of depth
scenmis to be much increased, and signals
have been received with underwater
aerials even at so great a depth as 6o ft.
See Aerial ; Atmospherics ; Frame Aerial.

GROUP FREQUENCY. lame given to
the number per second of the periodic
changes of amplitude or frequency of an
alternating current. See Sine Curve.

GROVE CELL. The Grove cell is a
standard primary cell of the double-fluid
type. The photograph shows a complete
cell, and the three elements which are used
m its construction. :

The third item in the photograph is the
posttive. electrode, which consists of a
stout sheet of zinc, bent into the U shape
shown. The surface of the zinc is heavily
amalgamated with mercury.

The porous pot, which 1s illustrated on
the left of the zinc, is contained within
the U shape of the latter. It will be seen
that the top of the pot is extended on
etther side to fit on the top of the outer
container, which is of ebonite. On the
extreme right of the picture will be seen
the negative clement. This is a thin sheet
of platinum.

The electrolyte, which is contained
within the outer container, is a solution of
dilute sulphuric acid. A solution of one
part of acid to twelve parts of water, by

)
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weight, should be used. Nitric acid is
used in this cell as a depolarizer, this
being contained in the porous pot. The
cell shown, the dimensions of which are
5in. by 3}in. by 2 in., has an electro-
motive force of 1:9g6 volts and an internal
resistance of 0-20 ohm.

GUARD LAMP. A straight filament
lamp, usually connected in shunt across
the armature and field leads of a rotary
converter. Such lamps protect the wind-
ings from the effects of oscillatory surges
whicli might be induced from the high-
frequency circuits during wircless trans-
mission. See Rotary Converter.

GUY. Guy is the term given to the
wire or tope which is used to support
acrial 1asts, or attached to aerial

spreaders to keep them in a horizontal
position.

individual circumstances. It is impossible
to form any hard-and-fast rule on these
points. But, generally speaking, it is casy
for the amateur to tell from the conditions
which obtain, and from the mast at his
disposal, exactly what kind and strength
of support is required.

As a guide, however, one or two rules
may be given. In the first place, it is
always advisable to place a guy at the
back of the mast to take most of the pull
of the aerial.  Although the distributed
weight of an acrial is usually only a few
pounds, the actual strain on the top of the
mast is counsiderably more, particularly
where multi-wired acrials are used, and
spreaders become necessary. Ifurthermore,
if the acrial lanyard is of rope, and by
accident it is left taut in dry weather,
the coming of rain, or even dew, will cause

GROVE CELL AND ITS THREE ELEMENTS

Three elements are used in the construction of the Grove cell, as shown above.

Next but one

to the complete cell is the positive electrode, which is a stout U-shaped piece of zinc, and the

porous pot which fits into the U is shown cn its left.
sheet of platinum, seen on the right, is inserted in the porous pot.

The negative element, which is a thin
The three elements are placed

in electrolyte in the ebonite container

All {forms of light aerial poles or masts
requirc other support than that which
they obtain through having their cnds
buried in the earth, and 1t is general
practice to give them this necessary
support by stretching a number of ropes
or wires {rom the top of the mast to points
situated on the ground. These points are
preferably spread out around a circle,
the diameter of which should never be less
than one half the length of the mast.

The number of the guys used, their
disposition, and size depend entircly on

that ropc to shrink very considerably.
Should this happen, very severe strains
may be imposed upon the mast. If the
latter is not guyed to take that strain, it
is extremely probable that it will either
buckle or fall, with consequent severc
damage both to itself and anything that
may lic bencath it.

Iig. 1 illustrates the method of guying
a mast in the manner just described.
Such a system as this is only applicable
to fairly substantial wooden masts, which
may otherwise buckle in the middle. The




GUY SUPPORTS FOR AERIAL MAST
Iig. 1. How an aerial mast should be supported
by guys may Dbe scen in this phetograph. The
guys should be spread out at as wide an angle as
possible, and means provided to strain them when
they slack off through the stretching of the wire
or rope

latter strain is one frequently overlooked
by the amatcur, but the reason for it is
illustrated in Fig. 2. Reference to this
diagram will show that as the top and
bottom ends of a mast are firmly held
by the guy and earth respectively, and as
there is a pull on the top in the opposite
direction from that from the guy, thereisa
distinet tendency for the mast to buckle
in the centre where it is unsupported,
and a further guy should be placed at this
point to resist it.

Again, with wooden masts it will gener-
ally be found that it is unnccessary to
place the guys right at the top. All the
support necessary in most cases will be
given if the highest points of the guys

GUY

are fixed about two-thirds of
the height of the pole.
Steel masts, if in one length,
- which is unusual, should be
considered in the same way as
- for wooden ones, as far as
their need for support by guys
is concerned. Sectional stecl
masts, however, call for very
thorough treatment.  In the
first place, three-point guying
on the ground is necessary
with almost all masts. The
points from which the guys
are located on the ground
should be evenly spaced at
120°, and they should be so
* arranged that two guys should
normally be behind the mast
when regarding it from the
aerial side. ~ Spacing the guys
in this manner will ensure
~ sufficient support against the
pull of the aerial, and from
wind. Again, where a sectional
stecl mast exceeds twenty feet
| in height it is necessary to guy
it with at least six guys, three
being at the top and three at
the joint nearest the centre.
A good general rule with

t
g)é{ g’u?}‘/) 4 __Direction of

Pull

/nsulator

Mast tends to
¢ buckle here
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WHY AERIAL MASTS BUCKLE

Fig. 2. Masts cometimes buckle in the middle, and
the reason can be seen from this diagram. The
top and bottom are held by the guy and earth
respectively, and if the pull of the aerial is
excessive the mast gives in the middle. A guy
at the middle point will prevent buckling

L
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CHOCK METHOD OF GUYING A MAST
Fig. 3. An efficient way to guy a mast is by
fastening wooden chocks on it and forming a

loop or a bight in the guy, as shown

sectional masts is to use three guys for
every 20 ft. of length.

Guys themselves may be either of rope
or of mctal. The former should never
be used where the length exceeds 30 ft.,
as above that figure the changes in length
due to moisture are so great that adjust-
ment would have to be made to allow for
every change of weather. Above this
length, too, it should be remembered that
with a metal rope there is a good deal of
contraction in cold weather.

Metal guys may be either
of galvanized iron, steel, or
phosphor-bronze wire. In
either case it is necessary
that the wire be stranded

if the best results are to be obtained.
Phosphor-bronze is to be preferred to
stee] on account of its rust - proof
qualities, but it has not the tensile
strength of the latter metal. TFor all-
round use, however, the best material
is a wire rope specially made for the
purpose. This consists of a rope core,
swrrounded by six ropes of stranded steel
wire.  The construction of this form of
wire rope is such that it is very flexible,
which allows of case in handling, and,
furthcrmore, its cost will not generally
be found prehibitive.

Where metal guys are wused, it is
desirable that they should be  broken
occasionally throughout their Iength by
insulators. If this is not done they will
form aerials in themselves, and reduce
both transmitting and receiving signal
strength considerably.  Insulators of the
shell or egg type should be used, because
in the event of their breaking the guys
are not allowed to part company. Again,
their construction is such that they are
always under compression, and on this
account they are not likely to break.

One efficient way to attach a guy to a
mast is shown in Fig. 3, and compriscs
two wooden chocks attached to the mast,
the guy formed into a
lcop or bight, and the
adjacent parts of the
two wires whipped
together as shown.

GUY ANCHORAGE AND MEANS OF ADJUSTING TENSION

Iig. 4 (left).

at a reasonable depth in the ground, and the guy attached by forming a loop round the beam.

hcr 5 {right). Rope guys may be held to the ground by tent pegs, and the tension can be adjusted
as illustrated by means of wooden cleats

Metal guys can be anchored in various ways.

In the photograph a wood beam is buried

e d
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doublc on themselves, but worked around
a thimble or ring as described under the
heading Cordage. The lower ends of the
guys are anchored to the ground in various
ways. One is to attach them to a stake
driven into the ground, another is to place
a horizontal beam of wood in the ground
well below  the surface and attach the
guy to a long iron bar looped around the
beam.  The bar should have an cye at
the top for attachment of the guy. Alter-
natively the Post Office method, as shown
in I'ig. 4, can be adopted.  The method is
similar, but the guy wire itself is wound
around the log in the ground. The carth
has to be well rammed home into the hole
when the log is embedded.

Means for adjusting the tension on a
guy arc desirable, and Figs. 5 and 6 show
two simple methods, the former a tent
peg and runner suitable for light masts ;
the latter a modification c¢cmbodying a
pulley and runner, giving greater pur-
chase. A method of attaching a guy to
the wall of a house is shown in Iig. 7,
where a stout iron spike, with an eve in
the head, is driven into the brickwork

e

CLEAT AND PULLEY GUY ADJUSTMENT
Iig. 6. When greater purchase is required on a
rope guy, the method in Fig. 5 can be used with
a pulley added by attaching the cleat to a

separate piece of rope, as illustrated above

S =

___ HALF-PLATE CONDENSE

WALL ANCHORAGE FOR GUY
Fig. 7. How a guy may be attached to the side
of a house is shown. An iron spike with an eyc
in the head is driven into the brickwork and
securcd with cement. A strainer is fixed as
shown, and a guy-rope passed through

and secured with neat cement. The end
of the guy is attached to a strainer, and
this permits of adjustment. Other methods
of fixing guys to masts are by straps
and plates, eyebolts, or mast bands, as
described in the article on acrials,—
R. B. Hurton.
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H. This is the chemical symbol for
hydrogen (g.0.). Tt is also used as the
symbol for the henry and, in italics, as
the symbol for magnetfc field, both uses
being  proposed by the International
Electrotechnical Commission. Sge Abbre-
viations and Symbols,

HALF-PLATE CONDENSER. The con-
denser shown complete in Fig. 1, and in
parts in Figs. 2 and 3, is known profession-
ally as a half-plate fixed condenser. It
Is an instrument used in transmitting
apparatus, and is of the oil-filled variety.
Its external appearance is seen in Fig. 1.
The top panel is closely fitted to the
cabinet sides, and is surrounded by a
form of putty in order to prevent any
possibility of oil leaks. Strip connexions
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are fitted to enable various
capacitics to be obtained at
will. To the right of these
strips is a plug, which is for
the purpose ‘of allowing the
oil to be rencwed as occasion
demands.  Rope handles are
fitted for carrying purposes, as
the condenser 1s necessarily
very heavy.

Fig. 2 is a view of the same
mstrument with the Hd re-
moved. The plates and the
manner in which they are dis-
posed in the cabinet are clearly
shown. Note the method of
conveying the current from
the terminals to the plates by
means of strips. It will be seen
that the top ledge is packed
with strips of fabric, in order
that the lid may seat firmly
and form a good oil-tight
joint. Cork is used to prevent
the glass plates from becoming

 INTERIOR OF

With the top removed the construction of the interior of the half-plate condenser can be
The plates are of glass and zinc.

Fig. 2.
seen.
an oil-tight joint.

MARCONI HALF-PLATE CONDENSER

Fig. 1. Transmitting apparatus sometimes employs a
condenser of this kind, which is oil-filled. Strip connexions are
fitted so that the capacity may be varied as required. The
rope handles are to cnable the condenser to be carried, as the
instrument is heavy
Couriesy Marconi's Wireless Pelegraph

Co.. Ltd.

57

OIL-FILLED HALF.PLATE CONDENSER

The top ledge is packed with strips of fabric to form

This type of condenser is particularly suited to marine outtits
Courtesy Marconi’s Wireless Telegraph Co., Ltd




HALF-PLATE CONDENSER 1070

HALYARD

GLASS AND ZINC PLATES OF HALF.PLATE CONDENSER

Fig. 3. From this photograph, which shows the glass and zinc plates of the oil-type transmitting

condenser, the method of connecting thie plates can be scen.  Alternate zinc plafes are reversed

to ensurc individual clearance of the connexions; the lugs, it will be seen, are not placed equi-

distant from the ends.  On the right are packing pieces. il with a very high flash-point is used
: Courtesy Marconi's Wireless Telesraph Co. Litd,

loose, this being clamped down firmly on
the top of the edges of the glass. One
of the cork-lined strips is shown re-
moved and lying across a corner of the
cabinet.

In Tig. 3 will be seen all the component
parts of the condenser. The dielectric is
ol glass, and the condenser plates of sheet
zinc.  The latter are all of identical shape
and size, but the lugs are not placed at
points equidistant from the ends, in order
that alternate plates may be reversed
and, at the same time, ensure individual
clearance of the connexions. The plites
arc all contained in position in a form of
metal clip or cradle. This may be seen on
the extreme left of the picture. On the
right are two packing pieces which are
used to prevent dislocation of the plates
should they receive rough treatment from
cxternal causes, such as being flung about
a cabin during a storm at sca. All the
space within the cabinet that is not taken
up by the condenser parts is filled with
oil of a very high flash-point.

HALYARD. Name given to a rope
used for hauling and lifting an object.
In wircless work it generally refers to a
rope reeved through a pulley on the top
of an aerial mast, one end of the rope
being attached through the medium of
insulators to the end of the aerial, and the

other end of the rope secured by a cleat
or other fixing, near the bottom of the
mast.

TFor the average light, amateur acrial,
a halyard may consist of the thickest
and best quality sashcord. Such cord
is obtainable in knots, averaging about

HALYARD FOR WIRELESS AERIAL

Attached to the masthead is a halyard for hoist-
ing the aerial. Three insulators are used, so that
there is no risk of leakage
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12 yds. in length, from most ironmongers.
Customarily, the length of sashcord con-
tains 6 knots, and it is usually cut off
as required. Two knots would, therefore,
be about 24 yds. long, and so on.

Betore working the cord, it should be
well greased or treated with liquid oil, to
help to protect it from the effects of the
weather.  The length of the halyard should
be twice the height of the mast, to permit
of attachment of the aerial and to allow
of the raising or lowering it, as occasion
requires. The surplus length of cord,
when the aerial 1s in position, should be
neatly coiled up and hung on a hook on
the mast, and preferably covered with u
‘small roof composed of a couple of boards
nailed together at an angle of 45°. The
insulators, or other fittings, should be
attached to the halyard by splicing the
latter around a thimble, eye, or similar
fitting, to prevent the ropc being chafed.

HAMMER. Word used in several
senses.  As commonly applied, the word
refers to a hand tool consisting of a shaft
of wood and usually a transverse head
of metal fixed to one end of the shatt.
Other applications of the hammer arc
found in the hammer of an electric bell.
The wireless experimenter is, practically
speaking, limited to the use of a compara-
tively small selection of hammers, of
which some useful patterns are illustrated
in Fig. 1.

For general work. the selection illus-
trated will enable almost any class of
wireless construction work to be carried
out successfully. For heavy purposes
the engineer’s ball peine hammer, with a
cast steel head weighing about 1}1b., will
be sufficiently heavy; but if any large
forging has to be done, the use of a
3% Ib. hand sledge-hammer is desirable.

For lighter work, such as riveting and
the like. a small sball peine pin-hammer,
weighing about 4 to 6 oz., will prove quite
effective. Sheet metal work is best dealt
with by a hide-faced hammer, which
consists usually of a cast-iront head fixed
transversely to the wooden handle or
shaft, and the ends, or faces, of the head
recessed, these recesses being filled m
with plugs of raw hide. In other patterns
the head is made up entirely of raw
hide, and sometimes the raw hide is
driven through a tubular-shaped head.
The purpose of using the raw hide is to
prevent the bruising of the metal. For

planis}'u'ng, or the working of curved shapes .

 HAMMER

in sheet metal to drive chasing tools
and the like, a pattern of hammer known
as repoussé¢ hammer, weighing about 4 to
6 oz., is distinctly useful. These hammers
have a very light lancewood shaft. For
general rough woodwork a claw hammer,
of the type known as the Kent claw,
is preferable. This comprises an ordinary
flat head on one side, and a claw or prong
on the other. The head is extended in
the form of two metal straps, which are
riveted to the handle or shait.

In wireless work it is often necessary to
have a hammer with a long head, so that
objects can be struck with it in awkward
positions, for which purpose the ordinary
upholsterer’s hamumer is useful.

In choostng a hammer, always select
one with a good quality cast-steel head,
the face of which should be quite {lat, true,
and free from any surface cracks. The
edges should be very slightly rounded, and
m some hammers the face 1s customarily
made slightly rounded, or convex. For
general purposes the ball peine is as useful
as any. It consists, practically speaking,
of a hemisphere. Carpenter’s and joiner’s
harmumers generally have a cross peinc,
generally similar in shape to that shown
on the upholstering hammer in Fig. 1, or
the straight peine, which is simply an
oblong-shaped head in line with the shaft.

How the Shaft is Fitted to the Head

The novice will do well to purchase
hammers alrcady handled, as there is an
art in fixing the shaft properly to the
hammer head. The method consists,
essentially, of carefully shaping the end
of the shaft so that it will fit into the
double-tapered hole in the head, the
smallest part of the hole coming in the
middle of the head. The end of the shaft
is then provided with a slot, in the direc-
tion of the grain of the wood, for a
length equal to the length of the hole in
the head.

The shaft is then driven into the hammer
head, and a hardwood wedge prepared and
driven into the slot, thus forcing the ends
of the shaft apart and securely gripping the
walls of the hole in the head. The slightly
projecting end of the wedge is then cleaned
off flush. In the case of claw and uphol-
sterer’s hammers, and others with side
straps, some of these patterns are made
with a hole through the head, and
others with a blind hole. In any case, the
method of fixing is similar, with the
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SELECTION OF HAMMERS USED FOR WIRELESS WORK
Uig. 1. Six hammers used for various purposes are illustrated. They are adaptable to the many

branches of work which the constriction of wireless sets and systems covers.

No. 1 is a hide-faced

hammer ; 2, a ball peine pin-hammer ; 3, a Kent claw ; 4, an engincer’s ball peine; 5, an uphol-
sterer’s hammer ; and 6, a chasing hammer

addition of riveting the straps together
by passing rivets through both of them
and through the wooden shalft.

Proper command of the hammer is an
art that can only be obtained by experi-
cnce. A sumple experiment is to place a
long, finc nail upright on a piece of wood
and tap it into the wood sufficiently for it
to stand upright. It will then be found
that if it is struck a random hard blow
with the hammer, the nail will be doubled
over or driven in at some angle.  To diive
it straight into the wood nccessitates the
face of the hammer striking the head of the
nail in a plane exactly at right angles to
the centre of the nail.  Until this can be

HOW A HAMMER SHOULD BE HELD

Fig. 2. In order to obtain a firm grip, placing the finger along the

handie must not be practised. The thumb may be

placed along the

done, command of the hammer has not
been obtained.

A little practice at driving nails into a
picce of wood 1n this way will soon show
that at the moment of impact the head of
the hammer must strike the head of the
nail fair and square in every direction.
The hammer should be gripped in the hand
between the fingers and palm, as shown in
Fig. 2, with the thumb at the side of the
hammer handle. The thumb should not
rest along the shalt.  The hammer should
be held so that it cannot twist sideways,
but is free to move slightly in the direction
in line with the head of the hammer.

The blow should be struck somewhat
as il throwing the hammer
at the object to be hit, as
it 1s the mmpact of the
hammer that gives the
force of the blow. If the
hammier is held too rigidly
and the wrist is not
brought into play, ham-
mering will become a very
tedious business, and pro-
gress will be slow in some
kinds of work. ’ '

In such processes as
cutting a piece of metal
with a chisel, which is
illustrated in Fig. 2, the
chisel is held at an angle
to the work, and is struck
by the hammer so that
the chisel is driven for-

handle, but when using the heavier hammers the method Wards into the metal and

illustrated is correct

also alonz the line of the

HAMMER
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HAMMER BREAK

P

' HAMMER BREAK WITH INDUCTION COIL

Fig. 1. Primary current of a spark coil is inter-
rupted by the hammer break above. The end
of the coil may just be seen on the right of the
photograph
Courtesy Marconi’'s Wireless Telegraph Co., Lid.

cut, so that repeated blows gradually drive
the chisel forwards. The force of the
blow and its nature should be governed
by the work in hand, and, generally, the
heavier the object to be struck, the more
the force that can be put into the blow.

For riveting, the hammer blows should
be delivered rapidly and with a kind of
rapping action, the whole object being to
form the head of the rivet, and not to
move the object bodily. When hammer-
ing an unsupported object, or anything
that 1s springy, a light hammer should be
used, and the object supported by holding
a much heavier hammer behind it.

One of the common mistakes of the
amateur is to use a hammer where a
mallet should be used. When leosening
the iron of a plane, for example, a mallet
is better than a hammer, as well as wlgen
driving a wood chisel.

HAMMER BREAK.

netically operated
D28

Type of mag-
mechanism for the

automatic making and break-
ing ot clectrical continuity in
a circuit. The device is largely
used in induction coils and
electric annunciators. A\ stand-
ard hammer break for use with
an induction coil is shown in
Fig. 2. It consists of a springy
strip of brass, A\, to,the top end
of which is secured” a soft iron
head, B. At about a third of
the length of the strip from
the top a platinum contact, C,
is riveted to the brass strip.
The lower end of the strip
is bent at right angles and 1s
secured to an cbonite base by a
stout brass right-angle bracket,
D. The strip is insulated from
the bracket by a picce of sheet
fibre, holes being provided in
the base of the strip to clear
the screws securing the bracket

SIMPLE FORM OF HAMMER BREAK

Fig 2. Elecctrical continuity of a circuit is
automatically breken by a device of which this
is one of the simplest forms

to the base. At the top end of the bracket
a platinum-pointed screw, L, is so ar-
ranged that its end mects the platinum
“point 7 in the brass strip. A\ lock nut is
provided on this screw to lock 1t m position
when it has been correctly adjusted.

This piece of apparatus Is screwed to the
base of the induction coil, so that the

Ye
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HAMMER BREAK . Mo74

hammer head on the brass strip coincides
with the iron core of the coil. a distance
of about 4% in. separating thes. parts.

One end of the primary winding of the
coil is connected to the brass strip and the
other end to a Dbattery terminal on the
base. The bracket is similarly connected
to a battery terminal.  When the circuit
13 completed by connecting up a suitable
battery to these terminals, and adjusting
the screw E so that it makes contact with
the hammer strip, the iron core of the coil
becomes magnetized and attracts the ivon
hammer. It is arranged that the effect
of this attraction is to cause discontinuity
of the circuit at the platinum points.
Owing to the natural springiness of the
brass strip, and the fact that the iron core
no longer attracts the hammer head. i
flies bick to its original position. This
causes another flow of current, when the
cycle is repeated.

The frequency of the vibrations thus
caused Is  largely determined by the
flexibility of the brass strip, the weight
of the hammer head, and the distance of
its travel.

A stoppage of the moving arm 1s some-
times occasioned by oxidation, or the
mtroduction of dust or dirt, at the
These should be cleaned
with a piece of clean rag dipped in petrol,
and the usc of a coarse abrasive should be
avoided.

A {form of hammer break in general use
1s shown in Iig. 1. This type is used to
interrupt the primary current of a spark
coil, in order that direct current may be
uscd to operate it. It consists of a springy
phosphor-bronze strip, fixed at its lower
end, and having a circular iron armature
attached to the top.  This picce of iron 1s
situated immediately opposite to the core
of the coil, and when current i« passing is
attracted to it.

A platinum contact ix fitted to the lower
end of the armature strip, which makes
contact with a fixed contact attached to a
pillar.  The arrangement of these contacts
s such that when the armature flies
towards the core, contact is Lroken.  As
the circuit 1s then broken, the core loses
s magnetism, with the result that it im-
mediately returns to its former position
and again makes contact. The process

then repeats itself indefinitely so long as.

the supply current is applied. The brass
knobs at the top of the pillar immediate 1y
behind the armature strip are for control-

— . HAND GENERATOR

ling a stop which limits the amount of
mwovement of the armature, and, therctore,
the frequency ot the interruptions.  The
lower knob s attached to the rod holding
the stationary contact, and is for the
adjustment of that. These two controls
mast usually be used together, {or the
adjustment of one will gencrally throw the
other out of adjustment.

A locking nut is found necessary to the
top control because of the vibration sct up
by the rapidly moving armature.

HAMMOND, JOHN HAYS. American
wireless expert. Born in San Francisco
in 1888, he was cducated at the Sheffield
scientific school, Yale. and the George
Washington University.

Hammond is chiefly famous for his
researches into wireless control at a dis-
tance. He invented a wireless-controlled
torpedo for coastal defence, and the wire-
less control of ships which was employed
on the USS. lowa for target practice.
He is the author of over two hundred and
forty patents in connexion with wircless
telegraphy and telephony, and in 1912 was
the United States delegate to the Radio-
telegraphic Convention held in London.
He is a member of numerous scientific
socleties and advisory bodies.

HAND GENERATOR. (Gencrator of a
type suitable for very small power wireless
telegraphic or telephonic transmitters, and
designed to be driven by hand. A ty pical

generator of this d(‘scrlptl()n is shown in )

the figare. This machine is supplied by
Messr=. Marcont's Wireless Telegraph Co.,
Ltd., jor use with their small- p(mum
te rr‘phomn transmitters, and is used to
supply the high-tension current lor the
transmitting valves.

The armature 13 geared irom the handle,
which is intended to be driven at a speerd
ol approximately & r.pan. An idea of
this speed will be formed by comparison
with the speed ol the turntable of
2runophons, which is nearly always du\m
at this number of revolutions per minute

The case which surrounds the generator
i~ nade very sabstantially in order that no
trace of gea or other noise shall be able
to interfere with conversation.  Inconsis-
teney of speed, which is very probable with
such generators, is allowed for in the
design of the machine, which practically
eliminates the human element.

The leads from the gencrator to the
setare enclosed in a heavy rtubbe
sheath, impervious to insulation losses and

<
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HAND GENERATOR

High-tension current for tele

phone transmitters can Le

supplied by a small generator,

as illustrated, which is worked

by hand. The armature is driven at a speed of
80 revolutions per minute

‘mechanical injury. Plug connexions are
used at both ends, thus rendering the
connexion of the generator to the tran--
mitter a simple matter. See Generator.

HANDLE. That part of an object
intended to be grasped with the hand in
lifting or using, as a haft, helve, knob, etc.
Tn wireless work, handles are generally
small and circular in shape, and are
customarily known as knobs, so far as they
apply to the control of condensers, tapped
inductances and the like. Long handles
for reducing body capacity effects are
usually made of ebonite, and are known as
anti-capacity handles, Others, fitted for
the purpose of imparting slow motion or
fine adjustments, are known as extension
handles and fine tuning devices (g.v).

Other handles are employed in connexion
with portable sets and on cabinets, the
latter known as cabinet handles when they
are incorporated with a simple form of
catch. Innumerable patterns are avail-
able for the amateur.

HANDPHONES. As their name indi-
cates, handphones are telephones which
are designed to be held in the hand. The
advent of broadcasting was responsible
for a great number of women becoming
interested - listeners-in, and  therefore
users of wireless type telephone receivers.
Unfortunately the standard form of head-
gear is unsuitable for women because it
tends to disarrange the hair. Hand-
phones represent the results of efforts by
manufacturers to eliminate this drawback.

On the right is a standard type of hand-
phone by Messrs. The Sterling Telephone
and Electric Co., Ltd. It consists of a
standard earpiece, of either high or low
resistance, mounted upon an ebonite rod,
which serves as a handle. A loop is fitted
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at the top of the instrument fo cnable it to
be hung upon an;, convenient hook when
not in use. The cord is led away from
the receiver through a loop attached to
the lug, which forms the support for the
handle. It will be realized that
this instrument is quite free
, from any of the defects men-
tioned above. _

A double recciver type of
handphone is illustrated on the left. Here
the receivers are held on a gimbal form of
mounting, which allows of free adaptation
to suit the wearer. The long strip upon
which the gimbals are mounted is made of
hard-drawn aluminium, and is sufficiently
springy to allow of the requisite amount of
pressure upon the ears to keep out cxternal
noises. The cords are led round the
aluminium band and held in position by
metal bands which surround them.

SINGLE AND DOUBLE HANDPHONES

Fig. 1. Single handphones are made with
long handles for listening with one earpiece.
Fig. 2. Double handphones are used when head-
phones are not desirable, particularly for women
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HAND.SAWING WITH THE GRAIN
T'ig. 1. Ripping or cutting with the grain of
the wood is being carried out in this photograph.
A cross-cut hand saw is the best for gencral cll-
round use

The handle at the bottom iz hollow, and
the cords are led through it, and thus are
kept well out of the way of the wearer.

HAND SAW. In carpentry, the hand
saw has a hand grip at one end of the
blade, with the latter tapering somewhat
from the handle end to the opposite end,
and the back of the blade is narrower than
the teeth. Comumonly, the expression is
applied to a variety of patterns of saw, all
of which can be manipulated by one hand,
such as a tenon saw, which has a parallel
blade strengthened on the back with brass
or steel. Hand saws are grouped into
special divisions, including cross-cuts, rip
saw, and the so-called farmers’ saw.

The cross-cut has relatively fine teeth,
and 1s uscd for cutting acros- the grain
ol the wood. The rip saw has coarser
tecth with o wider set, that is, alternate
tecth are splayed or bent outwards.  The
former saw has notches in the cutting
cdge of the blade, and the tecth are difter-
ently shaped, and are usually set very
considerably.

For gencral use, the hand saw may be
about 27 te 30 in. long, and if only one is

78 HAND SAW

obtained, it should be of the cross-cut
variety, as 1 carefully used it can be em-
phyved for ripping, as in Fig. 1, or cutting
with the grain.  The farmers’ type of saw
15 intended for cutting wet timber and
peles, and on such work as the preparation
of an aerial mast and outdoor timber,
where the wood mayv be cut wet.

The correct way to use a hand saw is
practically a matter of holding it properly.
The handle should be gripped between the

sceond, third and fourth fingers of the

right hand and the palm, as in Fig. 2.
The right thumb should be on the left-hand
side of the handle as the worker holds the
saw pointing away from him. The first
finger of the right hand is extended along
the handle on the right side, and should
point along the line of the back of the saw
blade. The saw cut should be made by
inchining the saw as shown, and moving
the saw with a combined movement of the
arm from the shoulder and elbow. The
right fingers should be considered a-
pointing along the line to be cut, as this
greatly assists in accurate working.

The action should be perfectly casy, and
some pressure should be brought to beat

CROSS-CUTTING WITH HAND SAW
Fig. 2. Cross-cutting, or cutting across the
grain of the wood, is accomplished by holding
material ar.d saw in the manner illustrated
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on the downward stroke and released
slightly on the wupward stroke. The
maximum length of saw should be em-
ployed, so that the greatest number of
teeth may pass across the wood at cach
stroke. This minimizes wear of the saw
blade and makes for faster cutting. To
start a cut, the thumb of the lett hand
should rest on the work on the side of the
line indicating where the saw cut is to be
made. The saw blade should rest against
the thumb and the cut be commenced by
drawing the saw backwards over the wood
and starting carefully, particularly noticing
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that the saw cuts are made in the right
direction and with the blade perfectly
upright.  Too much pressure must not be
applied, or the saw blade may buckie.

When not in use, the saw blade should
be greased and the saw preferably kept
in a case and hung up on the wall, or in
some other convenient dry and sccure
place.  The teeth should be sharpened and
set whenever they become dulled. The
wireless experimenter will find plenty of
uses for a hand saw, and to get the best
from it, it must always be kept in the best
possible condition.

HANGING SET: A SET FOR THE DINING ROOM

An Ornamental and Useful Receiver which gives Light and Music Simultaneously
This is a siz-valve receiving sel simple in control. specially designed for this Encyclo-

pedia, which is ornamentai as well as useful.

t works a loud speaker with great

clarity of tone 40 miles or more from a broadcasting station. Such articles as Frame
Aerial; High-frequency Amplifiers; Low-frequency Amglifiers, etc., should be con-
sulted, and also articles dealing with construction, as Ebonite; Cabinets; Lathe

The construction of a wireless receiving
sct that comprises the functions of an
officient  wircless set with those of a
musical instrument and a table lamp is a
task that is out of the common, and onc
that calls for a considerable amount of
care and attention to detail. The result
is, however, so handsome and striking,
that it is well worth while giving it the
consideration it requires.

Some idea of the charming appcarance
of an amateur-made set is given in Fig. 4
and the other illustrations, both in the
text and as the subject of the photo-
gravure plate. The scheme embodies a
six-valve receiving set worked by storage
batteries concealed above the ceiling in
the space under the floor of the room
above that in which the set is fixed. The
aerial is a horizontal frame forming the
basis of the upper part of the design
and surrounds a centrally disposed Ioud
speaker, the trumpet hanging downwards
from the centre of the aerial frame.
Six cords attached to the ends of the six
arps forming the frame act as supports
for the framework of the set, and also
carry the low- and high-tension current
from the batteries.

Two of the cords are used as the acrial
lead wires, consequently the set becomes
self-contained. The valves are the ordinary
bright emitter type, those used on the
set illustrated bemng Marconi-Osram R
valves, but other makes should answer
satisfactorily.  The purpose of using
bright emitter valves is to utilize the

light they give to illuminate the dining-
table.  Thus the sct lights up the table
and provides music during meals or at any
other times during the broadcast hours.
The design of such a set provides con-
siderable difficultics that only  become
fully apparent when the task is under-
taken, and the constructor should not

under-estimate  them if  desirous  of
SUCCESS,
One important consideration is the

proximity or otherwise of a broadcasting
station, as the horizontal acrial is largely
robbed of its directional effects. Another
matter is to eliminate all superfluous metal
in the construction, and to earth cvery-
thing possible to climinate or minimize
capacity cffects.

The set illustrated was intended for use
some 35 riles from a broadeast station,
and to play with clarity rather than mere
loudness.  Should this be needed, use the
sct on an ordinary outdoor acrial and
carth, when all B.B.C. stations can be
received at  loud-speaker strength,  Six
valves were chosen as a minimum, and
also as a convenient number for the
purposes of the design, but when in the
vicinity ol a broadcasting station a smaller
number niight be adequate, and in that
casc the spaces otherwise intended for
valves should be occupied by ordinary
4 or 0 volt electric bulbs, which, if con-
trolledd by a separate switch, could be
used for light-giving at any time.

Probably the best course to adopt is
first to arrange the various components ol
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the set in their relative places on a tem-
porary base and rig up a temporary {rame
dacrial, setting this the correct distance
above the baseboard, and then to make
some experiments to ascertain the best
values for all the parts. The circuit is
shown in the form of a theoretical dia-
gram in Fig. 1, and comprises two stages
of tuned anode high-frequency amplifica-

tion with single condenser control, one .

detector valve and three stages of low-
frequency amplification. If preferred, it
is probable that three stages of transformer-
coupled  high-frequency  amplification,

followed by a detector and two stages of-

low-frequency amplification, would answer
satisfactorily.

The matter is one largely for individual
preference and the local requirements.
The values used in the set described are
given on the circuit diagram, but might
have to be modified by trial on some other
but similar set, as the stray capacity effects
and other details that might be altered
by the individual constructor have to bLe
taken into account. When the trial parts
have been assembled and the set tested,
as suggested, in the experimental stage,
‘and some familiarity gained from its use,
these minor points will be settled, and
when the set is properly completed the
result is an assured success.

The first step in construction is to
prepare a full-size drawing as in Figs. 2
and 3, giving the leading dimensions,
and to adhere carefully to them in all
sicceeding stages in the work.  This
applies particularly to the spacing of the
aerial frame and the main framework, as
well as the shaping of the loud-speaker
trumpet. Accuracy of work to the dimen-
sions given is necessary in the making of
the supporting arms, as these have to

carry the full weight of the set, and smaller
dimensions would probably result in the
whole crashing to the floor. .

The best plan is to divide the work into

sections, commencing with the aerial frame
and loud spcaker, shown assembled in
Fig. 5, following with the main framework,
and finishing by wiring the set and dealing
with the purely wireless apparatus part
of the work.
. First prepare the top block and the
bearer block as shown in Fig. 17. The
former is. a piece of mahogany $§ in.
thick, and cut to an hexagonal shape.
This is done by describing a circle with a
radius of 3} in. and then spacing off
around the circle with the dividers set to
a distance of 3} in. between the points,
which will divide the circle into six equal
parts. Straight lines are then drawn be-
tween each of these points, thus forming
the hexagon.

Next work a moulding on the edge,
either with a moulding plane or with
carving tools. The bearer block is made
of hardwood 1} in. thick and shaped from
a circle of 3 in. radius. A large hole
is cut through the centre, as shown in
Fig. 4, and slots f in. wide cut radially
into each corner. These are to accom-
modate the six arms for the aerial wire,
and must be equally spaced and accurately
cut to ensure the requisite stability. The
arms are sawn to shape and size, as shown
in Figs. 2«and 9, from hardwood & in.
thick when finished. This is done with a
how or pad saw, and then the edges are
smoothed and finished with chisel, spoke-
shave, and gouge, and finished by fine
sandpapering. They are then fitted to the
slots and alined by resting them on a
smooth, flat table, and their positions
marked.

il
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THEORETICAL WIRING DIAGRAM OF THE HANGING SET
Fig. 1. Before making the connexions of the set permanent they should be carefuily compared
with this diagram in order to ensure that the circuit has been satisfactorily wired. Note the
positions and capacity values of the condensers, which may be varied if required
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wnds of the arms, as shown in Fig, 21
These blocks*are to be slotted on th
outer face to receive the aerial wire,
making 10 slots, slightly less than } in.
apart. The blocks are sccured with two
fine brass pins. - The whole of this
part is then glued and pinned and sot
aside to dry.

The loud speakcr is shown in Fig. 2z,
and is made from six pieces of 3 mm.
three-ply wood. The exact shape to
make these pieces can be set out
geometrically or a pattern made in
cardboard, and the wood cut and
shaped accordingly. When shaped, the
parts are glued together and reinforced

on the iner side with strips

—— of linen glued across the joints,
asshownin I'ig. 23. The upper

end should be htte(l to thelower
60 end of the loud-speaker block,
but not fixed to it at this stage.
A small moulding should be

frrmean nitred around over the joint,

and fixed at a later time when
the acrial wiring is finished.
The next process is to make

SKELETON DIAGRAM OF CHIEF FEATURES
Details and dimensions of the hanging set in outline
This is only a skeleton diagram to include the

Fig. 2.
principal parts

The next s‘tep is to make the loud-
speaker blocks, the larger from a piece
about 1} in. thick, the smaller from a
piece about 4 in. square and 3 in. long.
They are set out as before, and shaped
with saw and chisel and gouges, as shown
in Fig. 6, but guiding the chisel with the
left hand while taking heavy cuts. Cut a
central hole through the larger block
and drill out the smaller one. Glue them
together, and hollow the intericr after the
glue has set hard, as shown in Ifig. 10, to
accommodate a high-grade telephone ear-
piece of high resistance, unless a tele-
phone transformer is added to the set,
when a low-resistance telephone can be
cmployed.

The wood has to be hollowed out until
the earpiece is flush with the upper surface.
Place three of the arms in place and mark
them for the exact position of the shaped
block, as shown in Fig. 5, and then cut
notches intp the ends of the arms, as shown
in Fig. 20, having previously screwed the
top blocl\ into place. Next prepare six

strips of ebonite and fit them to the outer

up the main framework.

This  should be made
throughout of matted ebonite,
otherwise use good dry hard-
wood well impregnated with
paraffin wax. The dimensions
of the framework are given in Figs. 3
and 3. The first step is to make the

six picces for the flat part of the frame
and to mitre the corners and fit feathers
to them, as shown in Fig. 24.

- -'//%r///
PLAN OF THE MAIN FRAMEWORK

Fig. 3. Measurements of the main framework
are given above. This diagram represggts the
structure as scen from bhelow
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Mahogany is used for the top block,
hexagonal m

Fig. 4.
which, like the Learer block, i
shape "

Plough a groove f in. wide and } .
deep at a distance of 1 in. from the outer
edge, and fit the side picces of the irame
into it, as shown in Fig. 25, carcfully
mitreing the corners, and glue and pin
them together. The next step is to mark
out the positions for the three filament
resistances, the potentiometer, and the two
condenser spindles. These arc all located
in the centre of a panel, and all these holes
will have to be bushed with cbonite to
avoid surface leakage of high- .
tension current.  The bushes
are turned from ebonite rod
and made a push fit into the
holes in the sides, as shown In
Iig. 20.

The next process is to make
an hexagonal valve panel, and
this must be made trom cbon-
ite. The picces are set out as
described for the top plate,
but have to fit closely nto
the inner part of the wooden
framework. The careful test-
ing of the angles at the ends
of the six picces of cborite yy
that comprise the framework
with a bevel squar to
60°, as in Iig. 27, will ensure good joints.

To strengthen the corners small plates
of brass are screwed to the inner edges,
and as a further support disks of ebonite

ser

mre e e

__ MANGING SET

are turned and  fitted half on one part
and half on the other, as shown 1n
Fig. 28.  These diske and the panel are
then drilled for the valve legs, and the
latter secured with nuts in the usual way.
The result of the work to this stage then
appears as shown in Fig. 11, on the plate
facing this page. To prevent the valves
possibly  falling out, sccurity clips of
thin springy brass arc fitted bencath
the negative side of the filament valve
leg, as illustrated in Ifig. 29

The wiring of the filament circuits can
now be carried out, as shown in Lig. 9.
with square tinned copper bus-Dar.  To
prevent the longer sections of wiring
sagging, it can be soldered to short
pieces of screwed rod screwed into the
chonite.  The valve panel is then fitted
to the framework by screws into filets

MARKING ARMS TO TAKE BLOCK
i2. 5. Three of the arms wre placed in'position and marked
for the exact pesition of the shaped lou®speaker block

attached to the inner side of the frame,
bringing tke pancl flush with the top, as
shown in “7ig. 13. This part of the set
naturally ‘stands  upside down, and 1t

SHAPING LOUD-SPEAKER BLOCK FOR HANGING SET
Hoiding the block firmly dowr on the bencl, the operator is making light cuts with
In making the loud-speaker block the rough material is cut out with a saw and then
shaped accurately, first boing carefully mavked out

VTig. 6.
a chisel.
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SHAPING ARMS TO RECEIVE BLOCK
20. Notches are cut into the ends of the arms in order
The operator is here
seen cutting one of the notches with a chisel

te: accommodate the loud-speaker block.

must be remembered that the valves hang
vertically downwards and that the broad
part of the framc is at the top.

The only feature of the wireless part
of the work that calls for especial mention
1s the dual condenser used for tuning the
two anode reaction coils simultancously.
This is shown in Fig. 30, and is madc
from two standard wvariable condensers.

The top plate ol onc is used as the

top plate for the dual condenser, and
the bottom plate at the opposite end.
The end plates from  the other con-
denser are not used at all. The whole
of both sets of condenser fixed plates arc
used in the ordinary way, and attached
to a central plate or disk of cbonite,
but on opposite sides, and opposite to
‘ach other.

The moving plates are made into blocks
by soldering two wires along
the centre part, as shown in
Fig. 30. They arc then mount-
econ a long central spindle by
means of two lock nuts to
cach portion, one of which is
illustrated in Fig. 31.  The
chonite centre disk should be
drilled with the two end plates
clamped to it to serve as a
guide and to ensurc alincinent.
The illustration Fig. 32 shows
how tlis can be done without
difficalty.  The acrial tvning
condenser 1s of the usual pat-
tern, and this and the dual
condenser are simply fitted to
the bushed holes m the usual

HANGING SET

oieces of the frame, as is visible
m Fig. 33.

The filament resistances and
<he three transtormers are then
atted to the {framework in the
ordinary  way, but mounted
on ebonite bushings and plates
where necessary.  The com-
ponents should be of good
quality.~ The last transformer
ought to be suitable for power
amplification purposes.  The
aerial tuning inductance and
the anode reaction coils are
ordinary basket coils covering
appropriate  wave - lengths.
They are fixed, as shown in
Fig. 15, on the plate, by means of disks of
thin ebonitc and a central brassscrew which
secures them to an cbonite pillar on the
framework.  The grid biasing batteries are
made from cells from ordinary flash-lamp
batterics and encased in s cct cbonite
sccured in place with strass screwed
to the framework.

Mullard grid leaks and Dubilier fixed
condensers arg used, and the wiring
carried out with tinned copper wire as far
.as fecasible, and all connexions soldered.
Every stage in the wiring is tested as the
work proceeds.  As much of the wiring
as possible 15 done before finally fixing
the panel, as the last part is somewhat
dithcult owing to restrictions of space.
The panel is gnally sccurced with a mitred
slip of wood” temporarily attached with
pins, as shown in Fig. 35. The whole of the

e ol

INSULATORS TO THE ARMS

way, but with the addition FITTING
of flat clbonite shecting be- .. o :

ecn the end plates and the Iig. 21, Ebonite insulating blocks are fitted to the ends of
tween the end plates and the (he aerial frame arms. ,Ouc of these blocks is scen being

surface of the wooden side

placed in position
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DETAILS OF LOUD-SPEAKER TRUMPET FOR HANGING SET
Three-ply wood is used in making the trumpet. The shaped pieces of three-ply are

Fig 22 (left).
bent and strengthened with glue or linen inaside.

Iig 23 (right). In this photograph the interior

of the trumpet is shown, and the strips of linen can be seen reinfc rcing the joiuts of the sections of
three-ply woord

Iramework 1s stained, or coloured with
a non-mctallic black stain, which should
dry with a dull matt black to match the
cbonite. The illustration, Iig. 16, shows
how the aerial is wired with No. 22 gauge
enamelled copper wire, the ends of which
are bared and attached to opposite
suspension cords as shown in Fig. 35,

The bobbels are made from long taper-
ing strips of paper rolled and pasted up as
shown in Fig. 36 and attached to the sus-
pension cords as shown in Fig. 17 The

(7
!

gt

g, 24 (left),

to the framework.

suspension cords are stout twin lighting
flex, and act as the battery connexions
and other purposes, being connected at the
lower ends to terminals on the panel,
and at the upper end to the batteries.
The framework is ornamented by cm-
bossed panels of pewter, shaped as shown
m I'ig. 37, by outlining with a bone stylus
while resting the pewter on a pad of
blotting paper.  The centre boss is ham-
mered up while resting on a felt pad, and
working out the creases by rubbing with

FITTING SIDE PIECES AND FEATHERS OF THE FRAMEWORK

How the feathers are fitted to the mitred corners of the framework of the hanging
setis iltustrated ; a perfect joint should be made. Fig. 25 (right). Sidepicces are here scen being fitted

The groove into which the side picces are fitted can be clearly seen in Fig, 24
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Trig. 26.
in the side of the frame

arce fitted over the
corneis of the valve panel

iz, 29.  Security clips are used to hold the
valve in place, the valve, when in use in
the set, being inverted

Ebonite bushings are fitted in the spimlI‘c holes

A‘ - h\

Fig.

27. An angle of 667 is re-

quired for the panel element

Fig. 30. A special dual condenser s used

to tune simultaneously the two anode re-
action coils

How the condenser moving plates

Iig. 31,
arc sccured to the spindle may be seen in
this illustration

1
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This photograph shows how to use

Fig. 32,

the end plates of the condenscr as a guide
in drilling the chonite disk

. Iig. 34. How the aerial is connected to its
Fig. 33. The acrial tuning condenser is paiticular suspension cord is shown in this

fitted to the ebonite face on the framewcrk photograph

&

Iig. 35. On the upturned lower edge of the framework the operator is nailing 2 wooden bead whi

secures the panel and also, when the set is actoally ready for hanging, holds the silk shade

PROCESSES IN THE CONSTRUCTION OF THE HANGING SET
1084
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' PAPER BOBBLES FOR HANGING SET
Iig. 36. Paper bobbles for the suspension cords

of the hanging set may be rolled round a foun-
tain pen as shown in this photograph

the peine of the hammcer as shown n
Fig. 38.  The control knobs are covered
with pewter worked in the same way.
The suspension cords are attached to loops
of brass screwed to the top of the frame-
work as in Fig. 18, on the photogravure
plate which also shows the corner plates
and the covered knobs. The silk shade 1s
then prepared and edged with a narrow
fringe, and attached to the frame-work by
the slips already mentioned.

The loud-speaker trumpet is attachced
to the block, the whole coloured and lined
out, and the top frame, complete, is then

;s,,Al -~

- MARKING CORNER PL
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suspended from the ceiling.  The lower
framework 15 rested on supports at the
correct distanee {from the upper part and
the suspension cords dixed and  wired
up. The sct is attached to the ceiling
by screws passed through a cross-picce
of wood attached to the floor joists as
shown in Iig. 19, this also showing
the batteries In place in a partitioned
portion beneath the floor.  Access is pro-
vided by a small trapdoor. Other means
of supplying the battery power is by accu-
mulators in any convenient part of the
room, and by running the connecting wires
in a moulded casing in the usual way as it
fitting the olectric light. Tlis has the
advantage that there 15 no need to disturb
the floor or ceiling of the room, and is
perhaps a simpler way of cnergizing the
set. The work must, however, be carried
out very ncatly and the casing employed
to protect the wires should harmonise with
the gencral character of the room.

In such a case the batteries could best
be stored in a ncat stained wooden case.
A simple double-pole- switch should be
provided to sever the connexions in the
low-tension circuit, and should be mounted
on the exterior of the battery box, and
connexions made from it to the battery
terminals.

To avoid risk of polarity reversal these
connexions should have proper tags
attached to them and marked 4 and —, or
otherwise clearly distinguished.  The high-
tension  battery 15 best  accommodated
in a separate compartment with ordinary
wander-plug conncctions.

.

' The negative side of both bat-
© terics being  connected together,
the low-tension switch should be
placed in circuit so that it cuts oft

ATES FOR HANGING SET

Fig. 37 (left). DPewter corner plates are marked out by means of a stylus on a pad of blotting
paper. Fig. 3§ (right). Thc corner plates are embossed on a felt pad by using the peine end
of a hammer, as illustrated, to smooth out the creases
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over.  This arrangement could also be
adopted on the battery boxes i they are
located within the floor space above the
celling—either arrangcment enables the
set to be tuned, and when needed simply
switched on or off as desired.

The set works with tremendous volume
on an outdoor aerial, and this modifica-
tion can be made, if <o desired, without
deviation from the design other than the
omission of the frame acrial wiring.—E. W.
Hobbs, A.I.N.A.

HARD-DRAWN WIRE. Expression
uscd to describe a quality of wire, usually
made of brass or some other non-ferrous
mctal. By a manufacturing process, such
wire is made finer and more resilient than
that made by another process and known
as soft wire. Hard brass wires are best
used for the construction of contacts and
the like, where resiliency is all-important,
and also for such purposes as the wiring
up of receiving sets.  As the result is inore
permanent and durable, when finished,
than is the case with soft wire, the extra
trouble is worth while in the wiring.

HARD VALVE. A valve in which the
vacuum is of a high order. Valves of this
type are specially used for high- and low-
frequency amplification, and also for
{ransmitting purposes. A hard valve is
able to take a very much higher anode
voltage than asoft valve. In thelatter case
the vacuum is poor, and its use is largely
restricted to purposes of rectification.

In the constructicn of hard valves
particular care is taken to ensurc a high
vacuum. Langmuir pumps are largely
used in obtaining the necessary vacuum,
but owing partly to the occlusion by the
metals used in the valve, the latter is
subjected to a process known as bombard-
ment. By occlusion, is meant the property
possessed by a metal of absorbing gases.

These gases would be given off later if
they were not driven out when the vilve
was being exhausted. The result of this
would be to turn a hard valve soft. In the
bombardment process the filament is kept
at a high temperature and a powerful elec-
tric field is maintained between the metal
parts of the valve. This causes a violent
bombardment of electrons against the grid
and anode, which results in the occluded
gases being driven out.  Furthermore the
grid and anode become intenselv hot, which
also assists in the removal of gases.

HARMONIC MOTION

Opinion is still divided, however, on the
merits of the hard valve as against those
of the soft valve. Many of the early
valves were highly exhausted, but it is
known that the filaments burn better
when the valves is filled with nitrogen or
argon, and the gas-filled valve is certainly
an extremely sensitive detector. Cerman
valves are exhausted by the mercury pump
and with charcoal and liquid air finally.
While exhaustion is going on the filament
15 highly heated to drive out any occluded
gas. A special vacuum meter is used to
indicate when the highest vacuum is
reached, and when further pumping has
no effect the bulb is sealed.

The softening of a hard valve may often
be shown if it assumes a bluish tint when
its full anode and filament voltage is
applied. A valve developing this symp-
tom is not efficient as an amplifier, but
may be used as a detector until it is too
solt to use at all. See Valve. ‘

HARMONIC MOTION. Term which
may be used as the general description of
the periodic oscillatory type of motion.

which occurs in
/_ ™~ many forms, as the
ﬁp vibration of a

? % \ string, the beating
A — B of a pendulum, etc.

¢ Q /

\ y

Harmonic motion
may be more
~ closely ‘deﬁned as
Fi Dinerammati follows :
ig. 1. iagrammatic Let a point P

representation of simple

harmonic motion describe a circle

APB at a con-
stant speed.  Let O be the centre of the
aircle, and PQ the perpendicular from P on
a diameter AOB. Then the oscillation of
Q to and {ro along AB is simple harmonic
motion. OB is called the amplitude of
the oscillation, and a complete oscillation
iz the path described by O while P com-
pletes a circle. The time taken for a
complete oscillation of Q) backwards and
forwards is known as the periodic time,
or the period of the cscillation. A
diagrammatic representation of simple
harmonic motion may - be obtained by
pletting the distance from the centre O
against the time. The resalting curve is
shown in Fig. 2, and is a sine curve.

This curve is very important in wireless,
and, indeed, in electricity generally, for
it is the curve which represents the
oscillating to and fro of an alternating
current. It is dealt with at further length
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CURVE SHOWING HARMONIC MOTION
Tig. 2. Sinc curves, as the example above, which

represents harmonic motion, are important in
wircless, as they represent ‘the oscillations o
alttnmtmg current

under the headings Alternating Cuirent,
Sine Curve and Wave Motion in this Ency-
clopedia. But since alternating currents
can be dealt with as forms of harmonic
motion, many problems of alternating
current can be resolved into problems
which may have an answer found for them
by consideration of this form of motion.

A flat loop of wire with its terminals
connected to two collecting rings gives a
harmonic electro-motive force \\'hen it iz
rotated at constant speed in a uniform
magnctic field, and this is the principle of
the generator.  See Alternating Current ;
F requen(‘v Generator ; Sine Curve ; Wave
Motion ; ctc.

HARMONICS. In sound, harmonics
are secondary tones which accompany the
fundamental or primary tone of a vibrat-
ing reed, string, etc. If a low note is
struck on a piano, for-example, notes of a
higher pitch will be heard at the same
time, though they are not so distinct.
The more important of these harmonics
are the third, fifth, seventh and octave.

In wireless a similar kind of thing
occurs. A circuit may not only respond to
oscillations of its own {re-
quency, but oscillations with
frequencics  of  one- third,
one-fifth, or one-seventh its
natural frequency may be
set up in it. These harmonic
oscillations do not produce
anything like the effect of the
fundamental frequency. Or
the circuit may respond to

HARMOVI(,S

firm line \ll()\\ sthe coml)mdth)n of the two.
Such harmonics represent a loss ot energy
i tronsmitting. When a recciving valve 1=
oscillating, the oscillations are  usuvally
accompanied by harmonics and  sub-
harmonics.  Stanley, in his “ Text Book of
Wireless Telegraphvy,” gives an interesting
experiment to show how the existence ol
these harmonics mav be demonstrated.

OSCILLATING CURRENT SINE CURVE

Fig. 1. In the above diagram is given an

ordinary form of oscillating current sine curve

and third harmonic, shown dotted. The resalting
curve is shown in full linc

The circuit diagram in Fig. 2 shows how
this mayv be accomplished. Two valve
oscillating circuits are coupled together,
and are tuned to slightly dlff(rmr fre-
quencies, which results in the hctcrodym
note being heard in the telephones.  When
the. valV(\s are tuned to oscillate at low,
inaudible frcquencies, the fundamental
beat note may be heard however the
condensers are set. By keeping one con-
denser fixed and varving the other, thére
will be clearly heard, under the primary
beat note, each harmonic of one circuit
coming into Dbeat action with the same
harmonic of the other circuit. See Beat
Reception ; Heterodyne ; Impure Wave.

; D‘"

AW

{requencics of .double or
treble, etc., the original fre-
quency. ~ The former type of
harmonics are very often
known as sub-harmonics.

Fig. 1 shows the ordinary
form of an oscillating current

PRODUCTION OF HARMONICS

sine curve, and a third Fig. 2. From this diagram may be seen how two valve
harmonic in dotted lines. The oscillating circuits are coupled together to produce harmonics
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HART ACCUMULATOR. A well-known
commercial type of accumulator, There
are one or two constructional features of
this cell which are interesting,  The active
material is held in the positive plates by
means of horizontal ribs upturned at their
edges. The paste used in the positives
consists of a mixture of pure sulphuric acid
and pure red lead, the former having a
speaific gravity of 1.1, Air-drying is re-
sorted to after 6lling. A thin solid core
of lead left in the centre of the Hart posi-
tive plate is a sufficient prevention of
buckling, providing the discharge rate
recommended by the makers is not scriously
exceeded.  Planté positives may be ob-
tained 1f required.

The negative grid is a kind ol cage-like
structure with horizontal recrangular open-
mngs.  The paste ol these i+ made up ol
pure ground litharge and sulphuric acid,
the latter having a specific graviry of
-2 when cold.

The Hart Accumulator Co., i.td., manu-
lacture a very comprehensive range of
batteries and cells, both for portable and
central station work.

A type of 6 volt accumulator, useful to g 1. H.“'rtbl
the experimenter for lighting the filaments ~ Mulator suita
of valves requiring from 4 to 6 volts, valves
is shown in Fig. 2. It has a large capacity,
and will run a multi-valve sct for 2

b

HART ACCUMULATORS DESIGNED FOR WIRELESS PURPOSES

Fig. 2 (left). Meg-type accumulators are made for use with ordin
6 volt accumulator provided with a strong crate and carrying hand
of a high-tension battery is illustrated. Owing to the extremel

positive plate is found to be suffici

Courtesy Harl Acccumiulator Co., Ltd.

vse with dull emitter

_HART ACCUMULATOR

considerable time be-
fore it requires re-
charging. As shown
in Fig. 2, a substan-
tial carrying crate,
having a lcather
handle, is provided
for carrying the ac-
cumulators. At
one side two ebonite
bushes are let into
the crate to enable
the connecting wires
to be attached easily.

A small, compact
cell 1s shown in
Fig. 1, and is intended
for use with -dull
emitter valves. - This
type of accumula-
tor is useful where
portability is desired.
It 1s desirable, where
an accumulator is
fitted into the re-
ceiving set itself, that
it- should occupy a
acct- compartment ; com-
¢ for pletely shut off from
the remainder of

ary 4-6 volt valves. This is a
le. Fig. 3 (vight). A single cell
y small discharge rate a single
ent



HART HIGH-TENSION ACCUMULATOR

Fig. 4. Twelve cells are wired in series to give

a total of 24 volts. Thisis a PLRG type high-
~ tension battery

Courtesy Hart Accumulator Co., Ltd.

the set, as any #sacid vapour given oft
would corrode adjacent metal work.
Where facilities for recharging arc
available a high-tension battery may bu
made up from units which are specially
designed for this purpose. Fig. 3 shows
one of these units, which consists of an
oblong glass container housing a single-
plate positive element and a two-plate
negative clement. A featurc of this cell
is that no separators are used, the plates
being kept in position by means of stout
1ibs cast in the glass container.  Two
ledges are provided at the bottom of the
container on which the plates rest.
External ribs are also provided on the
bottom and sides of the glass container.
A battery of twelve of these cells i3

illustrated in Fig. 4, housed in a crate,

partitioned off to prevent the cells being
jolted together. See Accumu-
lator; Storage Battery.
HARTMANN-KAMPF :
ALTERNATOR. A type of |
high-frequency generator in
which no exciting current is
used. In place of the custom-
ary electro-magnets energized
by a scparate dynamo, per-
manent 1magnets are used.

~_ HAYNES CIRCUIT

speed of 4,000 revolutions per minute each.
The output of the alternator has a minimum
of 500 watts.

HAYNES CIRCUIT. Simple type of
regenerative receiver, a feature of which
is the conductive coupling between the
primary and seccondary tuning inductances.
In its usual form the Haynes circuit is
a single-valve receiver, and, as shown in
the illustration of the theoretical circuit
‘diagram, follows the standard wiring of an
ordinary detector circuit.

The primary tuning circuit, shown in
the diagram as AB. consists of a few
single-tapped turns of wire. The tuning
of this circuit is semi-aperiodic, by which
is meant that the tuning is very coarse.
The secondary tuning coil, represented by
BC in the illustration, is shunted by a
small variable condenser of maximum
capacity of -00025 mfd. This condenser
is of extreme importance, and the experi-
menter is advised to sce that this com-
ponent is of good quality.

For the aerial tuning inductance a 3 in.
cylindrical former is recommended.  The
reaction coil should consist of a small
piecc of ebonite tube of a diameter to
secure free rotation inside the inductance.
Providing the coupling is fairly tight,
35 turns of wire for the reaction coil will
be found to be about right.

Wiring of the set is best carried out
with a stout gauge tinned wire, and
possible capacitics are avoided by the use
of insulated sleeving. It is particularly
important in the construction of this sct
to avoid the detrimental effects of sell-
capacity, and to this end care should be
taken in the choice of all component
parts. See Regenerative Sct.

Twenty-four of these are ar-
ranged in ring formation so
that their poles face inwards
and surround a slot-wound
armature. Both the ring of
magnets and the armature
are revolved, and in opposite
directions to each other, at a
D28

Conductive

' S
Aé =

HAYNES REGENERATIVE RECEIVER

coupling between primary and secondary tuning

inductances is a feature of this simple type of one-valve

regenerative receiver

z2
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HAZELTINE NEUTRODYNE RE-
CEIVER. Name given to a specific form
of recciving set, duc to Prefessor Hazel-
tine.

In any circuit em-
bodying one or more
stages of high-frequency
amplification the coup-
ling due to the small
grid to plate capacity
of cach  high-frequency
valve causes the various
cireuits to interact, and
when more than  one
stage ot high-frequency
is  cmployed  the  set
becomes very unstable,
resulting i self-oscilla-
tion, with consequent
distortion of speech and
nusic. .

Many attempts have 4
been made to overcome ;
this inherént  trouble, .
and of these the neutrodyne principle of
Professor Hazeltine has proved extraordin-
arily cftective.  In the neutrodyne re-
ceiver the acrial and other high-frequency
circuits  consist of aperiodic primaries
tightly coupled to tuncd sccondaries, by
which means extreme selectivity is ob-
tained, together with casy manipulation.

As will be scen from Fig. 2, these coils
are mounted at an angle with respect to

HAZELTINE RECEIVER

the horizontal to minimize magnetic
coupling. ~ The inter-electrode capacities
of the valves are neutralized by means
of small adjustable balancing condensers.
These take the form of metal tubes
sliding over short pieces of copper

EXTERIOR OF HAZELTINE RECEIVER
Fig. 1. Distortion of spcech and music is
~lminated in the Mazeltine four-valve neutro-
dyue receiver, the external appearance of which

is seen above

wire, the condenser plates thus formed .
being separated by a glass diclectric.
These balancing condensers are connected
between the grid of one valve and a
suitable tapping point on the secondary
ot the following high-

frequency transformer.

HAZELTINE NEUTRODYNE FOUR.VALVE RECEIVER
Iig. 2. Behind the panel of the Hizeltine receiver in Fig. 1 the arrangement of the components

15 scen. Note how the three tuning coils are slojing, also the position  of the transformers,

one of which is scen at the bottom right-hand ccrner, and another at the bottom left-hand
cormer. The valves are moanted on bridges. On the extreme right is the grid leak

.
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The external appearance of a four-valve The circuit diagram is given in Iig. 3,
sct is given in Fig. 1, and the internal and this, with the aid of the detailed

arrangement of the parts is shown photograph (Fig. 2), should make the
\ in Fig. 2. The disposition of the arrangement of the components clear.

parts permits of a compact receiving  See Neutrodyne.

L
|
|

-

?

_ ‘250
_.IF — [
—a PROFESSOR HAZELTINE’'S METHOD OF ELIMINATING DISTORTION

Fig. 3. Distortion due to sclf-oscillation in unstable circuits led Professor Hazeltine to establish

a principle which is incorporated in the above urrangement. By the means here employed climination

of distortion has been successfully accomplished. Extreme selectivity is aimed at. The principle
can be applied to other high-frequency amplificrs as well as the four-valve sct illustrated

set. The valves are supported on plat- HEADPHONE. Expression used to
forms, the balancing condensers on the define all types of telephone receivers
underside of the slanting ebonite plate adapted to be worn on the head.
in the foreground. Typical patterns are illustrated in Figs. 1

EXAMPLES OF HEADPHONES USED FOR WIRELESS RECEPTION

Fig. 1 (left). Aluminium connecting strips in these Sterling headphones hold the earpieces together,

and have the advantage of being very light. Adjustment is provided by means of tightening screws.

One earpiece is shown dismantled. Fig. 2 (right). Earpieces are connected by flat strip springy

steel in these headphones, made by the Economic Electric Co., Ltd., and the steel is covered with
leather to protect the wearer’s head. Note how the earpicces are easily adjusted




HEADPHONE

1092

.

and 2, and show a pair of earpieces con-
nccted together in Fig. 1 by two pieces
of aluminium, and in Fig. 2z by stecl
protected with leather. For comfort,
adjustments are provided to enable the
two head-bands to be placed in” the best
position for individual wear.  Usually, one
of the bands is placed vertically over the
top of the head and the other horizontally
around the back of the head, as shown
in Lig. 3.

The carpreces should  be  separately
adjustable, so that they can be placed
m the most comfortable position.  They
should also have some form of flexible
jomt between them and the head-bands,
so that they may conform to the shape of
the” head.  The pressure of the spring
band, or the natural resitiency of the head-
bands themselves, should not b excessive,
and should be adjustable.  For continual
wearing, o pattern made of aluminium, or
a steel band covered with leather. would
be desirabie.

The method of locking the ead-bands
on to the carpleces varies with different
makers’ practices. In some a washer is
used, and this washer has a D-shaped
hole, a small protecting peg. or some
similar arrangement for holding it in
place. It the headphones are taken apirt
for any purpose, they should be carefully
reassembled in  their  proper positions,
particularly noting whether the washers
are in their right places, as when properly
adjusted the head-bands and the car-
pieces should be rigidly attached to one
another.  The function of the earpieces
and methods of connexion are dealt with
under Telephones.  See particnlar makes
of headphones, e.g. Brande:, Brown,
Ericsson, etc.

HEAVISIDE LAYER. A thcoretical or
assumed layer ot ionized gas about 50 to
100 miles above the surface of the earth,
which acts as a gigantic reflector of wiie-
less waves, and so makes them foliow the
contour of the earth.

It was in 1900 that Heaviside suggested
that at a considerable height  above
the surface ot the carth there may be
a permanently  conducting layer which
would reflect the wireless waves in the
sane way as a ceiling might reflect sound,
or a gigantic mirror reflect iight waves,
This Heaviside layer has the support of
many eminent sclentists and has been
attacked by an equal number. The
Heaviside layer was suggested hecause

HOW TO WEAR HEADPHONES

Fig. 3. Headvhones should be worn with one
connecting piece over the top of the head, and the
other round the back of the head, as illustrated

of the difficulty of understanding why
wireless signals should be heard over
great distances, when the waves, since
they normally travelled in straight lines,
should apparently have been radiated off
into space and lost. It clearly becomes
much simpler to understand why signals
are heard if, all round the earth, there is a
gigantic reflecting layer which turns the
waves back, as it were, and compels them
to tollow a path more or less round the
earth. The theory has the support of
such scientists as  Sir Oliver lLodge,
Professor J. A. Fleming, Dr. W. H.
IEccles, and others.

IXlihu Thomson, however, has pointed
out an alternative theory, the gliding
theory, which may also account for the
fact that wireless waves move round the
surface of the carth. By the gliding
theory it is suggested that the propaga-
tion of wirel>ss waves is not strictly on
the lines of real Hertzian waves, but, on
account of the grounding oi the base of
the aerials, of only half Hertzian waves.

By the gliding theory these waves are in
reality attached to and guided by the
carth’s surface. Neither of the theorics
15 without flaws, and their full explana-
tion and attempted proofs involve too
great a knowledge of mathematics to be

HEAVISIDE LAYER
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HEISING MOD ULATION

given in this Encyclopedia. The funda:
mental fact is that the waves arc
carried round the surface of the carth
but how has not been definitely settled.
See Distortion ; Reflection.

HEDGEHOG TRANSFORMER. Typc
of transformer, so called because of its
appearance, which is not unlike that of
a hedgchog. The photograph shows «
typical transformer of this type. It con-
sists of a cylindrical iron core, made up
of a number of soft iron wires, surrounded
by a bobbin containing the windings.

The coreitself is made three o+ four times
longer than would normally be necessary.

HEDGEHOG TRANSFORMER

This transformer has a cylin-
drical soft iron wire core sui-
rounded by wound bobbins
Courtesy Economic Electric Co., Lt

The windings on the bobbin arc wound
after the manner of a small spark coil, ..
they arc simply layers of wire wound upon
cach other. In the case of an intervalve
transformer the primary is of heavier
gauge wire than the secondary, and wound
next to the core, and the secondary, of
much finer wire, is wound on top of this.
In a tclephone transformer, which is a
step-down instrument, the reverse would
be the case.

After winding and impregnating, the
ends of the core, which now project, are
bent back over the bobbin, so that they
completely surround the windings.  The
loose ends are held in place by three bands
of iron wire. This construction is quite
clear from the illustration. If the core
is carthed, as it should be, it forms a very
good shicld for screening adjacent appara-
tus from the magnetic field inseparable
from iron-cored transformers.

This feature is of great utility where
more than one stage of low-frequency
amplification is used, as two unshielded

i

transformers in close proximity are a
prolific causc of distortion and howling.

HEISING MODULATION. System of
modulation control due to R. H. Heising
and patented by him.

One arrangement is shown in IYig. 1, and
consists of an aerial A in series with a high-
frequency alternator, HFA, and the earth.

The field winding of this alternator is
connected through a battery to the anodc
and filament of a valve, whilst the grid
of that valve, V, is connetted through a
transforiner, T, to a microphone, M.

The microphone is not placed directly in
scriecs with the ficld winding and the
battery, as the best results are only
obtained when the power absorbed in the
microphone is equal to that absorbed” by
the ficld. With the microphone connected
directly in the field there would be, in
fact, considerable distortion.

Having the valve between the micro-
phone and the field coil, it is possible so to
adjust the impedance of the field winding
and the valve that they are equal,
or may be adjusted to other fixed
values.

Modulation by means of this
% system is quite straightforward.
f Specch coming to the microphone
* varies its resistance; a variable

current, therefore, flows from the
battery B, through the trans-
former, T, the result being a
variation of the potential of the grid of the
valve, V. As the potential of this grid 15
changed, so the current flowing {rom the
battery B, through the circuit B, V17 will
varv, and a: I is the ficld winding ol the

N L/
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j HEISING MODULATOR FOR HIGH.
FREQUENCY ALTERNATOR

Fig. 1. An arrangement for modulation coo-

trol by Heising’s method is shown in the above

diagram

£
H /\/ Er
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HEISING MODULATION

TWO-VALVE HEISING MOBULATOR

Fig. 2. Heising modulator with two valves has
the microphone coupled to the two grids

alternator, 1t nceessarily follows that the
acrtal current will also be modulated.

Other arrangements due to Heising are
Hustrated in Iags. 2, 3, and 4.

Fig. 2 illustrates the aerial coupled to
any high-frequency gencrator, G, whilst the
path to carth from the aerial A is via the
two valves 'V and V, in parallel, but
connected in opposite sense, whilst the
microphione is coupled to the grids of both
valves,

The object of placing the two valves
back to back in this manner is so that the
aeridd may be free to oscillate in either
direction.

NV

Sy

f
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grids the second valve is dispensed with
as are the plates of the valves.

So far, it will be noticed all the valves in
Heising’s circuits have been inserted as
resistances  directly in series with the
aerial.  The resistance of the valves is high

¥ in comparison with the‘aerial resistance,

and there is introduced a transformer be-
tween the aerial and the valve, so that the
acrial may be directly earthed through onc
winding of this transformer (see Fig. 4).
This is similar to Fig. 3, except that the
valve circuit is coupled to the aerial instead
of being directly in series with it. The two-
valve arrangement of Fig. 2 may be in-
vluded in Fig. 4 in place of the special valve.

Another modulating circuit which has
been patented by Heising is illustrated
in Fig. 5, which” shows the microphonc

\|/
1

Fig. 3 (above). One four-elect-

rode valve is used in this Heising

modulator.  Fig. 4 (left). An-

other Heising modulator has a

four-electrode valve coupled to
the aerial

v,

£

The two valves thus become
a resistance 1 series with the
aerial, which can be rapidiy
varied m value by means ot
the microphone current, which
acts on the grids of the two
valves.

Fig. 5 1 a modification of
the same arrangement, but by

LN

HEISING MODULATOR AND AMPLIFIER

the use of a special valve Fig. 5. Coupled through the circuit V. which isa single-vaive
Laving two filaments and two amphfier, is the circuit V., which is a Heising modulator
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controlling the acrial, through coupled
circuits and through the medium of an
amplifier circuit, V,.—R. H. White.

HELIUM. Onc ol the gaseous clements,
chemical symbol He, atomic weight 3-g0.
Helium is one of those gases which arc
important in the investigation of the
ultimate form of matter. It is relatively
abundant in the radio-active minerals, and
is 4 constitucnt of the gascs given off by
meny thermal springs. It is present in
the atmosphere in the proportion of about
one part in four million.  See Electron.

HELIX. line, thread, wire, or the like
curved into a shape such as it would assume
il wound in a single layer round a cylinder.
Loosely the term is used for any form of
spiral.

In electricity o helix is the name given
to various forms of coils of wire, as a
solenoid.  Specifically it is the name given
to the great coils such as those illustrated
in Figs. 1 and 2.

A small helix, suitable lor inserting in
a transmitting circuit in order to vary the
incluctance, is illustrated in Fig. 1. . Here

’ LARGE AND SMALL HELIXES FOR TRANSMITTERS
Fig. 1 (above). Suitable for inserting in a transmitting circuit to vary the inductance is a smali
helix, as illustrated. Heavy square-scctioned copper is used for the helix and ebonite for the
insulation.  Fig. 2. At the Marconi station at Berne is the 25 kw. valve transmitter in the
above photograph, and on the left and right will be seen two helixes. These are composed of
heavy copper.strip wound on insulating uprights
Courlesy Marconi’s Wireless Telegraph Co., Ltd.

3
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¢bonite is used throughout as the material
lor insulation. The resistance of the in-
strument is cut down to a minimum by the
use ol very heavy squarc-sectioned copper
for the helix itself.  Tlie spacing between
cach layer is sufficient to prevent any
possiblity of arcing.  Termirals are titted
at the base of the apparatus to allow of
casy insertion and permanent connexion in
whatever circuit it 1= desired to be inserted.

Fig. 2 shows  two  large  helixes
at the Berne station of the Marconi
Company.  An idea of the immense size
ol a high-powered transmittingghelix will
be gathered from this illustration. It will
be seen that the one on the right is really
part of a vario-coupler (¢.z.), the rotor of
which can be seen mside the helix, and is
controlled by the extension rod and handle
projecting through the railing s

The helix itsclf s composed of very
heavy copper strip wound upon insalating
uprights, the dielectric strength ol which
15 of a verv high order. The whole of the
apparatus is supported on metal pillars,
secured to the floor, havinge very large
ribbed insulators at their upper extremity.
See Skin Iffect ; Solenoid.

HENRY. Name given to the unit of
inductance, and so called after Joseph
Henry, the first secretary of the Smith-
sonian Institution, a distinguished Ameri-
can physicist. A coil is said to have an

inductance of one henry when, if a current

through it changes at the rate of one
ampere per second, an  electro-motive
force of one volt is induced.

From the above definition we get the
fact that the induced electro-motive force
in volts equals the rate of change of current
m amperes per second multiplied by the in-
ductance i henries.  The henry is rather
a large unit, and inductances for use in
wireless are measured usually in sub-
divisions of the henry.  The millihenry is
the thousandth part of a henry; the
microhenry, often abbreviated to mie, is
the millionth part of a henrv; and the
centimetre, the electro-magnetic unit, is a
thousand-millionth part of a henry.

The usual abbreviation for henrv is H
or Hy.  See Inductance.

HERTZ, HEINRICH RUDOLF. German
physicist.  Born at Hamburg, February
22nd, 1857, Hertz studied science uader
Kirchoff and Helmholtz, paving special
attention to electrical problems.  In 1880
he won the prize offered at Berlin Univer-
sity for his paper on + Kinetic Encrgy of

HEINRICH RUDOLF HERTZ
Working upon the important theory of Clerk-
Maxwell, Hortz showed how electro-magnetic
waves were propagated through space. In this
way Hertz began a series of brilliant cxperiments
which were, in effect, the basis upon which the
whole of the modern science of wirecless com-
munication has arisen

Electricity in Motion,” and the same year
received his degree for a brilliant investi-
gation on induction in rotating spheres.

The brilliancy of Hertz brought him
directly under the notice of Helmholtz,
who appointed him his assistant, and for
three years he carried out researches in the
physical laboratory of the Berlin Institute
on electrical discharge through gasces, etc.

In 1883 he went to Kiel, and there began
the study of Clerk-Maxwell’s electro-
magnetic theory, which was to have a
prefound cffect on wireless, and was to
make Hertz famous.

It was not until 1885-89 that Hertz,
while professor of physics at Karlsruhe,
converted the theories of Maxwell into
cxperimental facts.  Hce showed how
electro-magnetic waves were propagated

- through space, and mcasured their length

wnd velocity, as well as showed their exact
correspondence with the waves of light and
heat. By his researches Hertz laid the
foundations for modern broadcasting and
wireless - all its forms, and to him and
Clerk-Maxwell are due all the pioncer werk

k.



so rapidly. In 1889 he was appointed
professor of physics at the University of
Bonn, and he died there on January 1st,
1894. He wrote “ Electric Waves,”” which
was published in English in 1893, with an
mtroduction by Lord Kelvin.

HERTZIAN OSCILLATOR. Early tvpe
of radiator of radio-frequency oscillations,
invented by Hertz in 1887. At the outer
sides of two opposing spark balls, two
horizontal rods were wrranged in line with
each other, at the ends of which were fixcd
two large plates acting as condensers.

o]

HERTZ RADIQ-FREQUENCY OSCILLATOR
Diagrammatic representation of  the  Ilertz
oscillator and spark gap for produing Hertzian

Waves

o C

When the primary circuit of the ina-
duction coil is completed, the plates of the
oscillator are charged in a positive andl
negative degree respectively.  Electrical
oscillations take place when the value of
the charge is sufficient to break dewn the
resistance of the air dielectric at the spark
gap. The arrangement ol the oscillator
15 shown in the illustration.

HERTZIAN WAVES. Narme given to
the electro-magnetic waves propagated in
all directions by the Herts oscillator,

These waves are propagated in straight.

lines. Sec Electrolines; Hertzian Oscilla-
tor ; Oscillation. _
HETERODYNE. The term hetero-

dyne was applied by Fessenden to the
method of beat reception for rendering
audible continuous-wave signals,

The reception of a damped wave, 7e.
one which has a wave-train {frcquency, and
telephony, where the wave is of varying
amplitude, can be accomplished by the
use ol a simple detector in the form of
a crystal, a valve, or a similar rectificr.
In a simple detecting circuit the meun
current 1 the telephone deprends on the
difference between the amplitudes of the
positive and negative halves of each cvele
atter rectification.  If there is perlect
rectification, one half-cycle will be entirely
suppressed, and the mean current in the
telephones will be due to the different
amplitudes of high-frequency waves, Thus,
ineffeet, the telephones will respond to the

-~

- HETERODYNE

fluctuations of the amplitude of the in-
coming signal, whether they be due to
a spark transmitter or to a telephone
transmitter,

In Fig. 1 15 shown the characteristic
curve of asimple rectifier.  Let S represent
the voltage curve of a damped wave in-
duced in the acrial and applied to the
detector. 1 X is the rectifying point of
the detector, then one half of cach oscilla-
tion will cause a greater current to flow
through the detector than the other half
of the oscitlation. In the diagram the
curves ahove the line XY represent the
mncrease in current, and the curves below
XY show the small current due to im-
pertect rect:fication.  The current in the
telephones will then be the mean differ-
ence  between  the two  halves of the
oscillation, as shown by the dotted lne.

A continuous-wave  transmitter. how-
cver, sets up osclilations  of  constant
amplitude which, on energizing a receiving
acral, will induce oscillations of constant
amplitude in that aerial.  If this constant
oscillation were applied to a rectifier, the
onlv effect produced on the telephones
would be a deflection of the diaphragm on
the commencement and finish of a signal,
which  would he useless for  receiving
purposes.  'n Figo 2 let the curve A
represent a continuous wave-signal which
after rectification i3 converted into form
BC. where B represents the rectified
current.  The current in the telephones
would then be cqual to the difference in
the amplitudes of B and C, and can be
represented by the  dotted  hine. The

/ i
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I RECTIFICATION OF A
//“"/%5 B DAMPED‘ WAVE
. Fig. 1. In this character-

T 1stic cnrve of a shopie

> rectifier, rectifieation ol a
damped wave s shown
varving  curreat in fele-
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I'1g. 2. Rectification of continuons
waves showing steady current in
the telephones is represented in )

the above curve i

00000 /—H—

only variation in the telephone
current would * therefore be at
the beginning and end of the
signal.

In order to receive a con-
tinuous wave, means must be
adopted for imparting to the
mcoming wave an amplitude of
varying frequency, and  tle
method employed for this pur-
posc is to sct up at the receiver
end a continuous wave of «
frequency nearly equal to that
of the incoming signal. If the
signal oscillations and the oscil-
lations generated  locaily  are
superimposed  In a  common
oscillatory circuit, and the frequency of
the incoming oscillations is equal to N and
that of the local oscillations equal to , then
the two oscillations will periodically help
and oppose cach other and produce beats,
the frequency of which will equal N - #.
When these beats are rectitied a uni-
directional current is produced in the
telephone receivers.  The constant amphi-
tude of the incoming wave is therefore
modulated, or has been imparted to an
amplitude of varying frequency suitable
for telephone reception.

The local oscillations can be generated
by a separate three-clectrode valve, so
connected to act as a miniature trans-

Ing. 3.

3

CONNEXIONS OF HETERODYNE

Connexions of the hetero-
dynemethod for short wave reception
are given in this simplified diagramm

mitter, or the detector valve can be uscd
if the anode and grid circuit are couplel
together by a suitable coupling coil.
The method of a sequence of heterodyne
¢ircuits was proposed by Arco and
Meissner in 1914, and has recently been
applicd by Armstrong to the reception of
short waves.  Amplification of signals of
& wave-length of the order of 300 metres
{a frequency of 1,000,000 cycles) can only
be carried a limited number of stages
owing to interaction of the amplihier
circuits.  If, however, an amplifier with
en optimum wave-length of, say, 3,000
retres is used, then amplification hecomes

an easier problen:,
and the circuits
are easier to con-
trol and are more
stable in operation.

The method con-
sists of heterodyning
the incoming signal
to a super-audible
frequency by means
of a separate local
oscillation generator.
Suppose it 1s desired
to use this system for
receiving  a  wave-
length of 300 metres
(1,000,000 cycles), and
that the amplifier has
maximum amplifica-
tion round  about
3,000 metres (100,000 cycles). Then in order
to change the frequency of the incoming
signals {rom 1,000,000 to 100,000, it would
be necessarv to generate local oscillations
ol 1,000,000 4 100,000 OI I,000,000 —
100,000 == 1,100,000 Of §00,000.

In other words, the local osciilations of
1,100,000 or goc,000 will heterodyne the
signal frequency to produce a beat note of
frequency equal to 100,000 cycles. Fig. 3
is a simplified diagram of connexions to
show the principle. The circuits of the
valve A are the usual detector-valve
circuits, with the exception that in place
of the telephones in the plate circuit a
bigh-frequency closed oscillatory circuit

T
|
?
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RECTIFIER
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MARCONI HETERODYNE UNIT FOR RECEIVING SETS
Fig. 4. This instrument, which bas a range between 400 ~nd 20,000 nictres, is designed to
be added directly to crystal and other recciving sets for the heterodyne method of reception.
The connexions are made from the termunals on the left-hand side of the cabinet, just below the
cbonite control knob

is included, the inductance torming one
winding of a transformer. The second
winding is connected to the usual grid and
filament terminals of the amplifier. The
local oscillator is in the usual manner, 1s
shown i B, and coupled to A

The incoming signals are heterodyned
by B to produce the beat frequency.
These beats are then rectified by A, and
cause a beat-frequency compenent in the
transformer winding. This eroduces wn
oscillatory current  equal to the beat
frequency in the ampliicr circuits.  The
oscillatory electro-motive force applied to
the amplifier is then amplified, and finaliv
rectitied by the detector valve.

1t will, of course, be understnod that for
receiving telephony by this method the
beat frequency used must be sufiiciently
high in order not to iaterfere with the
modualation, and it is found that if the beat
frequency is not less than 30,000, distor-
tion of the speech wave is not produced.

Spectally designed units are available
for use in connexion with existing receivers
which, when correctly adapted, make such
a combination capable of continuous-wave
reception by the heterodyne method,

Iig. 4 shows a commercial heterodyne
unit by Messrs. Marconi’s Wireless Tele-
graph Co., Ltd., primarily designed for
use with crystal and other receiving sets,
for the reception of continuous waves.

This instrument is intended to be con-
nected in series with the carth lead of the
receiver.  The terminals for making this
connexion are shown on the left-hand side
of the recetver cabinet.  An chonite knob,
fitted with a stationarv indicating strip,
15 mounte. immediately above  these
terminals.  This knob controls the posi-
tion of a ball former, the winding upon
which i3 conaected to  the terminals
previously referrad to.

The square cngraved cbonite  block
shown on top o! the panel contains a
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winding having two tappings for different
wave-lengths. A key switch on the left-
hand side of the panel controls these
tappings. The disposition of this coil
with the ball-former winding is such that
thev are inductively coupled, and this
coupling is variable at wiil by the rotation
of the ball. The tuning <ondenser, which
15 shown surrounded by the white dial, is
connected across the windings in the
cbonite block. The second key switch is
for the filament and high-tension currents.

This instrument is very simple to operate.
The valve, which is a Va4, is made to
oscillate at any desired frequency by the
rotation of the variable condenser, which
alters the fundamental periodicity of the
circuit.  These oscillations induce a cur-
rent of the same frequency in the ball
winding contained within the cabinet.
As this is connected directly in the carth
lcad of the receiver, it follows that the
latter will be impressed with the particular
frequency set up.

Thus there will be two distinct fre-
quencies in the receiver, () the ordinary
radio impulses, and (b) the local oscilla-
ticns produced by this unit. A third
series of oscillations will therclore be
produced, this time of audio-frequency,
which will render the signals capable of
being heard by the operator. Sec Beat
Reception.

HETERODYNE WAVE-METER. A
wave-mmeter which uses the heterodyne
principle as a means of indicating true
wave-length is known as a heterodyne
wave-meter. Wave-length and frequency
arc directly connected with one another,
therefore 1t is possible to ascertain the
wave-length if the frequencv is known,
and vice versa.  Practically any separate
heterodyne unit, such as the onc just
described under the heading of Hetero-
dync and illustrated on page 1099, may
be used as a wave-met® if the condenser
is suitably calibrated and standard induct-
ances are used.  The ordinary arbitrary
condenser divisions, used in conjunction
with a table giving correctly calibrated
wave-lengths against the condenser read-
ing, may be used, or the condenser itself
may be calibrated against a scale rcading
directly in wave-lengths.

In practice the instrument would be
calibrated so that, when the silent point is
obtained, the wave-length of the incoming
signals is that which the condenser setting
indicates. In all hetcrodyne systems it will

INSTRUMENT FOR MEASURING WAVE.LENGTH

Wave-lengths may be measured by the hetero-

dyne wave-meter above, which is inductively

coupled with a suitable inductance and receiver
Courtesy Siemens Bros. & Co., Ltd

be noticed that as the frequency ot the
scparate oscillator approaches that of the
radio impulses the beat note obtained will
decrease in pitch until a point is reached
when nothing is heard.

Further rotation of the condenser will
make the note ascend the scale again until

the pitch is above audio-lrequency. It is -

this central or silent point which is used for
the purpose of calibrating the instrument,
and 1t 1 at this point, therclore, that the
condenser reading is taken.

A typical heterodyne wave-meter is
llustrated in the figure.  This instrument
15 not intended to be connected in actual
metallic circuit with the receiver, but to be
inductively coupled with other apparatus
ol the same make for which it has been
expressly designed.  On the right-hand
side edge of the panel is engraved ““ Couple
here,” and it is therefore along this edge
that the coupling takes place, by being
placed against a suitable inductance on the
receiver. The valve in this instrument is
placed inside the cabinet, and may be seen
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by looking through the peep-hole in the
top left-hand corner. The four-arm stud
switch 15 to enable different ranges to be
obtained.

- In front of this will be scen the variable
condenscer, calibrated with a finercading
scale, In operation the uscer would com-
pare his condenser reading with a suitable
chart provided, and would thus read the
correct wave-length from this condenser
setting in accordance with the stud-switch
range used. Single-way switches are pro-
vided for cutting on or off the valve supplv
current.  See Wave-meter,

HEUSSLER ALLOY. Non-lerrous alloy
having magnetic properties.  Iron and
steel are the only common merals possess-
ing the properties of magnetism.  \
powerful magnet has a sligh: attracticn
for the metals nickel and cobelt, but it is
msutficient for any useful purpose.

Recent discovery has shown, however,
it is possible to produce magnetic allovs
from non-magnetic substances,  These are
known as” Heussler alloys, and are com-
posed of copper, mangancse, and alu-
minium. A good mixture exhibiting may-
netic properties is 571 per cent copper,

286 per cent mangancse, and 14-3 per cent
alumimum. )

H.F.C. Abbreviation lor high-frequency
current.  In wireless the expression s
synonymous with radio-frequency current,
where valve or ether wave oscillations are
indicated.  See Amplifier;  Crystal Re-
ceiver ;  High-frequency  Amiplification ;
Skin Effect ; Valve.

HIBBERT CELL. Nume applied to a

1 volt standard cell due to Dr. Hibbert. In

general construction it is like the Clark
cell, but chlorides are substituted for the
sulphates used therein.  Zinc and mercury
are employed as the active metals and
mnmersed in a solution of chloride ofaine,
and pasted with mercurous oxide. The

HIGH-FREQUENCY AMPLIFICATION :

density of the solutions is an important
matter in determining the voltage, and is
usually of the value of 1-38. The internal
resistance of the cell 1s constant, the
temperature coctficient s 0002 volt per
degree C,

The Hibbert ceil can be made to give an
clectro-motive force of 1 volt ex xactly at
any given ordinary temperature.  The cell
possesses the plopmty of recovering rapidly
after short-circuiting.

HICKS HYDROMETER. Type ol
hydrometer  with  which  readings  arc
obtained by the ascension of beads loating
in the lquid. These hydrometers arc
made for one specilic purpose only.  The
most useiul one for wireless work is the one
made for asert: vning the specific gravity
ol accumulator ¢lee trul\ te.  The ])(:ddb n
this nstrument have a specitic gravity of
such a valie that one will ascend if the
acid, when not m the battery, is of the
correct gravitv. Another will ascend when
the battery is fully discharged, and another
when it is fully charged.  The beads are
coloured in order that the correct one for
the purpose required may be readily
distinguished.  For small batteries it 1s
usual to cmploy the syringe type  of
hydrometer.  See Hydrometer.

HIGH FREQUENCY. Ixpression used
m various ways.  As applied to wircless
telegraphy  and telephonv 1t refers to
altcrnating  currents ol electricity, the
frequency  of  which is reckoned in
thousands.

In general, an alternating current is
reckoned as of a high frequency when the
number of periods per sccond is greater
than 1,000 per sccond.  When the fre-
quency 1s exi mnvlv high—us, for example,
in hundreds of thousands per sccond—it 1s
often termed an electric oscillation.  There
is, however, no definite line of demarcation
between high and jow frequency.

THE BEST METHODS

How Valves are Coupled as Radio-frequency Amplifiers, Fully Explained

Here the principles and methods of amplifying received waves before rectification
are explained, w1the‘§hotogr1phic lay-out diagrams. Reference should also be made

to assocxated articl

as Amplifier; Crystal Receiver; Low-frequency Amplification;

and to special circul*s e g. Armstrong Receiver : CascadeAmp‘x ication; Heterodyne

High-tfrequency  amplification  is  a
term  used to define severel different
systems for increasing the amaplitude of
incoming current pulses in a receiving sct
prior to rectification. Many amatcurs
who have tried adding high frequercy to
an existing set have failed through mis-

understandirg this fact, and have assumed
an addition can be made to a set in exactly
the same way as for low-{requency ampli-
fication : in the latter case, however, the
signals are amplificd  after rectification.
The chicf use of ligh-frequency amplifica-
tion is to increase tl)c efiectiveness of very

.
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weak signals, as, for instance, those from
far-distant stations, or when an indoor or
frame aerial is used. There are three
principal ways of securing high-frequency
amplification, apart from the amplifying
function of the valve, as all high-frequency
amplificaticn is carried out in conjunction
with a valve. Essentially,
two or more valves are re-
quired for amplification and
detection purposes, respect-
ively, to render the signals
agdible in the. telephones.

he incoming signals are
tuned in the usual way, and
the current pulses applied
to the grid of the first
valve, where they affect
the anode current, and this
in turn hands on to the
detector valve grid an
amplified but exactly simi-
lar series of pulses.  This
amount of amplification is
practically dependent on
the amplitying factor of the
valve, or the natural am-
plifying function of the
valve.

This degree of amplifica-
tion is, however, common
to any valve in greater or
less amount, and to the
connexions of the apparatus
incorporated in the anode
circuit of the  high-tre-
quency valve or valves any
additional amplification
must be due.  Neglecting
the more  complicated
dual amplification circuits,
where one valve is made to
perform the function of
two valves, normal high-
frequency amplification
methods resolve themselves
into different  ways ol
coupling the valves.

It has first to be re-
membered that the anode
current is at a positive
potential, and the negative
side 1s represented by the
grid circuit, consequently
any coupling must be such
that the steady current
flowing in the anode
circuit (given by the high-
tension battery) cannot flow

W

plifiers

with transtormer coupling, and one valveisa

v oam

detector

AMPLIFIER
Four valves are emploved in this set,

THREE.STAGE HIGH.FREQUENCY

of which three are high-frequenc

Fig. 1.
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X ZpSs g2z directly to the grid. Of the three methods
T F3A780%% adopted in common practice the trans-
aﬁg % Ehet= 75T é former cqup]mg 1s the snnp]est}, the tuncd
52 L2858z ET anode gives the loudest signals, and
:< %54y % G g the resistance capacity coupling is used
28 1o 2 29y for long-range work on l'ngh wave-lengths
Lg% «.gu%gf "SQ ot I,OOO. metres or over. There are ex-
SE =9 B2, ceptions, but generally these are the
&f 3 '_4.__‘2:'?‘3 n usual applications of the systems,

“72 W8R8 Transformer coupling consists essen-
5T s 88083 tially of two coils of wire wound on
r LSEIBRLS to the sime or separate formers and

placed i close proximity to each
other.  The primary winding is con-
nected 1 the anode circuit, the second-
ary in the detector circuit, or in the
grid circuit of a  sccond valve if
further  amplification  is  desirable.

This method 1= sometimes known  as
cascade amplification {g..). :

Several stages of  transformer-couyle

amplification can be arranged in this wav,
and the dispositidn of the components
is shown 1n pictorial diagram Jorm in
Fig. 1, which illustrates a four-valve set

with three stages of high frequency and.
one detector valve.  The transformers can
be of the plug-in type, shown without
the holders in the illustration for the
sake of clearness. The valves have been
left out of their sockets for the samgy
reason.  The aerial tuning arrangements
may be of any type, and rcaction can
be arranged from the anode circuit of
the detector valve to the last transtormer
or to the aenal tuner coil, thus increasing
the signal strength.  These and other
modifications are all well  exemplitied
in various receiving sets described in the
pages of this Encyclopedia. In particular
the reader should study the sets which
arc described under the headings IFrame
Acrial and Hanging Set, as well as the
various articles dealing with reaction.

! The tuned anode system is pictorially
illustrated in Fig. 2, as applicd to a two-
valve set, with the first valve as a stage
of high frequency and the sccond as a
detector. The incoming signals arc tuned
in the usual way and delivered to the grid
of the first valve; the anode circuit of the
first valve includes an inductance and a
capacity.  The inductance may be any
suitable valuz of coil and take any form,
such as a sliding contact coil, a hasket coil,

or a plug-in-coil, or may be a tapped
e i\ inductance. The important point is that

)

s eapere e N s e

A )
Aerial

the value of the inductance should be
correct for the particular sct and usually
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RESISTANCE-CAPACITY.COUPLED HIGH.FREQUENCY AMPLIFIER
Fig. 3. Two valves are included in this arrangement in which non-inductive resistance is coupled
in the same circuit as the small condenser. One valve is a high-frequency amplifier, and the
other a detector.  This methed is particularly suitable for the higher wave-lengths

slightly higher than the aerial inductance.
This inductance is tuned with the variable
condenser to be in resonance with the
incoming signals, and is to a large extent
a copy of the aerial tuning system.

Connexions are made from this tuned
circuit to the high-tension positive side of
the high-tension battery and to the grid of
the detector valve. The customary grid leak
and condenser form a part of this secondary
circuit.  With this type of high-frequency
amplification the difficulties of tuning are
slightly increased, as there are two circuits
to be tuned simultancously, and as it is
imperative  that in  multi-stage high-
Irequency amplifiers ol this tvpe the induc-
tance and capacity values be alike, it is
scldom that more than two such stages
arc provided. A means for reducing the
tuning difficultics is to employ coupled
condensers ol cqual value operated by
one knob.

The arrangement ot the third system
15 shown pictorially in IFig. 3, and is
known as the resistance-capacity method.
In this a non-inductive resistance of about
50,000 to 80,000 ohms is included in the
anode circuit of the amplifying valve.
Oscillations of potential are set up about
this resistance and the small condenser
in same circuit, and the oscillations on

the other plate of the condenser, opposite
to that which is first reached by the
incoming signals, will be induced and act
on the grid of the second valve with higher
value.

This type of amplifigr is generally con-
sidered as only effective on high wave-
lengths of the order of 1,000 metres and
over.

Another type of high-trequency ampli-
fication is illustrated in diagram form in
I'ig. 4, and shows a three-valve set with
tuned impedance regenerative coupling.
Variometers are included in the anodc
circuits of the first and second valves.
These provide the means of tuning and
also have a feed-back or regenerative effect.
The tuning is very sharp and seclective.
The variometers should be of equal value.

There are many detail variations of the
methods outlined here. For example,
the transformers of a transformer-coupled
set may have the primary or sccondary
or both sides tuned with variable con-
densers. Tapped inductances can be em-
ployed in conjunction with the tuned
anode circuit and a variable condenser.
In some cases, especially when several
stages of high-frequency amplification arc
employed, it may be desirable to employ
grid-biasing batteries or a potentiometer
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TUNED IMPEDANCE HIGH.FREQUENCY AMPLIFICATION
Fig. 4. Two stages of high-frequency amplification with tuned

impedance are used in this set. Variometers are included in the anode circuits of the first and

second valves, and should be of equal value.

These have a regencrative effect, and provide a

means of sharp and sclective tuning

to stabilize the circuit and reduce or
eliminate undesired oscillation.

Many practical difficulties arise when
making sets with several stages of high-
frequency amplification work successtully,

especially when a multiplicity of circuits
have to be tuned, but these are dealt with
as they apply to specific circuits and
receiving sets under their proper titles in
this Encyclopedia. :

HIGH-FREQUENCY AMPLIFIERS: HOW TO USE & MAKE THEM
The Best Apparatus for Increasing the Range of Receiving Sets Fully Illustrated

Here are described and illustrated the best types of commercial high-frequency
amplifiers for addition to existing sets, and full instructions are given for the
construction of high-frequency amplifiers for both valve and crystal sets. . The

illustrations include a photogravure plate.

See Amplifier; Crystal Receiver; and

associated headings, as High-frequency Transformer, etc.

A high-frequency amplifier is an appar-
atus adapted to the purpose of amplitying
the incoming pulses of current intercepted
by the acrial prior to rectification.

As a general rule a high-frequency
amplifier should form part of a complete
receiving set, or at least be designed to
harmonise with an existing set. This is
because the available methods of ampli-
fication are largely dependent on the
actual values of the various components,
and the materials of construction have to
be appropriate to the requirements of
high-frequency currents.

The normal position of a high-frequency
amplifier is between the tuning unit and
the detector. The incoming waves have to

" be tuned to the desired wave-length for

reception, and the amplifier circuits and
D

component values adjusted to the same
wave-lengths. The original receiving set
has also to be in tune, and to do this may
in some cases not be possible without a
new or additional inductance or tuning
device. Insulation must be perfect, as
unless cbonite or bakelite or some other
good insulator is used with a matted
surface, the H.F. currents will leak away
over the surface and signals be very weak.

When the conditions are favourable,

" however, a stage or stages of high-frequency

amplification can be added to existing
receiving sets. One commercial pattern
of this type is illustrated in Fig. 1, known
as the Burndept H.F. amplifier. This is
only intended for use with other Burn-
dept components and sets, and comprises
a ‘reactance-capacity-coupled instrument.

1A2



HIGH.FREQUENCY AMPLIFIER 1106 HIGH-FREQUENCY AMPLIFIER

The reactance is an ordinary Burndept
plug-in coil, and tuned by a variable con-
denser, with a value of some -00025 mfd.,
contained within the instrument, *and
operated by the central knob and dial.
A potentiometer and filament rheostat
are controlled by the two lower knobs.
The valve is plugged into the holder at
the top of the panel.

The Sterling system, as shown in Fig. 2,
is a unit type of high-frequency amplifier,
This instrument is uniform in size, shape,
and its method of connexion with other
units either of the same purpose or as
rectifiers or low-frequency amplifiers.

The outer case is a neat metal stamping,
frec from sharp edges and forming a
shield.  The valve
holder, the plug
mounting for the
transformer, and the
, filament resistance
project through the
top of this case.

HIGH-FREQUENCY AMPLIFIER
UNITS
Fig. 1 (above). Made by Burndept,
Ltd., the above unit may be added
to a receiver. This amplifier is
reactance-capacity coupled. Fig. 2
(right). In the centre of the am-
plifier on the right, which is
made by the Sterling Telephone
Co., Ltd., is a plug-in transformer,
on the right of which is the
valve holder

T N .

The transformer used is of the
honeycomb variety, contained
within an ebonite case. The con-
nexions to the windings are
brought out to four pins situated
at and projecting through the
ebonite case at the bottom.
These are all concealed when the
transformer is in position, as
shown.

Fig. 3 is a view of the in-
terior of the instrument, showing
the connexions. It will be seen
that a filament resistance of the
rotary core type is fitted, giving

INTERIOR OF STERLING HIGH.FREQUENCY AMPLIFIER @ smooth action, which is highly
Fig. 3. Connexions to the filament, transformer and valve desirable in high-frequency work.
© are seen here of the amplifier in Fig. 2 . The external connexions are
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interesting in that they are adapted to be
used either as terminals for the connexion
of wires or ‘plugs for direct coupling to
another instrument.

A further type of high-frequency ampli-
fier and valve detector is illustrated in
Fig. 4. This instrument is of the type

made by The Radio Communication
Co., Ltd., for use in their marine
installations. The first two valves are

high-frequency amplifiers, the last being
a detector. In this instrument a novel
method of wave-length indication is used.
The tuning condenser is controlled by the
right-hand knob.  This is geared to the
pointer, which can be seen in front of the
white scale.

This pointer moves over the scale, the
latter being calibrated directly in wave-
lengths. By this means considerable
operating time is saved, because the tuner
which is supplied is calibrated in the same
manner, and therefore all the operator
has to do is to bring his signal to maximum
strength on his tuner, take the wave-
length reading from that, and then pro-
ceed to set his high-frequency condenser
on this instrument to the same value.

The switch shown in the centre of the
panel is for cutting out or in the filament
and high-tension current. On the left of
the panel is the filament resistance, fitted
with an arrow showing the direction of
rotation, for increasing the current at will.

SIX STAGES OF HIGH FREQUENCY IN A MARCONI AMPLIFIER

Fig. 5. Seven valves are employed in this receiver.

POLAR RADIOPHONE HIGH.FREQUENCY
AMPLIFIER

Fig. 4. This instrument consists of one detector

valve and two stages of high frequency. By

the calibrated scale the wave-length to which

the set is tuned is indicated, making tuning easy

Courtesy Radio Communnication Co., Ltd

By means of a wander plug the number of

valves in use may be varied according to the degree of amplification required. This enables the
operator to eliminate distortion and howling
Courtesy Marconi’s Wireless Telegraph Co.. 1.0d
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Fig. 6.

UNDERSIDE OF PANEL OF MARCONI HIGH-FREQUENCY AMPLIFIER
Behind the panel of the set in Fig. 5 can be seen the transformers, which are connected

by bus bars at the back. On cach side of the studded filament resistance in the foreground arc
large condensers, and on the extreme left is the telephone transformer
Courtesy Marconi’s Wircless Tolegraph Co., Ltd.

The sloping cabinet in which the set is
fitted is uniform with the tuner cabinet
which precedes it and the low-frequency
amplifier cabinet which follows it. A hinged
cover at the top renders internal inspec-
tion and the removal or replacement of
the valves an easy matter. Connexions
between the instrument and its fellow
units are made at the rear.

The illustrations (Figs. 5 and 6) show
one of the latest types of high-frequency
amplifier by Marconi’s Wireless Telegraph
Co., Ltd. It is a seven-valve instrument,
having the last valve arranged
as a rectifier. The six ampli-
fying valves are of the V24

type, the last one, 7.e. the rectifier, being
a 0.X. Both the Q.X. and V24 valves
are similar in appearance, with the excep-
tion that the former, for purposes of
distinction, has one end of the tube
frosted. The Q.X. valve is of the
three-electrode type and takes a current
up to 5 volts.

A feature of unusual interest will be
seen by reference to this illustration. On
the extreme left are two plugs with
flexible leads attached. On the end of
both leads will be noticed a clip, each of
a different type. One of these clips is
shown attached to the first valve. This
may be considered a kind of wander plug,

3

i
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TWO-STAGE HIGH.FREQUENCY AMPLIFIER WITH CRYSTAL RECTIFIER

Fig. 7.

Rectification in this set is by crystal, the circuit for which is coupled to the plate of

the second valve of a two-valve high-frequency amplifier by means of an air-core transformer. T,.
The two valves have also an air-core transformer, T,, between them

[



HIGH.FREQUENCY AMPLIFIER 1109

~ HIGH-FREQUENCY AMPLIFIER

and is for the purpose of plugging the
aerial connexion to any valve desired,
according to the amount of amplification
considered necessary. The other clip is,
shown attached over the bulb of the fifth

valve. This is an entirely new device, °

having * for its object the prevention of
distortion and howling. -

Research has proved that these faults
may be reduced and practically eliminated
by the use of this unique arrangement.
The control knobs at the bottom of the
panel are (I) potentiometer; (2) high-
irequency valve filaments; and (3) recti-
fier filaments. On the right-hand wall of
the cabinet will be seen the battery
terminals of. the instrument.

A rear view of this instrument is given
in Fig. 6. The manner in which all the
component parts are laid out is worthy
of particular note. It will be seen that
they are well spaced, and laid in such a
manner that all connecting wires are
as short as possible. Interference between
connexions and self-capacity are thus
reduced to a minimum. A particularly
interesting feature is the manner of con-
necting all the transformers by means of
common leads or bus bars. The trans-
formers used are of the aperiodic type,
and therefore require no tuning. The two
filament resistances and potentiometer
may be seen in the foreground. The one
controlling the amplifying valves is of
the studded variety, the rectifier resistance,

calling for finer adjustment, being
/ of the Marconi worm type. The

potentiometer is very similar in
construction to the latter filament
resistance, the only difference
% being that it has finer wire and
= & third connexion. The high-

(]

v

T

T

tension supply is provided with large con-
densers. These are shown on ecither side
of the studded filament resistance. A
telephone transformer is fitted, this being
shown on the extreme left of the panel.—
R. B. Hurton.

Adding High Frequeney to Crystal Sets.
Three or four stages of high-frequency
magnification may be added to a crystal
detecting set, and the resultant signals
will be equal, if not superior, to those
obtained with a receiver employing valves
for rectification as well as for high-
frequency magnification.

Low-frequency or note magnification
may also be added on the other side of the
crystal.

A good crystal is still one of the best
rectifiers to use, and the quality of music
reccived on a crystal set cannot be sur-
passed by a valve receiver.

The disadvantage of-a crystal set is
its limited range of reception. This,
can, however, be increased by the addition
of high-frequency magnification whilst
still retaining the advantages of crystal
rectification.

Fig. 7 shows the theorctical circuit
diagram for a normal vslve high-frequency
amplifier with crystal rectifier.

The aerial circuit, A, consists of aerial,
aerial tuning condenser, and aerial tuning
inductance and an earth connexion;
coupled to the aerial tuning inductance is
a tuned secondary circuit, consisting of
coupling coil and condenser. One side
of this condenser is taken to the grid of
the first valve, whilst the other side is
connected to earth. The anode of each

valve is connected to the winding of its -

own transformer, and through that to
the high-tension battery.

A3

T2

EF, dEf

I

Fig. 8. Comparison with Fig. 7 will show that
air-core transformers.

Wit -

variable condensers have been added to the two

By means of these condensers the transforiners can be tuned, thus

producing greater efficiency than with non-tuned or resistance transformers. This methad should
normally not be adopted with more than two stages of high frequency

~
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The transformers, T, and T,, are con-
structed with air cores. If two trans-
formers only are to be used, the windings
may with advantage be made of copper
and of low resistance, whilst if care is

taken the transformer windings may be,

tuned by the addition of condensers, as
shown in Fig. 8. Amplifiers constructed
with tuned transformers are much more
cefficient than those with non-tuned or
resistance transformers, but if more than
the two stages are attempted trouble due
to oscillation will usually be experienced,
unless great precautions are taken to
shicld cach transformer.

The design of the intervalve trans-
formers will depend on the wave-length
which it is desired to receive and the
number-of valves which it is proposed to
employ.

With two valves the windings may well
be placed on small ebonite tubes and
may be of double silk insulated copper
wire, the primary and secondary wind-
ings being wound one over the other, with
a layer of waxed paper between them. If
it is only intended to receive one wave-
length the transformer windings may be
so designed that the transformer, when
connected to its valve, will be in tune with
that wave. The tuning will be com-
paratively sharp, and is best found by
trial and error. With tuned transformers
of this type very considerable amplification
can be obtained from only two stages,
and provided that rapid changes of wave-
length are not necessary, this form of
amplifier is to be recommended.

When, however, reception over a large
. band of wave-lengths is desired without
constant tuning, then the transformer
windings should be constructed of very
fine wire and of high resistance.

The crystal circuit should be tuned by
the addition of a small adjustable con-
denser at X, Figs. 7 and 8.

In a practical design of receiver it is an
advantage to provide a potentiometer cir-
cuit for the crystal, so that carborundum
may be used instead of one of the many
crystals which will give good rectification
without  additional potential—R. H.
White.

How to Make a High-frequency Ampli-
fler. The construction of a single-stage
high-frequency transformer-coupled am-
plifier, as combined with a crystal for
rectification purposes, is illustrated in
Fig. 9 on the photogravure plate facing

o HIGH-FREQUENCY AMPLIFIER

this page, and forms a complete receiving
set adapted for reception of stations com-
paratively remote, as, for instance, at
30 miles or so from the broadcasting
station. The signal strength under such
conditions should be sufficient for clear
réception with ordinary telephones when
the set is properly tuned and adjusted.

The first step is to make the cabinet,
which can be easily constructed from
good quality thoroughly dry deal or hard-
wood. Provided that all of the electrical
apparatus is mounted on ebonite bases
or otherwise insulated from the wood,
there is no occasion to use an ebonite
panel at all, although the latter may be
incorporated if preferred.

The general arrangement of the parts
of the case is clearly shown in Fig. 10,
which shows the sides and top mounted
in place on the base and the back panel
in position. The leading dimensions are
given in the illustration, and should be
suitable for the use of most component
parts readily obtainable from wireless
dealers, or the size may be modified as
necessary to meet individual requirements.
The sides are made from material £ in.
in thickness, and the base 2 in. in thickness,
and the panel and back } in. in thickness.

The base should be prepared first, and
may be finished with a simple ovolo or
other moulding. A sufficient length of
moulding should be prepared for the five
parts which comprise the sides and the
top, and a rebate worked on each edge.
The lengths are then cut off and the edges
of the two lower pieces are squared up.
All the other joints are simple mitres,
and may be glued and pinned together,
the back panel and the sides planed up to
fit neatly into the rebated recess and held
temporarily in place with a few pins.
The side pieces are secured to the base b
glue and fine screws, and the whole of the
exterior should then be carefully sand-
papered, as shown in Fig. 11, and may be
stained or polished as desired.

The next step is to prepare the induct-
ance coil, as shown in Fig. 12. This
should be wound on an ebonite tube
former, 2 in. long and 3} in. in diameter.
Two small holes are drilled at each end
for the starting and finishing ends of the
wires, which are clearly visible in Fig. 12.
Enamelled wire of No. 24 gauge is suitable
for the inductance.

The next step is to mark out the positions
of the various fittings on the front panel,

N
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and mount the inductance on it. This is
readily accomplished by simply providing
a cross-bar of ebonite, pierced with a hole
in the centre and two smaller ones at the
sides. Two long, thin screws are passed
through these holes into the back of the
panel, and thus clamp the inductance
firmly to it, as shown in Fig. 13.

The next step is to prepare the control
knob and spindle, as shown in Fig. 14.
The knob is an ordinary standard ebonite
fitting and screwed to a & in. diameter
brass rod, which
upper surface in % in. spacings, and
separately subdivided, as clearly shown
in Fig. 14.

A hole 1s then drilled through the panel
exactly in the centre of the inductance,
and the rod passed through from the front
through the central hole in the cross-bar,
and the outer end provided with two lock
nuts. A hard brass contact strip is then
bent to an “ L shape and clamped be-
tween these nuts with the upper part
adjusted to bear lightly but firmly on the
top of the inductance winding. The in-
sulation should be cagefully scraped or
sandpapered off to form a path showing
bare copper wire. To prevent rotation ot
the contact arm, two thin ebonite rods
are screwed into the back of the panel
and form a passage for the contact arm.

Tuning in this case is effected by pushing
the knob in or out, thus sliding the contact
over the bared part of the inductance.
The next step is to provide a continuously
variable filament rheostat and. automatic
switch, such as that illustratéd in Fig. 16,
and mounting them, as there shown, on
the back of the panel, insulating them with
a thin piece of ebonite sheet cut to the same
shape as the base of the filament rheostat.
With this particular pattern, by pushing
the knob in or out the low-tension
circuit is broken, and: by rotation of
the knob the resistance on the filament
circuit is varied.

An ordinary standard valve holder must
now be mounted on the top part of the
panel by drilling a hole through it and
making it a tight fit with the holder,
securing the latter by means of a small
brass clip plate and wood screw, as in
Fig. 18. The ornamental opening for
the peep-hole may be cut out and the edges
cleaned up true with sandpaper. Four
terminals are then fitted into ebonite
bushes and clamped to the panel. Those
at the lower bottom corners are for the

is notched on the -

Fig. 20.

aerial and earth connexions respectively,
and those in the middle for the telephone
connexions.

A crystal detector of any standard make
is fitted to the lower centre on the outside
of the panel, and should also be mounted
on a thin strip of ebonite cut to the shape
of the supporting plates of the crystal
detector. The-valve illustrated is mounted
on the centre part of the base and is
shown in Fig. 19. It should be mounted
on an insulating disk of ebonite to prevent
any chance of the high-frequency current
leaking away over the surface of the wood.
The ebonite disk may be secured with a
couple of fine screws to the baseboard of
the holder and by means of a screw through
the baseboard into a small hole drilled and
tapped in the centre of the holder.

Connecting wires are soldered to the
lower ends of the socket pins in the usual
way, and the backboard, or back of the
case, should be provided with a , little
tongue of tape or leather, and with four
telephone terminals for connexion to the
high- and low-tension batteries respec-
tively, as shown in Fig. 17, connexions
from the inner sides of these terminals
being effected by flexible wires, so that the
back may be folded over as shown in
Fig. 20. These terminals should also be
fitted into ebonite bushings in the back-
board. The wiring may then be carried
out in accordance with the wiring diagram
in Fig. 21, and is shown complete in

"To complete the set, an accumulator
with a voltage to suit the valve used with

T |

.

SINGLE §TAGE HIGH-FREQUENCY
AMPLIFIER
Fig. 21. Wiring is shown in this diagram of the
single-stage high-frequency transformer-coupled
amplifier with crystal detector
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results obtained will vary considerably,
according to the circuit and design of the
tuner and components as a whole, but,
customarily, a well-handled two-valve set,
with one valve as a high-frequency
amplifier and the other as a detector,
using the tuned anode circuit for the high-
frequency amplifier and a reaction coil
in the detector circuit, should bring in
most of the B.B.C. stations with fair
strength. A typical commercial example
of a two-valve set is shown in Fig. 22,
known as the Burndept H.F. 1 receiver.
This has a sharply tuned coupling
between the high-frequency valve and the
detector, thus increasing the selectivity.
The first valve is a high-frequency
amplifier with a tuned reactance capacity
coupling to the detector, tuned by means
of a -00025 mfd. variable condenser.

A switch is provided to cut out the first
valve when required, and only one set of
coils is needed, as the one set of coils
serves for the anode reactance and the
aerial tuning inductance.

The application of the high-frequency
amplifier as a component in a four-valve
receiving set is illustrated in Figs. 2326,
which show the complete set mounted in

BURNDEPT HIGH.FREQUENCY RECEIVER
Fig. 22. One high-frequency amplifying valve
is added to a detector valve in a way so that the
additional valve may be cut out 1f required. The
switch in the centre cuts out or includes the

amplifier
Courtesy Burndept, Ltd. .

the set is connected to the low-tension
terminals and high-tension battery con-
nexions to their terminal at the back of
the set. A standard plug-in high-fre-
quency transformer suitable for broadcast
reception is plugged into the valve holder
at the top of the set and the telephones
connected to the telephone terminals.
Aerial and earth leads are connected to
the terminals provided for this purpose,
as shown in Fig. 15. :

To operate the set, the filament resist-
ance should be adjusted to suit the valve,
the crystal adjusted to the most sensitive
spot by means of the usual buzzer test, and
the tuning knob pushed in and out slowly . = o .
until signals are heard. HIGH-FREQUENCY AMPLIFIER BUREAU

H. F. Amplifiers for Valve Sets. The Fig. 23. This bureau contains the four-valve
applicaiion of a high-frequency amplifier LEiicaiiney smpifer o, B (e, e
to a valve detector follows the same gmateur specially for this Encyclopedia. ~The
general lines as for a crystal. The low-tension accumulator can be seen on the right

-
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Fig. 24. When the bureau is open the gpanel appears as in this photograph. It will be seen

that beside the separate coils in the foreground there are five units mounted on a common base. The s

units are joined up by means of connecting strips o

Fig. 25. On the opposite side of the panel the wiring arrangement is seen. Each unit is wired
independently, and by disjoining the connecting strips on the front of the panel any one unit can
be dissembled from the set without disturbing the others

BACK AND FRONT OF THE BUREAU HIGH-FREQUENCY AMPLIFIER PANEL

a handsome bureau, the whole being the
work of an amateur constructor. The
circuit diagram is given in Fig. 27, and the
high frequency is obtained by the well-
known tuned-anode system, comprising
one stage of H.F. amplification, a detector
valve, and two stages of L.F. amplification.

The coils on the right-hand side of the
set are the aerial tuning coil and closed-
circuit coil. Between these are two
switches, one for connecting the aerial
tuning condenser in series or parallel, and
the other for aerial tuning ccil only or
closed circnit tuning. The anode "and
reaction coils are fitted to a mahogany base
and stand in front of the instrument, being
connected by flexible leads to terminals on
the main panel.

The two low-frequency note magnifiers
have a Dewar two-way switch, seen in the
centre of the panel, so that one or two may
be used at will, and this panel is cut
entirely out by means of two sockets and
jacks connected by flexible wire across the
front of the panel, so that two, three, or
four valves may be used at will.

The telephone transformer is on the left,
and is fitted with several terminals, so that

ot i
BUREAU HIGH-FREQUENCY AMPLIFIER OPEN
Fig. 26. Reception is obtained and tuning is
carried out with the desk or sloping front of the
bureau down as in the above photograph, which
shows the general appearance of the set open
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CIRCUIT DIAGRAM OF BUREAU HIGH-FREQUENCY AMPLIFIER

Fig. 27.

One stage of high-frequency amplification and two stages of low-frequency amplification

are included with a detector valve in the circuit arrangement of the bureau set illustrated in Fig. 23,

the diagram for which is given above.

three or four pairs of phones may be used
at one time. The set has been constructed
on the panel system, and all connexions
between panels have been brought out to
terminals on the front and connected
together with links, so that any panel can
be easily disconnected and ‘taken out.
The basebolird supports the panels and
slides  back into the space formerly
occupied by pigeon-holes, to enable the
front of the panel to close. _

The aerial used with this set is a single
wire 52 ft. from the ground and 22 ft.
above the roof at the high end, from which
the lead-in is taken, and 15 ft. from the
ground at the low end, this end being fixed
to a tree.

The earth connexion is made from a
terminal fixed in the floor in the corner of
the room, and a wire earthed from this
through the floor to the yard below and
soldered to an old bucket perforated with
holes and filled with stones. This is
buried 3 ft. in the ground and a lead pipe
is fixed from the centre of the stones to
just above the ground, so that the water
may be poured down in dry weather to
ensure a damp earth.

The high-tension supply is provided
from a set of high-tension accumulatots
located in the workshop in the garden and
connected to terminals on a small ebonite
panel on the wall on the right of the
bureau. The panel has a selector switch
so that the voltage can be regulated from
33 to 66 volts. The accumulators are
arranged with change-over switch to

High frequency is obtained on the tuned anode system

the main ligating supply for charging
purposes.

The low-tension supply is the usual
form of 6 volt 3 cell accumulator, and
is contained in a mahogany box seen
standing on the floor at the right,. with
terminals on top and provided with a
control switch.—E. W. Hobbs.

HIGH-FREQUENCY BUZZER. Any
buzzer designed to produce a very high-
pitched note is described as'a high-fre-
quency buzzer. Inthis case the term ™ high-
frequency  is used in a purely comparative
sense, 7.¢. in comparison with other buzzers,
and not in the sense that the frequency
produced is above audio-frequency.

A very common type of such a buzzer is
shown in Figs. 1 and 2. Fig. 1 illustrates
the buzzer with the cover removed. The
latter is a bayonet cap fitting and quietens
the noise produced considerably. The
buzzer field coils, which are two in number,
are of rectangular formation, wound on
bobbins, round long thin pole-pieces.
The armature is a very thin piece of sheet
iron having a platinum contact fixed
directly on top of it.

A V-shaped spring is fitted beneath the
armature, having an adjusting screw for
varying the pressure. This forms one
means of altering the note produced. A
further screw is fitted over the contact on
the armature. This also has a platinum
contact attached toit. The adjustment of
this screw also forms a means of varying
the pitch of the note to suit particular
requirements. In neither case has it been
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considered necessary to have
locking screws, such as are fit-
ted to larger buzzers, because in
this case the vibration is almost
negligible.

The whole buzzer is mounted
upon an ebonite base, surround-
ed by a brass flange. A further
base, also of ebonite, is fixed
beneath the buzzer base. This
carries the terminals for battery
connexion, and also the induct-
ance which is used in conjunc-
tion with the buzzer. In order
to see this, reference should be
made to Fig. 2.

It will be seen from this illus-
tration that the inductance fit-
ted is of very small dimensions.
The object of this inductance
is to tune the instrument in

BACK VIEW OF HIGH-FREQUENCY BUZZER

the electrical sense, .. ot  Eig 1. The inductance whichis used in this form of buzzer
in the sense of pitch or isin the centre, and the various connexions are also shown

HIGH-FREQUENCY BUZZER WITH HIGH.PITCHED NOTE

Fig. 2. Mounted on an ebonite base is a raised disk, as seen in the above photograph. On this

are the buzzer field coils. The metal cap which encloses the disk is shown removed. Connexion

is made to the two terminals on the base in the rear. This is a buzzer designed to produce a
very high-pitched note

musical note. Inductance in a circuit
possesses a property very similar to the
mechanical one of momentum. The cur-
rent being suddenly interrupted at frequent
intervals by the buzzer, its energy due
to momentum may be considered to be
suddenly liberated.

This rush of current is directed into an
oscillatory circuit in which the inductance
is connected. The result of this action is
to make this oscillatory circuit oscillate at
its own natural frequency, and it becomes,
in fact, a minute transmitter of radio
impulses. Should this apparatus be placed
in proximity to areceiver, ¢hese impulses
will be received by it.

Such a buzzer and combined inductance
is frequently uscd to test crystal sets.
See Buzzer; Wave-meter. .

HIGH-FREQUENCY CHOKE. An iron-
core choking coil employed in high-fre-
quency circuits. A common application
of the high-frequency choke is in trans-
mitting circuits, of which the Telefunken
Company’s arrangement affords one ex-
ample. Two chokes are arranged in serigs
with an. inductance in a ferro-magnetic
method of control, where the induct-
ance is used to control the inductance
of a radio-frequency alternator and an
aerial inductance to which it is also
coupled.

.
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_ HIGH.FREQUENCY SPARK SYSTEM

NON-INDUCTIVE RESISTANCE

High-frequency circuits -sometimes use a non-
inductive resistance, as illustrated. Contact
is made through metal blades and caps at the
end of the resistance
Courtesy Economic Electric Co., Lid.

The object of the chokes is to choke off
the radio-frequency currents which are in-
duced into the control inductance from the
alternator inductance. This is essential,
as the radio-frequency currents
would damage the battery and
microphone in the control cir-
cuit.  Different ways have
been found of coupling the
high-frequency choke, and in
the majority of cases their
effect is the same. See Choke.

HIGH - FREQUENCY GEN-
ERATOR. Term applied to a
machine adapted for genera-
tion of alternating current of
high frequency. See Generator.

HIGH - FREQUENCY IN-
DUCTANCE. Thisisthe name
given to an inductance used in
a high-frequency circuit.  Sec
Inductance.

HIGH - FREQUENCY RE-
SISTANCE. Name given to a

circuit. In the example illustrated the
slider works along a bar by rotation of a
small ebonite ‘knob, which rotates a
pinion engaging a rack cut on the slider
bar, thus providing for very fine adjust-
ment. With apparatus of this class the
materials must be of the highest quality.
The end cheeks are of ebonite and the
winding is on an ebonite or bakelite
former. The surface should be matted
to obviate high-frequency current surface
losses.

HIGH-FREQUENCY SLIDER INDUCT-
ANCE. Apparatus used for making the
final fine adjustment in a closed oscillator
circuit. In the example illustrated on the
opposite page it comprises two brass rods
mounted on ebonite posts on a mahogany
base. Connexion is made to the two

HIGH-FREQUENCY SLIDER CIL

non-inductive resistance in the An inductance coil of this kind can be used in high-frequency
high-frequency circuit, as, for circuits. It is mounted on an ebonite former, with ebonite

example, the resistance element
in a resistance-capacity-coupled
high-frequency amplifier. A typical ex-
ample by the Dubilier Company is illus-
trated, and comprises an ebonite base
carrying metal contact blades set vertically
and incorporating an ordinary type of
screw-down terminal. Between these
blades are mounted resistances, which
comprise two metal caps with conical-
shaped ends, fitting into holes in the blades.
The space between the caps is filled with a
carton containing the resistance element,
the value of which may vary according
to the requirements of the circuit. -
HIGH-FREQUENCY SLIDER. Name
sometimes applied to the slider of an
Inductance coil used in a high-frequency

end cheeks, and the slider admits of very fine adjustment

Courtesy Economic Electric Co., Lid.

brass rods by means of terminals to the
leit-hand end. The rods are bridged by
a sliding brass plate. The inductance
value can be varied by sliding the plate
along the rods.

HIGH-FREQUENCY SPARK SYSTEM.
Term applied to a variety of specific
methods of transmission by means of an
electric spark. Several systems are
described in this Encyclopedia, such as
the Chaffee. In essentials an electrical
discharge in the form of a spark occurs
between the poles of two electrodes.

The spark gap is part of a circuit
embodying a source of electro-motive
force, a choke-coil inductance, and capacity
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HIGH.FREQUENCY FINE ADJUSTMENT SLIDER INDUCTANCE

Apparatus as illustrated is designed for making the final fine adjustment in a closed oscillator circuit.
The inductance is varied by a movement of the slider
Courtesy Marcont’'s Wareless Uelegraph Co., Ltd.

in the form of a variable condenser. A
variable resistance is incorporated, and
the whole forms a closed circuit induct-
ively coupled to the aerial circuit. The
radiated energy is modulated by a micro-
phone in the aerial circuit. \When a spark

frequency of onc-half the oscillation fre-
quency 1s employed the oscillations are
practically undamped, and when hetero-
dyned at the receiver gives a practically
purec C.W. note. Sec Beat Reception;
Chaffee ; Moretti; Oscillation.

HIGH-FREQUENCY TRANSFORMERS: VARIETIES & USE
The Best Types of Couplings for the Radio;frequency Side of Receivers Described

Finer and more accurate methods of design and construction are required on the high-

frequency side than in any other part of the receiving set. Here the best apparatus is

illustrated and full instructions given to enable the amateur to make his own high-

frequency transformers. See Amplifier; Frame Aerial; High-frequency Amplifier;
Intervalve Transformer, etc. See also Coil

High-frequency transformer is a name
applied to all forms of transformer
intended and adapted for use in the high-
frequency circuits of a receiving set.
Customarily such transformers are of the
air-core type, and consist of fine wire
wound on an ebonite former. The same
effects are obtainable with two basket
coils, or with two windings similar to a
small inductance but wound one on top of
the other, thus making two layers separ-
ated by an insulator. Transformers may
be tapped or tuned with a small variable
condenser or a metal plate brought near
to control the action.

Essentially, a high-frequency transformer
consists of two coils arranged so that they
are close to each other, or tightly coupled.
The quantity of wire with which 1t is
coiled and its resistance all have a bearing
upon -the efficiency of the appliance. In
practice the different arrangements of
such coils resolve themselves into several
classes. -

A simple arrangement is to use two
basket or plug-in coils, each of which can
be rotated as required independently on
a movable holder. This permits of the

use of variable coupling, and to some
extent has a similar effect as tuning the
coils to the wave-length appropriate to that
of the station to be received.

Commercial types of high-frequency
transformer are usually of the plug-in
varicty. In one pattern an ebonite disk
has two grooves turned in the rim, and
cach has a winding of fine gauge wire.
The two ends of each coil are brought out
to the four-prong plug attached to the
centre of the disk, so that the whole can be
plugged in an ordinary valve holder.

This class of transformer is semi-
aperiodic, and gives its most critical ampli-
fication on the particular wave-length for
which it is designed. In practice, these
transformers can be purchased in various
sizes appropriate to the broadcast and other
popular wave-length bands.

Normally, the primary winding is con-
nected to the grid and anode plugs, and the
secondary winding to the two filament
plugs. Approximate windings are 50 turns
of No. 38 S.S.C. wire for the primary and
also for the secondary. These cover a wave-
length ranging from 300 to 400 metres,
being tuned with a -ooo3 mid. variable




STERLING
RF TR ANSFORMER

CAST RANGE

j
| &

STERLING RADIO-FREQUENCY TRANSFORMER

Fig. 1. At the top of the transformer is a

tuning knob by means of which the centre disk

is withdrawn as required. This transformer is

designed for receivers covering the broadcast
wave-lengths.

condenser shunted across the primary wind-
ing. With the same condenscr, a wave-
length range of from 400 to about 700
metres is obtained by making 75 turns
in the primary and secondary windings
with No. 38 S.S.C. wire. Windings for a
high-frequency transformer for the Eiffel

Tower signals, or for reception on a wave-
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length of 2,000 to 3,500 metres, would
have about 200 turns each in the primary
and secondary. The wire used is No. 44
single silk covered.

An improved form of high-frequency
transformer is illustrated in Fig. 1, which
shows the Sterlfag pattern suitable for
broadcast range. In this case the four pegs
which form the terminals of the primary
and secondary winding are arranged in a
straight line, alternative pegs being con-
nccted to the primary and secondary
winding, generally in the form of a small
honeycomb coil waxed into a recess formed
in the two halves of the ebonite holder
which forms the body of the appliance,
and is clearly shown in Fig. 2.

For tuning purposes a simple metal
disk, known as a damping plate, is pivot-
ally mounted on the upper part of the
instrument, and can be rotated by means
of a small knob. Tuning is effected by
turning the knob so as to bring the disk
more or less central with the coils. Another
method of using a high-frequency trans-
former and incorporating with it a reaction
coil so as to react upon the primary or
secondary windings is illustrated in Fig. 3,
which shows part of the ordinary receiving
set incorporating a stage of high-frequency
amplification.

Various methods of reacting on to the
transformer can be used according to the
requirements of the particular set. The
mkthod illustrated consists of utilizing the
basket coil, the ends of the wiring being
taken to the terminals and forming part
of the plate or anode circuit of the de-
tector valve. The supporting arm is
mounted on an insulating block, and can

INTERIOR OF STERLING RADIO-FREQUENCY TRANSFORMER

Fig. 2. How the input and output connexions of the two coils are attached to the plug legs may be
seen in this view of the dissembied transformer, which is shown complete in Fig. 1

4
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HIGH.FREQUENCY TRANSFORMER COUPLING

Fig. 3. Reaction coupling is effected in this arrangement,

used as primary and four as
secondary, both primary and
secondary being tapped out to
studs upon the panel. -

Cut out nine circles of
ebonite § in. thick by 1% in.
in diameter, and eight circles
# in. in diameter. These can
be sawn out with a fret saw if
such a tool be available ; other-
wvise a good plan is to cut the
¢bonite into square pieces a little
larger than the diameter desired
with an ordinary tenon saw.
The angular corners are then
sawn off, thus making the ebon-
ite octagonal, the edges being
afterwards filed to a circle, The
“exact size of the circle is best
heavily incised with a pair
of sharp dividers to indicate

the coi! is shown entering the field of the high-frequency ¢learly the edge to be worked

transformer, which it partly obscures

be turned upon a pivot so as to bring the
coil nearer to or more remote from the
transformer, and increasing or reducing
the coupling effect. Considerable increase
in signal strength is often possible with
this device, and it has the merit that it
does not cause detrimental re-radiation, as
there is no direct coupling to the aerial
inductance.

Other forms of high-frequency trans-
former used for amateur reception include
the tapping varieties, which enable various
turns in the primary, and in some cases
both the primary and secondary windings,
to be used or cut out as circumstances
require, each coil in this case becoming
virtually a small tapped inductance coil
wound with fine wire, the tappings being
taken at the most convenient points in
respect of the particular wave-lengths to
which it is most desired to listen. See
Anode Reactance.

How to Make a High-frequeney Trans-
former. The amateur may undertake
the making of high-frequency trans-
formers with the assurance that an
efficient instrument will result without
any undue tax upon the patience or the
necessity of tools other’ than those usually
found in most households. The trans-
former which is here described and
illustrated has given good results over a
wave-length of from 360 metres to 2,600
metres, and consists of an eight-slot
zbonite bobbin, four sections of which are

to. The whole of these circles
are drilled through the centre
with a hole to clear 2 B.A. rod. A piece
8f 2 B.A. rod 6 in. long is then cut
and the eight large circles, alternating
with the smaller ones, are clamped together
with a nut and washer on e¢ither end.
Two small temporary brackets are then
made up from scrap brass with clearing
holes for 2 B.A. rod, and the bobbin is
mounted on a temporary wooden stand as
shown in the illustration Fig. 4. A wire
handle is then bent to shape and clamped
between the nuts, the bobbin being easily
revolved for winding.
The grooves have now to be filled with
finc double silk-covered copper wire of
40 gauge, 375 turns being wound in each

METHOD OF WINDING HIGH.FREQUENCY
TRANSFORMER

Fig. 4. To facilitate winding, the former for the
transformer is mounted on a wooden stand. Note
the wire bent to shape to serve as a handle
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groove, the wire at the cornmencement
and end of winding each groove being
fastened temporarily to the ebonite disks
with a touch of sealing wax, sufficient
wire bewng left in each case for wiring
up to studs later on. These ends may be
tucked away within the slot for the time
being, in order that the bobbin may
revolve freely for the completion of the
windings.

: Z
DETAILS OF HIGH.FREQUENCY TRANSFORMER PANEL

either side of the centre hole, and are also
drilled for 2 B.A. clearance. At 1 in.
radius eight holes either end are drilled
for contact studs, stops, and terminals.
The spindles are 1 in. lengths of 2 B.A. rod
at one end of which a thin nut is soldered,
a strip connexion being made from the
switch arm centres to one terminal on
either side, as is shown in the photograph
of back of panel, Fig. 6, the switch arm rod

Fig. 5 (left). Two sets of studs and two switch arms are mounted on the panel of the high-frequency

transformer. The contact arms are rotated by the cbonite knobs attached to the spindles.

Fig. 6 (right). This photograph shows the back of the panel in Fig. 5. The strip leads to the
moving arms can be seen, also the connexions to the various studs

The ebonite panel may now be prepared.
This is 4 in. by 3 in. and } in. thick. In
the centre a hole should be drilled to clear
2 B.A., through which the centre support-
ing rod will ultimately project, being held
in position with a nut and washer. The
holes for the switch arms, which are clearly
shown in the photograph Fig. 5, are £ in.

HIGH-FREQUENCY TRANSFORMER
MOUNTED

Fig. 7 (left). Connexions can be seen
from the studs to the transformer.
Fig. 8 (right). The switch control
knob is shown, and the method of
attaching the transformer to the

and soldered nut being free to move upon
this with a rubbing connexion. Two flat
strips of brass, 1}in. long, form the
contact arms.

The spindles being put into position from
the back of the panel, the front side is
provided with a flat washer, spring washer,
nut, contact arm, and, finally, ebonite knob,
the tension being nicely adjusted by means
of the spring washer and brass nut, the
whole being locked with the knob. The
brass centre knob may now be tried in’
position. If the bobbin does not clear the
contact spindles, two nuts should be put
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CONTENTS OF PARTS 1 -10
Harmsworth's ereless Encyclopedza

This list of the move wmportant articles which appear in back numbers

of “ Harmsworth’s Wireless Encvclopedia’
of veaders who may wish to n;fer to particular subjects.

" 15 published for the convenience
It also shows the

comprehensive nature of the work and gives an wndication of its outstanding
value to both amateur and experimenter as the only encyclopedic work of

76/87’6%66 mn an enurely new science.

The first 10 parts of the * Wireless Encvclopedia”” here listed include the
siriking total of mearly 750 articles and 2,000 photographs and
diagrams, all of which have been specially prepared for the « Wireless
Encyclopedia” and are now published for the first time.

Part 1
WIRELESS AND OTHER WAVE:

r Oliver Lodse. F. Se.

WIRELESS THEORY FOR AMATEURD
By Dr | A Fleming, F.RS

RADIO WONDERS OF THE FUTLRE

N. W. McLac
ACCUMULATORQ CHO[CE CHARGING & REPAIR
with 36 photos and diagr:
AER[ALS TYPES. TH LORY & CO“S’IRUCTlON

with 50 photos and diagrams, and photogravure plate
Part 2
AMPLIF[ERS PURPOSES & CONSTRUCTION

wit! photos and diagrams, and photogravure plate
QNODE C[RCUIT PRINCIPLES & COMPONENT:
0 illustrations
ANTI- CAPAC[TY SWITCHES: HOW TO MAKE
with 15 illust.ations
ARMSTRONG CIRCUITS & RECEIVERS

with 27 illustrations
Part 3
AUDIO- FREQUENCY TRAN3SFORMERS

illustrations
BANK- WOUND COILS: HOW TO WIND
tllustrated by "~ action " photozraphs
BASKET COlLb FORMER) & HOLDERS
37 photos nd a photoyravure plate
BATTER[ES & BATTERY SWITCHES

with I8 ulustrations

Part 4
BOX MA%T HOW TO MAKE

h 8"
BROADCAST[NG PRlI\?ClPLES & PROBLEMS
by Rl»hard Twelvetrees and Captain P. P. Eckersley
with large broadcastin; map in three colours
CABlNET“ FOR WlRELEbb SETS
" action ' photos and diagrams
CALL SICNS PUBL[C & AMATEUR
comprehensive lists covering the world’s important
stations and British amateur transmitters

Part 5
CAPACITY THEORY & CALCULATION

f 6 important articles
CHARGXNG BOARDS HOW TO U)E AND MAKE
12 photos and diagra

ClRCUlTb THE FUNDAMFNTAL PRINCIPLES

uxplanat'ons ot the xeneral svstems for trans-
sion and recep

COCKADAY CIRCUIT A Rl-_'V[ARKABLE RECEIVER
with 13 photographs and diagrams

COILS: TYPES, USES & THEORY

with 16 photos and diagrams

Part 6
COILS: HOW TO MAKE & WIND

43 photos, including a_three-tolder plate
COIL HOLDERS USES & CONSTRUCTION
h 24 pholo raphs
CONDENSER) THEORY & CONSTRUCTION
with 74 photos and dxagrams and a photogravure plate
CONTROL BY WIRELESS
by Major Raymond Phillips. 10O.M

Part 7

Special * Crystal” Number

CRYSTALS: TYPES & HOW TO USE THEM
CRYSTAL hcmcdunb PRINCIPLES & PRACTICE
CRYSTAL YR’ . THE BEST TYPES

with photographs
CRYSTAL DETECTOR UNIT

iilustration:

with 6
CRYSTAL RECEIVERD (I) STANDARD SET3 &
TiE USE

with 14 photograph
CRYDTAL RFCEIVERS (7) HOW TO MAKE
lMPLE SETS
how-to-make " photogr

CRYSTAL REC[:IVERS vk (3].),VAEDDING AMPLlFYNG

S
with 30 illustrations, including three-fold plate in ful! colours

Part 8
DEAD- END SWlTCH HOW TO MAKE

ith
DETECTOR PANELS & DETECTOR UNITS3
30 illustrations, mc|udm; plate in photozravure
DlRECTlONAL WIRELESS
20 special photographs and diagrams
DISK CONDENSER
new photograp

hs
DISTORT[ON I’ROBLEMS IN RADIO RECEPTION

Part 9
DRILLS & DR{LLINL,

with 18 p
DUAL AMPL[F'CAT]ON THEORY &
CONSTRUCTION
photo» and diagra

17
DULL EMITTER VALVES & A RECEIVER
os, including a photoglavure plate
DUPLEX WIRELESS TELEPHON
13 special photo

EARTHS CAPA\,ITY COI\NEX[O\IS LEADS &

SWITCHES
eries ot 7 articles with 20 p
EBO'\“TE HOW TO WORK AND UDE IT
with 21 7 ac! non photos
EIFFEL TOWI:.R STATION
ar descri pnon with 10 unpub shed photos
ELECTR[C[TY ITS CHARACTERISTIC
MODES OF A(.T‘ON

by | H T. Roberts, D.Sc., F.last P An extra-

ordinarily clever and simple article wnth remarkable

tlustrations

Part 10

THE ELECTRON IN THEORY & PRACTICE
ELECTROSTATIC CAPASITY & HOW TO
CALCULATE IT
y Sir Ofiver Lodge, F.R.S., 0.Sc

THE ETHER MODERN THEOR[ED
Sir Oliver Lodge, F.R.S., D.S
FAULTS IN RECEIVERS & HOW TO F['\ID THEM

with special three-fold photogravure plate
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Carriage Paid

Wonders of the Past | ...

. on payment of
in 3 Sumptuous Volumes

Edited by J. A. Hammerton - only 5/-
HE Romance of Perished Civilisations is por- as a first
trayed for you in these three wonderful instalment

volumes. You are led by the world’s foremost

archaological experts to the scenes of their life
labours. They show you the wonderful monuments of antiquity that
survive in imperishable stone—they tell you the meaning of the weird
nscriptions chiselled by hands of craftsmen dead for sometimes thirty
centuries or more—they describe the forgotten civilizations of which
these monuments are the relics—they reconstruct for you the cities
and empires at the time when these empty streets and deserted temples
were thronged by hustling crowds and devout worshippers—theyaroll

back for you the curtain of time and cause to live again the world as
it existed before Abraham tended his flocks on the plams of Chaldea.

The photographs of existing monuments and the reconstructed pictures
of what they were in the height of their glory invest these pages with
a vivid interest that gives this great work a fascination unapproached
by any former attempt to deal with the great subject of which it treats.

Read what some subscribers to ‘ Wonders of the Past’’ say about it

Prof. A. H. Sayce, late professor of Assyriology at Oxford University, writes

** If the British public refuses to listen to the voice of the charmer. nothing will ever
make it interested in the history of the past. Archaology owes you a great debt.” o
Sir J. Balfour Paul, Lyon-King-of-Arms, writes

*“ Allow me to congratulate you on the ‘ Wonders of the Past* which you have
edited with much skill and judgment.”
Joseph Kenworthy, Deepcar, Sheffield, writes

“ Allow me to congratulate you on the work you are doing in placing betore the
public such a treasure-house as * Wonders of the Past.” I am thanktul to have lived to
see and revel in such a book in my old age, and thank you tor bringing into reality
the dream of my ycuth and manhood.”
Mirza Muhammad, Khan Bahadur, Punjab, writes

*“ If there are people in civilized countries who cannot thank you adequately tor

your * Wonders of the Past —what can be said by us. who live in this semi-civilized
country, where literature is not quite accessible to all

You will be equally delighted if you allow these experts to lead you
in the pages of “ Wonders of the Past™ to thé scenes of their labours
and listen to the stories of dead ages revealed by their discoveries.

For a first payment of only 5 - the three volumes are sent to your

home carriage paid, and while you are enjoyir;g the books and

their wonderful revelations of the dim past, you pay the remainder
of the price by monthly subscriptions of a ‘ew shillings.

First, send for the booklet describing the work in detail. It will cost you
nothing, and it is well worth having. It will commit you to nothing, and
after you receive it, you can decide if the volumes are worth acquiring.
Therefore send TO-DAY a postcard, asking for a Booklet about

“WONDERS OF THE PAST” as described in the Wireless
Encyclopedia, and address the postcard to

The Educational Book Co., Ltd., 17, New Bridge Street, London, E.C.4.
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