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HREE years ago a band of enthusiastic
wireless experimenters were anxiously
making preliminary preparations for

the first Transatlantic amateur wireless test.
A month or two later the first tests were
conducted, but although numerous entrants

strained every nerve to receive signals, no

success was obtained. Twelve months later
a second attempt was made, this time the
Americans sending one of their foremost re-
ceiverexperts to this country for the purpose of
listening-in. The American, Mr Paul Godley,
and a number of British amateurs successfully
received amateur transmissions from the other
side and learned a great deal about short-
wave reception in the process. Last year the
tests were once more repeated and, benefiting
by the experience of previous years, both
British and French experimenters were as-
toundingly successful. During the best hours
signals came in so thick and fast that it was
impossible to make records of them all, so
that we know for certain that any good
American amateur transmitting station has
now an excellent chance of getting its
signals across to wus when conditions are
favourable.

On several occasions since the test American
amateur signals have been received in the
ordinary course of evening working. Owing
to the difference in time between the two
countries, 3 a.m. in England corresponds with
10 ‘p.m. in the United States. It is very
little use listening for American amateurs
before this hour, as by agreement amongst
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themselves they shut down during broad-
casting hours and only open up at 10 p.m.

This winter should see further great achieve-
ments, and we have no doubt that numerous
cases will be recorded of the successful reception
of American amateur felephony. One or two
cases of such reception are on record, but
owing to the far smaller range of telephony
than telegraphy with the same power, such
reception is far more difficult and taxes to the
utmost the high-frequency amplification in
the receiving set.

This year we have several new circuits
and receivers to try on Transatlantic
reception ; the Neutrodyne, for example,
which many amateurs have been trying during
the last few months. Again, one may expect
achievements with reflex circuits and super-
regenerative sets.

There are really two kinds of Transatlantic
reception which can be attempted by the
experimenter. Firstly, we can attempt the
reception of Transatlantic broadcasting on
wave-lengths between 360 and 400 metres or so.
Secondly, there is the reception of amateur
transmissions on 200 metres and below. Of
these two the latter is far more difficult. This
is due to the fact that satisfactory high-
frequency amplification on short waves is
exceedingly difficult and the difficulty rapidly
increases as the wave-length is reduced.

It is in the improvement and development
of high-frequency amplification on short waves
that we should see the best possible technical
results from these annual Transatlantic tests.
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A VISIT TO THE EIFFEL

TOWER WIRELESS
STATION

Interesting facts about the spark,
arc and valve equipment.

o o o o [ o [ o [

regularly listen-in to the Eiffel Tower

concerts, probably few have ever
given any thought to the large amount of
machinery and apparatus which is involved
in such a high-power wireless station. -Many
difficulties are expericnced in the maintenance
of a regulal service of transmissions including
commercial - messages, concerts, and time
signals, and the efficiency which has been
sccured is due in large measure to the well-
orginised staff of the station and to the fore-
sight which has been exercised in the provision
of alternative apparatus in case of breakdown.

OF the thousarnds of amateurs who -

The Electrical Mdchinery

There are several different sources of
electric current available for the Eiffel Tower.
Station. The-State Railway System supplies
5,000 volt 3-phase current whilst the electric
supply system of the Left Bank of the Seine
provides single-phase current with a periodicity
of 42. A dynamo located -in the basement
of the Tower is driven by a Diesel engine of
450 h.p. and provides direct current at I1rI0
volts, this unit being entirely independent of
any external electric supply system.

Compressed air reservoirs are installed in the
power house and are supplied by means of a
compresser driven by a synchronous motor
single-phase 220 volts 42 periods. The com-
pressed air from these cylinders is used in
connection with the transmitting apparatus,
as will be further described presently. The
arcs are supplied from a direct current 1,200
volt generator driven by a 3-phase 5,000 volt
motor.

In addition to the above there is a 3-phase
500 volt motor driving two generators; the
first generator is a 1,500 volt 180 ampere
machine, which may be used as an alternative
in connection with the arc apparatus, whilst
the second is a 110 volt 2,000 ampere machine
which can, if necessary, be used as a motor,
driven by the 110 volt direct current furnished
by the Diesel unit and driving the 1,500 volt
dynamo,
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Chains of msulators and lead-in at the’
Eiffel Tower station.

Another group of machines includes a
d.c. 110 volt 2,000 ampere motor driving an
a.c. generator 220 volt 24 periods, and a
Bethenod alternator which can also be used as
an auxiliary in the maintenance of the spark
apparatus. The alternator supplies the
apparatus connected- with the electric supply
system of the Left Bank of the Seine at 220
volts and in particular the valve set and the
high-frequency alternator set, both of which
are equipped for this particular supply.

Finally there is a large alternator 1,500
periodicity .(known to ‘thé engineers as
‘“ Nenesse "’} which supplies” the spark trans-
mitter. In case of a breakdown in the 5,000
volt supply, the spark and the arctransmissions
can be carried on with the Bethenod alternator
and the 1,500 volt dynamo,‘their motors being
driven by the d.c. current from the Diesel
machine. The valve set and the high-frequency
alternator set are supplied by the 220 volt
42 period alternator driven by the d.c. current
from the Diesel generator set.

There are in addition two small groups of
high-frequency alternators which scem micro-
scopic in comparison with those which we have
just described. Until recently the station
possessed only the small high-frequency alter-
nator, the successful trials of which amateurs
have already heard ; the power in the aerial
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during the trials” was 10 kw, Recently,

however, a second altérnator has been added
and the new arrangement is in process of
trial.

The current for the ﬁrst was supplied by a
converter consisting of . 220 volt 42 period
“‘Phe altetnator

motor and 220 volt dynamo.:
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Boveri system, but this has not been found
satisfactory and the two machines will in
future 'be controlled by a Thury centrifugal
regulator. The control platform is adjacent
to the machines which can be operated by

hand rheostats.
The item which next attracts attention is
an enormoys coil of copper

Above : The machine voom and
auxiliary spark of the spark
trdansmitter.

Below : The Creed signalling
switch and aerial loading coil.

tubing ; when in operation
this produces such an in-
tense field that an electric
t shock 1is experienced on
touching any piece of metal
in the neighbourhood. Vacu-
um tubes (a neon tube for
example) placed anywhere
‘near the ¢oil were brilliantly
lighted up. This coil is the

4

The main, spark gap showing
lavge pipe on vight supplying
compressed air.

one which isused in connec¢-
tion with the arc transmission
for commercial traffic and
for the work of the Central

was driven by a motor of 220 volts rotating at
6,000 revolutions per minute, the frequency at
this speed being 30,000 periods. The second
alternator will be supplied from the same
converter, but will have two driving motors
instead of one.

The alternator was regulated f)y the Brown-

w

Radio Telegraphic Bureau.

The transmission is effected by an Elwell
arc working in an atmosphere of coal-gasand
quenched bya powerful magnetic field created
by the current of the arc itself.

For several years attempts have been made"
to increase the output of the arc at 1,500 volts,
‘but this -has been. found unsatisfactory in
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Diagram showing connections of the high-frequency alternaior transmitter.

practice and the attempts have now been

abandoned.

An identical auxiliary arc is placed side by side with the

first one.

cleaned, and the engineers,

At the time of our visit this was in course of being
black with carbon dust, looked

more like engine-drivers than radio engineers. Wireless initiates
one into a variety of trades! Far from complaining, however,

they merely remarked that it was

wireless.”’

“all in

the cause of

Transmission is carried out in the usual way by changing
the wave-length, for which purpose the coil coupled to the
aerial coil is short circuited, the short circuit being made by
a Creed relay operated by compressed air and controlled by
electromagnetic
extinguishing the spark between the contacts of the Creed

relay.

relays. Compressed air is

also used. for
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The .spark . transmitting arrangements.
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The Operating Room

The first thing to be ob-
served in the operating room
is a network of wires and
coils in the midst of which is
the valve set and a series of
small mercury turbines mounted
on a marble slab; the latter
are used in the control of
the spark transmission. The old
spark transmitting apparatus
has now disappeared to make
room for the various mach-
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The arc transmitter cirvcuit.
ines associated with the valve
set. A musical spark is em-
ployed, this being very suitable
for reception by the simpler
sets and for the transmission
of time signals.

This transmission still inter-
feres with the concerts. Itis
necessary, however, to send
time signals on spark, for the
benefit of the various French
boats which cannot recetve
C.W.
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The installation is of the usual type:
alternating current is fed into the primary of a
transformer, the secondary being connected to
condensers which, with the spark gap of the
primary coil of the Oudin transformer, form
the primary oscillatory circuit.

This transmission system is supplied, as
already mentioned, by an alternator of 1,500
periodicity or by the Bethenod alternator.
The latter works on resonance, and it is
necessary to use the appropriate transformer
with each alternator.

The operation depends upon the regulation
of the circuits so that the spark only occurs
when the exciting current reaches a certain
value or alternatively upon the opening of the
high-tension condenser circuit. The first is
accomplished by the cutting of a mercury jet
in the mercury turbine, carbon
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tunately the 3-phase 5,000 volt supply often
taries by as much as 300 volts, with corre-
sponding variations in the speed of the
alternator.

The start up of the transmission is quite
impressive. The engineer who has charge
of the synchronising (‘' I’homme synchrone ”’
as he is called) is endeavouring to secure the
proper adjustment of the auxiliary spark ;
in the high-tension room the rotary spark
gap is coming into operation, ard amid a roar
like thunder the transmission begins.

The Valve Apparatus

The problem of the production of the
recessary high voltage for the valve apparatus
has been solved by the use of a synchronous
converter, and the excellent concerts from

contacts being actuated by an
electromagnet: The second sys-
tem, due to M. Laut, permits
of great rapidity inthe manipu-
lation and is the most reliable.
With Creed relays of the same
type as those used for the arcs
it works very satisfactorily.
The layout of the apparatus
is obviously very extensive, but
this does not present any diffi-
culty owing to the employment
of compressed air operation.

The contacts, like the arcs, are HooLeat
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quenched by means of jets of
compressed air.

The spark gap employed in
the ordinary service has three
electrodes which are capable of

RECEIVING VALYES
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rotation about parallel axes, the
central one only having a
uniform movement. The two
lateral ones, owing to the difficulty of
connecting them to the other parts of the
oscillatory circuit, do not turn completely
round, but are capable of partial rotation and
are connected by flexible strips of plaited copper
wire. The subsidiary spark gap is of the
automatic eccentric cone type. Both spark-
gaps are quenched by compressed air jets.

The purity of the note of the spark has been
obtained by the-aid of the auxiliary spark,
which has a higher frequency than that of the
principal spark and acts as a means of adjust-
ment.

This system requires that the speed of the
alternator shall be kept constant; unfor-

Circuit of valve iransmiller,

1922 onwards have been operated in this
way on a mechanically converted current at
42 periodicity. Great hopes are entertained
of the results of introducing the 5,000 volt
10 kw. machine.

The 5 kw. valve after various delays is at
last a reality, and if amateurs do not get very
powerful reception, they must console them-
selves with the reflection that in a short time
further amplification will be available and in
the near future the station will be able to
transmit telephony on 8 kw.

The old 25 h.p. synchronous motoer which
served to ventilate the gap of the spark
apparatus has now been employed for supplying
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The two Elwell akcs.

energy for-the valve set; it is coupled to a
5,000-volt generator and also to a low-tension
generator for heating the filaments.

The valves which were originally used have
now been discarded for the following reasons.
In order to utilise the whole of the emission
it was desirable to employ 5,000 volts from the
generator, since the current from the latter
was limited to 2 amperes. The valves, how-
ever, were designed for 3,000 volts and did not
function properly at
5,000, Furthermore an
unduly large number of
valves' were necessary
and consequently very
large currents were re-
quired fot the heating of
the filaments. Two ma-
chineshad to be employed
in parallel and a special
‘machine was ordered for
the purpose. Now,
however, special valves
have been adopted work-
ing on 5,000 volts and-
with 20 volts applied to
the filaments.

Layout of the Apparatus

The apparatus includes
a microphone mounted
in the usual way, the
current from which goes | L=
by telephone line to the |

current passes into the primary of a trans-
former which operates the grids of two
receiving valves mounted in parallel and
forming a speech amplifier. Intheanode circuit
of these valvesis a transformer which oper-
ates the grids -of two E 4 valves in parallel,
the anode potential being 700 volts. A further
transformer controls the grids of a number
of E4 valves depending upon the num ber
of transmitting valves, and arranged on the

= S

s Sy

station at the North
Pilier. The telephone

One of the high-fre quency alternalors (in the centre of picture).

€



Oclober,- 1923

Beauvoissystem. The variable resistance thus
constituted is shunted across the transmitting
valves. These valves give 1.5 to 2.5 kw. in
the aerial with an efficiency of 75 per cent.

The anode voltage of the E 4 valves is
developed by a dynamo of 1,500 volts, goo watts
driven by a IT0-volt motor. Trials are in
progress with a view to ascertaining the
most efficient arrangement of wvalves, and
amateurs will be interested to listen-in to the
trials.

The High-Tension Room

The high-tension room is at once recognisable
by the strong smell of ozone. In this room are
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located some large transformers; the spark-gap

and  also a small experimental valve set.
The latter operates a comparatively short
aerial extended from one of the lower parts of
the Tower. -The signals transmitted from
this. aerial, in spite of the proximity of the
large arc- operated aerial, are heard quite well
throughout the whole of France, using a power
of only a few hundred watts.

When  higher-power transmitting wvalves
are used to enable the power to be raised
to some tens of kilowatts, telephony from
the FEiffel Tower Station, which has already
reached ‘as far as New-York, should be heard
over the entire world.
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GREAT BRITAIN.

Station, Call Wave-
Sign. length.
3 Times.
Cardiff .. 35 WA 353 W i
London ... 2LO 36g | (except London) and

Manchester... 2ZY 385 { pm. London (day
transmission) 11.30

Newcastle ... 5 NO .400 | am. to 12.30 p.m.
. Sundays. ]
Glasgow ... 5SC 415 8.30 to 10.30 p.m.

g : London also 3.0 p.m.
Birmingham 5IT 425/ to 50 p.m.

Silent Periods.

Cardiff 8.0 to8.30 p.m.
London 7.15 to 7.45 p.m,
Manchester ... 7.45to 8.15p.m.
Newcastle 9.0 tog.30 p.m.
Glasgow 9.0 tog.30 p.m,
Birmingham 8.0 to8.45pm.

FRANCE,

Paris, EirreL Tower. (FL, 2,600 metres.)
Weekdays (daily). ‘

6.40 a.m. Meteorological forecast.
11.15 a.m. Meteor.forecast and time giving.
2.30 p.m. Financial bulletin.
5.10 p.m. Concert.
6.20 p.m. Meteor. forecast.
10 15 p.m. Meteor. forecast..

REGULAR PROGRAMMES FROM BRITISH AND
FRENCH BROADCASTING STATIONS

(Times in Greenwich Mean Time.) _
Oo0OO0C00000000o00000N000000000000000000000000000C0000006000000000000

50 pm. to 10.30
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Sundays.
5.10 p.m. Concert.
6.20 p.m. . Meteor. forecast.
Other concerts specially announced from
time to time.
Parts, Rapiora. (1780 metres.)
Weekdays (daily).

11.30am. Information (Cotton Exchange
Havre, Liverpool, Alexaridria).
11.40 a.m. Concert. )
4.0 p.m. Commercial information.
4.10 p.m. - Financial information:
4.2z0 pm. Concert.
7.45p.m. News,

8.0 p.m. till 9.0 p.m. Concert.
Thursday, 8.45 p.m. till .30 p.m. Dancing
cornicert.
Sundays.
1.0 p.m. till 2.0 p.m. Concert.
7.45p.m. News.
8.0 p.m. till8.45p.m. Concert.
8.45 p.m. till 9.30 p.m. Dancing concert.
Paris. Scroor oF PosT AND TELEGRAPHS.
(450 metres.)
Tuesday and Thursday.
4.30 p.m. Concert.
And very frequent radiophone transmissions
of-plays (comic operas).
Lvyons. YN, 3,100 metres.
9.45a.m. Concert (gramophcne).
2.35 p.m. Financial news.
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“OLD FOLKS™
A’ Loud-Speaker Set with Single Control

‘By. PERCY W. HARRIS, Asststant Editor.

Many readers have asked. for an ultra-s'zmple loud-speaker ‘set with ““ one-handle ” control..
receiver comnplies with their requirements and in addition is. very sharply turted to avoid interference.
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ROADCASTING, whateverelse
it has done, has already
proved a priceless boon to
the old folks at home. These

people, fully as appreciative of
music as the younger generation,
are often confined to their homes
through infirmity or illness, and if
we can provide them with a good
reliable wireless receiving set, re-
quiring the minimum of attention,
we shall undoubtedly gain their
gratitude.

Let us consider in detail for a few
moments the kind of set which
would prove most suitable in the
circumstances. Firstly, we must
have clarity and distinctness, with
a volume rather greater than
would otherwise be required, for
elderly people. frequently suffer
from deafness. Secondly, we must
have the simplest possible control;

which means, in effect, that. the

turning of a single dial must be all
required to bring in the station..
Thirdly, the set must be as robust’

as possible, with no -projections
which might catch dust or easily
be broken. Fourthly, it must be
very economical of current from
an accumulator, as it will be a
troublesome matter to get the

. accumulator re-charged very often.

Now, in the present state of the
art, to attain such simplicity we
must needs sacrifice sensitiveness
in the reception of distant broad-

. casting. If we are content to receive

one station only and that the near-
est, we-can in most cases dispense
with high-frequency amplification
(which almost inevitably necessi-
tates skilled handling to get the
best results) and simply use a
detector followed by two stages of
‘noté magnification. The sxmplest
form. of detector is, of course, the

crystal, but no one who is used to
handling crystals will. disagree with

‘me whenI'say they arenot the best

detectors for people who are not
quite so delicate of touch as they
used to be. A valve detector is far
easier to handle, and even if used
without reaction (as we must do
if we wish to avoid re-radiation)
will give better results than the
best crystal. A detector valve,
then, followed by two stages of
note magnification, will give suffi-
cient volume for a loud speaker
anywhere up to 10 or 15 miles from
the broadcasting station, and as
many thousands of potential listen-
ers-in are situated within this
distance, we may reasonably expect

-that the set to be described will

meet the wants of many.

It is- a very simple matter to
design a-three-valve set consisting
ofa detector followed by two magnj-

)
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Fig. 1.—Omne dial to.furr. and a tumbler switch to-turn_on all. filaments.
on the left are for acrial and earth, while those on the right (veading from the top) ave :
H.T. positive, H.T. negative and telephones.

8

What ecould be simpler ?

The terminals
L.T. positive, L.T. negative,
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Fig. 2.—The back of the panel carries-all the component parls.

fying valves, and I should not think
it worth while describing the pre-
sent set if it were not for one or
two novel features I have intro-
ducedintoit, and which, I think, will
appeal to many readers of MODERN
WIRELESS. First of all, I am using
a method of tumng which is practi-
cally unknown in this country and
indeed very little used as yet in the
United States, where, I believe, it
originated. I have already des-
cribed in Wireless Weekly a crystal
set utilising this principle and I
am giving in this article detailed
instructions for the construction
of a simple valve set on the same
lines.

Briefly, the principle consists of
having an untuned aerial circuit
and a tuned closed circuit coupled
to the aerial circuit with a fixed
coupling so proportioned as to
give the effect of a loose coupler,
but with the simplicity "of the
ordinary direct coupled instiument
withits single dial control of tuning.
The circuit diagram on page 1I
shows the instrument in its sim-
plest form. The aerial coil used
for coupling purposes consists
merely of 8 turns of No. 22
double cotton covered wire and the
inductance of the closed circuit,
which is tuned by a variable con-
denser of .000o5 pF capacity, con-
sists of 8o turns of the same gauge
wire wound on a 3-in. former.
Examination of the photographs and
diagram will show that the aerial
coil is wound directly on top of the

closed-circuit inductance and these
few turns in the aerial are all that
is required to pass the energy from
the open to the closed circuit. An
aerial with so few turns in series
with it seems to work practically
asifit were aperiodic, thatis tosay,
having no particular tune of its
own. ;

1f slightly better signal strength,
with less sharp tuning, is de:ired
the number of turns of aerial may
be increased up to about fifteen or
sixteen.

The wave-length range of the

SRS
[T et L

Fig, 3.—The coil, showing method of
winding.

9

The only ebonile néeded isthe two tevminal strips.

present set is from 250 metres to
700 metres, which is quite good
considering only a .0005 microfarad
condenser is used.

In previous sets I have en-
deavoured to reduce the expendi-
ture on ebonite to a minimum,
and I believe in the present set
I have gone farther in this direction
than in any previous article. The
whole of the apparatus is mounted
on a single wooden panel measuring
16 in. x 8 in. - The only ebonite
needed is two strips measuring
1 in. wide, 3 in. and 7 in. long
respectively. The former on which
the coil is wound is of waxed card-
board of the kind purchasable from
any wireless dealer. The panel is
set upright on the front of a cabinet
and the front carries the knob
and dial of the tuning condenser
and a single tumbler switch for
switching the whole set on and off.
These are the only parts which
show on the front and are the only
portions which it is needed to
manipulate to tunein to the station
required. No filament resistance is
used, as the set is designed to work
with a 4-volt accumulator {for
ordinary valves or a 2-volt accu-
mulator for dull-emitters. If
desired, a filament re jstance can
be inserted where shown on the
circuit diagram enab.ing a 6-volt
battery to be used.

A characteristic of the method of
aerial coupling described above is
that whatever wave—length to
which the closed circuit is tuned,
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Fig. 4

the calibration is not affected in
any way by changes in the aerial.
This means in practice that we can
calibrate the set on our own aerial
and make a note that, say, London
can be tuned in on, perhaps, 43 deg.
on the scale. When this set is
taken away and connected to qu'te
a different aerial 2 LO will still be
found at the same position of the
tuning condenser. This point will,
I am sure, be appreciated by many
readers who wish to send the set to
their ““ people ” in the country.
As no filament resistance is
used and we cannot get the desir-
able negative bias on the grids of

How to make the cabinet. The
froni panel carries the component parts.

usual expedient of connecting the
1.S terminals to the battery side of
the filament resistances, it has been
found desirable to connect the leads
from the 1.S. side of the transformers
to the negative terminal of a 2 cell
flashlight battery, the positive
of which is connected to the nega-
tive filament lead. This battery is
placed within the box and con-
nected with flexible leads, so that
these can be disconnected when
it is desired to change the battery.
A Mansbridge condenser of .3 pF is
shunted across the high-tension
battery and the whole of the wiring
is carried out by means of tinned
copper wire, which looks neat, is
efficient and obviates the use of
systofiex or other insulating tubing.

The valves themselves, it will be
seen, are hidden away inside the
box, where they are not likely to
come to any harm. The valve
sockets are of the flanged type and
the projecting pins on the under
side have been cut off practically
flush with the flange. A slight
depression is cut out of the panel
underneath each of these sockets
and wires are soldered to the pins
before the sockets are screwed in
place.

The components required for
making this set are as follows :—

Cardboard tube, 43 in, long by
3 in. in diameter.
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Fig. 5, Stde view of cabinet.

8 terminals.

I tumbler switch (of the kind
used for mounting on the dash-
boards of motor-cars, for switching
headlights on and off).

1 grid condenser (.0003 pF) and
leak with clips (2 megohms). The
Dubilier or other types in which
the leak are clipped to the con-
denser is quite suitable.

2 intervalve transformers.

3 valve sockets of the flange type.

I .002 fixed condenser.

I variable condenser, .0005 pF

the note magnifying valves by the A quantity of No. 22 d.c.c. wire.  capacity.
GRID CELLS
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F12.6 —The wiring diagram, showing back of panel, as tf lowered from ils vertical position with top in front.

Notice ths two cores of the transformers are joirzed with a wire.

This is not always necessary. Full-sized blus-prints

can be obtained from MODERN WIRELESS, price 1s. 6d., post free.
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1 wooden box with hinged lid.

2 ebonite strips 1 in. wide and
1 in. thick. One strip to be 7 in.
long and the other 3 in. long.

The front of the box should be
detachable, as it forms the panel
on which the parts are mounted.

The first step should be to make
the cabinet or purchase it ready
made. Three-eighth inch planed
mahogany is very suitable for
this box, and I have used this
wood myself. If you are making
the box, yourself you should first
of all cut the front panel and
smooth its surface with sand or
emery paper, making quite sure
that the edges are square. ~When
this is done drill a hole for the
condenser spindle and holes for
the leads of the tumbler switch.
Next take a } in. bit in a brace and
drill6 holes at one end and two at the
other at positions marked, so that
there may be a clearance round the
shanks and nuts of the terminals,
which will be mounted on the
ebonite strips. These are practi-
cally the only holes which will need
to be cut through the panel, and it
is advisable tomake them before we
go on to the finishing of the wood-
work, which can be carried out
with stain and varnish. Next lay
the panel face downwards and
mount the various components in
place in the manner shown, using
wood screws of the correct size and
of a length sufficient to afford a
good hold, but not long enough to
go right through the panel to the
front. You will not be able to use
wood screws for the variable con-
deuser and in this case the-best
method will be to bore two holes in
the panel and secure the condenser
by passing two long 4 B.A. metal
screws through the holes into the
top plate of the condenser, securing
them by nuts. The coil is secured
by boring two holes in the ends of
the former and passing wood screws
through them into the panel itself.
Alternatively, metal screws can
be passed through the panel from
the front and the coil secured by
lock nuts.

Before mounting the three valve
sockets, it will be necessary to saw
off the projecting pins flush with
the underside and tin them with
your soldering iron. You should
then %older 3 or g4in. lengths
of wire to each of the pins and
bend them so that they pass along
the slots. These wires can be cut
to the correct length during wiring-
up. Now turn the sockets over
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In this a filament resistance is insevied fo

show wheve it may be placed if desired, but with a 4-volt battery for

‘* bright emitters

and screw them into position with
wood screws through the three
holes on each.

The rest of the constructional
work will be quite evident from
inspection of the photographs and
diagrams. It is well worth while
to spend some time in bending the
wires neatly, as this will add con-
siderably to the appearance of the
set.

The Mansbridge condenser is best
secured by a strip of brass as
shown, two long wood screws passing
through the holes in the end of the
strip. It will be noticed that short
flexible leads are attached to the
common joining point of the two
leads from the I.S. sides of the
transformers and the negative fila-
ment busbar. These flexible leads
are attached to a two-cell flash-
lamp battery, which should be
stood inside the cabinet.

This battery should last at least
a year without renewal, as very
little current is taken from it.
The wire used for wiring-up is
No. 18 gauge tinned copper, ob-
tainable from any wireless dealer.
Either round or square section can
be used, the square section wire
looking slightly neater, although
it is a little more difficult to handle.

Wiring up is best done with a
soldering iron handy, so that the
stiff lengths of wire can be soldered
one to another as cut off. If this
form of wiring is too difficult for
the beginner the more usual method
with thinner wire and systoflex
tubing can be used.

Operation.

All you need do to tune to a
station is to connect up the bat-
teries, aerial, earth and loud-
speaker or telephones, switch on
and turn the dial until you hear
the station wanted. If you want
to use a number of pairs of tele-

IX

and a 2-volt for dull emitters it is not needed.

phones, simply connect them in
series (chain formation) and join
the two ends of the chain to the
telephone terminals. The tuning
of this set will be found very sharp,
and as there is a detector valve,
which is not preceded by a high-
frequency stage, it is unlikely that
more than one broadcasting
stations will be heard. The nearest
station, however, should come in

at good strength on a loud
speaker up to ten ‘or fifteen
miles, and should be clearly

audible in the telephones for much
greater distances. High-resistance
telephones should be used and the
voltage of the accumulator should
be 2 volts for dull-emitter valves
and 4 for the ordinary type. 1
‘recommend the use of an accu-
mulator to run this set with dull-
emitters, as the current consump-
tion of three valves is somewhat
too large to take from dry cells.
However, the accumulator will
last as long with three dull-emitters
as it would with a single valve of
the bright-emitter type. The
voltage of a high-tension battery
should be 50 to 75. Once-the best
adjustment is found on the tuning
condenser, careful note should be
made of it, for this wil] be the
reading with any aerial. I do not
claim that the set can compete
with many other more complicated
three-valve sets, but it is the
simplest I have been able to find
to comply with the requirements
mentioned at the beginning of my
article and can be confidently re-
commended as simple, safe and
reliable. I shall be very glad to
hear from those readers who make
up this set as to the results they
are getting, so that I can advise
others in similar parts of the
country who may ask what the
results are like.
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The Longbow

*“ Oh, grant that I may catch a fish
So big that even 1
When telling of it afterwards
May have no need to lie.”

Such was the prayer of the pious
angler who never lied except in
self defence. Anglers and radiators
have much in common. Both
really do achieve something, and
there is a substratum of the purest
truth beneath all their tallest tales.
Fish have the uncanny property
of putting on weight posthumously
to an enormous extent. Similarly,
signals from very distant stations
grow louder and louder for weeks
and even months after they have
beenreceived. Thestillsmall voice
that took all your ear power to
catch it is transformed with the
passing of time into a deafening

roar ‘“ clearly audible twenty feet
away with the ’'phones on the
table.”

‘ With the 'phones on the table
is the radjator’s pet phrase. As
you are listening to his flow of
speech you know that it will fall
from his lips ere long, and when it
does it hall-marks him even as
the lion hall-markssilver., My friend
Busby affirms that the radiator is
readily recognisable at sight by the
cut of his jib, or rather by the set
‘of his ears. Othermen, such as you
or I, who drink in our receptions
in the orthodox way, have ears that
nestle coyly against our hair,
their cumbrance having been
chastened by the gentle pressure
of the 'phones. But those of the
radioliar, knowing no such restrain-

ing influence, stand out from his
cranium so widely that on windy
days you may positively hear them

flapping.

Those Stock Phrases

But the radioliar is not the only
one who makes use of stock phrases,
If you want to hear them ad
nauseaw tune in to the amateurs
on a Sabbath mormn or on any
evening after the broadcasting
stations have ceased to monopolise
the ether. The first thing that will
strike you is the friendship, the
brotherliness, that exists between
them. Any amateur who is talking
to any other calls him ““Old man *’
at least once in every ten seconds.
Even if two transmitters have
adopted the same wave-length and
a dispute breaks forthas to whohas
the prior right to it, the wranglers
still dub cne another old man
with  machine-like
though their tcnes are becoming
more and more charged with
acerbity.

The ~conversations are vastly
entertaining at times, but as a rule
they consist of two phrases repeated
many times with slight variations
in the manner of some of the
earlier musical composers.

‘“Hello! Yes, I got you all
right, but . . .” is the first. The
second refers to the overdoing or
underdoing (if there be such a
word) of the modulation. And so
it goes on. If any amateur trans-
mitter will strike out a new line in
criticism with some brand new
phrases he may be assured that
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he will have a large audience

whenever he casts abroad his

words of wisdom.

A Blind Spot in Wales

I mentioned last month that
I was bound for a remote part of
Wales that was reported to be a
‘ blind spot.” Experiments with
my own set and with those of
residents in various parts of the
valley show that it is, but in a very
curious way. Though we are two
hundred miles from Londen and
but four score from Cardiff as the
‘crow flies—or perhaps when dealing
with broadcasting one should say
as the cry flows—2LO is still the
big noise when he is on his best
behaviour. There are times, how-
ever, when after the manner of a
whistling rocket he rises to maxmium
loudness with a rush and then falls
off into silence, the process being
repeated every twenty seconds or
so. Cardiff is very hard indeed to
get even with two H.F. stages,
both Newcastle and Glasgow com-
ing in with greater strength, At-
mospherics are worse here than I
have ever known them at home,
though there has been no thunder
nor even any sign of it. Those who
dwell in the district tell me that it
I am inclined to think
that they are not genuine X’s at
all, but are produced by the gower
stations possessed by many of the
small communities in the valley
whose juice is conveyed about the
streets by means of overhead
wires suspended from high iron
masts,
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Disillusionment

Wireless does not seem yet to
have obtained the popularity in
Wales that it has achieved in
England. At first I thought that
all Sassenach records had been
eclipsed by the Principality, for
as we ran into Cardiff it seemed that
tliere was no house that had not
its aerial. Rather low, they seemed,
with the free ends supported by
peculiarly stout masts. Still there
was such a forest of them as would
put even the London suburbs to
very shame. Close investigation
revealed the fact that their use was
not to snatch music from the ether,
but to suspend shirts, socks and
intimate garments that no mere
man can mention without reddening
cheeks. They were, in fact, not
aerials at all, but clothes-lines of
a very lofty kind, made in all
respects like aerials, even to the
pulley block and halliards.

My discovery unmanned me for
the moment, and I nearly burst into
scalding tears at the thought that
so noble a design should be put to
such base uses. However, calling
up my iron, self-control I refrained,
for is there not a silver lining to
this apparently coal-black cloud ?
Consolation came with the thought
that when Wales is visited with a
genuine epidemic of radiomaniacs
the addition of a couple of insulators
and the substitution, where neces-
sary, of wire for rope will enable all
and sundry to beat their clothes-
lines into aerials, though they may
still use them on Monday for
displays which bring a blush to the
bashful cheek.

A New Friend

It is splendid to make the
acquaintance of 3sWA, even
though one does so under difficul-
ties. He comes in fairly well at
times, though ; in fact, last night
he was clearly audible with the
‘phones on the . . . I beg your
pardon, reader ; this pen of mine
has grown so used to writing of
wireless that it will do things of
that kind off its own nib, so to
speak.

At home in England big brother
21O simply talks and plays from
little Cardiff off the map. You
hear a snatch or two of him during
an interval, but directly London
calls he retires into modest silence,
Even here, as I have said, 21L.O’s
is the louder wvoice, but Cardift
manages to make himself heard.
1 rather fancy that, feeling secure

in his own country, he likes having
a smack at 2O and is responsible
for the fading of London’s trans-
missions here, just as further east
London goes for him and blots him
out altogether.

Good Fare for Listeners-in

Cardiff's performances are ex-
cellent ; well chosen, bright and
run on original lines. It is a pity
that we cannot hear more of them
in the Home Counties. 1 had
expected that my ’phones (made
in England) would be hard worked
by having to deal with the baffling
sounds of Welsh, but such a strain
has been put upon them quite
seldom. There are times when a
singer expands his chest and lets
fly about * Morwyn brydferth,”
or ‘Y gornant a lif drwy ddolydd
blodeuog,” or something of that
kind. Then the unversed in the
language suspects the presence of
self-oscillation,and, hastily moisten-
ing a forefinger, taps his aerial
terminal. But these things do not
often occur.

5WA provides right noble enter-
tainments, and the number of his
hearers is growing apace, though
it is not yet so great as he well
deserves that it should be.

The Sad Case of Hippolytus
Worplesworth

News of a sad little episode
reaches me from home. My old
friend Worplesworth, who has no
equal as an enthusiastic rotary of
wireless, received a visit one day
from his most respected maiden
aunt from whom he has great expec-
tations. The old lady is a Tory of
the old school, a patriot to the back-
bone, a diehard, a last-ditcher.
Whenever one ot her visits is
impending Worplesworth carefully
prepares denunciations of all her
pet aversions in the political and
diplomatic world, which he fires
off at appropriate moments, what
time she nods and smiles and tells
Worplesworth that he is a noble
fellow. He used to call this Con-
solidating his position. Now, alas,
there is no position to consolidate,
for Worplesworth, in the plain,
homely language of his latest ep-
istle, hasbeen and gone and done it,

Having arrived and seated her-
self in the most comfortable arm-
chair, this aunt cast her eyesaround
the room. They fell upon the wire-
less table, which, though discreetly
veiled by a covering, at once
attracted her attention. ‘‘ And
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what is that, Hippolytus? * she
queried. Hippolytus is what
Worplesworth’s godfathers and god-
mothers did for him at his baptism ;
his friends call him Hippy, but the
aunt prefers the full four syllables
—"“Tell me what that is.”

A Rash Step

Knowing her innate dislike of new
things, Worplesworth was a little
backward in coming forward, but
she dragged it out of him, listening
with many sniffs of disapproval
to his description, which waxed
cynical as he warmed to his work.
““Yes,” she said at length, *“ I've
read a great deal about these new
fangled things, and much as 1
deprecate such innovations, I
would like, Hippolytus, to hear it
working. Letme hearsome music.”

The fact that the time was out-
side broadcasting hours was not,
Worplesworth knew, one that
would carry any weight with her.
Music she wanted and music she
must have. He cudgelled his
brains, then suddenly it occurred
to him that Klonigowasterhausen
might be on. A little tuning and
he was there. A pair of ‘phones was
handed to the old lady, who donned
them and sat with a smile that
grew more and more contented as
the strains went on,.

The Crash

' Beautiful music,” she said at
length. ‘* And where is it coming
from, Hippolytus ? ” ‘* Paris,
auntie,” lied Worplesworth glibly,
feeling that he was justified in
doing so. But just at that moment
guttural accents were heard in
the 'phones and the words Koinig’s
* Wusterhausen . was horribly
plain. ‘“ German !’ shrieked the
old lady, tearing off the 'phones as
if they had been red hot. ‘ Do
you mean to say, Hippolytus, that
you have had the audacity to make
me listen to a disgusting Hun
station ? ”

His explanations were vain.” The
most valued of aunts insisted upon
his ringing forthwith for the
brougham, and she departed, shak-
ing the dust of Worplesworth's
house from off her feet and telling
him icily that she was on her way
1o her lawyers to cut him out of her
will. Poor Worplesworth, ’Tis
indeed a hard fate, and had he but
relied -upon the very useful at-
mospheric as an excuse and failed
to bring in anything at all he
would still be a happy man.

THE® LISTENER-IN,
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; THE REDUCTION OF INTERFERENCE :
: ;
s How to Make and Use Wave-Traps d
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% From this article the reader will learn how lo cut out the local broadcasting station when g
[ he is listening to the more distant programmes 8
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HEN broadcasting com- valve set to switch from onestation to the receiver proper. There are

menced and the stations
of the British Broad-
casting Co. were allotted definite
wavelengths differing from one
another by 15 metres or so, most
people imagined that it would be a

0-0005uF
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Fig. 1.—The Type A tlrgp—a si;nple

device in series with the aevial.

simple matter to tune
from one to another with-

to another  when conditions were
approaching normal. But seeing
that the great majority of listeners-
in, actual and potential, were
situated within about 1o miles of
the broadcasting station, and these
people were quite keen on listening
to other programmes, there was
a widespread disappointment at
the inability to realise the ideal
set forth in the beginning of this
article.

A year’s experience has shown
that even the most expensive ap-
paratus is not free from the pos:i-
bility of interference from the local
station and within the last few
months several experimenters have
been trying out what can be termed
for simplicity ‘‘ wave-traps.”

These are specially designed cir-
cuits which can be inserted in front
of the receiver so as to abserh the
unwanted wave-lengths allowing
only that which is wanted to pass

several varieties of these traps, and
three of the best with which the
present writer has experimented
are shown diagramatically in this
article.

Type A, the simplest of all to

8 or 10 TURNS N9 26 D.C.C.
J WOUND OVER TRAPL COIL.

0-0005,F
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Fig. 3.—Type B trap. This can be

made up as shown in Fig. 5.

construct, consists of an
inductance and a variable

out experiencing inter-
ference.  Practical ex-
perience of broadcasting
soon put an end to such
opilimistic  expectations
and the new listener found
two problems to be solved.
Firstly, he had to find
apparatus sufficiently sen-
sitive to’ listen to all of
the other broadcasting
stations and secondly—
the bigger problem—he

had to find some means
of cutting out the tre-
mendousinterference from
his local station if it were
situated less than 6 to 10
miles away. Beyond this
distance tuning became
progressively simpler and
if he was prepared to

instal a loose-coupled
receiver and ‘practise
tuning in two or three

condenser connected as
shown and placed directly
in series with the lead
to the aerial terminal of
the instrument. If the
osmllatory circuit  so
formed is set to have a
wave-length exactly equal
to that of the station it
is desired to reject, it will
absorb that wave-length
in itself but will allow
all others to pass through.
The practical procedure,
then, is to connect an
inductance and a capa-
city together and, having
approximately tuned your
receiver tothe wave-length
you want to receive, to
turn the dial of the con-
denser until the signals

from the station you
don’t want practically
disappear. It will then

circunits at 25 miles or so,
there was no difficulty
whatever using a multi-

th 2.—How to make up the Type A trap with a variable

condenser and plug-in coil.

14

be necessary slightly to
retyne your receiver and
give a final touch to the
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trap condenser when you will find
that a very large proportion, if
not all, of your interfereénce will
have vanished.

Fig. 1 shows the theoretical cir-
cuit of this first kind of wave-trap

\ / FOR 5 TURNS N926
DLC. WOUND OVER
TRAP"COIL.

/
/

SO TURNS VO 23
DEOC.oN 3"FORMER
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Fig. 4.—The Type C trap, probably
the best of all. It can be made up
as shown in Fig. 5.

and Fig. 2 is a pictorial repre-
sentation. A s5o-turn plug-in coil
and a .0005 uF condenser will cover
the wave-lengths of - the British
broadcasting.

The second type of trap consists
of a similar oscillatory circuit in-
ductively coupled to the aerial lead.
Fig. 3 shows the circuit and Fig. 5
the practical way of connecting up.
You will not be able to use a plug-in
coil in this trap owing ta the
double winding mnecessary. The
number ot turns on a 3-inch former
is 40 of No. 22 to No. 26 d.c.c. wire
and over this should be wound 8
or 10 turns of the same gauge wire

to be connected in series with the
aerial. A .ooo5 uF condenser
should be wused. It is not ab-
solutely essential to use the sizes
of wire given and the trap will
work with still finer wire and with
thicker, but from experience the
writer would recommend the first
coil to be made with one of the
sizes just mentioned. This trap is
operated in the way previously
mentioned.

The third type of trap, Type C
perhaps the best of all, instead of
accepting the one wave-length we
do not wish to receive and alowing
all others to pass through to the
receiver, acts in a slightly different
way. It by-passes all of the waves
which .we do not wish to receive
and allowing to go to the receiver
the one wave-length we want. It
is connected in parallel with the
receiver and practically identical
with the second type. At first
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sight it might appear that the few
turns of wire across the aerial and
earth terminal would act as a dead
short circuit, but owing to the fact
that the trap is inductively con-
nected to these turns, the whole

. appears to act as one resonant

circuit. When it is tuned to the

.wave-length we wish to receive it

will cut out all kinds of interference
even if simultaneous interference
1s coming on several wave-lengths.
With this type of trap it is quite
possible 5 or 6 miles from 2 LO to
listen to Cardiff on the loud speaker
with a multi valve set with not
the slighest interference from
London. The present writer de-
scribed these three traps in Wireless
Weckly a few weeks ago, and since
that time many letters have
reached-him from readers who have
successfully tried these traps and
can vouch for their usefulness.
P. W. H,

—

S

Fig. 5.—How to make both. B and C traps.

The coil has two windings,

as described in the article,
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M. W.’s FIRST VOLUME.

UR readers will have been interested to note that this number marks the commencement
of the second volume of MODERN WIRELESS.
readers will desire to have the parts constituting the first volume bound under one

cover with a comprehensive index, we have made arrangements to supply binding cases and
if desired bind readers’ back numbers.

The covers are in two attractive styles,-one being a cloth-backed case and the other

leather-backed, both lettered in gold.
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0 DEVELOPMENTS IN WIRELESS RECEPTION :
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| Telegraphy and Telephony, Elementary Text-book on Wireless Vacuuin Tubes g
| graphy i Yy » o
B elc., elc.). B
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SUMMARY.—The Paper is divided into two parts. The first deals with the selective reception of
wireless signals and the minimisation of the effects of atmospherics, with special reference to long-
distance commercial communication, while the second part of the Paper deals with apparatus and

circuits for the rcception of broadcasting or similar signals.

Reflex amplification eircuits are

dealt with and their use in lessening the number of valves required is discussed.

PART I.

A New Invention for Selective Radio Reception and the Minimisation of Atmospheric Interference.

telegraphy has been reached

when those engaged in com-
munication work view with grave
concern the future prospects of the art.
Atmospheric interference remains an
important problem and the ether is
becoming congested.

The ether is rapidly becoming filled
with wireless signals of all wavelengths,
from 50 metres to over 20,000 metres.
Even at the present day, not a little
difficulty is being experienced in
separating desired signals from those
of stations working on adjacent
wavelengths.

The syntonisation of wireless
receiving apparatus has progressed
considerably since the remarkable early
work of Lodge and Marconi. The
introduction of high-frequency tuned
amplifiers has enabled a very high
degree of selectivity to be obtained.
The use of reaction has also contributed,
in no small measure, to the success of
modern selective receiving apparatus.
Note-frequency tuning has also been
elaborated and used for commercial
Jong-distance communication.

The greatest achievement, however,
in selective reception is unquestionably
the method of continuous wave
reception known as the * heterodyne
system, invented by Fessenden. By
this beat method of receiving con-
tinuous waves, not only is greater
selectivity achieved, but a pure,
musical signal is obtained which

a STAGE in the history of radio

lends itself to selective reception on -

tuned low-frequency circuits.

In spite, however, of 27 years’ of
research work and commercial ex-
perience, even those with the most
intimate knowledge of modern develop-
ments regard the futuré with a certain
amount of apprehension. E. F. W,
Alexanderson, the Chief Engineer of
the Radio Corporation of America, a
month or two ago made the following
remarks :

“TIt can now be readily seen that
since the ability to receive distinct
signals depends on the scparation of
different frequencies, there is a

definite limit to. the number of
¢ channels ’ of communication between
stations that can be set up.

‘“ If the wavelengths between 11,000
and 22,000 metres are divided into
2 per cent. bands, there are 35
¢ channels.” If into 1 per cent. bands,
there arc 70 °‘channels.’ Except to
such extent as directional reception
will permit, the number of one-way
channels open for such long distance
communication is limited to the
number of these bands.

*“ The congestion of the ether is,
therefore, not a mere matter of looking
into the future, but a real present-day
problem. The necessity for traffic
regulation at least enough to prevent
reckless driving, so to speak, is just
as apparent as the undesirability of
hidebound regulations until such time
as the limit of possible improvements
in technique have been more definitely
determined.

* Such is the present situation in
the long-distance radio ether. The
congestion is due to the nccessity for
the use of the, longer waves for long-
distance work and the fact that all

high-power stations are broadcast
stations ; much improvement is
possible in existing practice, but

radically new methods of operatio
must also be considered.” v

Having pointed out the immediate
need for new methods of sclective
reception, a few remarks regarding
present-day methods will not be out
of place.

Present-Day Methods

When receiving continuous waves,
it is usual to take advantage of two,
and often three, methods of selective
reception. In the first place, the
signals are more or less selectively
received by means of high-frequency
tuned circuits, valve amplification
being used for the purpose. Heterodyne
reception is employed to convert the
radio-frequency currents into musieal
notes which will operate telephone
receivers or other indicating apparatus.
Instead of applying the low-frequency
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signals directly to the telephone
receivers, or like apparatus, note-
frequency tuning is often resorted to.
In view of the musical notes received
by the heterodyne method of reception,
the advantages of both high- and low-
frequency syntonisation are obtainable.
No mention has been made of directive
aerial systems, but these are commonly
employed in long-distance com-
munication. .

That Fessenden’s invention has
its limitations is disputed by none.
Heterodyne reception, remarkable as
it is for the selective reception of
short wavelengths, is of comparatively
little value for the reception of the
waves commonly used for long-distance
communication. Nevertheless, the
beat method of reception, even for
long wavelengths, is a sensitive one,
and also provides a pure musical
note, or, rather, low-frequency currents
of regular wave-form.

The very important fact, however,
remains,” that the full advantages of
heterodyne reception are not realised
on the longer wavelengths. This, of
course, is very unfortunate, as long-
distance communioation is carried out
usually on wavelengths between 10,000
and just over 20,000 metres. These
waves have been found to be most
suitable for communication over long
distances.

The comparative failure of the hete-
rodyne system on commercial wave-
lengths used for trans-oceanic com-
munication has left us dependent, very
largely, on methods of eliminating
signals which involve resonance
phenomena which were applied to
selective reception 26 years ago.

The two great landmarks in the
history of selective wireless reception
are the utilisation of resonance
phenomena and the reception of
continuous waves by means of the
production of beats. The time has
now come when these trusted methods
are no longer sufficient. - To-day
governments are becoming more and
more reluetant to issue-new wave-
lengths for radio communication.
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The ether is already overerowded and
the allocation of any new wavelengths
only makes matters worse. Thereis,
with modern apparatus, a limit to
the extent to which wavelength
channels may be adjacent to each
other. A certain number of kilocycles
have to separate the frequencies of
two different stations if they are not
to interferc with each other. This
means that on the longer wavelengths
there has to be a greater difference in
wavelength between the different
stations and only a relatively small

frequency difference between currents
of different frequencies is increased.

An example will explain more
readily what is meant. Let us assume
that two stations are working on
wavelengths of 15,000 metres and
15,100 metres. The waveléngth dif-
ference, in this case, amounts to 100
metres, a very narrow margin and
one which, under ordinary eircum-
stances, would lead to the 15,100-metre
signals jamming the 15,000-metre sig-
nals. If now we apply both sets of
incoming currents to a frequency multi-
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Fig. '1,—Reducing interference by frequency multiplication.

number of high-power stations can
communicate on the band of wave-
lengths bhetween 10,000 and 20,000
metres. In other words, on the
longer wavelengths, unless existing
methods are altered, it will only be
possible to have a certain number of
transmitting stations, and this number
will soon be completed.

We cannot increase the wavelength
used indefinitely, owing to innumerable
factors, and even if we could, the
problem of selective reception would
become worse and worse, owing to the
necessity of separating out the wave-
lengths of the stations farther and
farther apart.

A New Invention

Having outlined the shortcomings
of present-day apparatus, I propose
to give a very brief outline of an
invention which I patented in May,
1920, but which is publicly described
to-day for the first time.

The principle is of such a basie
character that its application may
alfect the whole trend of methods of
selective reception.

The invention involves the in-
creasing, at the receiving station, of
the frequency difference between
desired and undesired currents. This
method of solving the problem of
selectivity and atmospheric climination
has never yct been attempted or
suggested. The frequencies have
remaineéd the same, and the methods
which have been adopted have been
calculated to separate the desired
from the undesired frequencies without
attempting to change the actual
frequency of either.

According to part of my invention,
the frequeney of the incoming curreats
is increased with the result that the

plier giving a multiplication of, say, 10
times, currents will be delivered to the
receiver proper by both sets of
incoming currents. The 15,000-metre
desired signals will set up oscillations
corresponding to a wavelength of
only 1,500 metres, while the 135,100-
metre signals will be resolved into
signa's corresponding to a wavelength
of 1,510 metres. There will now be
10 metres difference between the two
signals, but 10 metres difference on a
wavelength of about 1,500 metres is
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frequency difference, therefore, is only
132 cycles.

If now, instead of receiving these
signals in the ordinary way as, for
example, by the heterodyne method,
we multiply the frequencies of both
signals by 10, we will increase the fre-
quency of the signals due to the
15,000-metres station to 200,000 cycles,
this corresponding to a wavelength
of 1,500 metres. The 15,100-metres
interfering signals will produce inter-
fering oscillations having a frequency
of 198,680 cycles.

It will be readily appreciated that
the difference between the new
desired and undesired currents is now
ten times as great, and equals 1,320
cycles. Where before we had to
differentiatc between signals having
a difference in frequency of only 132,
we now have the considerably easier
task of separating out signals having a
difference of frequency of as much as
1,320 cycles. Put erudely, it is ten
times as easy to separate out the two
stations.

The new currents of multiplied
frequency may be applied to selective
high-frequency receiving circuits and
the hetcrodyne mecthod of reception
may be employed.

Frequency Multiplication and the
Use of Beats

It needs very little imagination for a
student of these matters to appreciate
the remarkable selectivity which is
obtainable by a combination of
frequency multiplication and hetero-
dyne reception. A theoretical circuit
is illustrated in Fig. 1.
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Fig. 2.—Frequency mudtiplication of 100 times.
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ten times more valuable than a-

difference of 100 metres at a wavelength
of 15,000 metres.

The number of cyecles difference is
the controlling factor in considering
selective reeeption without inter-
ference. The examplc of the 15,000-
metre signals being jammed by the
15,100-metre signals may be under-
stood more clearly if we deal in cycles
of frequency instead of metres. The
15,000-metre desired signal will set up
oscillations having a frequency of
300,000,000 divided by 15,000, which
equals 20,000. The 15,100 metre

_signals will eorrespond to oscillations

having a frequency of 19,868. The
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In this figure, it is assumed that in
the aerial circuit, which contains the
inductance I., and variable condenser
C,, we have two sets of oscillations.
One set has a frequency of 20,000,
corresponding to the wavelength
15,000 metres of the desired signals,
and the other currents have a frequency
of 19,868, corresponding to the inter-

- fering signals of 15,100 metres. The
circuit is tuned, of course, to the
frequency of 20,000, corresponding to
the desired signals, but nevertheless,
‘this method of selective reception is
grotesquely ineffective when the fre-
quency difference is so small. The
next stage in the process is to apply the
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Fig.

two sets of currents to a frequency
multiplier which is shown, for the
sake of convenience, as a box FM,
This frequency mult;plier may take
many forms, and mig ht be a series of
frequency-doubling devices, such as
valves, or it might be an apparatus
for producing harmonics, a selected
harmonic being then treated as the
fundamental for rcception purposes.
The output currents from FM pass
through the oscillation eircuit L, C,,
and .even here resonance tuning may
not be sufficient. Loose coupling
between L, and L, will, however, if
the primary and secondary circuits
are tuned to the new 200,000-frequency
signals—which are really derived from
the original 20,000-frequency signals
by a multiplication of 10, cause the
198,680-frequency currents, due to
the interfering signal which originally
had-a frequency of only 19,868, to be
less effective.

Oscillations are now induced into
the circuit L, C, from the heterodyne
H, which may be, for example, a valve
pscillator. This heterodyne induces
loeal oscillations having & frequency
of 201,000. The rcsult of inducing
currents of this frequency into the
circuit L, C; will be the production
of two sets of beats. The 201,000-
frequency oscillations will beat with
the desired 200,000-frequency oscilla-
tions producing beats of 1,000 fre-
quency, and these beats will be
rectified and detected by the valve V,
in the output circuit of which are the
telephone receivers T. The 1,000-
frequency beats will, of course, pro-
duce a musical note in the telephones T
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having a frequency of 1,000, which is
a very convenient frequency for the
reception of continuous wave signals.
The 201,000-frequency oscillations
induced by the local heterodyne, will
also produce beats with the oscillations
having a frequency of 198,680 which,
it is assumed, have not been tuned out
by the use of resonance phenomena.
The beats, in this case, will have a
frequency of 2,300.

We now have in the tclephones T
two sets of signals. The desired sets
have a frequency of 1,000 while the
undesired ones have a frequency of
2,300, and no difficulty should be
experienced in reading the desired
signals without material interfcrence
from the other signals. 1t isimportant
to notice that the incoming signals are
not, of course, simply steady streams
of continuous oscillations, but consist
of dots and dashesof short duration,
and that during a considerable period
of time, dots and dashes of the un-
desired signals are received during the
intervals between dots and dashes of
the desired signals.

Hundredfold Multiplication

A far more striking example of the
possibilities of this new principle in
wireless reception is when we consider
the frequency multiplication to be,
say, 100 times. Such conditions are
illustrated in Fig. 2.

The frequency multiplier FM now
inecreases the frequency .of the desired
signals to 2,000,000, corresponding
to 150 metres, while the interfering
signals now have their frequency raised

Multiplication of low-frequency currents.

to 1,986,800. The frequency of the
local oscillations of the heterodyne are
adjusted to 2,001,000. With the
desired currents of 2,000,000 frequency,
the heterodyne currents will produce
beats of 1,000 frequency which will
produce a musical note of 1,000 in the
telephone rececivers, With the inter-
fering signals, the local oscillations
will produce beats having a frequency
of 13,800. This frequency, to all
intents and purposes, may be treated
as above the audible limit, and the
desired signals would therefore be
received in the telephone receivers
without any interference whatever
from the wundesired signals, even
though in the initial aerial circuit the
frequency difference amounted to such
a small amount as 182 cycles.

The advantages to be gained from
the method outlined in this Paper are
supplemented by resonance tuning
and in practice a frequency multiplica-
tion of 100 times would not be
necessary. It will readily be
appreciated that even a multiplication
of only 2 will double the difference in
frequency between desired and un-
desired signals. This means that we
can increase the " elbow room,” as
it were, for signals of any particular
wavelength, and greater selectivity
is thereby obtained. Alternatively,
we can say that by doubling the fre-
quency of the incoming signals we can
have twice as many channels of
communication in any given band of
wavelengths. If, for example, we take
Alexanderson’s figure of 35 channels
of communication bhetween 11,000
and 22,000 metres, by frequency
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Fig. 4. Multiplication of both the high- and the low-frequency curvents.
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doubling we can increase this to
70. By multiplying the frequency
10 times, we could have 350 stations
working between these two extreme
wavelengths. If we multiply the
frequency of signals 100 times, we
could have 8,500 stations working.

By the application of this invention
‘to long-distance communication, it
would therefore seem that the problem
of the congestion of the ether has been
solved.

While this method of reception
marks a third stage in the progress
of selective reception, both resonance

£ ORIGINAL
FREQUENCY

MULTIPLIED
FREQUENCY

slightly different audio frequencics
which would seriously interfere with
each other and entirely prevent the
selective reception of a desired signal.

Where existing methods ecannot
differentiate between signals of slightly
differing piteh, it is possible by this
invention to magnify their difference
to such an extent that either signal
may readily be read without inter-
ference. )

The original audio-frequency signals
have their frequency stepped-up by
means of harmonic producing, or other
frequency-multiplying apparatus, to

tuning and beat reception retain all
their . former usefulness; in fact,
heterodyne reception becomes even
more important as it now becomes
a really effective process in the recep-
tion of continuous waves of great
length. One way of looking at the
invention which is the subject of this
Paper is to consider that the long
wave signals are brought down.to
the lower wavelengths where the full
advantages of beat reception, as
regards selectivity, are obtained. The
lower the level to which we bring
the incoming signals, the more selective
does heterodyne reception become.

Application to Low Frequencies.

So far, the application of the method
to high - frequency signals only is
described.: The principle, however, is
just as applicable to audio frequencies
as to radio frequencies. The autbor’s
experiments in this direction have fully
borne out theorctical expectations,
and two signals having a note fre-
quency impcrceptibly different have
been entirely separated in such a way
that one of the frequencies is entirely
suppressed.

Such a very remarkable achievement
could not be obtained, or cven
approached, by any other method
which has hitherto been proposed.
Its significance, of course, is that note
tuning becomes a reality ; almost the
whole of the selective apparatus may
be concentrated on the low-frequency
side of a wireless receiver. When
receiving continuous waves, even the
slightest differences bet ween t wo sets of
continuous oscillations will produce
different beat notes with a local
.heterodyne. These will give rise to

An application of frequency multiplication to a practical circuit.
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perceptible) the final difference in
frequency might be 10,000, a fre-
quency which would enable the
interfering signals to be cut out
entirely.

Fig. 3 shows a theoretical wireless
receiving system in which the invention
is applied to the low-frequency currents
The high-frequency signals are rectified
by the crystal D producing audio-
frequency currents through T,, due
to the fact that alocal oscillator H,
induces continuous oscillations into the
aerial circuit of a frequency slightly
ditferent from that of the desired
signals. The currents of musical fre-
quency passing through T, are then
applied by means of the transformer
T, T, to the frequency multiplier
FM, in the output circuit of which
we have a circuit L, C, tuned to a
multiple of the desired audio-frequency
currents passing through T,. The cir-
cuit L, C, will be a radio-frequency
circuit, and the frequency of the
currents in L, C, should preferably
be above the audible limit. The circuit
L, C, is tuned to the same frequency,
and by loosely coupling L, to L; a
certain amount of resonance selectivity
is obtained. The principal method of
obtaining the sclectivity, however,
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Purt II. Fig. 1.

a radio frequency which should pre-
ferably be well above the audible limit.
These radio-frequency currents may
now be selectively received by the aid
of tuned high-frequency circuits and
then combined with local radio-
frequency continuous oscillations.
These local oscillations are produced
by a heterodyne, beats being pro-
duced. All the advantages of high-
frequency tuned circuits and beat
reception are thereby obtained, and
whereas the original difference in
frequency might be only 100 (barely
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A practical dual-amplification circuit.

is by the introduction of local oscilla-
tions produced by a second heterodyne
H, tuned to produce cirrents having
a frequency differing by, say, 1,000
from the currents in L; C;. The
beats of about 1,000 frequency are
now detected hy the valve V and
produce « ‘musical note in T. ‘The
beats produced by the interaction of
the local oscillations supplied by H,
and the undesired signals of multiplied
frequency are arranged to be above
or below the audible limit so as not
to interfere with the desired signals
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-A Combined High- and Low-Fre-
quency Selective System.

It is, of course, convenient to apply
the invention to both the high- and
low-frequency sides of a wireless
receiver, and Fig.4 shows a simplified
arrangement illustrating the different
stages in the reception of continuous
waves by this system. It will be seen
that the first frequency multiplier
F M, is for the purpose of increasing
the frequency of the original oscilla-
tions. The oscillations of multiplied
frequency are then heterodyned by
H, and dctected by the valve V,,
producing musical low-frequency cur-
rents. The output currents from the
valve V,, which will be of musical
frequency, although, of course, it is
not necessary that this should actually
be so, are communicated to the second
frequency multiplier F M, ; the
frequency is once more stepped-up
£0 as to reach above the audible limit
end the, currents are selectively
received by the aid of loose coupled
circuits and the second heterodyne
H,, which enables a‘’ musical note
to be obtained in the telephones.

The Apparatus Employed.
It is not possible within the scope
of this paper to deal with the various

Reflex Circuits

The three-electrode valve has
become an indispensable piece of
apparatus in modern receiving work,
end it may be used for strengthening
the high-frequency oscillations pro-

" duced by the incoming signals, and it
may also be used for strengthening
the low-frequency currents which, in
the ordinary way, would pass through
the telephone receivers after the
high-frequency currents had been
rectified. A very useful application
of the three-electrode valve is as a
dual amplifier. This term, of course,
is familiar to those acquainted with
1he subjcet, as implying that the
valve amplifies both the high-frequency

-desired results.
‘taining the multiplied frequency is not,

practical circuits for achieving the
The method of ob-

of course, an essential part of the
basic invention. Thermionie valves,
operated under special conditions,
have been found suitable for producing
harmonies or merely for doubling the
input frequency.
used, a considerable factor of multipli-
cation may be obtained.

Fig. 5 indicates how the invention
might be applied to the reception of
incoming waves. The wvalve V, is
operated at, say, saturation point, so
as to produce harmonies in its output
‘circuit L, C,, which is tuned to one
of these harmonics. The wvalve V,
is a self-heterodyne receiver which
then receives the desired harmonic
and treats it as the signal to be
received.

The present paper is only intended
as an outline of the new system, and
at some future date it is hoped to give
further technical details.

The Minimisation of Atmospheric
~ Interference.

The system of reception lends itself
particularly to the elimination, or
rather minimisation, of atmospherics.
While this is probably, at the present

PART IlI.

currents and the low-frequency
currents at the same time. 1t is
found that a three-electrode valve can
carry out both duties simultancously
without any trouble, and it is the pur-
pose of the second part of this Paper
to give some particulars of successful
circuits which I have employed. 1t
must, however, be understood that the
principle of dual amplification is
nearly ten years old, and that although
very little practical use has been made
of this important principle, yet
several investigators have suggeste
means of employing the method of
dual amplification.

The first person to carry out work
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Part I1. Fig. 2. A very sensitive reflex circuit.
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If harmonics are-
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date, the most .important advantage
of the system, yet it is mentioned at
this stage of the Paper because this
process of atmospheric elimination is
essentially one of selectivity. The"
application of the method of frequency
multiplication to the low-frequency
side of a receiving circuit will auto-
matically cut out all, or most, of the
atmospherics, owing to the fact that
most atmospherics have lower fre-
quencies than the heterodyne notes
due to desired signals. Unless their
frequency exactly corresponds with
the heterodyne note, the process of
frequency .multiplication and re-
‘sonance, combined with further
heterodyning, will eliminate the af-
maospheric interference.

By the application of the method
to the high-frequency side of the
receiving apparatus, the effect of
atmospheries may also be minimised
by causing them to produce oscilla-

* tions (for example, by the impact

excitation of a detuned circuit)
different - from the incoming con-
tinuous waves. Frequency multiplica-
tion increases the divergence hetween
the two different signals, and in any
case currents of the wave-form of
atmospherics will not readily produce
effective harinonics.

for Broadcast Reception,

on these lines in England was
Captain H. J. Round, the Research
Engineer of the Marconi. Company,
and the pioneer of valve work in this
country.

Dual-amplification circuits possess
the merit of saving one or more stages
of separate low-frequency amplifica-
tion ; in other words, a fewer number of
valyes may - be employed. Un-
fortunately, the .additional duties
which the valve hasto carry out tend
to render it unstable, and low-
frequency oscillation and distortion
are frequently the accompaniment of
dual amplification. The self-oscilla-
tion tendency in dual-amplification
circuits has been the cause of the lack
of popularity of reflex or dual-ampli-
fication circuits during the last ten
years. Two departures from current
practice are embodied in most of the
circuits which I have found suitable
-and stable for dual amplification.
To lessen the tendency to oscillate a
stablising resistance of about 100,000
ohms is connected across suitable points
in the circuit, while the transformer
for introducing the low-frequency
currents into the grid circuit of the
valve is connected in the aerial circuit
of the usual direct coupled receiver.
~ Fig. 1 shows a highly successful
reflex circuit in which the first valve
V, acts as a high-frequency amplifier.
The high-frequency oscillations appear-
ing in the circuit L, C; may be further
strengthened by ecoupling L, to LE
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so «as to produce a reaction- effect.
The crystal detector D and primary
T; of a step-up intervalve trans-
former T; T, are connected across the
oscillation eircuit L, C,. In the
anode circuit of the first valve is also
included the- primary T, of a step-up
intervalve transformer T; T,, the
secondary T, of which is connected
across the grid and filament of the
second valve. In the anode circuit
of this valve is the loud-speaker LS,
preferably shunted by a condenser Cg,
having a capacity of from 0.002 uF
to 0.05 pF. A variable resistance
R,, having a maximum value of about
100,000 ohms, is connected across the
grid and the positive side of the
filament accumulator. This variable
resistance may be replaced by a fixed
resistance of 100,000 ohms. The
variable condenser C, preferably has
a capacity of 0.001 pF. It may be
replaced by a fixed condenser of that
capacity, but this makes the circuit
a little less flexible. With this circuit;
loud-speaker results are obtainable
up to 20 miles from a broadcasting
station on very small aerials, and
numerous ' reports- are being received
from the Glasgow and Aberdeen areas
stating that the London station is
regularly received on a Joud-speaker.

Fig. 2 shows a modification of the
circuit by the addition of a stage of
high-frequency amplification which
is desirable when long ranges are to be

Y
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frequency signals ‘are -then impressed
on to the grid of the second valve which
amplifies them ; the amplified currents
pass through T, and are communicated
to the grid of the third valve, in the

the first place as a high-frequency
amplifier, the high-frequency oscilla-
tions appearing in the circuit L, C,.
From here they are:communicated
to the grid of the second valve by
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Part II. Fig. 4. A reflex civeuit employing valve reclification.
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Part II. Fig. 3.

A reflex cireuit giving two H.F. and two L.F.

stages of amplification.

accomplished. It will be seen that the
first valve acts as a high-frequency
amplifier. The circuits L, C,, L, C,
and L; C, are all tuned to the incoming
wavelength. The circuit L, C, is
‘also tuned to the incoming wavelength.
The second valve acts as a high-
frequency amplifier, the high-frequency
oscillations in. L, C; being detected
by the crystal detector D. The
resulting . low-frequency ' pulses pass
through the primary T, and the low-

anode circuit of which we have the
loud-speaker LS. The stabilising
resistance R, has a value of about
100,000 ohms.

Fig. 8 is a suggestion which has been
made to obtain two stages of high-
frequency amplification and two stages
of low-frequency amplification with
the kind of circuit illustrated in Fig. 1.
Stabilising resistances R; and R,,
each of 100,000 ohms, are used as
before. The first valve V, acts in

2L

virtue of the close coupling between
the secondary winding L; and the
inductance.L,. In the anode circuit
of the second valve is a tuned circuit
L, C,; across which we have the
crystal detector D and the primary
T, of the transformer T, T,, the
secondary of which is in the grid circuit
of the second wvalve. The low-
frequency currents are, as a result;
amplified by the second valve and
pass through the.primary T, of the
transformer T, T,, the secondary of
which is connected in the grid circuit
of the first valve. In the anode
circuit of this first valve is connected
the loud-speaker LS. Reaction may
be obtained by coupling L, to the
inductance L,.

Coming now to-a class of dual
amplification circuit which does not
involve the use of a crystal detector,
we have in Fig. 4 a very efficient
example. In this case the incoming
signals are amplified by the valve V,,
‘the "amplified currents appearing in
the circuit L, C,. The high-frequency
potential variations across L, aré
communicated to the grid of the
second valve V, by means of  the
condenser C;, a gridleak R; heing
connected across the grid of the
second valve and the positive side of
the accumulator. This second valve
acts as a detector, and an inductance
L;, coupled to L,, is included in its
anode circuit in order to introduce
reaction into the tuned anode circuit
L, C,. The rectified currents also
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pass through the primary T, of the
intervalve transformer T, T; the-
secondary of which is connected in the
grid circuit of the first valve which
 consequently acts also as a low-
order to

frequency amplifier. In

well insulated ; trouble is most likely

to arise when telephone receivers are
used as these have .an appreciable
capacity to earth. In order to over-
come this defect entirely, and to be
able to touch. the telephone receiver
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The circuit of Fig. 4 with the addition of a further

stage of L.F. amplification.

detect the signals the loud-speaker LS
is ncluded next to the anode of the first
valve, the condenser C,, of about
0.05 uF being conneccted across the
loud-speaker. The value of these con-
densers across loud-speakers varies with
the different types of reproducer used.

Very good results have been
obtained with. this eircuit and Fig. 5
shows a modification in which the
third valve acts as an additional low-
frequency amplifier. In this circuit,
the loud-speaker is replaced by the
primary T, of the step-up intervalve
transformer T, T, the secondary oi
which is connected in the g idcircuit
of the third valve. The loud-speaker
is connected in the anode circuit of
this third valve.

In both Wigures 4 and: 5 there are
technical objcctions to connecting a
loud-speaker - telephone receivers, or
the primary of a step-up intervalve
transformer, next to the anode of a
high-frequency amplifying valve. The
insertion of a piece of apparatus of
this character at a.point of high-
frequency: potential to earth is not
really sound, although the author has
not found any real. disadvantage in
practice, provided the apparatus is
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terminals or the loud-speaker ter”
minals without any influence whatever
on the signal strength, the circuit of
Fig. 6 was evolved. This at first sight
may appear a little complicated, but
it is not soin reality. The tuned anode
circuit, as before, is represented by
the inductance L,, shunted by the
variable condenser C,. Instead, how-
ever, of conn-eting the loud-speaker
or telephone receivers directly next
to the anode of the first valve, two
additional coils L; and L, are con-
nected in the manner shown; the
inductances I.;, L, and L, are all
wound on the same tube of insulating
material. The coil L, is wound
directly over L, and is identical with
it, as regards .numbers of turns, etc.
The coil L; is likewise the same as
L, and is wound -over L,. For
“British broadcasting purposes it was
found that each of the coils’ L;, L,
and L, could consist of 30 turns of
No. 26 gauge double cotton covered
wire wound on a° 83} in. diameter
ebonite tube. 'The coil L;, as before,
is coupled to L, to produce the
reaction elfect.

In vonclusion, it may be stated that
the manifest advantages of using a
three-electrode: valve as a reflex
amplifier are being rapidly appreciated,
and it is highly likely that the use of
this type of circuit will be widespread
in the .immediate -future. i
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Part Il. Fig. 6.

Fig. 4 with the addition of stabilising vefinements.
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§ Owing to pressure on our space Mr. Scolt-Taggart’s arfic’e .on. “Two-Valve Receivers;”
g mentioned on p. 584 of the September issue, is unavoidably held over until next month.
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fuj A simple explanalory article on-the much-talked-of dull-emitter valves and how to use them, 8
= By R. W._HALLOWS, M.A., Staff Editor: g
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ITHERTO the dweller in the
depths of the country has
been at a greatdisadvantage

so- far as wireless was concerned.
To be able to work a valve set an

The Marcont Osvam D.E.R. valve,

a well-known dull-emitter.
accumulator was an absolute neces-
sity, and, except perhaps in Wales
and in some of the Yorkshire Dales,
where the water power laid on by
nature has induced tlie authorities
to install electric' lighting plants,
there are very few’ villages irideed
in which it is possible to get
charging done. Some dogged :souls
use accumulators in spite ef all
difficulties, taking them into neigh-
bouring towns to be, recharged
when necessary, but this, though
praiseworthy, -# not as a rule
productive of good results unless
the owner is able 'to take the
battery in directly its voltage
begins to fall off. Too often ac-
cumulators have to stand for days
in a partly run-down state, with
the result that sulphating sets in
and the Dbattery, after several
repetitions of such treatment, grows
-old before its time -and eventually
becomes quite useless.

Now the man in the country is
just the one -who most needs
the aid of. the valve. His fellows
who live in large cities may use

4

the crystal to bring in broadcasting
if they are fortunate enough to be
at or near one of the B.B. Co.’s
centres, and-when the new scheme
for the installation of relay stations
is carried out there will be eventu-
ally few large towns that are not
within crystal range of some trans-
missions. Even the prospect of
the relay stations brings no hope
to the man in the country in most
cases. He has had to use his crystal
because valves were outside his
scope, and there is little likelihood
that the crystal will ever bring
country places into wireless contact

with the music, the lectures and

the news that are now doing so
much to enliven the cities,

Prospects then were frankly
black for country dwellers until
a few short weeks ago. There were
wonderful valves that worked with
only the tiniest filament current,
but their cost was so fabulous—
none of them was to-be had for
less than.f2, and there were others
at f21 5s.—that they were not to
‘be thought of. We were aware
that a valvé at £2 was really an
economy, since it cost so little for
accumulator recharging -and had
so long a -life; but most of us
remembered that a L2 valve
is just as easily. dropped and
just as liable to be burnt out by
accident as the 15s. variety, and
we not unnaturally shied at- the
price.

To-day there are -no -less than
four patterns of dull-emitter valves
that can be purchased for £1 7s. 6d.
apiece, and at that price they are
no longer the unattainable though
hoped-for things that they once
were,

What exactly is a dull-emitter
valve ? Let us see. To make the

.valve pass a high-tension current

from filament to plate we must

.heat the filament, which causes

it to emit electrons. The heating
would possibly be done in a variety

.of ways, but the most convenient
‘1§ to use a current of electricity.

* The material used for wvalve

23

its train.

filamentsi is s the extremely refractory
metal called tungsten. It will emit
a small quantity of electrons at
temperatures as low as “600 degrees

. Centigrade, but it doesnot function
_efficiently until & temperature of
about 2,000 degrees Centigrade is

reached. At this temperature the

‘metal is incandescent, giving out a

dazzling white light.

The filament of the ordinary
valve, which we may call a *‘ bright-
emitter,” must be heated to this
temperature to ensure proper work-
ing. This brings several results in
In the first place, we
require a considerable current at
voltages varying- from 3.5 to 6;
secondly, the life of the filament is
comparatively short, since its entire
composition undergoes a change
under the influence of the great
heat and it becomes very brlttle

thirdly, a bright filament is apt to
.produce crackling nojses,
.are anything but an improvement
-to reception.

. which

Mullavd L.F. “Ora,” One of the
new dull-emitier valves.



MODERN WIRELESS

The most economical of * bright-
emitters”’ consume when new
rather iess than 0.5 ampere of
current. Others draw from 0.5 to 1
ampere from the battery, and
all become more greedy as their
filaments age with use. If you have
a three-valve set whose valves
have been in service tor two or
three months, the total current

‘ bright-emitter ”

world. It had been used pre-
viously for the manufacture of
incandescent gas mantles.

If we add a small percentage of
thoria to the tungsten of a filament
the electronic emissionis enormously
increased. Place such a filament
in a valve and it needs to be brought
only to red heat to do all that a
can do. Those

Fig. 1.—A simple test.

required is probably not- much
less- than 3 amperes at round about
5 volts.

No primary battery, unless of
enormous size, could possihly stand
up to such a demand; hence the
only feasible source of current
‘supply is the accumulator, which
is capable of giving a high rate of
output without becoming unsteady.

It was discovered many years
ago that if certain substances were
blended with tungsten its electronic
emission at a given temperature
could be enormously increased, or
conversely, that a given emission.
could be obtained with the metal
heated to a far lower temperature.
This discovery led to more research,
and it was found that a coating of
lime upon the filament would
enable a valve to be made which
would work when glowing red
instead of blazing at white heat.

The early dull-emitters largely
used in America had these coatecd
filaments ; thev certainly worked,
but they were distinctly noisy, and
those who gave them a trial soon
went back to the old type of valve
with a plain filament.

Then came the discovery which
was in the writer’s opinion to do
more to popularise wireless than
any other that has been made.

It was found that instead of
using a coating of lime the tungsten
could be blended with a material
known as thoria. This is the oxide
of the metal thorina, and it occurs
in the form of a rare earth found
only in one or two parts of the

‘watch the ammeter.

who possess valve sets can easily
discover what this means. Place
an ammeter in series with the
low-tension supply and take the
reading when the  filament of an
ordinary valve is heated to its
proper working temperature. Now
turn the knob of the rheostat
gradually so as to reduce the
brilliance of the filament, and
Its pointer
will fall back rapidly, until when
a dull-red heat is reached only a
very small current consumiption i
registered. In the dull-emitter
valve provided with a thoériated
filameat that dull-red heat is all
that we require for efficient work-
ing. Hence the dull-emitter con-
sumes far less curreat, thanks to
the fact that its filament has not
to be brought to incandescence by
‘the low-tension battery.

The dull-emitter valve, then,
is in general construction identical
with the " ordinary pattern. The
difference is that it- contains a
blended filament which at red heat
has the same emission as a pure
tungsten filament in a state of
incandescence. In the * bright-
emitter ”’ a great deal of current is
used in order to maintain the
filament at white heat; the dull-
emitter needs only enough to
bring its-filament to redness.

This being so,- the current con-
sumption can be cut down to very
small proportions indeed, and the
voltage can be reduced to some-
thing much below that needed by
any ‘ bright-emitter.” A valve

24

a cell,
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has been produced that works very
well indeed on 0.25 ampere at 1.I
volts, This is the American
W.D.—11, which is very widely
used now on the other side of the
Atlantic. Another American valve,
the U.V. 199, takes only 0.06
ampere at 3 volts. A complete
four-valve set can be worked off
a single ordinary bell cell!. The
U.V. 199°is not, however, a very"
good valve; the writer has tried
a set of them and found that they
are not at all'stable. Possibly the
makers have tried to do too much.
But we need not go to the States
to look for an efficient dull-emitter.
The best in the world are made in
our own country, and all of them
can be used with dry cells instead
of accumulators. We will discuss
these valves in detail in a moment.
Meantime, it may be well to see
someathing of the dry cell itself.
These cells a~e simply a special
form of the Leclanché cell, which is
so much used for working electric
bells. In its simplest form this cell
consists of a glass jar in which a-e
placed a positive element of carbon
and+a negative element of zinc,
the electrolyte beinz a solution of
sal ammoniac and water. If such
which has a commencing
EMF. of about 1.5 wvolts, is
connacted as shown in Fig. 1 to
any kind of apparatus the ammeter
(A) will register quite a respectable
current for a short time. Very
shortly, however, the needle will
begin to fall. back, -and .if the
apparatus is left connected up the
current will fall away in a short
time to zero, or very nearly so. If
now we disconnect thecell and after
leaving it for. a few hours con-

nect it up again, we shall find that

the current supphed is once more
quite a good one.

The cell is then .capable of
supplying a fair current for a very

short time only, but aftera period

of rest it is good“again for work.
The falling off in current is caused
by the accumulation of hydrogen
bubbles upon the carbon element.
As they increase in. number they
set up a greater and greater
internal resistance ~until finally
the potential difference of the
elements is “insufficient to drive
any but the tiniest current. When
the cell is rested the bubbles
disappear; the -resistance falls
and current can flow once more
through the electrolyte

To counteract this “ silting up
effect the positive element of the



October, 1923

Valve Filament Volts. [Filament Amperes.
LF. Ora A 1.8 0.2
L.F. Ora B, 1.8 0.3
L.F. OraC. 1.8 0.4
A.R. D.E. 1.6 0.3*
M.O. D.ER 1.8 0.4
M.O. D.E.V 3.0 0.2*
M.O. D.EQ 3.0 0.2%#
* Slightly under.
Table 1;
Leclanché cell is placed in:a two or three hours at.a time and

porous pot containing a quantlty
of manganese dioxide (MnQ,). ~ As
hydrogen (H) forms it combines
with' the oxygen of the manganese'
dioxide in the proportion of two
atoms’ of hydrogen to cne of
oxygen; this' forms H,0O, or
water. The formation of hydrogen
bubbles causes what is known as
the polarisation’ of the cell, and
the manganese dioxide is known
as the depoldriser.

It prevents the voltage and
current of the cell from falling off
S0 rap1d1y, and when the cell is
rested it ‘enmables it to recover far
more quickly.

A ‘“dry " cell is not really dry.
1t consists of a pot of zinc, which
forms the negative element, con-
taining a kind of jelly made of
gum mixed with sal ammoniac
solution. In the middle is a catbon
rod contained in a bag filled with
depolansmg compound. = Fig. 2
shows a section of a typical dry
cell.

The manufacture of dry cells
has now been brought -to such a
pitch of perfection that one of
moderate size will maintain its
voltage and give a steady output:
of about 0.25 -ampere for several
hours on end. If the cell is used
for longer the output may begin
to fall off, but it will recover
when the cell is rested. The
E.MF. of a new dry cell is always
about 1.5 volts.” It will diminish
gradually with use owing to the

chemical change that occurs in
the electrolyte and the depo--

lariser and the increasing internal
resistance, but the current given
will remain fairly steady until the
EM.F. has dropped to 0.75 volt.

In the dry cell then we have the
means of obtaining a moderate
output of current at a voltage
that will be maintained for a long
period if the: cell is used only for

is given ample ‘opportunities of
recuperating, Few of us use our
receiving sets for more than three

hours a day on the average, and as-
we do most of our listening-in.

between 8 and 11 o’clock in
the evening, -the cells, if used
for heating the filaments of dull-
emitter valves, will have 21 hours
in which to recuperate.

PITCH SEALING

DEPOLARISER

n CARBON ROD

ELECTROLYTE

Fig. 2.—4 typical dry cell,

‘1f-then-we can find valves that
consume only a small amount of
current, there’is no reason why we
should not use either single cells
or combinations in parallel, series,
or series-parallel to supply our
low-tension current.

There are seven types of low-
temperature valve available to
the experimenter.

Five of these
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cost only £1 7s. 6d. apiece. ~They
are the Mullard L.F. Ora B and
C, the Ediswan A.R.D.E. and the
M.O. D.E.R. The writer has used

most of them for considerable-

periods, and he has found them all
exceptionally good. Speaking gen-
erally, it may be said that they are
slightly—very slightly—Iless effi-
cient than ordinary valves, but
that there is a complete absence
of filament noises and that they
are very long-lived. Unlike ordinary
valves, they do not seem to grow
markedly more greedy with age.
A set of D.E.R.s that has been in
use for more than ‘1,000 working
hours consumes to-day very little
more current. .than when- new
many months ago, and there is-
absolutely no noticeable loss in
éfficiency: .

The L.F. Ora B takeso.3 ampere
at 1.8 volts on the filament. The
C pattern consumes 0.4 ampere at
the same voltage. These two valves
are in appearance exactly like the
well-known ‘‘ bright-emitter ’ Ora,
and they can be used to replace
it on any existing set. Both are
rectifiers, and 'as amplifiers they
are all that could be desired.

The Ediswan A.R. D.E. needs
rather less than 0.3 ampere at 1.6
volts. It is a very well made
valve, quite free from microphonic-
noises and a remarkable all-round
performer.

The D.E.R. consumes 0.4 ampere
at 1.8 volts: ' The old pattern was
an extremely good valve. It was
cylindrical in shape and rather
small in size. Now, however, a
new pattern has been turned out
which is, in the writer’s humble
opinion,- not so good. The bulb is
large. and pea-shaped- and :the
electrodes are mounted on -very-
long, slender supports.. This renders
the valve distinctly microphonic
and makes the risk of injury
through accidental jarring con-
siderably greater.

The D.E.R. is, however, a very

satisfactory valve to use on the

receiving set, and, as has been
shown, it has a long life.
The three more expensive types

Cell. Size. Weight.
Ever Ready E. 28X 6% 2 lb. 4 oz.
Siemens B. 2§ X7 2’lb. 4 oz:
Siemens 640 2§ X 6} 2 Ib. 3 oz.

Table 2.

25
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BELL CELLS

i

Fig. 3.—How to use bell cells.

are the Mullard L.F. Ora A, the
M.O. D.E.V, and the M.O. D.E.Q.
The first of these takes 0.2 ampere
at 1.8 volts, D.EV. and D.E.Q.
have the smallest current con-
sumptions amongst British-made
valves, their requirements being
less than 0.2 ampere. The voltage
needed for them is 3.

L.F. Ora A has.much the same
characteristics as B and C; but
owing to the thinness of its filament
it is not a valve to be used by those
whose sets receive any kind of
rough treatment.

D.E.V. and D.E.Q. are also
delicate valves, but if ~carefully
used they will stand a great deal
of work., The writer can speak
‘from experience-here again, for. he
has had four of them in constant
use for the last eight months on
one set.

D.E.V, is the -low-frequency
amplifier; ‘D.E.Q. the rectifier
and H.F. amplifier. The latter

is the more satisfactory valve of
the two, for D.E.V.’s. filament is
liable to become slack even if it
is used in an upright position. If
this happens it jumps on- to the
grid at almost regular intervals
when the set is in use, and its

light can be observed to flicker .

like that of a'candle flame in a
draught. A “ toc ” is heard in the

-receiver at every flicker, and the
.valve becomes useless, though .it
‘may recover if laid aside for.a

time.
To tabulate the requirements of
dull-emitters now on the market

-we can sum them up as shown in

Table 1.

It will be seen that there is no.

valve “which comes within the

' compass of a single dry cell- as
regards the E.M.F. required, but.

two cells in series would give
voltage enough for any of the first
five, even when the E.M.F. had
fallen off to half its original value,

Using a good rheostat‘we can work .

any of these valves in this way,
provided that we use cells of suffi-

Fig, 4.—Series-parallel arrange-
ment of cells.

cient size. With ordinary bell
cells, however, it is better to use a
single pair in series only for L.F,
Ora A (Fig. 3); -the low-priced
dull-emitters- should be worked
with the circuit shown in Fig. 4,
where four cells are used in series-
parallel. For D.E.V, and D.E.Q.
three cells are used in- series, as
seen in Fig. 5

Even if qulte big cells are used

I

0§

.1]" A

Fig. 6.—If several valves are used it is wise to-use sepavate cells for each valve.
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Fig. 5.—How to use cells for D.E.V,
and D.E.Q. valves.

it is not advisable toworkmore than.
one valve off the same combination.
The multi-valve set should . be: ,
wired as shown in Fig. 6, each valve
having its own battery of dry cells,.

If bell cells are used it is best to
purchase those that are of good
make and of respectable dimensions.
Typical cells suitable for the pur-.
pose are the. “ E " cell made by,
the Ever Ready Battery Company,
and the Siemens “B’’ or No. 640
cells. The dimensions of these
are-as shown in Table 2.  All are
round in shape. -

Four of these cells in series-
parallel would, if well used, give
at least 100 working hours with a
discharge rate of 0.4 ampere, all
as is required for the D.E.R. and
LF. Ora C. At the end of this
time their voltage will have dropped
to about 0.9, but their useful hfe
is by no means ended. By placing
other cells in series as the voltage
falls, cells can' be worked until their-
E.M.F. has fallen to 0.5, and even
then they may be given a new
lease of life if holes are bored in
them and. they are placed in jars
filled with: sal- ammoniac .solution,

Both of the companies mentioned
make special -batteries for heating
dull-emitter filaments. . These are
of very large size and have a long
working life.  Particulars. of .some.
of them are shown in Table 3»

To know what these big batteries
can do it may be.said that the
Ever Ready D.S. 62 will give 500
burning hours with D.E.R. or
Ora C, and about 700 with either
L.F. Ora Bor A.R. D.E.

The Ever Ready batteries have
two terminals only. The Siemens.
types have -several. The first pair
give the voltages indicated in the
table, the third and fourth terminals
provide 1}-volt step-up, so that
additional voltage may be brought
in as the battery’s initial pressure
begins to fall off.

When purchasing dry cells it
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Battery.. Volts. Size. Weight. | Price.
Ever Ready W. 562 3 8} in. X 8%in.X8in. 34 lb. 40 /-
Ever Ready W. 615| 3 81in.X 4}in.X8in. 181b. | 20/-
Ever Ready W. 616 |" 4.5 | 12#in.X 4}in, X 8in. 261b. | 30/-
Siemens 853 3 131in. X 5} in. X 6% in. 261b. | 31/6
Siemens 908 3 13in.X3}tin. X 74 in. 221b. | 30/-
Siemens 9o7 3 13in.X 3} in. X 7% in. 221b. | 30/-

Table 3,

should be borne in mind that their
weight ‘gives a very fair guide to
their capacity. If, for example,
a 2 Ib. cell gives a certain number
of working hours, then one of 4 1b.

will give considerably more than,

double that number, and one of
1 1b. considerably less than half.
Used with care and discretion,

dry cells will work dull-emitter-

valves in the most satisfactory
way. The set should never be run
for very long periods, and the
filament current should be always
switched off when even a short
interval in a broadcasting pro-
gramme is announced. Cells should
be kept dry, but they should not

be in too warm a place, otherwise
the moisture that they contain
will evaporate gradually and render
them inactive.

The ordinary dry cell tends to
‘“go oft” in time if stored, even
though it is not in use, owing to the
evaporation of its moisture. There-
fore, if reserve cells are kept in
stock, as they should be in case
they are required to bring up
falling EM.F,, it is well to lay in,
not dry cells, but inert cells. The
latter are quite inactive until
water has been poured into them.
Until they are moistened they will
retain their qualities indefinitely
if properly stored.
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M. W.”
Set.

The Portable Dual

To the Editor of MODERN WIRELESS.

DEar Sir,—I thought you would
like to know that I have had very
satisfactory results with the port-
able 1-valve (dual) set described in
"No. 6 of your splendid journal.

As stated, the strength of the
signals is very surprising.

In place of the variometer I
have used a No. 75 Igranic coil
tuned by a .ooo5 condenser in
series and have succeeded in bring-
ing in all the broadcasting stations
(including Glasgow) with fair
strength on telephones.

Personally, and - from friends’
opiniions, I should think that the
above results are somewhat above
the ordinary.

Yours faithfully,
(Signed) J. A. OTTLEY:
S. Tottenkam, N. 15.

American Broadcasting on ‘M ,W,
All Concert '’ Set,

To the Editor of MODERN WIRELESS,

Sir,—May I congratulate you
on the design of the 1 R1 ‘' All
Concert ’ receiver given in this
month’s MoDERN WIRELESS. I
finished a set ¢cn Monday night,
and have been able to receive
Glasgow on an Amplion junior,
sufficiently loud to be comfortably
audible. To my surprise on
Friday between 3 and 3.30 a.m. I
picked up a concert; also a talk
to farmers and reference among
other things to dollars and cents,
and the United States. I missed
the name of 'the station.

The set has been made up
exactly as directed, except that I
used a telephone jack and have
not yet purchased a 1 F condenser.

Yours faithfully,
J. L. C. GrREGoORY.
Bush Hill Park,
Middlesex.
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More about the S.T. 100.
To the Editor of MODERN WIRELESS.

DeAR SIR,—Re the S.T. 100
circuits in MoDERN WIRELESS, I
have tried them all in turn, and
find the circuit No. 4, page 528
August issue, is the finest circuit
I have ever worked, both as a long-
distance receiver and as general
Broadecast recelver.

At first I could get nothing, but
found by experiment that I was
using the wrong value coils on the
second plate and as H.F. Choke
coil.

I use home-made basket coils
wound on ebonite discs and pins,
leaving disc in coil to make it a
strong, well-mounted unit, and it is
rather difficult to decide what
number of turns equal the given
Igranic coils in your book.

It may be of assistance to some
readers to know that using basket
coils and .0oo5 tuning condensers
in parallel, the number of turns of
28 enamelled wire on 1} in. formers
is i—

For A:T.r coil, 45 or 50 turns,
for B.B. Stations.

For 1st Plate coil, 66 turns.

For 2nd Plate coil, 70 turns.

H.F. Choke coil, 75 turns.

I also find a master filament
resistance is of great assistance if
placed in the positive filament
between accumulator and set.

Newcastle and Cardiff are re-
ceived with remarkable clearness
-and strength, and Birmingham
and London come next; Manchester
for some unknown reason is not so
good; but Newcastle comes in
quite equal to a g4-valve set -of
ordinary circuit design,

Thanking you for such a splendid
circuit, which I find very stable
and free from A.C. hum (6,000 V.,
mains are 20 yards from my aerial)
and 120V. A.C. lighting mains
run within a few feet of the set on
the wall).

I remain,
Yours faithfully,
W.H. M. GoobpwiN, S/S. R.E,

D.O.R.E., Bulford Camp,
Wilts.
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HE . crystal receiver which

is. to_ be described . in this

: article = possesses certain
features of interest which should
appeal to the. crystal enthusiast
who is tired- of the conventional
designs and- wants something novel
but yet efficient and easy to make,
This instrunient certainly fulfils
these requirements, its chief attrac-

tion being the type of variable

inductarce which it incorporates,
The coil is of a type rather resem-
bling the one used by Mr. Percy
W. Harris in the crystal
set which he described
in last month’s Junior
IWireless, which was
adapted from it in a
way which simplified
its~ construction. It
has not, I think, yet
been described in a
British publication, but
it is not new, consisting
as it does of a winding
put through the tubular
former instead of round
it,thus producing a ring-
shaped coil like the re-
sistance element of a
filament rheostat, which
has a contact-finger
running round its edge
to vary the number of
turns in circuit, again
exactly like a filament
resistance. Thedetailed
instructions which
follow will, I think,
enable a successful in-
strument of a similar
description to be made
without difficulty.

The Box

The small cabinet which I
used for the receiver shown in the
photographs is one of a standard
pattern supplied by Messrs. Scien-
tific Appliances, and was obtained
complete withanebonite panel at a
figure which made it scarcely
worth while to make it for myself.
Some constructors, however, appear
to take a pleasure in the wood-
work part of the making of a set,

‘of the

and for their benefit the dimensions
box are given in Fig. 3.

It may be made of any hard wood
of a thickness of jinch and a
varnish finish will improve its
appearance. ‘The only point in
its construction demanding some

care and accuracy is the fitting.

of the four square pieces in its
corners to support the ebonite
panel. These should be attached
with glue, and if their length is
limited to, say, two inches they
can be accurately adjusted to the

Fig: 1.—The complete veceiver occupies little space and is
tuned by turning the central knob.

correct height by placing the panel
in position and sliding them up and
down until the panel is supported
at each corner and is flush with the
edges of the box.

Drilling the Panel

The dimensions of the panel
and the positions of the holes
for the attachment of the parts
are given in Fig. 4. The thickness
of the ebonite should preferably
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A “RING-SLIDER” CRYSTAL SET B
u By G. P. KENDALL, B.Sc., Stag Editor. g
E Here is yet another design for a crystal receiver. .Reizdérs will be interested to compare E
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be quarter-inch, but since it is
small and has little weight to carry
three-sixteenths will suffice and
is cheaper. If the thinner grade
is used a little care is necessary in
drilling to avoid breakages and
the “ pilot hole ” method should
be adopted for safety’s sake.
(Put a small drill, such as a } inch
through first at each point and
follow it with one of the size re-
quired).

The Inductance

The coil consists of a
winding of No. 26
enamelled. wire, com-
pletely filling the former
with the exception of
a section about half an
inch wide. The former
upon which it is wound
is a ring cut from 33-
inch fibre tube having
a }-inch wall and 2
incheslong. The method
of winding will be quite
plain from an inspection
of the photograph of the
underside of the panel.
It was done in the case
of the receiver illus-
trated by fastening the
end of the wire through
two . holes in the former
in the usual way and
then winding by passing
the bobbin‘of wire re-
peatedly through the
fibre ring, placing the
turns neatly in position
as each was made.
This, obviously, is a
laborious . process, as I
realised before much of
the jobwasdone. A little more fore-
thought-and less impetuosity would
have shortened it very much by
the adoption of the simple ex-
pedient of a saw-cut through the
former to enable the turns to be
slipped into the ring without
passing the bobbin through it
The cut, of course, should be made
at the point.previously mentioned
which is not to be covered with
the winding,.
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Fig 3.—Dimensions of box.

When the winding is finished the
wire is to be rubbed bare with
sand-paper along
the edge of the coil
to provide a track
for the contactarm.

The method of a
attaching the coil
to the panel consists
of the use of two
small brackets at-
tached by screws
at opposite sides of
the ring: One of
the brackets is best
placedin the §-inch
section of the ring
which is not occu-
pied by winding,
while the other
should be screwed
to the fibre before
the windingis done,
so thatthe'wiremav
be carried round
and to some extent
over itsuppcr part,
thus preserving an
uabroken surface
of turns on the
apper edge of the
ring for the con-
tact arm to run
upen. Thiswill be

Fig. 4.—Drilling diag}'ar-rt.

found quite easy if the tumns are
bunched a little cn either side
of the bracket.

The brackets which I used are
made of ebonite for the reascn that
my scrap-box chanced to ccntain
two ready to hand, but failing such
a piece of good fortunc they
should be made from strip brass to
the dimensicns indicated in Fig. s.

The contact arm is a simple
arrangement consisting of a strip
of springy brass, copper or phos-
phor-bronze, § inch wide and 2
inches long, clamped between two
nuts upon a piece of 2 B.A. threaded
brass rod which passes up through

Fig. 2. —Showing the method of luning on a

the panst 2nd terminates in a knob.
The rod is supplied with a brass
bush to carry it through the panel,
and furnished with a spring-
washer kept under compression by
two nuts to ensure that the rod
shall revolve steadily. The tension
of the contact arm must be ad-
justed by screwing the two nuts
which hold it up or down the
spindle until it presses moderatcly
firmly upon the edge of the coil.
The assembly of these parts is
shown in Fig. 6.

Crystal Dectector.

The detector shown was assem-
bled from one of the cards of parts

which are now upon the market,
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Fig. 5.~Brackat for attaching
coil to parel.

and gives quite good results with
a gold cat-whisker and a piece of
Hertzite. A form of detector pass-
ing a screw motion for adjusting
the pressure of the contact upon
the crystal would be a considerable
1mprovement how-
ever, both in giving
ease of adjustment
and in increasing
the strength of
signals.

Telephone
Condenser,

The capacity of
the telephone
condenser should
be about 0.002 ,F,
and no doubt most
readers will prefer
to buy one ready
made, It can be
made, however, by
i1 assembling two sets
# of copper foil
¢ sheets, five foils in
each set, and each
sheet one inch
square, interleaved
with mica and
clamped agains‘the
underside of the
panel with a piece
ofebonite 7 § inches
square with screws
through itscorners.
If the purchased
varicty is used it need not be
fastened to the panmel, since if the

ring coil.

two wircs which connect it to
the telephone terminals are
rcasonably stiff (use No. 18 or

20 S.W.G.\) they will hold it in
place quite securely.

“SPRING WASHER

N

NUTS

CONTACT ARM

‘Fig. 6.—Assembly of contact arm,
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Wiring-Up

The wiring of the receiver is
shown clearly in Fig. 7, and is so
simple that no difficulty will be
experienced. As will be seen, my
set is wired with No. 18 ‘tinned
copper wire sleeved in
systoflex, but this was only done
to make the connections show in
the photograph, and bare wire will
serve just as well.

Results

The efficiency of the set appears
good, and compares favourably
with that of other receivers em-
ploying a tapped or otherwise
variable tuning coil wound with

white’

Fig. 7.—-Win.ng diagram.
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a similar gauge of wire. Upon an
indoor aerial at a distance of five
miles from 2LO it gives quite good"
signal strength, and should be
good up to about 20 miles with an
outdoor aerial of reasonable
efficiency.
A Hint.

A good idea which wona prize in
a wireless competition some while
ago in an American magazine was
tohaveseveral cat-whiskers bearing
on the same crystal, the various
cat-whiskers being taken tostnds of
a switch, so that by moving the
switch arm you could choose very
rap.dly one point or another
according to which was the best.
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0 A NOTE ON ANCHORING 0
a a
: MAST STAYS :
0 By R. W. HALLOWS, M.A. (Staff Editor). <
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HE security of theaerialmast, But not many of us are sufficiently four in ‘thickness. One sleeper

particularly if it be a high

one with long wires to sup-
port, depends to a very large
extent upon the quality of the
anchorages provided for its stays.
If these have no sound “ grip of
the ground ' they will very soon
work loose. The mast will then
begin to sway more and more, and
as the gales of winter wreak their
fury upon it, it may become so
tottery as to be a menace to the
lives and the property of the
neighbours. ’

The best of all anchorages are
made by sinking holes and filling
them with concrete after the iron
attachments for the mast stays
have been placed within them.

/

/ i,
!y /]
U 4

Fig. 8.—A useful ancnorage of great
strength. '

versed in the art of concrete mixing
to be able to undertake this job our-
selves, and if we call in the local
builder to help us, his bill is likely
to be heavier than we care about.

A very simple form of safe
anchorage is shown in Fig. 1.
Two 5-foot stakes are required,
pointed at their lower ends. In
one of them two notches are cut
at opposite sides. The second
has a single notch 1 foot 6 inches
from its top. Thestakesaredriven
nearly home with a maul—if this
is not available a heavy hammer
may be used provided that each
stake is bound with wire for a few
inches near its top, to prevent it
from splitting under the blows.

The mast stay is now fixed to
the lower notch of the first stake,
and a wire cable or a stout rope
is taken from the upper notch of
this stake to the single notch made
in the other. Both stakes are now
driven home.

This combination of a’ pair of
stakes is called a hold fast, and
provided that the line of pull is
almost at right angles to their slope
they will stand a terrific strain
before beginning to draw.

Another good anchorage is shown
in Fig. 2. -In this case pieces
of rajlway sleeper are used. The

sawn in halves will make two
anchorages. Old sleepers can be
purchased from the railway com-
panies, and as they are impreg-
nated with creosote they can be
relied upon to last for a long time,
even if buried in damp soil.

A hole 3 feet deep and 3 feet in
width is dug; the sleeper with the
end of the mast stay secured to it
is then placed in the hole and
covered with large stones and a
layer of earth. This is rammed
down hard, and the hole is filled in

A still moae secure job can
be made if the hole i$ made only
2 feet in width, a further foot being
undercut by means of a crowbar, so
that one end of the sleeper rests
under undisturbed soil. R.W.H.

ordinary sleeper is 6 féet in length Fig. 2. —This method will often help to

by about 1o inches in width and

30

make an even more secure anchorage.
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HAT will bz the role of wire-

\‘x less in the next war ? The

! war clouds in Greece and
the Balkans, which have happily
cleared away, remind us that
human nature has not ‘altered
sufficiently to warrant the hope
expressed a few years ago that there
would bz no more war, and it is
only to be expected that the minds
of many people have turned to the
thought of the ‘possible achieve-
ment of radio in any future
hostilities. .

The outbreak of the Great War in
1974 found wireless only moder-
ately useful, for since its inven_tion
there had not been any previous
large war to stimulate its develop-
ment aleng military lines. Of
course, on board ship it was of
immense use and with the aid of
codes a considerable degree of
secrecy was obtained ; but there
remained the risk that the code
might be stolen, intercepted or
translated. Further, as directional
wireless was in its infancy, the
necessity still held of broadcasting
a message in every direction if it
was to reach its desired goal. Even
now directicnal transmissicn from:
ships is in an early stage of develop-
ment, and althoughit is possible to
direct a bzam for many miles in one
directicn only, it cannot by any
means replace the present all-round
transmission when distance and
reliability are to be obtained.

Now, strictly directicnal trans-
missicns would be of immense use in
naval warfare, for not only should
we ensure a considerable degree of
secrecy, -but it would bs possible
to carry (n many simultaneous
transmissicns cn the same wave-
lengthindifferentdirectionswithout
mutual interference. The ether is
now so crowded and tuning needs
to be so very sharp to utilise the
narrow band of wave-lengths not
actually occupied at any moment
that we may bs sure that under
stimulus of further warfare direc-
tional transmiscsicin will be deve-
loped to a very high degree of per-
fecticn. Directicnal reception was

WIRELESS
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largely developad in the last war
with deadly efficacy in localisiny
enemy staticns,anl has ccntinually
improved since ‘the cessation of
hostilities. This, combined with
the directicnal transmission which
we have foreshadowed, should alter
very censiderably the aspect of
wireless in war.

In another directicn—that of the
eliminaticn of interfercnce—we may
also expect very great develop-
ments. Unintenticnal interference
itself is a very great worry in peace-
time, and when we have added to
this interference of a type set up
by an enemy with no other purpose
than to upset the opposing com-

. municaticns, we nzed the most in-
genious and elaborate method to
secure immunity. Natural inter-
fercnce from atmospheric disturb-
ances of whatever sortisthe greatest
bugbzar in practical radio at the
prescnt time, and the steps being
talken and the experiments being
made by numerous radio scientists
throughout the world will" also
serve to help in reducing the
delibzrate interference.

Long before the outbreak of the
197 4 war we had heard a great deal,
and read still more, about the won-
derful possibilities of wireless con-
trol. Thisaspectofradio hasalways

appealed very strongly to imagina-.

tive writers, and usually the smaller
the knowledge of radio cn. the part
of the writer, the greater his
predicticns of future possibilities.
Indeed, we used to hear that,
should there be a war, wireless con-
trolled aeroplanes and ships would
race about, darting into enemy
harbours, destroying ships, forts,
towns, and evcn whole armies. And
yet wireless ccatrol was hardly
used in the last war, and then only
in minor action,where indeed its use
was fraught with nearly as much
danger to the controllers as to the
pcssible victims:  So far, to the best
of our knowledge, it has bzen found
impcssible to - obtain the three
prime requisites of range, relia-
bility and immunity from inter-
ference by the enzmy in wireless
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IN THE NEXT WAR
Possible Lines of Development

Will ihe predictions of the novelists prove accuvate ?
The wriler of this note thinks otherwise.

] o o o

control of instruments of warfare,
By wireless control, of course, we
refer to the complete operation by
wireless, not to the transmission of
orders from one point to another
where by further human agency the
apparatus can be cperated.
Whatever n>w inventicns may
come along (and the men who is
clever enough to describz future
inventicns is usually sufficiently
clever to invent them for hi:nself),
the greatest use of radio in future
warfare will bz in the organisation
and elaboraticn of communications
everywhere. Secrecy and immunity
from disturbance will doubtless be
cbiained by strictly directicnal
transmissicns and recepticn, to-
gether with a possible use simul-
tansously of several wave-lzngths,
so that unless the receiver is tuned
to them all, nothing whatever will
bz received. The deciphering of
enemy messages will thus bz so
difficult a matter as to tax the in-
genuity of the greatest experts, for
the mathematical chances of an
investigator lighting wupon = the
correct comb'naticn, directicns and
other variable factors will bz ex-
ceedingly small, and bzfore the
chance of deciphering has arrived,
new changes can bz.introduced. At
present, whatever wave-length is
b.ing used, a search cn all waves is
a comparatively- simple matter,
while the use of multi:valve ampli-
fiars enables us even now- to listen.
to weak signals over incredible
distences. Finally, we are inclined
to think that the uses of wireless will
bz far less sensational and far more
practical than is usually predicted.
Such is geperally the case in warfare.

H. W, P.

A CORRECTION.

On page 581 of the September
issue of MopERN WIRELESS, Fig. 7
contains an error. The lead from
O.P. of the inter-valve transformer
should go, not to the telephones,
but to the bottom of condenser
C4. Tig. 8, the pictorial represen-
tation, was correct.
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THE PRINCIPLES OF THE RECEPTION AND
OF BROADCASTING

By E. REDPATH (Assistant Editor).

TRANSMISSION

0 o o

NTIL fairly recently, the writer was
frequently asked the question: “ Can
apparatus designed for the reception

A Simple Explanation of the Essentials of the New Art,

0000000 O000000000000000000000300000000000000000000000000000000000000

of wireless telegraphy be used for the reception

of wireless felephony ? "
question is, of course, in the affirmative, pro-
vided that the apparatus in questioniscapable
of adjustment to the wavelength employed
by the transmitting station.

In other words, if the receiving apparatus
can be tuned to resonance with the trans-
mitter, the same detecting devices which
enable Morse signals to be heard will similarly
-enable speech, music, etc., radiated from a
broadcasting or other radio-telephone trans-
mitting station, to be received.

The Transmitting Apparatus

The transmission of satisfactory. radio-
telephony was made possible by the de velop-
ment of continuous-wave transmitters, employ-
ing an arc or, more usually, three-electrode
valves,and capable of radiating electro-magnetic
waves of very high frequency and constant
strength or amplitude as long as the trans-
mitting key was depressed.

These waves, impinging upon a receiving
aerial tuned to have the same oscillation
frequency, set up oscillatory currents in it and

The answer to this:

its-associated circuits, but, on account of the -

high frequency of the currents and the entire
absence of any break or interruption at an
audible frequency, the telephones connected
to the receiving apparatus give no indication
of their presence.

If there were not a definite “ break,” but
merely a variation in strength or amplitude
of the incoming waves, occurring at a frequency
within the audible limits, then such variations
would produce corresponding sounds in the
telephone receivers as the diaphragms : were
attracted to the poles of the magnet with
greater or less force.
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The essentials, therefore, at a radio-
telephone transmitting station are, firstly, the
usual aerial system by means of which electro-
magnetic waves may be radiated ; secondly,
apparatus capable of impulsing the aerial with
sufficient rapidity to maintain the radiation
of continuous waves of constant amplitude;
and, thirdly, a means of varying (or modula-
ting, as it is termed) the amplitude of the
emitted waves by the action of, and in exact
accordance with, actual sounds (speech, music,
etc.) at the transmitting station.

Consider the action involved in the case of
ordinary line telephony. Here the essentials
are a piece of apparatus known as a micro-
phone, the electrical resistance of which is
varied by the impact of sound waves upon a
carbon diaphragm ; a battery ; the connecting
line-wires and a telephone receiver.

Upon a person speaking into the microphone,

_its electrical resistance is altered and more or

less current from the battery flows through
the circuit, which, in the simple arrangement
now used merely as an illustration, includes
the microphone. itself, the battery, the line-
wires and - the windings of the telephone
receiver. The 'fluctuating - current . through
the telephone windings alters the ‘“ pull ”’ of-
the permanent magnet and a shght movement
of the diaphragms results. A series of fluctu-
ations causes a series of "diaphragm move-
ments,and the sounds emitted by thetelephone
receiver correspond to the original sounds
addressed to the microphone.

Fig. 1 represents diagrammatically- a
complete radio-telephone transmitting station.
The aerial circuit comprises the aerial itself,
Z, the aerial tuning inductance ATI, the earth
or *‘ blocking ”’ condenser EC, hot-wire ammeter
HWA and the earth connection E.

The anode circuit includes the anode -of the
valve, a certain number of turns of the ATI
(common to both aerial and anode circuits),
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the reservoir condenser RC, across which is
connected the high-tension supply (I,000 to
2,000 volts) via the two iron-core choke coils
C, and C,, and the negative side of the valve
filament.

The grid circuit, which in an ordinary C.W.
transmitter would include the grid itself, grid
condenser and leak, GC and GL respectively
with a connection to the negative side of the
filament via the transmittirg key, now has
the key removed, and in its place there is the
secondary windirg T, of an iron-core trans-
- former, the primary T1 of which, in series with
a mlcrophone M, is connected acrcss the 6-volt
filament llghtlrg battery B

Fig. 1.—The circuil of a radio telephone transmitter,

"The Action of -the Transmitter

When the valve filament is glowirg, the high-
tension. supply connected ard all circuits
complete as shown in Fig. 1, continuous oscila-
tions will be set up in the aerial circuit A&,
ATI, EC, E; and continuous waves will be
radiated from the aerial, the wavelergth (and
frequency) being determined by the electrical
dimensions of the complete aerial circuit.

At a distant station, the aerial circuit of
which is in resonance with the transmittirg
aerial, continuous oscillations will be set up
in the aerial and associated circuits, but, as
already explained, there will be ro audible
indication of their presence.

If the microphone M is now spoken into, the
changing currents in the transformer primary
T, induce currents into the secondary T,, but
at considerably higher voltages owing to the
“step-up "’ ratio of the transfermer. These
comparatively high voltages are applied to the
grid of the valve, so varyirg its potential with
respect to that of the filament and, in accord-

-the microphone currents.

MODERN WIRELESS
ance with the well-known principle of the three-
electrode valve, varying the flow. of electrons
to the anode, or, in other words, the anode
current.

As the amplitude of the radiated waves
depends upon the strength of the anode-current
impulses given to the ATI, the ‘ voice varia-
tions ”’ due to the microphone are accurately
reflected by the variations in amplitude of the
emitted waves.

By this means, the steady wave-stream from
the transmitting aerial, known as the *‘ carrier-
wave,” and which may be considered as taking
the place of the connecting wires of the ordinary
line telephone, has super imposed upon it, as it
were, the varying ‘‘ripple” of the audio-
frequency speech variations.

There are several methods by means of
which the carrier-wave may be modulated by
That illustrated in
Fig. 1 is known as ** grid modulation.” Other
methods were described in the article, entitled
‘“ Methods of Telephony Control,” by Mr.

‘Eckersley, which appeared in Wireless Weekly,

Vol. 2, No. 4. It remains to consider how the
receiving apparatus deals with the incoming
carrier-wave with its super imposed audio-
frequency variations,

‘The Receiving Apparatus

As mentionied in the opening paragraph of
this article, any form of receiving apparatus
which can receive and detect Morse signals and
which can be tuned to the wavelength employed
by a radio-telephone station can be successfully
used for reception from that station.

A question will here arise in the minds of
many readers as to why it is that, although
quite good ““ spark "’ signals are receivable over

‘a few hundred miles upon a crystal receiver,

and trans-Atlantic C.W. signals upon a single-

valve set, fairly elaborate apparatus is required

for the reception of broadcast transmissions

if the distance to be covered exceeds (say) one -
hundred miles.

There are two main reasons for this. Firstly,
the power employed by some of the high-power
stations is of the order of 8o kilowatts, whilst
that of the British Broadcasting Stations is
merely 1} kllowatts, and, secondly, the

modulatlon of the carrier-wave is rarely
complete ; that is to say, the voice variation
represents only a portion, and sometimes a
comparatively small portion, of the total:
power radiated.
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Fig. 2.—A simple form of crystal delector.

Certain sounds, or portions of sounds, may
cause only slight variations of the strength .of
the carrier-wave..

A Crystal Receiver

Fig. 2 represents the simplest form of
crystal receiving set. A set of this type will
usually give good results when used in con-
junction with a good aerial up to a distance
of about 15 to 20 miles from a broadcasting
station.

The great disadvantage of this type of set is
that owing to the damping effect produced by
connecting the detector and telephones directly
across the ATI, the efficiency is lowered and
the tuning is not at all selective.

The action of a receiving set, as illustrated in
Fig. 2, is as follows : )

The aerial circuit being tuned to resonance
with the incoming waves, oscillatory currents
are set up in it and the differences in potential
caused between opposite ends of the ATI are
applied to the crystal detector and telephones.
Obviously any currents which flow through
the telephone windings have to pass across the
contact of the detector and, owing to the
special properties of the latter, pulses in one
direction are permitted to pass, whilst those in
the opposite direction are stopped.

The carrier-wave, therefore, sets up oscillatory
currents in the ATI, and rectified pulses of
current flow through the telephone windings.
Owing to the high frequency of the oscillatory
currents (and, of course, the rectified pulses,
for the operation of rectification alone does not
alter the frequency in any way), no sounds are
produced in the telephones.

When the microphone at' the transmittirg.
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station is spoken into, however, the amplitude
of the carrier-wave, also of the oscillatory
currents and rectified pulses in the receiver,
are varied at audsble frequency and the tele-
phone diaphragms respond, reproducing the
actual words spoken at the distant
station. o

Fig. 3 shows an arrangement which is a
considerable improvement upon that of Fig. 2,
It will be seen that the aerial circuit is now
distinct and separate and that the crystal
detector D and telephones T are connected
across the variable condenser C in the closed
oscillatory circuit LC. Thus the aerial circuit
does not part with its energy direct to the
detector and telephones, but is inductively
coupled to the coil L, and, as the circuit 1.C
may be loosely coupled to the ATI and, more-
over, has to be tuned to the same frequency,
the tuning of the set as a whole is much more
selective and the damping of the aerial circuit
is considerably reduced. As the coil L may
have a greater number of active turns than
the ATI, the further advantage is obtained of
a ‘“step-up” effect in the oscillation trans-
former ATI—L, which means that higher
potentials will be available to operate the
detector D.

The action.of this modified set is essentially
the same as that of the set represented in Fig. 2,
but on account of the advantages mentioned,
the inductively-coupled receiver is greatly to be
preferred for the reception of radio-telephony
and, if carefully used in conjunction with an
efficient aerial, should give quite good results at
distances up to about 20 to 25 miles from a
broadcasting station.

5

Fig. 3.—An improvement upon the circuit of
Fig. 2.
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A Single Valve Receiver

Either of the arrangements illustrated in
Figs. 2 and 3 may readily be used with a three-
electrode valve replacing the crystal detector,
as shown in Fig. 4, which represents an induc-
tively-coupled tuner with a valve as rectifier.

The aerial circuit comprises the aerial itself,
Z, the aerial tuning inductance ATI with
separate primary coupling coil P and the earth
connection E. The closed oscillatory circuit
comprises the inductance coil L and the vari-
able condenser C, opposite sides of the latter
being connected to the grid (via the con-
denser and leak) and positive side of the fila-
ment of the valve.  The anode circuit includes
the anode itself, the high-tension battery B,,
45 to 100 volts, the telephone receivers T
(shunted by the usual small fixed condenser)
and the valve filament.

ATl

==&

Fig. 4.—An inductively-coupled receiver using a valve as
detector.

Although this arrangement gives quite satis-
factory results and is very reliable in operation,
it is not very much better than a good
inductively-coupled crystal set, as far as receiv-
ingrange andstrengtb of signals are concerned,
unless the principle of reaction is employed by
the introduction (in the anode circuit) .of the
additional ‘“reaction’’ coil R. This coil, which
is to be variably coupled to the closed circuit
inductance L, is shown dotted in Fig. 4.

Unfortunately (or perhaps fortunately for
those who are closely adjacent- to receiving
stations where the principle might be used
carelessly or recklessly), this method of employ-
ing reaction is contrary to the regulations, and
may on no account be used on the broadcasting
wavelengths during broadcasting hours.

It may be tried, however, on the longer-wave
telephony, such as that of The Hague, Radiola,
Eiffel Tower, etc., but should always be.used
with care and with a loose coupling between the
aerial and closed oscillatory circuits.

In this

35

MODERN WIRELESS

connection it will be found that, as the coup-
ling is loosened, the tendency of the set to

.generate oscillations is increased, and to prevent

this occurring the coupling between the re-
action coil R and the inductance L should also
be weakened.

The action of the set, as illustrated in Fig. 4,
is as follows: The oscillatory currents set .up
in the aerial circuit when in tune with the
distant station are induced into the closed
circuit LC and applied to the grid and filament
of the valve. Except for the high-resistance
leak (probable value about 2 megohms), the
grid is insulated as far as diérect current flow is
concerned by the condenser GC, although the
condenser affords a ready passage to the
oscillatory currents from the variable condenser
¢.

To commence, there will be a small but
appreciable steady current from the H.T.
battery flowing through the telephone wind-
ings. Upon the arrival of the carrier-wave, the
secondary oscillations applied to the grid of the
valve cause a sudden change in its potential,
and consequently a change in anode-telephone
current. Once this change has occurred,
however, and a new steady current value is
arrived at, no further sound is emitted by the
telephone diaphragms, beyond possibly a
slight “ breathing > sound due to slight and
unavoidable irregularities in the carrier-
wave.

When the carrier-wave is modulated, how-
ever, by the action of a voice upon the trans-
mitting microphone, the audio-frequency vari-
ations in amplitude of the oscillations in the
receiving set, rectified at the grid due to the
action of the grid condenser and grid leak,
give rise to audio-frequency changes of
anode-telephone current, and the telephone
diaphragms vibrate in sympathy, giving forth
a reproduction of the original speech.

Where reaction is employed, some of the
energy in the anode circuit is “ fed back” into
the grid circuit, where, provided that the
direction of winding of the reaction coil and the
secondary coil are in the correct sense, it
strengthens the original oscillations and so
increases the variations of grid potential.

If the reaction coupling is excessive, self-
oscillation will occur ; the carrier-wave will be
“heterodyned ” and will be heard as a per-
sistent note, the pitch of which will vary as the
tuning of the aerial or closed circuits is altered,
and even though the pitch of the note is
lowered until the ‘‘silent point”’ is reached
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(¢.e., until transmitter and receiver are exactly
in resonance), the received telephony will prob-

ably be greatly distorted.

The foregoing principles apply whatever
combination or arrangement of apparatus is
employed. A valve or valves may be employed
as high-frequency or low-frequency amplifiers,
in conjunction with either a crystal or valve
detector, whilst the methods of coupling the
various valves may vary considerably.

The. only additional principles which the
reader.is advised to keep in mind are as follows :

(1) A valve may readily be used in con-
junction with a crystal, either for high-
(where an in-

frequency = amplification
creased range is desired)
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frequency amplification (where consider-
able amplification of already audible

signals is aimed at).

or for low-

(2) The smallest number of valves to
form a set in which reaction may be em-
ployed in accordance with the P.M.G.’s
regulations is two. 1
the anode circuit of the second valve) may
be coupled to the tuned transformer
secondary (in the grid circuit of the same
valve) or to the anode tuning coil of the
first valve.

(3) Excessive ‘““ reaction,” whether cap-
able of causing interference or not, is
certain to cause distortion of the received
telephony.

The reaction coil (in

N efficient potentiometer may

" easily be constructed from

an old wire bebbin about

3 . lecng and a-few odd acces-
sories., A useful addition to the
usual type of potentiometer - is
involved in this design, namely, a
pointer and scale for the purpose
of reading the voltage. In Fig. 1
the general arrangement is shown.
The bobbin is first wound with

some No. 40 S.S.C. wire along -

its entire length, leaving about
} in. each end clear of the flange.
The ends are passed through a
small lole drilled through each
flange respectively. The wire is
then varnished. A slot is cut in
the top and bottom flange, as
shown on the 1ight of the figure,

‘as shown in the illustration.

to receive the spindle of the
rotating contact blade. The
bobbin is now fixed by means of
two, screws passing through the
top flange to the underside of the
panel, and a hole is drilled in the
panel to correspond in position
with “the inside extremity of the
slot in the flange. The end of the

" wire, at the top of the reel, must
“be pulled clear before fixing. The

rotating contact blade is next made
The
length of the blade itself is slightly
less than the distance between the

internaledgesof the two flanges. To-

each end of the blade is soldered a
short spindle of a diameter to suit the
slot. The top spindle passes through
the hole in the panel and rests in

WIRE REEL

s, BLADE SPINDLE
P —— o HEE

S

TOP_OF PANEL

=%

conrach
BLADE

(27

BAYTERY
SWITCH

BLADE s

 SAINOL :\ﬂ

roP or
REEL

Fig. 1.—Details of construciion.
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the slot, a washer being placed
between the underside of the
flange and the blade. The bottom

spindle rests in its corresponding
slot, a washer also being placed
between the blade and the top side

‘/HD7Z7V770ﬁ%£7ER

T SN

INTACT ARM

Fig, 2.—Connections.
of the bottom flange. A spruig

'is attached to the bottom spindle

and passed over to a small screw

fixed_in an. opposite position on

the underside. The top spindle
is treated. m a similar manner,
the spring passing from the spindle
on the upper side of the panel to
a screw in a corresponding position.
The end- of the top spindle is
threaded to receive a pointer and
knob, and a scale divided into
4, 8or 12 equal parts is fixed to
the panel.  The rotating contact
blade itself must be twisted to one
half of a pitch along its entire
length, and the scale is accordingly
semi-circular, The edges of the
blade must be quite smooth, and
the wire winding should be bared
aleng the line of contact. The
springs at each end of the blade
give the correct tension on the wire.
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American Broadcast Reception -

OW that lengthening evenings
and days that grow rapidly
shorter show that the

autumn is upon us, a great number
of wireless men will be taking again
to the fascinating, if at times
exasperating, pastime of listening
for broadcast transmissions from -
the United States of America.
During the summer months the
results obtained are usually'so poor
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come in, but not even the most
careful adjustment of controls
availed to' capture it for more
than a few fleeting seconds,

Summertime Results

It would be interesting to hear
something of the experiences of
others and to see whether they
confirm the rather curious con-
clusion to which the writer has
come, which is that stormy, that

that it is not
worth while to
make the at-

tempt. The writer
did so on three or-
four occasions
between the be-
ginning of May
and the end of
August, using
each time a set
which had con-
sistently brought
in these trans-

missions  when-
ever conditions
were favourable

during the winter

Dove & bolow tho -
deas f%Ve]engﬂs
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The
station then heard was W.].Z., and
two items, a song and an orchestral

broadcasting was obtained.

piece, came in quite distinctly,
though very faintly.
The aerial used is not at all a

-good one, for owing to the slope

of the ground upon which the house
stands, and to telephone wires
crossing at right angles, it is im-
possible toobtain an effective height
of more than about 25, feet. The
aerialis also badly
screened at both
ends ; at the one
by the house
itself, ~for the
chimneys are too
ancient to be used
to support poles,
and the wiremust
necessarily be
below the level
of the roof top;
at the other by a
belt of high trees,
which make their
presence felt far
more in summer,
when they are

months, Very covered with
little was dense foliage,
-achieved. At than in winter,
every  attempt- when they " are,
something  was of course, quite
heard, but it was bare. )

never possible to : :

hear a whole Lady operators in an American Broadcasting Station. Rl Dthers® Bix
programme, Or periences Tally?
even to listen, It is possible,

save -on one occasion, to a single
item in its entirety.

As a rule one sat tuning delicately
for a_long time before anything at
all was picked up; then one would
get into touch with a carrier wave,
which was lost entirely as soon as
endeavours were made to tune in
the transmission belonging to it,
Sometimes a brief snatch of barely
audible speech or music would

is to say, windy and rainy weather,
without thunder, is the most
favourable for transatlantic recep-
tion. It may be that it is a mere
coincidence that the log should
show that the best results occurred
during the winter or rather wild
nights, and that similar weather
prevailed on the Jume night, or
rather early morning, when the only
respectable reception of American
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theiefore, that in these special
circumstances climatic conditions
exercise a greater influence
upon reception than they would
if the aerial were of better
quality electrically. Perhaps some
of those readers 0f MODERN WIRE-
LESs who rejoice in the possession
of lofty unscreened wires will
place their experiences of summer
reception of U.S.A. broadcasts on
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record. They would certainly
make interesting reading, and a
comparison of the results obtained
might enable: some reliable con-
clusions to be drawn as to the
weather and other conditions that
are most favourable.

Winter Reception

Autumn . and winter reception
is an altogether different matter.
Here the transmissions are travelling
from one country over which
darkness already broods eastwards
to another which they reach from
eight to:twelve hours. after the
sun has set. Darkness, as.is well-
known, is particularly favourable
to wireless, possibly because the
ether is less disturbed by light and
heat oscillations, and in the darker
months one can make fairly certain
of hearing American stations with
dny reasonably good set.

Comparatively few people realise
thatitis by no means a superhuman
feat to pick up transatlantic broad-
casting in this country. It has
been accomplished in several in-
stances on one-valve, and there is
no reason why anyone with a set
consisting ' of one stage of high
frequency amplification, a rectifier
and a notc magnifier should not
accomplish it #f, and it is a big
*“ if,”” he has the necessary pat.ence.

Some Regquisites

He must also be gifted with
the power of keeping awake until
the small hours, at any rate, if he
lives anywhere within . ‘‘ mush”
radius of Leafield and Northolt.
These huge arc stations—one hears
they are shortly to be converted to
valve transmission—produce such
powerful harmonics upon wave-
lengths “in the neighbourhood of
360 metres when they are working
that-it is "almost a hopeless.task
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Fig. 1.—4 circuit for transatlantic reception.

to use the set until they have
closed down, as they usually do
towards half-past-two in  the
niorning.

After that hour one can usually
count on a period of peace, during
which attempts may be made with
a reasonable hope of success. If
the set has been timed earlier in

‘the evening to the wavelength of

either 2 L.O. or 5 W.A,, it will be
very nearly in correct adjustment.
So nearly, in fact, that much
searching can be done merely
with the condensers of the secondary
circuit and of the tuned H.F.
transformer or tuned anode. It
will often be found that if other
circuits are left untouched, U.S.A.
transmissions can be brought in
by careful manipulation of the
coupling between the reaction coil
and the inductance—secondary,
H.P. transformer or anode coil—
with which it is allied.

Couplings and the Reaction Coil.

As the Postmaster-General’s
regulations governing reaction do

not apply after the close of British
broadcasting hours, it is recom-
mended that with the three-valve
set (H.F.—R.—L.F) the reaction
coil should be coupled directly to
the closed circuit inductance as
shown in Fig. 1. In this case a
three-coil stand should be used for
the coils of Lx, L2, and L3. If
the closed circuit is eliminated and
the reaction coil coupled to Li,
there is a slight gamn in signal
strength, but the loss in selectivity

"is so great that the advantage in

one direction is more than dis-
counted by the set-back in tke other.
. It will be found that when
fine tuning upon these weak signals
is being done, it is most important
that one should be able to make
tiny variations in the coupling
between primary and secondary and
between secondary and reaction
inductances. For this reason the
ordinary type of three-coil stand,
which permits only of an increase
or decrease of the angle between
the coils, is hardly delicate enough:
The stand in which. the: coils pass:
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Fig. 2.—Circuit- wsing . three. sstages of - H.Fo-amplificalion.



-

V3 are H.F.

Oclober, 1923

from side to side over one another
is better, but the most satisfactory
of all is a stand which shows two
motions to take place.

The Igranic stand for gimbal-
mounted De Forest coils is very
good indeed, and a simple stand
that can be made in any amateur’s
workshop was described in the
August issue of MODERN WIRELESS.
This latter allows the coils to be
moved directly towards or away
from one another and also provides
for a tuning movement.

A Short Wave Lay-Out

Though it is possible to obtain
results under favourable conditions
with a three-valve set, such as that
to which reference has been made
already, it is better in every way
to make use of two or three stages
of high frequency amplification.
And here we come to a rather
difficult problem, for multiple H.F.
amplification is very difficult to
handle owing to its inherent ten-
dency to fall into self-oscillation.
Fine tuning is essential, but if
we tune plate and grid circuits to
precisely the same frequency with

‘either tuned transformer or tuned

anode, oscillation will occur owing
to: the coupling provided by the
filament-plate capacity existing
within the valve itselt. Even if we
make use of anti-capacity valves
of the V.24 type two tuned trans-
formers or tuned plates will cause
a heap of trouble.

The Circuit

The circuit which the writer has
found most satisfactory for all
short~wave work on weak signals
is shown in Fig. 2. Vi, V2 and
amplifiers. The
couplings between VI and V2 and
between V2 and V3 consist of
transformers (Tx, T2) of the semi-
aperiodic type. Those actually
used are of the Sullivan pattern
with four tappings (200-400, 400-
1,000, 1,000-3,000 and over 3,000
metres). The grid potentials of
Vi and V2 are controlled by the
potentiometer Pr. A second
potentiometer, P2, is responsible
for the grid circuit of V3.

Between V3 and the rectifier,
V4 tuned anode coupling is used,
the reaction coil being coupled with
the anode inductance. V5 is a
note-magnifier, and a second valve
performing this duty may be added
if required. It will be noticed that

the L.T. negative busbar is con-
nected to earth. This is found to
assist tuning and to improve the
stability of the set.

Though it cannot be claimed that
the set is absolutely stable when
fine tuning on short waves is being
done, yet it works extremely well,
and it enables three stages of high
frequency amplification to be
handled without any greatdifficulty.
The potentiometers provide a ready
means of controlling the H.F. valves.

Coil Stands

For a set of this type a pair of
two-coil stands.is necessary, and
both should be of the double
movement type described. When
so arranged the set is very selective
indeed owing to the extreme
variability between both sets of
couplings. Both reaction and tuned
anode condensers should be of
such maximum capacity in order
that very small variations may be
made by any movement of their
knobs. For the former 0.0003 pF.
is a suitable size; for the latter,
0.0002 uF,

Short Wave Tests from Home
Stations

Short-wave enthusiasts have now
a splendid means of testing the
sensitiveness of their sets in the
low powered relaying stations of
the B.B.C. One of these is already
working at Sheffield and others are
to be in operation before very long.
The set that will pick up these
transmissions regularly at ranges of
150 miles or so can be labelled first-
class without any hesitation. In
addition to the relay stations, tests
may be made at almost any time
of the day upon aeroplanes. If
one tunes in Croydon, Manchester
or Lympane, the operators may be
heard at frequent intervals asking
pilots to give their position. As
the pilot’s reply is always confirmed
by the operator (‘ Hullo Handley-
Page Beer India, I understand you
are now passing over Amiens ')
one can tell at once whether he
is out of range or not. If he is
within 75 miles or a little more of
your station, you should be able
to pick up the pilot’s replies. It
is not as a rule necessary to alter
the condenser adjustment from the
position which brings in the
aerodrome. If the loosest possible
coupling is used when the first
tuning is done, a tightening up of
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the inductance will usually suffice
to bring in the ’plane if it is within
range of the set.

Obtaining Selectivity

The advantagés of using a loose
coupling are not appreciated as
they should be. One frequently finds
a misguided enthusiast working
with A.T.I. and C.C.I. jammed
tightly together and complaining
that his setis not nearly so selective
as he would like it to be! ‘An
interesting experiment can be made
upon such crowded wave bands as
those in the neighbourhood of
600 and 12,000 metres. Tune in
a strong signal with the coupling
tight. Do what you will, there
will still be an under-current of
weak signals that are distinctly
audible. Now move the coils apart.
The loud signal loses, strength ;
the weak ones vanish. Continue to
separate the coils until the
previously strong signal is quite
weak ; then readjust A.T.C. and
C.C.C. Its loudness returns and
it can be tuned in quite by itself
at good readable strength. Two
signals of equal strength can often
be separated in the same way, and
it is frequently possible to bring
up a weak signal whilst tuning down
almost into silence others of greater
original loudness.

‘Wave Metres and Calibration

One of the difficulties that one
has on the long waves is that no
ordinary wave-meter of either
buzzer or heterodyne type has a
range large enough to cover them.
Most of the metres available at
prices that bring them within the
average man’s reach do not go
beyond 3,500 or 4,000 metres.
If De Forest or other approximated
calibrated coils are wused, one
knows to some extent where one
is when tuning. The set can be
made to serve as a wave-meter in
a rough and ready way if the
position of the condenser pointers
is noted down in the log whenever
a long wave transmission’s call
fetters are picked up, the wave
length being obtained from the
table of regular transmissions.
When a fair number of these have
been logged, a graph can be drawn
on squared paper which will give
the approximate wavelength fo:
any setting of the condenser with a
particular coil. LaMBDA.
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HE broadcast receiver de-

scribed on p. 43I of the

July issue, employed, as may

be recalled, a single-valve and

crystal reflex circuit of the general

type from which S.T.100 evolved,

and it has been remarked that it is

quite a simple matter to convert it

into that well-known two-valve
circuit.

Such a conversion would seem
desirable when the set is regarded
as a fixed broadcast receiver in
which a certain amount of compact-
ness can be sacrificed, since it
enables one to operate a loud-
speaker with good volume and a
minimum of distortion. Provided
that the conversionis done by means
of components added externally,
the disconnection of a few wires
will always restore the receiver
to its original portable form when
it is desired to carry it about.

Furthermore, since the set does
not contain reaction it makes a

= : —[,- . 8 -

best method ‘of conversion, and in
the course of these trials certain
rather peculiar phepomena were
observed, some account of which
may prove of interest: it will
certainly show that he who experi-
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transformer to the telephone ter-
minals of the set, and placing the
loud-speaker between H.T. positive
and the plate of the second valve;
The resulting circuit is shown in
Fig. 1, from which it will be seen

L5

S

Fig. 2.—A condenser in parallel with the Ioudlspeake-r.niajl-lie necessary with this
arrangement, as shown in Fig. 3.

E

.
i1
o

r:*'”,'*"

Fig. 1.—Oue wmethod of conve:sion.

very stable and easily handled
$.T.100 which can berecommended
to even the beginner. A certain
~degree of sensitiveness is lost, of
course, but it remains a highly
effective circuit.

Some experiments were carried
out with a view to determining the

ments with reflex circuits must be
prepared for surprises, not neces-
sarily gratifying ones.

The first attempt at conversion
consisted in simply adding a stage
of L.F. amplification in a perfectly
straightforward manner, connecting
the primary of a second intervalve
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that it onlydiffers from S.T.100 in
that no stabilising leak is provided
across grid and filament of thz first
valve and a condenser C, is con-
nected across the primary of the
first LF. transformer T,T,, and
another, €; across that of the
second transformer, T,T,.

The l:ak may be omitted in the
case of this receiver with reasonable
safety, sinc€é no reaction is in-
tentionally introduced in the H.F.
circuits, and the arrangement of-
the parts in the box is such as to
reduce troubles in the L.F. circuits.
The two by-pass condensers C, and
C, would be fatal to a true S.T.100
“circuit and were merely left in place
‘because - they happened to be
soldered in circuit inside the box
and it was desired to ascertain
whether they would interfere with
the operation of this particular
receiver.

It was found that when a
telephone ttansformer and low-
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res’stance loud-speaker were used,
not the slightest trouble from
howling or d'stortion resulted, and
signals came in with" tremendous
volume. g

A high-resistance loud-speaker
was then substituted, with the result

that an over-powering howl was.
generated, through which thesignals

‘came .in a very d.storted form.
This seemed rather puzzling, but
was put down to _the fact that the
H.R. loud-speaker had a lower
impedance than the primary of the
telephone transformer. n hopes
of confirming th's siurmise the
transformer was put-back in serics
with the H R. loud-speaker, where-
upon ain even more appalling howl
was heard. Such disappo:ntments
are always liable to occur when
one goes a-reflexing.

Various leaks and condensers
were tried in all sorts of positions,
but without avail, and it was
found that so long as the H.R.
loud-speaker remained in circuit
between the plate of the second
valve and H.T. positive the only
way to stop the howl was to cut
the condenser C; out of circuit.
This can be done quite easily by
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Fig. 3.—Showing the conrecions of the various paris to the terminals
on the receiver.

taking out the little brass screws
which fasten the tags to the
condenser,- which can then be

removed without any un-soldering.

An alternative method ~which
enables the receiver to be used
without any alteration consists in
placing the loud-speaker between
H.T. negative and the filament of
the second valve, shunting it with
a condenser of .oo5 pF, as illus-
trated in Fig. 3. This, of course,
necessitates the use of a separate
accumulator B; for the filament
of the. second valve.

_This arrangement is perfectly
stable and gives remarkably good
signals. Its actual connections are
given in Fig. 3, which shows the
terminals on the broadcast set and
their respective leads to batteries,
etc. Further stabilising precautions
which might prove desirable in
some cases are the provision of the
usual 100,000 ohm leak across the
terminals B and C (Fig. 3, p. 432)
and the connection of the earth
lead to the negative of the L.T.
battery instead of to' the earth
terminal on the panel.
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The_composite S.T. 100
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receiver in wuse.
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Notz that only the first. valve of the. power amplificr is emp.’oyeti.
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N radio experimental- work
I thé problem often ‘arises of
the determination of the

approximate value of very high:

resistances, such as grid-leaks, anode
1esistances for resistance-capacity
coupling, stabilising resistances in
dual circuits, and insulation resis=
tances in general. In a testing
laboratory equipped with the
necessary apparatus this is an easy
matter ; but the apparatus required
is of an expensive and delicate
character, and generally beyond
the resources of the amateur experi-
menter. In particular, the * Meg-
ger "'—am instrument specially de-
signed for measuring high insula-
tion resistances of the order of
several megohms—is a very expen-
sive and somewhat complex instru-
ment, consisting generally of a hand-
driven, constant-voltage dynamo

giving a high voltage, and a sensi-

tive galvanometer calibrated so as
to read resistances directly. Thisis
connected in series with the dynamo
and the terminals to which the un-
known resistance is joined. Since
the voltage supplied is constant,
the current in this circuit will
depend practically entirely on the
value of the (high) unknown resis-
tance, and therefore the deflection
of the galvanometer will depend on
the latter : hence the possib lity of
having a scale reading d.rectly in
megohms.

However, ‘'in the Neon lamp. we

have 'a means of detecting and
measuring readily these very high
resistances with the  simplest
apparatus and with an accuracy
sufficient for all ordinary purposes.
The cost of the lamp (which can be
procured from advertisers in this

journal) is no more than that of an_

ordinary electric lamp ; in addition
are needed only a standard two-
megohm grid-leak for comparison,
a large fixed condenser with good
.nsulation (the Mansbr:dge = type

THE RAPID MEASUREMENT OF HIGH
RESISTANCES WITH THE NEON LAMP

By A. D. COWPER, M.Sc., Staff Editor.

Ezxpcrimenters have been anxiously waiting for an explanation of some easy means
of measuring the value of grid leaks and other high resistances.
Cowper describes for the first time an extremeely simple and inexpensive method which
can be applied al once by any readers.
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is very suitable), and a source of
high-tension up to, say, 200 volts—
readily made up by adding a few
flash-lamp batteries to the ordinary
H.T. battery.

Several articles and accounts
have appeared recently relating to
the Neon lamp and its uses as an
oscillator in conjunction with
magnetic relays for special pur-
poses combined with valve - cir-
cuits, ,etc.; and the lamps are
becoming fairly familiar thiough
their use in advertising devices. It
will be recalled that the lamp is
similar in superficial appearance to
‘an ordinary metal-filament electric

200-250 ¥,
\}
R —————
- Neorr
Lamp
The first method described in the
article.

lamp.
bayonet-fitting "lampholder; but
in place of the usual filament it has
‘merely two electrodes, one often a
spiral of wire and the other a plate.
The bulb contains Neon gas at a
low pressure. .A discharge takes
place directly through the gas,
when about 160 volts is applied
across the terminals, and a soft
glow of small illuminating power
is obtained. The current con-
sumption is very small (of the order
of 10 milliamperes only). If a
large resistance be placed in ser.es
with the lamp, it still lights up,
but the glow is much moie feeble,
and is frequently. localised.on one
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It fits into an ordinary.

In this article Mr.

5

part only of the electrodes, flicker
ing about in an extremely unstable.
manner with shght changes in the
current.” In the commercial lamp
a fairly high resistance is per-
manently connected in series with
the lamp, to steady it and limit the
current. This is wound on a tiny
fibre former and mounted in the
base of the lamp.

A peculiar property of the lamp,
and one on which its use both as a
means of measuring resistance and
as an oscillator proper depends, is
that, once started, the glow-dis-
charge continues when the P.D,

-across the ‘lamp is lowered con-

siderably below the value necessary
to start it. This overlap is usually
about 20 volts, but depends on the
condition of the lamp, particularly
on the temperature.

For the purposes of resistance
measurements there are suggested
here two methods, the first be.ng a
direct, rapid and approximate
method giving only comparative
results, and applicable over a fairly
limited range; the second, by an
adaptation of the Neon oscillator,
makes possible quite accurate com-
parison of high resistances, and, if
desired, the calculation of their
absolute value, provided the
capacity of a .certain large fixed-
condenser be known.

For the first method, only the
Neon lamp, a high-tension supply
of 200 volts or so, and a standard
high resistance are required. The
writer uses for routine tests a lamp

supplied by the-Economic Electr.c

Company, in an ordinary lamp-
holder with porcelain insulation,
about 240 volts H.T. made up of
the cheap flash-lamp batteries sold
by the dozen by many dealers,
and a calibrated two-megohm grid-
leak kindly provided of this
standard value by Messrs. The
Dubilier Condenser Company. The
series resistance can be left in the
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lamp, and protects the H.T. hattery
from too ‘heavy discharge. Com-
mercial firms who take a pride in
their products have been using this
simple qualitative test for some
time for insulation tests, looking
for short-circuits, etc.; but by
refining the methods of observa-
tion- and adopting a comparative
method of judging values it can be
made roughly quantitative. For’
this purpose, the lamp is-placed in
a box open only in front, and the
observations are made in a darkened
room, The lamp is connected
simply in series with the H.T., and
a -pair of “ electrodes’—stout
wires: with bare ends and well-
insulated handles. The latter are
easily improvised by wrapping a
few turns of stout insulated wire
round small pieces of ebonite or:
sealing-wax. A small'sheet of good.
ebonite on which to place the
objects under test is an advantage.:
The resistance under test is ccn-
nected in the circuit by means of
these-electrodes, and the degree of
glow of the lamp observed and
compared with the glow when the
standard high resistance alone is in
circuit. If the disparity is wide, a.
series of approximate secondary.
standards can be readily made, of:
the ordinaty graphite line, or Indian
ink- on paper. variety, -by direct
comparison with the' standard
2-megohm : then by putting these
in series or in parallel, and noticing
the intensity and character of the
glow, the value of the unknown
can be quite closely matched, and
hence its- value determined with
grea.ter accuracy than would appear.
on casual perusal of this account.
By adjusting the H.T. to a favour-
able value the unstable flickering
stage is obtained, when quite small
changes in a series resistance effect
large changes in the appearance of:
the discharge when observed under
these conditions. A reliable vari-
able grid-leak facilitates compari-
son greatly, of course—though the
method has a way of showing up
some variable grid-leaks in a very
unfavourable light !

The second, or strictly quantita-
tive, method consumes rather more:
time, and requires in addition the
large condénser, with good' insula-
tion, already mentioned. Mans-
bndge condensers of %th to TuF.
capacity have usually surprisingly.
good insulation; but some ex-
Government stock which has
received rough usage is not so good,
and il may be necessary to try-a

couple or so before a really good

one for this- purpose is found. As-

several accounts have been pub-
lishedr ecently of-the Neon oscilla-:
tor, it is sufficient here to reiterate
that the principle is to supply the
lamp with ‘a’ steady high voltage
above the ‘starting P.D.” of
160 ¥olts or so through 4 ‘series
condenser of fairly large capacity,
and to shiint this condenser either
directly or through the rest of the
circuit by a high resistance as leak,
The condenser charges up, giving a
momentary flash in ‘the lamp, until
the voltage it has reached, acting in
opposition to the supply, cuts down
the P.D. across the lamp below the,
lower critical value. {(about 140’
volts), and the lamp goes out. The:
circuit is then completely broken ;,
the charge in the condenser leaks

J?wmm
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The second or quantitative method.

away, until the voltage across it has

fallen some 20 volts. "Now the P.D.
across the lamp reaches 160 volts
(or thereabouts) again ; it lights up
with-a sudden flash, and the cycle

(is repeated The lamp acts then

as a voltmeter of practically infinite
internal resistance, indicating when
a fall of (around) 20 volts has taken
place, across the fixed condenser.
Since this difference of some 20 volts
is constant for a given lamp and
condition of operation and the

. condenser has a definite fixed

capacity, the charge or quantity of
electricity that has leaked away
through the shunting resistance is
definite and constant. If the time
is observed in which this definite
charge escaped, the average rate of
escape is-known—i.e:, the current.
Then since the average P.D. across
the condenser.is also known (being
approximately- -the whole H.T.
minus 150 volts) by Ohm’s law
the resistance of the leak is deter-
mined. (Strictly speaking, a more
complex ‘‘exponential ” formula
should be used in averaging .the:
P.D., but this will suffice for our
purposes.) Either a comparative
method can be used, relying as
before on a standard resistance of
known .value; .or, assuming  the
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capacity of the Mansbridge -con-
denser be known, the - absolute
value of the resistance can be
calculated~ The first method is
described here, as it is simpler and
liable to fewer sources of error,
especially those due to-poor insula-
tion in other parts of the circuit.

First of all the large condenser
must be tested by simply putting
it in circuit with the'Neon lamp,
H.T., and electrodes arranged as
before described. The lamp should
give one short flash and then
remain dark for a ' considerable
period, after which another short
flash will appear, and so on. If
the flashing is rapid, the condenser
must be discarded. Then the
standard 2-megohm leak is placed
across the condenser, There should
be a regular succession of short.
flashes. If too slow—i.e., at inter-
vals of several seconds—the H.T.
may be increased and wvice versa.
The rate should not be too high to
count ; then the number of flashes
in a convenient short time is
observed (e.g., in 15 seconds). The
unknown resistance is then sub-
stituted for the standard, and the
flashes counted in the same time.
By making, as before, secondary
standards by comparison with the
standard—they can be ad]usted:
very accurately now—-and using
these in series parallel, the rate can
be matched with as great precision
as the experimenter desires by
counting flashes over longer or
shorter periods, As before, a
umformly variable ad]ustable grld-
leak is very convenient in this
work, as also; a collection of the
cheap types of fixed grid-leak put
“out by some dealers and which give
a wide assortment of values useful
at least here.

High insulation resistances are.
measured best with a small fixed
condenser, to bring down the
period of oscillation to a convenient
small value for observatioa ; smaller
resistances require a luF. or even.
larger condenser if tle flashes aie
to be counted. The method is
obviously capable of consideratle,
extension and is of wide applica:
tion ; enough has heen shown here,
however, to indicate the mode ol
procedure for simple measure:
ments.

It is -quite feasible to measure
insulation resistances running intc
hundreds of megohms by car ful
insulation of the lamp-leads and
wiring and with. an, exceptionally
good condenser,
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. SOME USEFUL LONG-WAVE CIRCUITS

= By G. P. KENDALL, B.Sc., Staff Editor.

O .

E ‘Those readers who have not yet made a choice of a circuit for their long-wave work,

o - or who are dissatisfied with the receiver which they are using, will find these notes

E helpful, as will -those who require practical guidance in the operation of such circuils,
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HE choice of a' circuit-for’

long- wave reception -is a
matter upon which experl-
menters differ -considerably, since

it is one wherein individual tastes-
influence the opérator’s choice to a-
much greater extent than -in the:

decision upon, say, a circuit’ for-
broadcast reception. The governing
1actor, of course, is the fact that the

A Single Valve Circuit.

- Fig. 1 shows what can almost be
described as the simplest possible
valve receiving circuit. Using only
one valve and-possessing only two
adjustments, it is a good example
of the ultra-simple type, and is®
capable of producing surprisingly
good results upon all wave- lengths.
It'is a circuit in which the quality of

. e
Be

Fig. 1.—The simplest long-wave set.

waves between about 10,000 and
15,000 ‘metres carry an enormous

volume of traffic between a large

number of high-power stations, and
there is a great deal of congestion.
Some experimenters pin their faith
to ultra-simplicity- of operation,
using circuits which are so easy to
manipulate that the tuning-in of a
given signal is fairly simple, and
with which the separation of the
desired signal from others is rather
dependent upon the skill in adjust-
ment of the user than upon the
natural selectivity of the circuit.
Others, again, prefer to sacrifice a
certainamount of simplicity and rely
rather upon the selectivity of the

circuit than upon its ease of adjust-.

ment to pick out the signal from
the required station. Circuits of

hoth types will be considered in.

these notes, and also some examples
of an effective compromise between
them,

of his apparatus and’in‘its manipu-
lation.

As 1 have already said, the results
given by the circuit under good
conditions are often surprising to’
those accustomed to the pei-
formance of multi-valve sets, and
moreover, its ease of handlmg is
such that the amount of skill
necessary for its successful use is
readily acquired. Asinstances ofits
sensitiveness may be quoted the
followin g receptions upon a standard
single-wire P.M.G. aerial : Moscow,
Budapesth, Vienna, Sofia, Marion
(US.A), and Malta. All these
stations gave readable signals, while
New Brunswick and Annapolis
{U.S.A.) were generally audible but
could only occasionally be read.
This list was compiled before the
high-power station on Long lsland
commernced  work, the signals from
WOK being within easy reach of
such a receiver.

Such aniplifying power as the
circuit possesses is provided. by the

Fig. 2.—Increasing the audibility of the sigrals pro_duced.-by
the circuit of Fig. 1.

the results obtained depends largely
upon perfect adjustment, the use of
good components, proper treatment
of the valve, and so on, and conse-
quently it appeals strongly to the
experimenter who likes to achieve
feats of long-distance reception by
skill in the design and construction
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strong reaction which it uses, and
pains must be taken to utilise it to’
the full while preserving the effi-
ciency of the valve as a rectifier.
The most important. points are
concerned with the choice of correct
sizes for the grid leak and con-
denser, and the adjustment of the
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reaction coupling to the most
effective value.

The standard values of 0.0003 ¢F
for the grid condenser and 2
megohms for the leak will give quite
good results, but with most valves
it is a considerable advantage to
make either leak -or condenser
variable. The leak should in any
case be of thoroughly reliable make,
since nothing is more unsatis-
factory than one which varies its
resistance in the course of time and
upsets the carefully-made adjust-
ments of the circuit.

The best position of the grid leak
should be determined by experi-
ment; try connecting it direct
between the grid and one or other
end of the filament, and note
whether the strength of signals is
affected and whether the smooth-
ness of the adjustment of the re-
‘action is best with one particular
arrangement. The reaction adjust-
ment should be such that, as the
coupling between L, and L, is
tightened,the circuit passessmoothly
from the non-oscillating to the
oscillating state without a loud click
or pop at the moment of break' ng
into oscillation. Test the receiver
on a spark signal; it should be

oscillations generated by thereceiver
the loudness should begin to
diminish again.
. The loundest signals should be
obtained when the coupling is set
at the minimum value to maintain
oscillations, while the loudest ‘‘ true
note” signalsshould be produced by
tightening the coupling almost but
not quite to the point of setting up
oscillations. A
A very little practice should
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will do its best. - Try varying both
plate voltage and filament current
separately and simultaneously, and
then vary the resistance of the grid
leak or the capacity of the con-
denser. A smaller reaction coil may
also be tried, and if all these ex-
pedients fail to give the desired
characteristics, substitute another
valve. These points are essential to
real success with a single-valve
reaction circuit, and they apply in a
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Fig. 4.—A three-valve vesistance-capacily civcurl.
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Fig. 3.—A simple vesistance-capacity coupled circuit.

found that as the reaction coupling
is tightened the loudness of the
signal gradually increases up to the
point at which self-oscillation com-
mences. On passing this point it
suddenly becomes louder still, but
of a harsh, rough note, and upon
‘tightening the coupling still further
and so increasing the strength of the

enable these adjustments to be
found with ease, and once found

“they should be quite stable. Should

this not prove to be the case, or
should it be found that others of
the above-mentioned conditions do
not obtain, the constants of the
circuit are incorrectly -proportioned
and must be readjusted before it
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more general way to all receivers in
‘which the reaction principle is usec.

Since the amount of amplification
obtainable is very limited, it is
important that all the customary
losses in the circuit should be kept
as low as possible. Take care to
maintain high insulation and low
high-frequency resistance through-
out, paying particular attention to
the inductance L;, which should be
of good efficiency. It is really
worth while to wind a special set
of long-wave coils for use in this
circoit, taking pains to ensure that
their self-capacity and resistance
are’ low. - = 1)

The set may consist of six coils
having 300, 500, 750, 1,000, 1,250
and 1,500 turns, the first three
being wound with No. 26 double
cotton-covered wire and the others
with. No. 30. The colls may be
either of the lattice or duo-lateral
type, full instructions for whose
winding were given in MODERN
WIiIRELESsS No. 4.

These coils will be rather bulky,
but of higher efficicncy than many
of those upon the market, especially
if they are taped up without im-
pregnation with wax or varnish.
They w:ll cover the range of wave-
lengths from 2,500 to-20,000 metres,
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while if-it is desired to obtain the

highest efficiency upon the longer
waves only (5,000 metres upwards),
only the last three coils need be
wound, and purchased coils can be
used upon other waves.

To obtain'the maximum signal
strength it is necessary to keep the

added with advantage, and Fig. 2
shows how it may be dome: A
practical article upon a receiver
employing the single-valve circuoit
appeared in MODERN WIRELESS
No. 5, but it must be remembered
that it is forbidden for broadcast
reception.

-
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Fig. 5.—The standard tuned anode civcuit with veaction upon the aerial,

ratio of inductance to capacity as
high as possiblein the circuit L,C,.
Use as large a coil as possible, so
_that the desired station is tuned-in
near the zero end of the scale of C;.

The use of a soft valve will often
give very considerably improved
results in this circuit, but it is
advised that a hard one should be
used at the outset, until the operator
has learnt to handle the receiver
and to know'the indications which
tell him whether it"is functioning

correctly.

The values of the various com-
ponents which” have not yet been
given are as follows :

‘ _C;= 0.0005 or 0.00I pF.

L,= any size capable of giving
the required amount of coupling.

Cs= 0.002 pF.

T = 4,000 ohms.

B,= 4-volt 40-ampere hours is a
convenient size, but this, of course,
has no effect upon the functioning
of the receiver.

B: 45 to 8o volts adjusted to
the best value.

Since the signals produced by
this circuit are often somewhat
weak, a second valve operating as
a 'low-frequéncy amplifier-may be
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advantages for long-wave work.
Although it does not givé quite so
high a degree of amplification per
valve as the tuned anode or tuned
transformer methods, it is consider-
ably cheaper and much simpler to
operate, in that valves can be added
to the single-valve reaction circuit
without increasing the number of
adjustments. Thus'in tuning-in a
station with the circuit of Fig. 3,
it is only necessary to vary the same
two adjustments as in Fig. 1,
namely, the setting of the’ con-
denser C; and the coupling between
L, and L..

The working of the circuit is
simple : the variations of potential
across the grid and filament of the
first valve  which the incoming
signals produce are reproduced on
a larger scale in the variations in its
anode current. These variations of
current are accompanied by
fluctuations in the voltage drop
across the anode resistance R,
which fluctuations are communi-
cated via the condenser C, to
the grid of the second valve,
which performs the functions of
rectification and reaction, the grid
leak and condenser being pro-

R

Fig. 6.—An ullya-selective tuned anode circuit.

Resistance Coupled Circuits.

Fig. 3 shows a circuit which falls
into the category of receivers whose
chief merit is their extreme sim-
plicity of operation, but which is
decidedly more sensitive than the
preceding one, since it employs two
valves, one bemg a high-frequency
amplifier.

The resistance-capacity method
of intervalve coupling is used in
this circuit, which system has many
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portioned to enable it to do so
efficiently. The standard values of
0.0003 pF and 2 megohms are
usually correct, but a somewhat
higher leak resistance is occasionally
desirable, say 4 or § megohms,
depending upon the valves in use.

In any case, different resistances
should be tried, and the wvarious
other adjustments made which were
mentioned in connection with the
single-valve circuit for.the .purpose
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of obtaining a smooth and easily
controlled adjustment of reaction.
Separate variations of the anode
voltages of the two valves should be
tried, since the first valve usually
requires a considerably higher
potential than the second, chiefly
to ccmpensate for the drop of volt-
age across the anode resistance R,.

A smaller reaction coil than that
used in a single-valve circuit will
usually be found to give the most
convenient handling.

Suitable values for the other
components used in this circuit are
as follows :

Ci=0.0005 pF or 0.001 pF.

L, and L.= multi-layer coils. of
sizes chosen from the table given in
MopERN WIRELESS No. 6, assuming
an aerial capacity of about
0.0003 pF (this can-be allowed for in
a rough way by assuming that the
condenser C; has a minimum
capacity of 0.0003 ¢F and a maxi-
mum of 0.0008 pF or o.0013 pF).

C,= 0.002 uF.

R,= 70,000 or 80,000 ohms.

B, = 6-volt 60-ampere hours. A
‘b-volt battery is to be preferred
whenever more than one valve is
used.

and_yet it gave quite good signal
strength, slightly.in excess of that
produced by an efficient 2 H.F. and
detector set using tuned anode
coupling.

The method can, then, be ex-
tended to a number of valves, and
Fig. 4 shows a three-valve circuit
which will be found very useful for
general long-wave work. . The
potentiometer P is a decided
advantage, but it is by no means
essential. Other circuits employing
a larger number of valves can be
easily drawn from a study of Figs.
3 and 4.

Resistance-capacity inter-valve
coupling is, of course, only efficient
on the longer wave-lengths, above
about 1,000 metres, and since few
experimenters care to make a
separate receiver for long-wave
work only, some device must be
adopted to make it interchangeable
with tuned anode coupling. This
could be done by the use of a some-
what complicated arrangement of
switches, but such an expedient is
not recommended ; a better way is
tomount the anode resistances upon
standard coil plugs by means of
brass clips so that they shall be

Fig. 7.—The connections of a switch for direct or inductive coupling:

B.= 100 volts, with tappings.

One of the advantages of
resistance-capacity coupling is that
it uses no coils or transformers, and
consequently there are no strong
H.F. magnetic fields to produce
unwanted reaction effects. Re-
ceivers incorporating this system
are therefore very stable and easy
to control, having little tendency
to self-oscillation, and a consider-
able number of H.F. valves can be
used. For example, a receiver made
to my design with four H.F. valves
was so stable that a reaction coil
had to be used to make it oscillate,

literally interchangeable with the
coils of the tuned anode system.
A single-pole switch is desirable for
each of the variable condensers of
the plate circuits in order that they
may be cut out of circuit when the
resistances aré in use.

Reactance Coupled Circuits,

The term ‘‘ reactance-capacity "
or “ impedance-capacity "’ coupling
is usually taken to mean a system in
which the anode resistances of the
last two circuits are replaced by
H.F.-impedance- coils designed to
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cover a certain band of wave-
lengths. The theory of operation of
such circuits is rather similar to
that of the resistance-capacity type,
the difference lying in the fact that
the variations of potential across
the ends of the plate circiiit coils are
produced not by their resistance
but by the impedance which their
inductance causes them to offer to
H.F. currentsof certain frequencies
fairly close to that of their natural
wave-length, '

The impedance coils are roughly
tuned to the wave-length which it
is desired to receive by means of
tappings, care being taken to render
their resonance curves very flat by
winding them with fine resistance

. wire, so that they operate with
roughly equal efficiency over a
.broad band of waves. An efficient
impedance coil for wave:lengths of
1,000 metres upwards may be made
by winding 2,500 turns of No. 42
single silk-covered resistance wire
on a bobbin turned from half-inch
ebonite having a diameter of 3 in.
and a groove § in. wide by } in.
deep in its edge. Tappings should
be taken out at 300, 500, 700,
1,000, 1,500, and 2,000 turns, a
switch being used to vary the
number of turns in use. This1s best
connected to short-circuit those
#nol in use.

Reactance-capacity coupling gives
somewhat greater sensitiveness than
the resistance system, but it is less
stable and not so simple, and coan-
sequently it has never become very
popular with amateur constructors.
Very efficient tapped reactance
coils to cover all wave-lengths can
be purchased, however, and good
unmiversal amplifiers can.be made up
by their use. Such circuits do not
possess the sensitiveness or selec-
tivity of the tuned anode type, but
they ‘are simpler to handle, and they
can be recommended to the ex-
per.menter who wishes to use a
c:rcuit which is a good compromise
between ‘the ultra-simple and the
ultra-selective types.

Tuned Anode Circuits

So much has been written upon
tuned anode circuits, and they are
sowidely used, that I donot propose
to deal with them very fully here.
The tuned anode system is un-
doubtedly the most sensitive and
selective method of inter-valve
coupling at present used, and its
only serious drawbacks .are the
slight difficulty of tuning when two
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or moré tuned circuits must be
adjusted, and its strong tendency to
self-oscillation when more than one
‘H.F. valve is used.

Its selectiveness is very valuable
upcn _the congested wave-lengths
round about 12,000 metres, and it
1s not usually necessary to use more
than one stage of amplification,
since its efficiency is high enough
for general purposes when used
with an out-dooraerialof reasonable
size.

Fig. 5 illustrates the standard
circuit, with reaction upon the aerial
circuit. This type of reaction seems
to give decidedly better results
upon long waves than the method of
reacting into the plate circuit,
probably because the high resistance
of long-wavé tuning coils introduces
so much damping into the aetial
circuit. The amount of radiation
from a P.M.G. aerial when using
this circuit upon Jong waves is very
small indeed, so thatit may be used
with little fear of creating inter-
ference. When the circuit is used
for broadcast reception, however,
‘the reaction must be either cut out
altogether or transferred to the plate
circuit, This last can be done very’
simply by arranging two sockets for
the reaction coil, one coupling with
L, and the other with L, and
wiring- them in parallel. The re-
action coil. then merely needs to
be transferred from the one socket
to the other, the change being so
casy that it greatly reduces the
temptation to use what has
beei apt]y described as ‘‘ criminal
‘feaction.’

The condenser Cl may be of
o-cot-uF capacity, C, of 0.0005 uF,
while 'C;, C; and R, should be of
the 4tandard values previously
‘given: The coils I; and L, must be
chosen for a given wave-length from
the MopeERN WIRELEss table, as
ltas been explained already, while
1, will usually be a size smaller
than. L, for ease of adjustment.
For example, on the longer waves
around 12,000 metres L, would be
a.1,000 or 1,250 coil," L, a 1,500,
and L, a No. 750. This circuit
should give good readable signals
from the following American high-
power, stations; Annapolis, New
Brunswick, Marion, Long Island,
and Tuckerton, while the time-
sxgnals from NBA (Balboa, Panama)
should be a.udlble under -good con-
ditions,

Fig. 6 shows a circuit of the ultra-
selective type which is capable of
giving remarkably good results in

skilled hands, but it must be
admitted that it is rather difficult
to operate, containing as it ddes
three tuned circuits. The coils L,,
L,, L, and L, should be of the
standard plug-in type mounted . in
two separate two-coil holders. )
- fThi$ -arrangement of ldose-
coupled tuner and plate circuit re-
action simplifies the-operation of the
circuit as much as is possible,

The coils L,, L, and L, will
normally be all of the same size,
while. L;. will be one or two sizes
smaller with- an average aerial.
This multiplicity of large coils
involves-a . good deal of expense,
of course, and only those experi-
menters who crave for extreme
selectivity would care to use such
a circuit.

The values of the tuning con-
densers for the most convenient
handling are as follows: C,=
0.001 pF, C; and Cy==0.0005 pF.
The potentiometer P will be found
a considerable convenience in con-
trolling the circuit.

‘To make the circuit convertiblé
at will into that of Fig. 5 a double-
pole change-over switch may be
connected into the circuits of the
loose-coupled tuper, as shown in
Fig. 7. One position of the switch
connects the valve to thesecondary
circuit and the other to the aerial
circuit.

In connection with tuned anode
circuits may be mentioned the
question of the use of a separate

’heterodyne for long-wave reception,

since they are particularly suited to
its employment. It is easy to
introduce the local heterodyne
current into any desired circuit by
means of small coupling coils, or
one may simply place the local
oscillator in the vicinity of the
receiver and move it abont until
the position for best results is
found.

The advantages of using a local
oscillator to supply the heterodyne
current for continuous wave recep-
tion, instead of making the receiver
itself provide it by self-oscillation,
are very great on the longer waves,
and it seems a pity that more
experimenters - do . not use this
method. -
grudge the ‘“ waste '’ of a valve in
this way, but one has only to use a
properly designed local oscillator
to realise that it gives an mcrease
of signal strength which is often
equal to that produced by the
addition of another-valve as an
amplifier, and its effect in increasing

“«
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the selectivity of the receiver is
greater than that conferred by a

“loose coupled tuner.

‘To undetstand the reason for this
‘it nust be retnembered that, in order
‘to- produce "a ‘beat note, the fre-
‘quency of ‘the locally genera.ted
"oscillations must differ from that of
the continuous wave signals by
such a number as will give'a musical
mnote. If the local oscillations are
generated by the receiver itself the
latter must be de-tuned from the
true wave-length by an amount
corresponding to the desired differ-
ence of frequency. This difference
of frequency, which will usually be
between 500 and 1,000 per second,
amounts to only a very small per-
centage of the signal frequency
upon short waves, and consequently
the required de-tuningis only slight,
and does not lead to an appreciable
loss of efficiency.

Upon long waves, however, the
matter is far otherwise, for here
the necessary de-tuning may amount
to a thousand metres. Remember-
ing the extreme sharpness of tuning
of continuous” waves and the selec-
tivity of circuits'employing reaction
it may easily be seen’how inefficient -
self-heterodyne. really is for. long-
wave reception. Use reaction by all
means, but use it to increase the
strength of the long-wave signals;
not for the production of hetero-
dyning oscillations.

The easiest method of tuning-in
a given station with a local oscil-
lator and reaction in the receiver is
as follows: With the oscillator
switched off, make the receiver
oscillate and search for signals in
the ordinary way. When the
required station has been picked
up, tune to the “silent point ” of
its signals (i.e., midway between the
points at which signals are heard)
and gradually reduce the reaction
until the set just ceases to oscillate.
1f difficulty is experienced in ascer-
taining: whether the set is still
oscillating during this operation,
keep touching the aerial terminal
with a damp finger ; clicks denote
self-oscillation.

Next switch on the local oscil-
lator and- a.d]ust it until the signals
are heard' again, after which slight
re-adjustment of tuning and re-
action will give signals of greatly
rmproved ‘strength and reduced
imterference from other stations.

A fuvther article on'this sub]ect
will appear in a later issue.
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SINGLE AND DUPLEX BASKET COILS.
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HE following description of
a method of winding basket
coils which have been found
to be particularly effictent may be
of interest to readers of MODERN
WIRELESS.
. There is no doubt that one of
the chief disadvantages of the
basket coil is that, in its usual form,
it has only a small wave-length
range. Few basket coils are made
of a greater diameter than 44in.,
and in order to obtain a coil
sufficient to receive up to, say,
2,600 metres, a coil of a much
larger diameter and using a much
thinner wire would be required.
It was to get over this difficulty
that the writer evolved a method
which, so far as he knows, has not
yet been made public.

A brass former was made with
its core % in. thick,. having a
diameter of 1} in. Around the
periphery were fitted fifteen brass
pegs each 2} in. long. With a lathe
this is quite a simple operation,
_but even if a lathe is not available,
quite a ‘good substitute can be
obtained by using a piece of good
hard wood such as a broom handle
and 3-in. nails. Care should be
taken to see that the pegs are
exactly equidistant . from  one
another. To do thisit is necessary
to take a piece of paper the exact
length of the circumferance of the
brass disc, and to plot out very
- carefully the exact positions for the

4 \\i\\*'i ~

Former for duplex winding.

pegs. If this paper is pasted upon

‘the brass centre and each hole
marked with a centre.punch, no
difficulty should be found.

FrLaT Basker CoiLs.
For single basket coils of the
improved pattern the wire should

WIRELESS

By ERNEST R. GILBERT.

An interesting method of making self-supporting coils.

be wound over two pegs at‘a time
and not over one. The result
will be a perfectly flat coil of very
neat design. When the whole of
the former (or as much as is
required) has been wound, melt a
little paraffin wax in a tin, and,
using a fine brush, paint the coil

The fist former.
on both sides with wax. Leave it
to dry and in a few minutes the
pegs can be withdrawn. It will
be found that this type of coil is
more convenient for handling than
the ordinary basket coil, because
it is much more solid and robust.
Owing to the fact thatitis perfectly
flat, it can be clamped between
two pieces of ebonite for a very
rigid mounting without fear of

_damage.

DuprLEx Basker CoILs.

For duplex basket coils, two
identical formers are required,
bolted together at the centre. They
should be arranged so that the pegs
are equally staggered, that is to
say,- that looking at the formers
from the front, the pegs of
the front former are exactly half-
way between the pegs of the rear
former. The two formers should be
securely bolted together so that
there is no possibility of their
coming adrift during the winding.

When ready to wind, loop the
end of the wire over one of the
pegs. The wire should then be
taken across the former to the
third peg to theright on the opposite
former. Pass it round two pegs
and bring it back to No. 6 peg
on the first former. Again pass
it round two’ pegs and carry it
across to the second former, five
pegs away from ' its previous
position.

Carrying out this method you
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will see that the wire passes round
two pegs each time and misses
five, and eventually arrives back
one peg behind No. 1. Keep on
winding until you have completed
your coil.

Theresult should be a particularly
efficient air-spaced coil which can
easily be made to run up to 3,000
metres. Any gauge of wire can be
used from 26 D.S.C. to 34 D.S.C,,
according to the purpose for
which the coil is intended. For
an aerial tuning coil it is always
advisable to use a wire as heavy
as possible, but for a reaction coil
much finer wire can be satisfactorily-
used.

Where tappings are required
they can be very easily arranged
for. When winding, see that the
tappingis taken at a predetermined
peg and a generous loop made.
If a series of tappings are required
they can be neatly arranged to
occur exactly opposite the same
peg and so preserve an appearance
of neatness.

When the coil has been wound,
it is only necessary to brush it
over with melted paraffin wax on
the outside, and after allowing it to
set the pegs can be easily with--
drawn. The last stage is to push
out the brass centre and to cover
the coil with a-layer of Empire
cloth. The writer has found from
practical experience that these
coils—with their generous air

The finished coil.
spacing—have less self-capacity
than any coils he has yet tested.
Certainly they involve a little
trouble in making, but for sharpness
of tuning they are unexcelled.

The photographs show a complete
coil, a coil in process of winding
and the brass formers.
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SPECIAL NOTE.—All apparatus described in this section has been tested
by our expert, and readers can therefore rely fully on the opinions given.

An American Low Frequency
Transformer

It is interesting to compare the
products of another country with
those of our own radio manu-
facturers; in particular those . of
the country which has had some-
thing like a year’s advance on us
in popular broadcast reception.
Accordingly we have welcomed an
opportunity of testing the Con-

The Connecticut Transformer.

necticut Co.’s Type J-rzr Audio
Transformer, handled by Messrs.
R. A. Rothermel, Ltd. This is a
small, compact, enclosed type,
with a high finish and general
appearance unfamiliar to English
eves. Four terminals are fitted
with spring lock-washers, the pri-
mary and secondary pairs being
on separate insulating strips and
well separated.

On test, the insulation resistance
etween windings and to the frame
was excellent. The primary resis-

tance was 850 ohms, with a resis-

tance ratio of about 7 to 1. On
practical test in various circuits
it compared quite favourably with
standard English makes, and gave
good amplification and little dis-
tortion in spite of its small size.
It was noticed that the effective
capacity across the primary wind-
ing was higher than usuwal, while
that from “1.S8.” to “ O.P.” was
unusually low (.000030 nF only).

A Combined Filament Resistance
and Valve-Holder

Messrs. George F. Watts, Son &
Co. have sent us for test a sample
of their combined valve-holder and
rheostat. This is a neat device
arranged for mounting on the
panel in place of a conventional
valve-holder, the usual four pins
projecting through the base; an
ebonite barrel body carries an
ingenious spiral filament resistance,
adjustable contact to which is
made by a screw collar riding on
it ; and the valve is accommodated
in the usual sockets on the top.
Considerable space can thus be
saved on the panel.

On test, the resistance was found
to be unusually large, about 12
ohms ; the long spiral form making
this practicable—this is a com-
mendable point for many purposes.
1t carried the current for one valve
without undue heating ; and the
insulation was good. It was noted

5I

that there did not seem to be
a positive stop at the minimum
position, nor a definite ‘‘ off ”
position, so useful in many-valve
set. In general, it is an effective,
smooth-working and useful device.

A Filament Resistance

There has been submitted to us
for trial a conventional circular
type of filament resistance, by
H. Edwards. This is for fixing
behind a panel by two small
screws, a good-quality knob and
pointer being provided. The con-
tact arm, we were glad to note,
was mounted in a substantial
manner, being screwed up against
a shoulder on the spindle, and
fixed by two lock-nuts; so that
no trouble should be experienced
in regard to working loose. A
positive stop is provided, and a
definite “ off ’ position; and one
terminal for connections, the other
being provided by the resistance

A combined valve-holdey and filamen!
resistance.
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fixing-screw. On test, the insula-
tion was good; the resistance
about 3 ohms; with the current-
corresponding to two R valves
it heated up considerably, but
carried the current for one valve
easily. Accordingly it is suitable
for controlling the filament current
for an individual wvalve. The
adjustment proved silent and effec-
tive in action.

A Crystal and Phone Attachment
for Wavemeter '

A useful attachment for the
Bowyer-L.owe Wavemeter, already
noticed in these columns, is the
crystal rectifier and ‘phone-con-
necting fitting, arranged to hook on
in place of the small dry cell used
tor metering wave-lengths by trans-
mission of buzzer signals; so that
the meter, with its existing gradua-
tions, can be used for 1eceiving
and measuring outside trans-
missions, by direct observation
with ’phones. This is a well-
finished, neat little fitting, carrying
‘phone terminals and a form of

small plug-in detector, already
noticed elsewhere; on test it
proved quite effective for its
purpose.

Terminal strips for panel mounting.

Terminal Strips.

Messrs. Carter & Akroyd, of
Halifax, have sent for test and
inspection samples of terminal
strips for mounting on wood base-
boards, in the manner that is
becoming increasingly popular in
experimental work. These provide
a good assortment of the necessary
nomenclatures; and consist of
handsome, substantial . terminals
mounted on ebomte strips with
engraved letters filled in neatly in
white. Some are provided with the
large double terminals so invaluable
in radio connections, where often
two or even three wires come to a
single connecting-point. On test
on high wvoltage the insulation
resistance was found too high to
measure.

¢ Cryst-Clip *’ Crystal Holder

A simple little device which will
appeal to the home experimenter
is the ** Cryst-Clip "’ crystal holder,
marketed by Messrs Mickelwright.
The sample submitted, which is
in the form of a wire spring-clip,
with fixing screw to make fast on
the panel, proved handy for quick
mounting and replacement of even
a small fiagment of crystal, all
the faces in turn being readily
exposed to the search of the cat’s
whisker, and no Wood’s metal or
set-screws are needed, whilst the
grip of the spring holder is ade-
quately firm.

An Intervalve L.F. Transformer

Messrs. Woodhall have submitted
for test a low-frequency intervalve
transformer of the open type, with
substantial coils and iron circuit.
Both primary and secondary are
of fairly high resistance. On test
the amplification .ratio, with R
valve and 120 volts H.T., was as
high as with any other transformer
we have tested, and there was an
absence of distortion and extran-
eous noises, which gave a very
favourable impression. On the
S.T. 100 and various valve dual
circuits it operated extremely well.

On testing the insulation resis-
tance, this was found to be notice-
ably less, both between the primary
and secondary coils, and between
e.ther of these and the frame,
than one could desire to see for
permanently satisfactory operation.
If the makers remedy this matter,
which should be an easy matter,
they will have a transformer which
will challenge comparison with any
on the market at the moment.

A Filament Resistance

A type of circular filament-
resistance in which special care has
been taken to provide silent opera-
tion, by ensuring continuous good
contact to the moving spindle, is
produced by Messrs. Woodhall.
On testing the sample submitted
it was found that this had been
effectively provided for by a spiral
spring connection, eliminating one
rubbing contact, while the contact
arm was secured against looseness
by a positive mechanical keying
effect. A knob and pointer are
supplied, and the instrument is
suitable for fixing under the panel
by two small screws. A long bearing
gives steady and smooth operation ;
terminals are provided for connec-
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tions and stops. It .was noticed
that the arm would not stay in a
definite “ off ”’ position.

The resistance worked out at
a little over 3 ohms, with 1.2
amperes, corresponding roughly to
the filament current for two valves
—it got quite hot, but carried the
current for one valve safely. It
should not be used with more than
one, as the heat tends to soften
the composition former. When
cold, the insulation was found to
be excellent.

A Plug-in Tapped Inductance.

For those who prefer a less
cumbersome device than the usual
set of separate plug-in coils, but
who have the usual plug-and-socket

A new plug-in induciance with tappings.

fitted on their receiver, there is now
availat:le a tapped plug-in coil,
which covers the most interesting
range for telephony, from 335 to
1,240 metres on a P.M.G. aerial
and with a .0oo5 puF tuning con-
denser in parallel, made by Messrs.
Burne-Jones & Co., On trial of a
sample submitted, the range indi-
cated was covered conveniently,
with ample overlap, the inductance
of the five-point tapped coil
corresponding roughly to that of
coils of the ordinary plug-in pattern
of nearly 40, 50, 75, 88, and 100
turns respectively. The signal
strength on the lower range with
crystal compared favourably with
that given by standard plug-in
coils in actual reception.

The unit is neatly finished, and
takes the form of a cylinder 4 in.
diameter by 1} in thick, mounted
on the conventional plug-in fitting.

An ST100 Set.

Messrs. Peto Scott have sub-
mitted an ST100 set, complete in a
box with ebonite top. On test both
with a frame and outdoor aerials it
works as the circuit should and is
quite stable in operation. Complete
sets of parts for home construc-
tion are also supplied.
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S a rule, experimenters use

the “dry” form of Lec-

lanché cell for high-tension
supply. The cells are not really
dry, as the solution is made in a
thick paste.
few months’ use when the cells
do become dry, clicks and other
irritating nojses are heard in the
telephones, caused by the fluctuat-
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ECONOMICAL HIGH-
TENSION BATTERY
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Therefore, after a’

0100000300004

are used, elaborate filters must be
fitted to stop the hum. It thus
remains to select some battery
in which the voltage is steady.
The most convenient form of
primary cell is the wet Leclanché
type. A battery of these small
cells will give quite enough current
for a multi-valve set without
becoming polarised.

Fig

ing voltage. On the other hand,
there are the amateurs who use
small capacity accumulators. and
a few who use the mains. The
chief disadvantages of the high-
tension accumulator are its great
weight and the necessity of having
it charged, generally at an’ in
convenient time. If the mains

g. 1.—The finished battery.

Having decided to make a liquid
battery, the first point to consider
is the container. Small glass pots
or ' ‘ specimen tubes’ would be
ideal, but their cost is prohibitive.
An efficient substitute is made
from paper soaked in wax. For
each cell a piece of stiff brown
paper is cut out, according to the
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Fig. 2.—How to cut the paper cases.
dimensions shown in Fig. 2. Itis

then folded along the dotted lines
so that A overlaps B, and C, D
and E fold up inside F and G.
Thick gum or glue should be used
to fasten them together. Having
made the required number (24 are
needed for a battery of 36 volts)
they are dipped in molten paraffin’
wax. It is desirable to have a
bowl of water handy as the con-
tainers can be cooled in it after
being waxed and at the same time
can be tested for their ability to
hold water.

’

— ]

Fig, 3.—Dimensions for zinc.
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Fig. 4—Construction of plug.

The positive electrodes of the
cells, namely, the carbon rods, are
obtained from old batteries of the
pocket flash lamp size. The paper
covering is removed first and then
the old zinc shells. When removing
the carbons care must be taken
not to damage the depolarising
compound, which is formed round
the electrodes in blocks. After

WIRELESS

removing the linen coverings they
are washed and recovered. Con-
nections are made by twisting 3 in.
lengths of copper wire round the
tops of the carbon rods.. To

. suitable,

October, 1923

It is advisable to take
tappings from the cells, say,
at every 4} volts. These leads
should be taken to valve legs

0

i l' !i
Ov 48 v, Ov. 13e

v 18v.

secured in a row along the
o&%v. 2% p 1% 36v.

Fig. 5.—Arrangement of tappings.

prevent creeping of the solution

they are inverted and dipped

into molten wax, covering only

the top portions of the electrode

wh'ch will remain above the
solution.

The other electrodes

are cut from thin sheet
zinc to the size shown
in Fig. 3. Thediagram
also indicates how to
cut them economically.
They are bent at right
angles along the dotted
lines so that they just

Fig. 6.—Internal connecttions.
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A Useful Little Saw

HEN mounting potentio-
meters or measuring in-
struments o1 an ebonite

panel one is often called upon to
make either a rectangular hole or
a round one that is beyond the
compass of any drill. For jobs of
this kind the little saw illustrated
in Fig 1. will be found most useful.
The hole to be madeis marked out
with the scriber. A }in. cr {in.
hole is drilled in the part to be cut
away ; the point of the saw can
then be inserted and a cut made
without difficulty. When it be-
comes necessary to turn a corner
another hole is drilled to give the
saw cleara ‘e room. Fo- large
round holes the drillis put through
at various points just inside the
circumference scribed out and the

fit inside the waxed
containers.

A box is now needed.
One having the in-
side measurements of
8 in. by 3 in. by
3 in. would be guite

0000CO0COD0000MNC00000000000000C000020000000C0000000000000CC000000nog

SOME HANDY TOOLS

By R. W. HALLOWS, M.A., Staff Editor,
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holes are run together with the
saw. In either case the work is
finished "up with a file, the saw
being used to remove the bulk of
the unwanted material and the file
to cut away what is left. 3
To make it, take a piece of a
broken hacksaw blade about
5 inchesin length and drilla 4 B.A.
clearance hole about 1} inches
from the larger one that is already
there. Itis best to choose a piece
of blade that will allow the saw to
cut “ Chinese fashion,”” that is on
the pull rather than on the thrust,
for if this is done the blade is less
likely to buckle or break when in
use., Grind off the far end of the
blade to a rounded point as shown
in the drawing.
Next take two pieces of %in.

wood measuring 3 inches by 1
and ' plane "each to a D-shaped
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front of the box. Special insulated
plugs can be bought, but may be
easily constructed from valve pins
threaded into pieces of 1 in.
ebonite rod, 1 in. long, see Fig. 4.
The completed cells are placed in
the box in three rows of eight,
and tappings are taken from every
third- cell, as‘shown in Fig 3.

It now remains to fill the cells with

the solution made by dissolving
half a pound of sal-ammoniac
in water.  This quantity will be
found qui{e sufficient to fill 24 cells
and to keep them full for several
months.

A final word of advice. Take
great care not to let-any of the
solution . remain on the copper
connecting wires. If this does
happen the copper will corrode and

..eventually break the circuit.

|»]
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section. Clamp them together in
the vice and drill 4 B.A. clearance
holes to correspond with those in
the blade through the two. In
one piece make recesses for the
heads of countersunk screws; in
the other enlarge the outer end of
each hole until a 4 B.A. nut will
lie flush in it. The blade can now
be fixed firmly in place. Used with
reasonable care the saw will give

‘excellent service.

Guide Block for Drills and Taps

Many amateur constructors find
it most difficult to keep either brace
or breast drill perfectly upright
when making holes in panels, with
the result that terminals, valve-
legs and so on do not stand out
from the panel exactly at right
angles when mounted. If the hole
for the bush of a rheostat, variable
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Fig. 1.—~A4 kandy Saw:

condenser or variometer is not
true the spindle will bind as if
turns. Others, again, have the
same trouble when tapping.

If you have difficulty in either
or both of these ways the guide
block shown-irr Figs. 2.and 3 will
make matters very much easier.
It consists of a piece of 4 in. brass
or mild steel 2}inches long by
1} inches wide in which are drilled
two rows of holes. Those in the
'upper are for the drills measured
infractions of an inch that 6ne most
commonly uses ; those in the lower
are for the éven- -numbered B.A.
sizes from'o to 6.

As it is essential that the guide-
holes shall be perfectly true, they
must be made in a'drilling machine
or a lathe. 'A garage, a cycle
repairing shop, or better still, an

not.retain their heat for very long.
This, however, is.not ‘very serious,
for‘if one keeps 4 spirit lamp, pro-

V1ded with a suitable rack for hold- -

mg the iron,: ahght on the bench

et ,_5‘
L O 0. 9
- (e A
O O (<] o
B.A,
2%

-
Fig. 2.—A useful-drilling bloch.

whilst soldering is in progress the
tool can always be brought back to
the proper temperature in a few
moments.

The bits of both tools are made
from pieces of good copper }in.

Fig. 4.—Sdldering-irons for fine work.

obliging friend with a well-provided
workshop will drill them for you.
The clamp can be bought from
any ironmonger quite cheaply. To
use the  block, clamp it over the
work so that the punch mark
already madé is in” the centre of
the a.pproprlate gulde-hole You
will then have no difficulty in keep-
ing the, drill upright. "If the hole
is to be threaded turn the tap in
before removing the block.
Soldering-lrons for Fine Work
For fine work-or for getting into
awkward -corners . the ordinary
soldering iron is' too clumsy a tool
for most .people to: handle with
success. ‘The miniature irons seen
in Fig..4 will be found a great boon
when jobs of these kinds have to be
tackled. Their only drawback is
that owing to the small amount of
metalin their business ends they. do

square and 1} inches in length. In
one end a 4 B.A. hole is drilled and
tapped The other is tapered off
with the file to the shape shown.

Fig. 3—How the block fiiis against
the work.

A 4-inch length of 4 B.A. screwed
rod is cut off and screwed tightly
into -the -hole in the bit, the nut
shown being then turned hard down
so as to form a lock grip. The
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- other end of the rod is then driven

into .-a bradawl handle. - L

The straight iron will be found
handy for joining fine wires and
for doing small straightforward
jobs. The right-angled iron is
particularly useful for solde-ing
leads to the tips of valve legs and
for other work that is not easy to
get at.

R. W. H.
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i STAINING  §
o VALVES g
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A ntuimber of * methods have

. been described "and  sug-'
gested for reducing the glare

from valves, such as cardboard
sleeves, sections of bicycle inner tube
slipped over_the bulb, and so on,
but they all seem to me. more
troublesome and: less effective than
the. expedient. which I-have used

‘for some time.

This method is -very sunple ‘and
requlres merely a sixpenny bottle .
of green lamp-stain and a small
brush; give the glass .bulbs.of all
your valves a fairly liberal coat,
let them dry for half-an-hour or
so, and you will find' that the
trying glare has been replaced by
a soft green glow.- Moreover, the
interior details of the valve remain
perfectly visible when the filament
is illuminated. .

The stain can be obtained from
most of the large electrical firms,
and in a variety of colours.

G. P. K.
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8 MOUNTING CRYSTALS
g N
E\ WOOD’S METAL
D0O000000000000000000000

he best way to mount crystals
in Wood’s metaliis to take a
few fragments (sufficient to
half fill the cup) and then to hold a
hot soldering iron, poker or, indeed,
anything hot enough against the
outside of the cup until the Wood’s
metal inside just begins to melt.
Immedla.tely it melts, remove the
soldering iron, wait a.second or two,
and then press the ‘crystal into the
Wood’s 'metal with the aid of a pair
of tweezers. - The pressure of the
crystal will make the-melted metal
rise up round it and when it sets

0
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(]
]
]
m|
m|
0

‘the crystal will be properly secured.
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5 A COMPACT INDOOR AERIAL
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N indoor aerial of any type
looks much more presentable
when out cf sight or at

least when it is not conspicuous
above all the other articles of
furniture ‘which the room may
contain ; further, it is not always
desirable to-install a wireless set

the wall. The other end is much
the same as any aerial of this
type. At the extreme end a small
ring is attached to slip on to a
lwok in the opposite wall. In

Fig. 2 the aerial is-shown-in its
closed position, the leads being °
It is

attached to a wall hook.

October, 1923
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OR short wave reception
work, basket coils are very
efficient; moreover;  their

construction " is simplicity itself,
provided one has a well constructed
former upon which to wind the

Fig. 1.—The aerial in use:

In the attic, especially on a ccld
winter night. An ordinary type of
aerial built cn the usual lines,
but made to nearly enclose itself
in a wall bracket when not in. use,
is described in the following dia-

WALL HOOK

Fig. 2.—The aerial closed.

grams, = The aerial in use is shown
in Fig. 1. One end consists of a
wooden case to which are fixed
two brackets which act as
bearings for an ordinary type of
roller blind fixture. The roller
holds the three wires at this end,
and the whole case is fixed to

INSULATORS ROLLER BLIND
RING PULLEY
L CASE
78 00WEL
VALL BRACKET
PULLEY CORD
L 70 SET
STRING LEAD

important to note \PUMEY coro.

that in making
this aerial the
roller blind at-
tachment is
worked in the
right way, that
is to say, the blind
cord must be unwound from the
pulley wheel when the aerial is
closed, so that when the aerial is
pulled out and hooked on to the
opposite wallthe blind cord becomes
fully wound. Therefore by pulling
the cord we unwinditagainandat
the same time close the aerial. A
string lead across the room will
be necessary. In Fig. 3 the
constructional details are given.
A represents the case, which is
made up of § in. wood. B shows
the brackets, which are fixed each
end by means of four screw holes
shown. These also act as bracket
for fixinug to the wall and as bearings
for the roller. C shows the roller
with a pulley one end and a
bearing at the other end. Three
holes are drilled through the roller,
through which the wires are passed
and fixed. These holes may be
bushed with ebonite if desired.
This aerial could probably be made
a little more efficient by employing
the use of a spring blind attach-
ment, but the one -described will
be found to be quite satisfactory
given proper usage.
H. B.
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" purposes indestructible.
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70 CASE.
MNOLE TO SUIT BEARING

Fig. 3.—Constructional details.

coils. If a former is made up on
the lines given below it will serve
its purpose over and over again,
and 1is, in fact, to all intents and
Such a
former is known as a *‘ spider,”
and, briefly, consists of a circular
mandril round the periphery of
which are inserted an odd number
of pegs projecting radially out-
wards.

First of all procure a piece of
steel rod % in. in diameter and 8 in.
long and turn this in a lathe to the
dimensions given in Fig. 1.

The object-of the reduction in
diameter for 6in. of its length is
that such a sizeis less tiring to hold
in one’s hand during the process
of winding. If, however, a lathe
is not available, an 8 in, length of
{ in. diameter rod will suffice. Now
with a pair of dividers scribe a line
round the $in. end, so that it is
in the centre of - this portion of
the rod.. This i$ shown in Fig. 2.
Using the dividers again mark off
round this circle 15 equal points and
at each of these points make a
slight -indentation with a centre
punch.
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The next process is to obtain a
lengthof 45in. of } in. mild steel rod,
which should be cut into 15 equal
lengths of 3in. each. These are
to form the arms of the ‘“ spider.”
Screw each of these pegs with an
${in. Whitworth die for a length

.divisions in the winding of the
coil.

“Lastly, tap each of these 15 holes
} in. Whitworth and screw the pegs
home. The spider is now complete;
it should have the appearance of
Fig. 2. As each peg is 3in. long

Fig. 1 —The spindle.

of about }in. at one end and then
proceed to drill the 15 corresponding
holes round the peripheryof the { in.
rod, using the centre punch dots
to show the position of the holes.
Care should be taken that these
holes—wh:ch should be "a shade
over }in. deep—aredrilled radially,
since the pegs are screwed into
these and which if the holes are
not radial will cause unequal

[0

N a recent issue of Wireless
Weekly the editor referred to
the absence of an instrument

providing both lateral and rotary
movement to the coil on a stand,
and pointed out the obvious advan-
tages of this type over the ordinary
variety.

The writer evolved the instru-
ment described in this note to use
standard plug-in colls.

The cost of construction is quite
moderate, and largely employs
articles usually found in a:: experi-
menter’s box of oddments. They
are :—

Two standard coil holders.

Two pieces of }-in. ebonite 3 in.
by 1}in.

One piece of }-in. ebonite 3 in.
by 11 in. ’

Two lengths of }-in. ebonite rod
5in. long.

Four strips of {;-in. soft brass
or aluminium 3 in. by %-in.

Twe strips of {;-in. soft brass
or aluminium 14 in. by %-in.

One strip of -in. soft brass or
aluminium 2§ in. by J-in.

One Meccano worm.

One Meccano gear wheel, 25
teeth.

and is screwed into the mandril
for a length of }in. the projecting
length of the pegs will be 2}in,,
which will be found ample for coils
of this type up to 8oo or goo ms,
(when parallel with a .o005 mfds.
condenser). Themethod of winding
is well known, being simply to
make the wire fast to one of the
pegs, and, commencing from the
inside, to wind the wire in and out

CO0N0000EaC00000000D0GCR0D0000C000000000DO00CO00000N00000000000000a0C00000D0g
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Fig. 2.—The finished former.

round the pegs until a sufficient
number of layers have been wound.

The coil, with the pegs intact,
is then given a thin coating of good
shellac, and when dry, the pegs are
unscrewed, thus enabling the coil
to be slid off the mandril. Having
replaced the pegs the spider is
ready for winding the next coil,
and so omn. _

R. W. H.

A TUNING-STAND FOR FINE ADJUSTMENTS

o o o o s o
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One 2 B.A_spindle 1} in. long.

One phosphor bronze shaft 4% in.
long.

Two knobs.

One }-in. spec.al shaft 6 ins. long,
spiral thread.

Two J%-in. brass washers.

One internal worm to suit shaft

Various screws and nuts.

The various components are
shaped and drilled as shown :n the
sketches.

One end of each slider rod may
be screwed into the end piece, the

Fig. 1.—A4 peyspective view of thé finished stand.
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opposite ends being provided with
two nuts, one on either side of the
end piece, and tightened up so as
to br.ng the end pieces square.

The variable-coill holder ' is
mounted on a spindle which
passes through the centre block
of ebonite and has screwed on
to its bottom end the 25-tooth gear
wheel.

The worm, with shaft, is carried
in a pair of clips screwed into the
side of the centre piece in such a
manner as to bring it into mesh
with the gear wheel. This provides
the rotary movement to the coup-
ling or reaction coil. If necessary
the coil may be turned through
180° thus reversing the direction
of its winding in relation to the
fixed coil.

The lateral movement is pro-
vided by means of a spiral shaft,
mounted at the fixed-coil end, so
that it may be free to turn.

A bush provided with a pin to
fit the spiral in the shaft is fitted

to the centre piece; so that when
the shaft is revolved by means of
the knob provided at the end of the
centre piece, this holder will travel
laterally along- the shaft. The
bush has an internal diameter to
clear the shaft and the pin is
provided by screwing into it, from
the circumference, a small screw
(say, 6B.A.), which has been shaped
at the point to suit the thread of
the spiral.

If the experimenter has a lathe
the provision of the shaft is a
simple matter, otherwise it will
probably be necessary to get a
piece of phosphor bronze rod
turned at a machine shop.

A rack and pinion may be used
should the spiral offer too great
a difficulty, but the result would
not yield so smooth an action.

The construction of this useful
instrument is not nearly as com-
plicated as might appear, and the
satisfaction resulting from its pos-
session is considerable.

October, 1923

With a tuning stand of the
ordinary swinging type the coup-
ling must necessarily be irregular
in operation, the first 30° or so of
the swing being critical and the
remaining 60° ‘having a very small
effect, it being sometimes found
that the bases of the coils remain
coupled and the degree of separation
of the bases is not great enough to
lessen this appreciably.

The two coil holders of the
present instrument may be wired

‘in series for use as a variometer,

or separately for coupling circuits.

If required a further coil holder
may be provided to move on the
other side of the fixed coil to give
reaction.

Much of the howling and ‘* chirp-
ing ”’ from an oscillating circuit is
due to the difficulty of the operator
in obtaining sufficient reaction
effect without osciliation.” This
holder should go far to avoid the
trouble.

R.L. R.
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THE EDITOR’S CHAIR

ENTLEMEN'’S outfitters
all over the country are
scratching their heads and

wondering why there has been a
sudden demand for tie-clips. - These
almost forgotten oddments had to
be hastily brought out from the
bottoms of drawers where they
had reposed for several years.
The demand is all the more sur-
prising as most of the purchasers
are boys who firmly reject the more
modern slip-on form of clip and
insisted on being shown the old-
fashioned kind which open on a
hinge! Now that boys have been
raiding their father’s shops for the
same purpose it has come out that
there is a sudden desire to manu-
facture wireless sets on the lines
described in last month’s Junior
Wireless.

This month there should be
another rush for tie-clips as on
another page we are describing a
two-valve receiver in which the
tuning is carried out in just the
same way. But let me give you a
practical tip. Very good spring
clips for wireless purposes—much
better than the old-fashioned tie-
clip—are now available in the shops
of the wireless dealers if you ask
for them.

The first letter I have received
from a reader of Junior Wireless,
who has made the Junior Wireless
Crystal Receiver, comes from a

young man who lives in Dunmow,
Essex, some 30 miles from 2 LO.
He tells me he is receiving London
quite clearly, which is excellent for
a crystal set of even the most
expensive kind. Those of us who
write ‘ how to make '’ articles make

The Begmner s Tool Outfit..
By R. W. HaLLows, M.A
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a point of mever recommendmg
crystal sets for use more than 10 or
15 miles away from a broadcasting
station, although, of course, - this
distance is by no means the greatest
which has been attained. I wonder

§ ¥

how many miles my readers will be
able to receive on the two-valve
set this month ? Who will be the
first to let me know his results ?
It is one of the greatest ad-
vantages of wireless as a hobby
that you can so easily and rapidly
change from one kind of apparatus
to another without great expense
once you have a few of the necessary
components. For example, last
month I told you how to make a
crystal set and a two-valve note
magnifier. If you want to make
the two-valve receiver this month,
you will be able to utilise prac-
tically all of the parts in the other
set and spend only a few shillings
to buy the additional parts. Jumnior
Wireless will specialise on sets
which can be made from parts
already in the possession of readers,
so that by following our articles
each month, it will be possible to
learn a great deal about making
and working wireless receivers at
very small expense. If several
boys club together and buy their
parts, such as wire, in quantity
the cost will become even lower,
for wire is much cheaper to buy in
quantity than in small portions.
This is where school wireless clubs
are so useful. Next month I hope
to give you an article telling you
how to form a club at your school
and how to conduct it to the best
advantage. THE EbITOR,

For Boys
of all ages
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ANY wvould-be wireless ex-
perimenters are deterred
from making a start by

the difficulties in connection with
the erection of an aerial. Some
will not care to go to the trouble
and expense of erecting a regular
aerial complete with mast until
convinced by a preliminary trial
that their home-made apparatus is
capable of performing properly.
Others, probably a much greater
proportion, simply have not the
space available for the erection
of a good outdoor aerial.

Although an orthodox outdoor
aerial is always to be preferred,
a carefully installed indoor aerial
will be found an excellent sub-
stitute ; and, in the present article,
several types which have been
found by experience to give quite
satisfactory results will be illus-
trated and described.

The types illustrated are as
varied as possible, so that readers
should not have much difficulty in
selecting one and modifying it as
necessary to suit individual circum-
stances.

Wires Beneath the Roof

Fig. 1 illustrates an arrangement
consisting of a number of bare
copper wires suspended upon in-
sulators attached to the underside
of the wooden framing immediately
beneath the roof slates. Five
parallel wires are shown, spaced

NN AN

Fig, 2.—Another arvangement of indoor
“voof "’ aerial.

INDOOR AERIALS

By E. REDPATH

In this article Mr. Redpath explains how all kinds of aerials can be erected inside your house when no

garden space is available.

about 3 feet apart, but more wires
may be used with advanatage if
space is available,

Quite small insulators, of the
bobbin typz will suffice, and these
may be screwed directly on to the
wooden framing. If insulators are
placed upon every second, or even
upon every third frame, the wires,
which may be of from No. 24 to
No. 18 S.W.G., should be adequately
supported.

Make the fullest possible use of
the length available; that is to
say, have each of the parallel wires
aslong as possible,and spare lengths
of wire should be left hanging at
the end from which the down-lead
is to be taken, the ends of these
wires being carefully cleaned and

Fig. 1.—Several parallel wives beneath
the roof, form a useful aerial.

soldered together and to the bared
end of a well insulated down-lead,
which, on its way to thé receiving
apparatus should be kept as far as
possible from adjacent walls, gas
pipes, or other earth-connected
bodies.

Good quality electric bell wire
makes a fairly satisfactory down-
lead, but wire with a more depend-
able indiarubber insulation, such
as some of the ex-Government
cable extensively advertised by
the New London Electron Works,
Limited, is to be preferred.

An alternative arrangement of
wires beneath the roof is shown in
Fig. 2. In this case three wires are
shown, which spread out ‘‘fan-
wise ’’ from the lead-down point,
where they are all joined together
to three insulators fixed below the
ridge of the roof, and spread out
still further to three more insulators
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secured near the opposite eave.
More than three wires may be
employed if desired, and, of course,
the actual positions for the various
insulators will be determined by
the number of wires and the actual
space available.

The down-lead of well insulated
wire is shown passing through the
manhole wedged shghtly open for
the purpose. If it is considered
undesirable to have the manhole
slightly open, a standard type of
‘“lead-in tube,” consisting -of an
ebonite tube with a screwed brass
spindle through its centre and
provided with wing nuts and
washers at each end, may be fitted
through the manhole cover itself.
The aerial wires themselves may
then be all joined together and
attached to the upper end of the
lead-in tubs, whilst the insulated
down.lead may bz attached to the
lower end.

The down-lead on its way to the
receiving instrument, shown as
being situated upon the ground
floor, should take a route as direct
as pos51ble and, as mentioned in
the previous case, should avoid
close proximity to walls, etc,

Wires Across Upper Rooms

The object of erecting the aerials
illustrated in Figs. 1 and 2 close
beneath the roof is to obtain the
greatest possible height. In some
cases, however, access to the space
beneath the roof may not be
possible, and the highest point

-]
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Fig. 3.—A combined indoor and outdoor
aerial.
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Combined Indoor-Outdoor
Aerial

Another arrangement, which may

~. ,up-n D¥regarded as a combination of in-

- TUBE

LEAD - WWBE
THROUCK CEILING

WEILHT

Fig. 4—An indoor aerial with outdoor
extension.

available may -be an upper room
or attic.

In such a case, an aerial consist-
ing of two insulated wires arranged
as shown in Fig. 3 is recommended.
If small brass ‘ cup-hooks’ are
screwed into the highest convenient
woodwotk in each of the rooms
shown, or alternatively into Rawl-
plugs driven into small holes in the
wall, and the aerial wires are cut
off to exact length and fitted with
insulators which may be simply
hooked into position, the complete
aerial will be readily removable.
As the wires themselves will, no
doubt, come into contact with the
upper portion of the door frame
through which they pass, the use
of insulated wire is desirable.

The two wiresshould be carefully
joined together at the'end from,
which the down-lead is to be taken,
whilst the down-lead itself may be
arranged indoors as’in the previous.
case (Fig. 2), or it may pass through
an -insulating. tube- fitted _in.. the.
upper part of a convenient window.
frame and down outside of the
.house to a standard -lead-in fitting
arranged convenient to the receiving
apparatus, as shown in Fig. 3.

Such an arrangement, of course,
is really a combination of outdoor
and indoor aerial, the down-lead,
which should be held some two or
three feet away from the wall by
ineans of two light wooden or
bamboo rods carrying insulators
at their outer ends, also acts as an
aerial.

door and outdoor aerial, is shown
in Fig. 4, and will be found ad-
vantageous where the receiving
apparatus is situated in an upper
room and where the total space
available in the roof cavity is only
small.

Referring to Fig. 4, it will be

seen that a single wire (preferably.

well insulated) passes from the
receiving set through a small
ebonite tube fitted in the ceiling to
two insulators suspended at the
highest pcssible point; and thence
through the upper part of an attic
window frame to the outside of the
house down which the wire hangs,

eing retained in position by means
of a lead weight attached to its
enl.

Here, again, it is necessary that
the hanging wire should be kept at
a distance of 2 or 3 feet from the
wall, and this may be accomplished
as shown in the illustration, by
means of a light wooden or bamboo
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Fig. 5.—Good vesults can bé- obtained

‘with wire netting arvanged as showi.

‘rod fixed beneath the attic window.

Z}nd carryinz an insulator at its
outer extremity.

Wire Netting Aerials

One has become so accustomed
to regarding long léngths of ccpper
wire as being essential for aerials,
that the possibility of using other
materials in order to obtain the
desired effect of a wave-absorbing
capacity suspended at a height

-above the ground is often over-
-looked.

In very dry weather-it is
often possible to employ a lead
rcof as an upper capacity or aerial,
though such an arrangement is not
recommended for reliable perform-
apce.

A piece of galvanised wire netting
say 20 to 30 feet leng by 3 or

S
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4 feet wide, suspcnded upen in-
sulators as high as possible and
having a down-lead soldered to
one cormer of the netting, will be
found to give excellent results.

Fig. 5 shows a convenient method
of supporting the length of nettiny
at the highest point available inside
a house—namely, immediately
beneath the rafters of the roof—
and using an arrangement exactly
as illustrated the writer has, in pre-
brecadcasting days, received signals
over ccnsiderable distances using
enly a crystal receiving sct.

i'ig. 6 shows an alternative
method of susp:nding wire natting
b neath the ceiling of an attic or
of an upper landin3 or corridor, a
method which can bz adopted when
access to the rafter space cannot be
gained.

There is, of course, cne particular
disadvantage about this typec of
aerial for the recepticn of short
waves. Owing to the fairly large
capacity, the inclusicn in the aerial
circuit of quite a small amount of
inductance is sufficient to bring
the aerial circuit into tune. This
defect may bz overcome to a large
extent by the use of a series aerial
ccndenser having a  maximum
capacityof fromo.coo3 t>o.0co5 uF.
If a small fixed condenser is to be
used, the former value is recom-
mended.

Many alternative and more .or
less ingenious forms of indoor

aerials will, no doubt, occur to
‘readers, and - the writer will be
pleased to receive particulars of
any which are found to give good
results with a view to publishing
details for the benefit of other
readers.

Fig. ().——-JV[cthod of suspending the
netting- in' an upper room or ailic,
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HE detéector described in this
article has the advantage
of being highly efficient in

its functions and is particularly
useful to the crystal experimenter.
It possesses a wide range of selec-
tivity,involving both the perikon
and the cat-whisker, coupled
with an extremely fine ad-

Fig 1.—Side view of the detector.

justment. It will be noted that
in Fig. 2 three adjusting arms are’
shown. Each of these arms has an
independent adjustment, which is.
a  considerable advantage. The
adjustment is obtained by. means:
of the milled insulated  knobs on
the standards. The springs give:
a downward tension, working in
opposition to the milled knob,
which actvates an upward tension.
The two forces working in opposi-
tion, together with the eéxtremely

AN EXPERIMENTER'S CRYSTAL |
DETECTOR.
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fine movement given by the in-
sulated screwed knobs, give an
adjustment which is hard to equal.
The complete details of construction
are shown in Fig. 3. The base is
made of  in. mahogany, in which a
slot is cut 3in. x } in. This slotal-
lows a radial movement tobe given
to the cup-holder, which is fixed to
the base by a single terminal. The
cup-holder is built up from a piece
of ebonite 3 in. x # in. and drilled
as shown. A piece of strip brass
2% in. x }in. is drilled in a similar
manner and laid on top of the
ebonite. A further piece of brass
strip, 1} in. x § in.,, with two
holes drilled 1 in. apart, is placed
in position over the centre hole of

(Continued on page 30.)

Fig 2.—Top view showing the three cupse
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POINTS ON @
FRAME AERIALS H©
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LTHOUGH relatively insen-
A sitive by comparison with
the ordinary aerial, the frame
or loop, as it is sometimes called,
possesses such advantages, par-
ticularly in the reception of
British - Broadcast transmissions,
that its more general adoption is
to be looked for and some notes on
the subject may be appropriate.

The open aerial receives fairly
uniformly from all directions, un-
less its horizontal length is very
great compared with its height, or
unless it is screened in any way by
adjacernt conductors ; but the frame
aerial receives signals emanating
from points in its own plane, and
does not receive signals reaching it
from points in a plane perpendi-
cular to this and passing through
its centre. In other words, if the
edge of the frame is pointed to-
wards a transmitting station, re-
ception is -obtained, and if it is
then turned at right angles about
a vertical axis, nothing will be
received from that station.

This trings out one of the
advantages previously referred to,
since it is clear that interference
from jamming stations, ‘* birdies ’’
and atmospherics will be less ander
such conditions than when recep-
tion is uniform in all directions.
The {rame is also more easily
constructed, and is less expensive
in first cost and upkeep than is the
ordinary aerial; it is more con-
venient, is unaffected by weather
conditions, immune from lightning,
and,being a poorradiator,islesslikely
to interfere with other listeners-in
should the circuits inadvertently
be allowed to oscillate. But those
experienced in the use of both
frame and open aerials will pro-
bably agree that the comparative
immunity from interference is the
crowning advantage.

The disadvantage of the frame
is its relative insensitiveness, but
it is well to bear in mind that this
is relative only, and is dependent
upon geometrical dimensions. 21O
comes in very well with a j50-
foot open aerial on a three-valve
set at 50 miles, and is hardly
audible at that distance on 50 feet
of wire coiled up into an 18-inch
frame,
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AST month I showed you how
to make a crystal receiver
and, if you wished for

sufficient volume to work a loud
speaker, a two-valve note magnifier.
Many boys have bzen asking for a
simple two-valve set to consist of a
detector and one stage of note
magnification, and so I have de-
signed specially for ‘‘ Junjor Wire-
less” a two-valve instrument in-
corporating the ‘‘flat-coil-with-
clip "’ tuner which was used in last
month’s crystal receiver. I know
you will like this new set when you

try it—anyone can make it up in .

.a very few hours, and as the dost,
apart from the valves, batteries and
‘telephcnes, is well under f£2, the
reader who expects more for his
money is, indeed, difficult to satisfy !

To make this set you will need
the following parts :—

Component Parts
A wooden baseboard, 8} in.
long by 8 in. wide and } in.
thick. )
1 piece of wood 6% in. long by
5%in, wide and § in. thick.
2 small triangular pieces of wood
as supports.
A few ounces of No. 20 enamelled
copper wire.
8 terminals.
3 ebonite strips, two of them
measuring 24 in. by { in. and
one I in. by 43%. -
flange-type valve sockets.
grid leak and ccndenser (.0003
and 2 megohms).
fixed ccpdenser (001 uF,
filament resistance for board
mounting (several of this type
are now cn the market).
intervalve transformer of any
good make. )
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4 small pieces of wood or else 4.
rubber feet to put at the’

corners of the board to hold it
‘away from the table.

Some Systoflex or other insu-
lating tubing and some No. 22
tinned copper wire for con-
necticns. :

1 clip.
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THE “JUNIOR WIRELESS” TWO-VALVE

RECEIVER

By THE EDITOR.

This is an exceedingly cheap and simple Receiver which will operate a Loud Speaker up to five or
siz miles from a broadcasting station.
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If you look at the illustrations
you will see that the parts are
symmetrically ‘placed about the
board. I should not advise you to
alter the' positicns of these parts
until you are more experienced.
First of all you should cut the base-
board and mount the four rubber
feet or pieces of wood at the corners
of the underside. When you have
done this, you should sand or emery

oo o i

paper the top of the board and set
it on one side. Next cut the back
board and two small triangular
pieces of wood which can bz screwed
to the base and to the back bcard
to support it. Stain and varnish
the wood if you wish. '

The only tedious work in making
this receiver is in the winding of the
coil. You should first of all bore
two small holes about 1 in. or.so

4

This instrument uses the clip method of tuning describedin
last monih's ¢ Junior Wareless.” |
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apart and } in. from one end.
Now drive a long nail into a
heavy piece of wood -and set the
bobbin of wire over the nail so that
it will rotate easily as you pull
This will save you a great deal of
trouble in winding the coil and will
prevent the reel running under the
table and getting mixed up with the
table legs and thus giving all kinis
of annoyance. Puttheheavyboard
with its coil on a table or some con-
venient place and thread cne end
of the wire through one of the holes
and back through the other, and
then back once more to the first
hole, when, if you pull it, you will
find it is held quite tightly.” Leave
about 1 ft. of wire projectinz for
ccnnecting afterwards. Now start
winling the coil by holding the back
board in your hand and very care-
fully wind the first turn so that it
laysevenly. To wind the remaining
turns rotate the board and guide
the wire with your thumb ; in this
way you will be able to keep the
turns touching one another and not
overlapping. Do nottrouble about
covnting the tumrms, but simply
continue winding until you come
to a point } in. from the opposite
end, when if you drill two more
holes and thread the wires through
in the way previously described,
everything will be ready.

Now lay this flat coil upon the
table: and place a strip of wood
(a ruler or anything else quite
straight) along one side of it about
4 in. from the edge (at right
angles to the winding of the wire).
Take a piece of sand or emery paper
and rub backwards and forwards
until all of the enamel is removed
between the ruler and the edge of
the coil. You need not trouble to
bare both sides of this; only one
side is needed. When you have
finished this you can screw the two
triangular pieces of wood to the
baseboard and then screw the back
board on to these. With a little
care you can fix the back board
quite firmly.

The next step is to drill the holes
in the ebonite strips to take the
terminals. If you do not care for
this work you will be able to buy
terminal strips ready for mounting
on a board. If you are makin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>