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Experimental Topics.
About Ourselves.

WE make' no apology for adding one more
to the list of wireless publications
already in the field. The develop-

ment of wireless achievement during the past
two or three years has been so rapid and so ex-
tensive that it has become increasingly difficult
for any one paper to cater adequately for each
and every section of the varied interests
concerned. In wireless, as in other spheres
of technical interest, the need for specialised
papers is bound to arise. We enter the
field in no competitive spirit in regard to
our contemporaries, and, as will be seen in
a subsequent Editorial note, we gladly
acknowledge the good work they have done.
But we believe that there is now not only
room, but a distinct need, for a specialist
paper dealing exclusively with the interests
of the serious experimenter. This is the gap
which we aim to fill With EXPERIMENTAL
WIRELESS. A glance through the pages of
this number will indicate the general lines
on which we propose to work, and in subse-
quent issues our programme will be more
fully developed as space permits. It will
be observed that we confine our contents
strictly to subjects of experimental interest.
The exclusion of more general matters, such
as broadcasting news, elementary theory,
the construction of simple home-made sets,
and society reports, enable us to give the
experimenter an unusual number of articles
of direct interest and service to him, and this
will be the main justification for our existence.

We ask our readers to reserve a final
judgment on the fulfilment of our pro-
gramme till they have seen our further
development during the next few months.

An Independent Policy.
An essential feature of any journal which

takes for its platform the advancement of
experimental science is that it should
preserve a complete independence. Inde-
pendence does not mean antagonism, it
means freedom to help every legitimate
project for the advancement of the science
of wireless. By being the official organ of
no society we can help all ; by owing no
allegiance to any trade interests we can
contribute freely to the advancement of the
whole industry. Incidentally we may, per-
haps, emphasise the importance of the experi-
menter to the industry. No branch of
scientific research to -day is so full of possi-
bilities as is wireless, and the future of the
industry is largely wrapped up in the
improvements and new discoveries which
will result from experimental work during
the next decade. It is of the utmost
importance to the trade that not only should
they carry out research work themselves,
but that they should encourage and follow
the work of the skilled amateur.

The Field for Experimental Work.
In spite of the enormous strides which

have been made in recent years, wireless is,
to use a hackneyed phrase, " still in it;
infancy." Wireless telegraphy and tele-
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phony are naturally the best known and most
widely used examples of the radio -trans-
mission of energy, but the future holds many
developments in its keeping. Wireless con-
trol of mechanism at a distance is a branch
of the science in which steady progress is
being made. The wireless transmission of
pictures will be followed by the transmission
of scenes from life, and the wireless distri-
bution of light and power are dreams of the
engineer which are well within the bounds
of possibility. The field for experiment is
boundless, and though the experimenter of
to -day may, in general, be content to limit
his research to improvements in the trans-
mission of speech, his horizon will steadily
grow broader and broader as the years go on.
The outlook and the scope of EXPERIMENTAL
WIRELESS will expand in like degree.

A Word to Societies.
We have already remarked on the absence

of reports of the doings of wireless societies
from our pages. We exclude them in no
feeling of unfriendliness ; we are staunch
believers in the good work societies are doing,
and we wish them all an increasing measure
of usefulness and strength. But their doings
already receive such a generous share of
space in the columns of our contemporaries
that we feel they have no real need of a like
hospitality from us. While, however, we
do not feel called upon to report the ordinary
comings and goings of society life, it is more
than possible that here and there papers
will be read, or demonstrations will be given,
of great interest to the experimenter. Such
matter when forthcoming will, we need
hardly say, always receive a warm Editorial
welcome from us.

Experimental Work Abroad,
Arrangements have been made whereby our

readers will be kept in touch with experi-
mental practice in all parts of the world,
since we have a number of foreign representa-
tives who will forward from time to time
a summary of the march of progress in their
own specific areas. Month by month we
shall publish a bibliography of the more
important articles which have appeared in
British and foreign publications. The " Trend
of Invention " will summarise the progress
of wireless at home, particularly in relation
to the work of the experimenter, and we

2 EXPERIMENTAL WIRELESS.

shall duly record the advent of any inven-
tions of importance which may be made
abroad. Ey observing the directions in
which patentees are working, our readers
may find valuable hints for the guidance of
their own efforts.

Mathematics and Wireless.
The introduction of mathematics into an

article relating to wireless subjects seems
to have the effect of frightening many
experimenters whose mathematical qualifi-
cations are not very high. It is unnecessary
to point out that little advance can be made
in many directions without the aid of mathe-
matics, but in order that the non -mathe-
matical reader may not be unduly alarmed,
we propose, as far as possible, to place all
mathematical proofs and determinations in
'an appendix to each article where such proofs
are required. There are, however, certain
articles-such, for example, as 't The Main-
tenance of High -Frequency Oscillations,"
by Mr. E. W. B. Gill, appearing on page 5
of this issue-which will not lend themselves
to this treatment. Mr. Gill has much to
say that is of direct interest to the experi-
menter, apart from the calculations he
gives, and we hope, therefore, that the
non -mathematical reader will give his im-
portant contribution the careful attention
its subject warrants.

How Readers Can Help.
The large section of the wireless public

engaged in experimental and research work
includes people of a very widely varying
degree of experience and technical attain-
ment. For this reason it is impossible to
make the contents Of EXPERIMENTAL WIRE-
LESS of equal interest to every reader, but
we have endeavoured to provide in our first
issue a sufficiently varied range of matter
to please the majority. We shall, however,
appreciate the friendly co-operation of our
readers in making our journal as useful as
possible to the serious experimenter, and
shall be grateful for any criticisms or sugges-
tions which will help in this direction. The
first issue of any paper is never completely
representative of its intended scope. We
have several additional features of interest
we propose to incorporate as time progresses,
but meanwhile we shall be glad to receive
and to consider very carefully any comments
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our readers may be good enough to send us.
We hope also that readers will avail them-
selves of our columns for the discussion of
subjects and the contribution of information
of immediate interest to all experimenters.
A most interesting feature, for example,
both to the transmitter and the receiver,
will be the publication of lists of calls
which have been logged. There is little
use, ',however, in considering those of which
the distance of transmission is less than
about 6o miles, and in order that the lists
may be of some practical value they should
bear the date, time and strength of reception,
together with data concerning the receiver.
Records of long-distance or DX " work is
obviously of very great value, and it . is
hoped that readers will co-operate by com-
piling useful logs and sending them to us.

The Press and the Industry.
Having outlined our own policy as a new

arrival in the field of wireless publications,
it may not be out of place if we say a few
words about the relationship between the
wireless press generally and the industry.
We are prompted to do this because one
manufacturing firm has intimated to us that
there are already too many wireless papers,
and some of them " would have to be
eliminated in the near future." We say
unhesitatingly that publicity is the life -blood
of any industry. By the word publicity we
do not mean merely advertising. We mean
that every industry must have a press to
record the progress of discovery and inven-
tion, to disseminate the news of the industry,
to focus opinion and experience, and to
provide a common forum where the thousand
and one problems of the industry, commercial
as well as technical, may be ventilated and
discussed. Moreover, every industry needs
a press to tell the world what it is doing,
to arouse new and increased interest in its
products, and to expand its markets. This
is true of any industry, but it is especially
true of a new industry, as in the case of
wireless. Where would the wireless industry
have been to -day if it had had no press to
broadcast the wonders of wireless achieve-
ment, and to bring home to hundreds of
thousands of people the possibilities of
practical service, as well as of private
entertainment, which wireless equipment
could give them ? The wireless industry

has been peculiarly fortunate in the enthusi-
astic and enterprising press which has grown
up with it, and we confidently assert that
all firms who are engaged in the manufacture
and sale of wireless equipment owe a debt
of gratitude, possibly greater than they
realise, to those publishers and editors of
wireless and other papers who during the
past few years have done so much to make
wireless communication a subject of national
interest and enjoyment. Whether there are
too many papers, and whether any papers
need " eliminating " is a question which
will automatically settle itself. When any
paper fails to hold its public it will die a
natural death, because no publisher can
afford to continue to produce a paper which
the public will not buy. But so long as
any paper can maintain its reader -interest
it is doing good work for the industry it
represents, and should be regarded as a
valuable asset rather than as a parasite
to be " eliminated."

The Need for Greater Amateur
Co-operation.

That the condition of the amateur move-
ment is critical is, unfortunately, only too
true. A brief survey of the correspondence
columns of the various wireless periodicals
reveals a vast amount of dissatisfaction 'in
all directions. Members are not in agreement
with their societies, and one society is
antagonistic to another. In many cases the
trouble is due to nothing more than petty
jealousy, on which we need not comment ;
but, on the other hand, there are undoubtedly
reasonable grounds for complaint in some
directions. Dissatisfaction seems to arise
owing to the great variation in the technical
knowledge of the members of the various
societies. The more advanced experimenter
is too prone to forget that there was once a
time when his own knowledge of wireless was
very slight, and because his society is not able
to provide a programme of an advanced
nature he becomes discontented. The obvious
remedy is for experimenters to associate
themselves according to their qualifications,
and we should be glad to see some effort made
in this direction. Societies and associations,
too, would do well to cbnsider their relation-
ship with others of a greater or less degree of
importance, and endeavour to co-operate
rather than compete with each other, to the
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benefit of the amateur movement in general.
It must be remembered that every amateur
experimenter, whatever may be his qualifi-
cations, is dependent upon the Post Office
for authority to continue his investigations.
Nothing can be more prejudicial to the grant-
ing of his requests than great diversity of
opinion amongst experimenters in general.
There is no more convincing argument than
that of a large majority, and until all ama-
teurs are agreed it is unreasonable to expect
the Postmaster -General to listen to their
requests. Agreement can only result from
co-operation, and it is to be hoped that the
amateur movement will take steps to place
itself on a firmer and more united basis
in the very near future.

The " Experimental Wireless"
Laboratory.

Many experimenters find themselves fre-
quently handicapped in their investigations
by the lack of accurate apparatus and
instruments, and in order that we may
assist amateur readers who experience this
difficulty we have undertaken the equipment
of an experimental station and laboratory.
The laboratory is at present situated in
London, but as soon as the necessary
arrangements have been made it will be
tratisferred to a country site, free from
screening and local interference. Plans have
also been made for the erection of a test
station, and as soon as our negotiations for
a suitable site have been completed we
shall announce further details of this
part of our service programme. For the
moment it is the laboratory which will be
of immediate interest to all readers. We
are now prepared to give what we may
best term " A Calibration Service," whereby
any reader may send for calibration any
instrument or piece of apparatus. On
receipt of the apparatus it will be immediately
passed on to our laboratory, where it will
be tested against accurate standards without
any obligation on the part of the reader
other than payment of the sum necessary
to cover the cost of return postage. Should
readers avail themselves of this offer in
numbers beyond all expectations it may be
found necessary to make some nominal
charge to meet the additional expenditure
involved, but for the time being the service is
free. There would seem to be no limit to the
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nature of the calibrations and determinations
which we may be asked to make for our
readers, but amongst those of primary
importance which we are now prepared to
undertake are the following :-The measure-
ment of resistance, inductance, and capacity ;
the determination of insulation resistance,
transformer constants, and valve constants ;
and the calibration of variable capacities,
variable inductances, wavemeters, and direct -
and alternating -current meters to sensitivities
of milli- or micro -volts or amps., according
to the nature of the instruments. We refer
those of our readers who are interested in
this service to the fuller details given on
page vi of this issue, but may add that the
service will be available from October 8th
onwards.

The Price of Components.
The summer slump in the sales of apparatus

was attended by marked reductions in
prices, not only of complete receivers, but
also of components. There is little doubt,
however, that the prices demanded by certain
dealers for some components are still too
high, but while we should like to see reduc-
tions in these instances, we would warn our
readers against the purchase of exceedingly
cheap components without examining them
thoroughly as to their electrical and mechani-
cal capabilities. As an instance of this
we may mention some apparatus which we
recently examined. A so-called grid leak
had an almost infinite resistance, while two
variable condensers were finally thrown
aside as useless after many hours had been
spent in re -assembly. In endeavouring to
meet the demands of the public by the
production of a really cheap article the
manufacturer will find that, unless he main-
tains a useful standard of quality, he is
really doing his trade more harm than good.
Unsatisfactory products not only damage
the reputation of the individual maker or
dealer, but they are hurtful to the industry
as a whole by reason of the dissatisfaction
and disappointment they produce in the
ranks of wireless workers. What the experi-
menter needs is apparatus which is both
electrically and mechanically efficient, and
usually he has little interest in other details.
The experimenter will pay a fair price if he
is sure of getting an efficient article, for
efficiency means cheapness in the long run.
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The Maintenance of High Frequency
Oscillations by Valves.

BY E. W. B. GILL, M.A., B.Sc., Fellow of Merton College, Oxford.

Most experimenters are, ro doubt, familiar with the methods employed in the pro-
duction of extra high frequency oscillations corresper ding to wave -lengths of the
order of several metres Wave -lengths of the crder of 50cms. can be prcduced with
an ordinary R type valve by virtue of a new principle which has recently been
developed. and the general outline of the mode of operation will be found below.

IF an oscillatory circuit consisting of an
inductance and capacity be connected
to a valve, in which currents are passing,

by joining the condenser terminals to two of
the electrodes of the valve and if an oscilla-
tion is by some means or other set up in
the circuit one of two things may happen.
Either the alternating potential of the
oscillation does work on the electrons moving
across the valve, in which case the effect of
the valve is to abstract energy from the
oscillations and damp them, or the electrons
by virtue of their motion do work against
the alternating potential, in which case the
tendency of the valve is to put energy into
the oscillating circuit and sustain the
oscillations.

The latter alternative is the underlying
principle of the modern methods of maintain-
ing continuous wave oscillations by the use
of three -electrode gas -free valves.

As an example, in the ordinary valve
generator the oscillatory circuit is connected
between the filament and the plate, a battery
or other source of high potential being in-
serted in the plate lead, while a reaction coil
is placed between the filament and the grid.
This coil is inductively coupled with the
inductance of the oscillatory circuit.

If no oscillations are occurring a current i
passes through the valve from the filament to
the plate, this current consisting of electrons
emitted from the hot filament. The size of
the current, the filament temperature being
kept constant, depends on the voltage V G
between the grid and filament, and also on
the voltage V between the plate and fila-
ment.

For suitable values of V the plate current
is little affected by small variations in V, but
is chiefly determined by the value of VG ,

the change in the plate current being directly

proportional' to the change in VG over a fair
range. If, now, a small oscillation is started
in the oscillatory circuit (whose resistance
will be regarded as very small), the voltage
across the condenser may be taken as
Vo sin pt (where Vo is a constant, t represents
time, and 270 is the periodic time of the
oscillation), and the potential difference
between the filament and the plate becomes
V+ yo sin fit.

- - -

1.-In the ordinary valve generator, the oscillatory circuit is
connected between the plate and the filament, the plate beiflg
maintained at a positive potential.

The effect of the oscillating current in the
main circuit inductance is to induce an alter-
nating E.M.F. in the reaction coil, that is,
between the filament and grid, which E.M.F.
will be practically 180° out of phase with and
proportional to the E.M.F. across the con-
denser if the reaction coil is properly placed
with regard to the main inductance.

The net result is that the plate current,
which varies linearly with the grid voltage,
also varies linearly with - Vo sin pt, and at
time t will be equal to i -k Vo sin pt, k being
a constant.

At time t an element of charge (i -k V o
2
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sin pt) dt reaches the plate under the voltage
V+V o sin pt.

The work thus done per cycle on the
electrons in the valve as they move from
filament to plate is :

21c/p

(V+Vo sin pt) - k Vo sin pt) dt

21C 2
which =-

72- - kV°.

The second term is the work done by the
alternating E.M.F., and as this work is
negative, it means that work is got from the
electrons which goes to maintain the oscilla-
tions.

This can also be seen in another way. The
current running through the main battery
at time t is i -k Vro sin pt, and the work
done per cycle by the battery is therefore

p

V - k Vo sin pt) di
0

which reduces top Vi, but the work absorbed

by the valve is seen above to be less than
this by the amount; k V2,,, and this amount

represents, therefore, a balance of work from
the main battery which goes to maintain the
Oscillation.

The physical explanation is easy to see.
If no oscillations occur all the work done by
the main battery on the electrons is expended
in the valve and appears in the heating of
the plate by electronic bombardment. When
oscillations occur, the electrons on the average
hit the plate with a lower velocity and the
heating of the plate is less. The main battery
does the same work per unit time in the two
cases, and thus part of the work wasted in
heating in the first case is used to sustain
oscillations in the second. The electrons take
energy from the high-tension battery and
give out a portion to the oscillatory circuit.

2.-In the above calculation it has been
tacitly assumed that the time the electrons
take to cross the valve is negligible in com-
parison with the time of oscillation. The
variation of grid voltage operates on the
electrons between the filament and the grid,
causing a variation in the number which
ultimately reach the plate ; in assuming,

therefore, as was done, that the plate current
follows the grid voltage instantaneously the
time of passage must be neglected. If, on
the other hand, the time of passage is an
appreciable fraction of the time of oscillation,
the element of charge (1 -k Vo sin pt) dt
does not move across the valve under an
E.M.F. of V + Vo sin pt, but under an
E.M.F. which varies from V+Vo sin pt to
V + V 0 sin p (t+T), T being the time of
passage.

It is of importance to note that in such a
case the work done on the electrons cannot
be deduced solely from the potential of the
plate at the time when the charge reaches it,
and that to go through the argument of
paragraph 1, putting in a phase angle to
allow for the lag of current behind plate
voltage on arrival would be incorrect, though
the actual effect is similar to what would be
produced by such a lag.

Independently of the question of the time
that the electrons take to cross the valve, it
is doubtful how far the current is controlled
by the grid if the oscillations are very rapid.
Without, however, trying to apply exact
calculation to the case where the time of
oscillation is comparable to the time taken
by the electrons to cross the valve, it is
fairly evident that as the wave -length of the
oscillatory circuit is reduced, the valve
becomes less and less efficient as a generator
owing to the " lag -equivalent " effect.

With ordinary sized transmitting valves,
using the ordinary voltages, the time factor
begins to become of importance when the
wave -length is of the order of ro to 20 metres.
If the valve is of the size of the usual French
type, it is difficult to sustain oscillations of
much less than two metres.

So far as the time factor is concerned, the
production of still shorter waves by the usual
methods might be attained by a decrease in
the radial dimensions of the valve and an
increase in the plate voltages, as each of
these changes would make the electrons cross
the valves faster ; but no very considerable
diminution in wave -length can be expected
as the fundamental wave -length of the
circuit consisting only of the leads inside the
valve and the valve capacity, without any
external circuits at all, is of the order, for a
French valve, of about one metre.

3, --An entirely novel method of producing
short waves was announced by 'Barkhausen
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and Kurz in the Physikalischer Zeitschrift
of January, 1920, by which wave -lengths of
from 5o cms.upwards can readily be obtained,
though the oscillations are not very strong.
In their arrangement the grid of a gas -free
valve is charged to a high positive potential
V above the filament, and the plate is put at
about the same potential as the filament.
The oscillatory circuit consisted of two long
equal straight wires. If these wires are placed
near and parallel to each other they form a
so-called Lecher wire system, which has a
distributed inductance and capacity. These
wires are joined to the plate and grid, and
are thus loaded with a small capacity at the
end.

This system can oscillate on a fundamental
wave -length or on harmonics, which are
shorter waves.

Fig. 2.-The oscillatory circuit comprises a Lecher wire system
connected between the grid and the filament, the grid being held
at a high positive potential, while the plate is made slightly
negative.

It is outside the scope of this article to
give in detail the actual experimental arrange-
ments, and we shall concern ourselves merely
to indicate that such / system will maintain
very short wave oscillations.

The electrons which leave the filament are
accelerated up to the grid, and those which
pass through are retarded from the grid to
the plate. It is only necessary to apply the
elementary principles of electrostatics to see
that the electrons will just fail to reach the
plate, if it is very slightly negative in poten-
tial to the filament (provided there are no
oscillations) ; for the electrons having nega-
tive charges cannot move from a body of
higher potential to one at a lower.

All the velocity they attain under the
accelerating force from filament to grid will
be lost under. the retarding force after passing

the grid when they reach a place where the
potential is the same as that of the filament,
that is, a point just before the plate. The
electrons, therefore, turn back near the plate
and return to the grid either directly or after
one or two more passages backwards and
forwards through the grid. It will simplify
things to assume the grid spaces are very small
compared to the area of the grid wires, in
which case the electrons return direct to the
grid and do not pass through it a second
time.

Thus all the electrons which leave the
filament ultimately reach the grid after
moving through a potential V and hit it with
the same velocity. The work done by the
high-tension battery being all devoted to
heating the grid by bombardment, the plate
receiving no current.

If, however, there is a very small oscilla-
tion in the circuit attached to grid and plate
the state of affairs is different.

Instead of the old arrangement of poten-
tials

Potential of Filament 0 say
Potential of Grid V
Potential of Plate 0

they become at time t
Filament 0
Grid V- Vo sin pt

VoPlate V+ sin pt

the alternating potential between grid and plate
being Vo sin pt.

. It is very easy to see the effect of this if
the electron's time of passage is negligible
compared to the time of an oscillation.

In the first place, the average grid potential
V being high, the current from the filament
to the grid can be taken as the saturation
current and is unaffected by small alterations
in the grid voltage. Grid control, in other
words, does not operate, and a uniform
current i flows through the grid towards the
plate.

In the second place, the plate now receives
Vocurrent intermittently, for when - sin pt
2

is positive the plate potential is higher than
that of the filament and the electrons, there-
fore, reach it, while when -2 sin pt is negative
the electrons stop just before reaching the
plateand return to the grid. Thus plate and
grid receive current alternately.

2*
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Considering a complete oscillation from
t=o to t=27c/p, from t=o to t=ir/p, the
current i passing the grid goes direct to the
plate, and from time t-Trip to t=2Tilp the
current i goes back to the grid. This would
be repeated in succeeding oscillations. In
addition there is a current i, going direct
from the grid, to the filament all the time.

The question of whether this arrangement
of currents will damp or sustain the oscilla-
tions can be answered from the chief principle
enunciated that it depends on whether the
oscillating potential does work on the elec-
trons or whether the electrons do work against
the oscillating potentials.

The work done per cycle by the alternat-
ing potential can be divided into three parts :

(A) On the current i, going direct from fila-
ment to grid the work is

2ic

P -ii V-,-; sin pt dt which is zero.

0

(B) On the current carried by the electrons
which go through the grid, as they go from
filament to plate (whether collected on the
plate or not), the work is

Vo sin pt dt
2

which is also zero.

(c) On the current which returns from just
outside the plate to the grid during the time
t=n1p to t -271-./p the work is

2,r

- i Vc, sin pt dt which is equal to 2 i V°

Hence the total work done per cycle by
the oscillating potential is

2/ Vo
and as this is

positive the electrons gain energy at the
expense of the oscillating system, and the
oscillations are damped out and not sustained.
Thus this arrangement will not act as a valve
generator for long waves.

But if the time the electrons take to go
across the valve becomes comparable to the
time of oscillation things may be very
different.

The electron which passes the grid at time
t when the plate potential is go sin pt does
not reach the plate till a time T, say, later,

when the plate potential has become
go sin p (t+T). The electron has, therefore,
moved under a potential varying between
these limits.

There are two main consequences of this :
I.-The electrons which pass through the

grid from time t=o to t=7c/p no longer all
reach the plate. The new criterion for
reaching the plate is not whether the plate
is positive to the filament when the electron
starts, but whether the work done by the
varying field on the electron during its
passage to the plate is positive. The electrons
still run alternately to the plate and back to
the grid for time intervals /rip, but these
intervals are, so to speak, out of phase with
the oscillation, the amount of which they
are out of phase depending on the ratio of
the time of passage to the time of oscillation.

The net effect of this is to change the limits
of the integral in (c) above, and it is clear
that if the form of (c) were still correct an
appropriate change in the limits would make
the value of the integral negative and change
the damping of the valve into a regenerative
action.

But the form of (c) is no longer quite
correct, owing to the second consequence.

2.-That in calculating the work done on
an electron, allowance must be made for the
variation of potential during its motion.

The full calculations are rather lengthy
and tedious, and can be found in the Philo-
sophical Magazine for July, 1922, in an
article by J. H. Morrell and the author. It
will suffice here to give a few calculated
numerical results for cases where the work
done by the oscillating potential is negative
-that is, where the valve maintains the
oscillation.

If the ratio of the time of oscillation tb
the time the electron takes to go from the
grid to the plate is 4, then the work done
by the oscillating potential is -.47 in certain
units

If the ratio is f the work is --85
2 --36

unity
For values of the ratio larger than about 8,

the work is positive, and oscillations cannot
be maintained.

The result is interesting as showing that
the work will reach its largest negative value
and regeneration will, therefore, be strongest
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for a particular ratio somewhere about 3
of the time of oscillation to time of passage.

The time of passage can fairly easily be
seen to be inversely proportional to the
square root of V, and hence there is a species
of tuning between the voltage used and the
wave -length.

This last explains why this method will
give shorter waves than the natural wave-
length of the valve, and its connections
(which limits the wave -length obtained with
the ordinary circuit), for if the voltage appro-
priate to the wave -length of one of the
harmonics is applied the set will oscillate
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on this in preference to oscillating on the
fundamental. With ordinary circuits the
tendency is for the set always to oscillate on
the fundamental.

To give an idea of the sort of wave-length
obtained, a French valve with about 200
volts on the grid gives strongest oscillations
on a wave -length of about 6o ans. The
wave -length is inversely proportional to the
square root of the voltage, so that 5o volts
would give 12o cms., Boo volts (if the grid
would stand it) would give 3o cms., and so
on. Valves with larger distances from grid
to plate would give longer wave-lengths.

The Fading of Signals.
BY 0. F. BROWN, M.A., B.Sc.

(Technical Secretary io the Radio Research Board.)

The effects of fading of short wave signals are too apparent to the experimenter to
need discussion, while on the other hand little is known of the cause. The Radio
Research Board is at the present time conducting an investigation, and have asked
for the co-operation of the amateur. In the following pages the factors determining

the received signal strength are considered.

FROM the earliest days of radio-
telegraphy it has been known that
radio signals may vary in strength

quite apart from faults or lack of adjustment
of the apparatus at the transmitting or
receiving station. An operator may be
listening to good signals from a distant
station when these may gradually decrease
in strength, until sometimes they become
too 'weak to read, and then increase again
until they become stronger than they were
originally. Such phenomena are described
as " fading effects," and their explanation
is to be sought in the factors influencing
the propagation of the wireless waves in
the intervening space between the transmitter
and receiver.

Fading effects are more commonly met
with in the recepticn of short waves (i.e.,
waves of the order of boo metres and below)
received by night over long distances. The
increase in the numbers receiving broadcast
signals, and also the increase in amateur
communication over long ranges (as, for
example, the reception of American amateur

stations in this country), have brought these
effects recently into great prominence.

The growing interest in short wave com-
munication is to be welcomed by all interested
in the scientific aspects of wireless communi-
cation, because the study of transmission
on such waves is likely to lead to the collection
of valuable data bearing on the solution of
problems of the propagation of waves, the
explanation of which are at present matters
of conjecture.

Fading effects are closely allied to other
phenomena of wireless transmission, such
as the fact that the range of a wireless
station using short waves is always greater
by night than by day, or the occurrence of
freak ranges when signals from a station
usually inaudible at a particular spot can
be heard occasionally by night. Any general
hypothesis advanced to explain any one of
these effects must be capable of explaining
the others.

The hypothesis which is generally accepted
to -day is that the upper rarefied regions of
the atmosphere contain a large quantity of
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minute dust particles charged with electricity
which have been driven out from the sun
and caught in our atmosphere. Such particles
have the effect of making the portions of the
atmosphere in which they occur semi-
conductors of electricity. The physical con-
stitution of the upper atmosphere makes it
probable that these particles are sorted into
more or less definite layers, the lowest of
which may be supposed to be about zoo
kilometres from the surface of the earth.
At night time these layers, encircling the
earth as a semi -conducting shell, may be
expected to have fairly sharply defined under
surfaces. Under the direct influence of
sunlight, however, it is probable that the
rarefied gases of the atmosphere are directly
ionised ; that is, the atoms which compose
them are broken up into positive and
negative particles called ions. These ions
will penetrate into the atmosphere to dis-
tances considerably below the permanent
semi -conducting layers already described.

_- -,
Lagers.

A
Pig. I -By right, waves from the point A, rash B, by the path

shown.

After sunset, when the direct action of the
sun is removed, the positive and negative
icns recombine, leaving the space below the
lowest permanent semi -conducting layer
practically free from ions, and therefore an
insulator.

Several years ago a classic series of
experiments carried out by Austin and Cohen
led to a somewhat complicated empirical
formula being evolved giving the strength
of the voltage to be expected at a receiving
aerial at various distances from the trans-
mitter. Recently Prof. G. N. Watson has
shown mathematically that, assuming wire-
less waves are conducted round the earth in
an insulating shell between a semi -conducting
earth and a semi -conducting layer in the
atmosphere, a formula exactly of the some
form as the Austin -Cohen formula is obtained,
and this result lends very strong mathe-
matical support to the supposed existence
of such layers in the atmosphere.

We may now consider the effect of the
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ionisation on the propagation of wireless
waves. When a medium is a semi -conductor
the effect is to increase the velocity with
which a wave passing through the medium
travels. In the daytime, therefore, when
the under surface of the lowest semi -con-
ducting layer is ill-defined, the upper portions
of a wave from a transmitting station will
pass through an ionised portion of the
atmosphere. These portions of the wave
will travel faster than the lower portions
which travel along the earth's surface, and
the wave will therefore be tilted over or
refracted towards the earth and will be
absorbed in the ground. Also, when the
waves are passing over dry soil, which is not
a good conductor of electricity, the foot of
the waves will be pulled backwards, so that
absorption by the ground will take place
more quickly than if the wave were passing
over sea water, for example. There is in
addition probably an absorption and scatter-
ing of .the actual energy of the wave by the
charged particles in the medium, and this
absorption is greater for short waves than
for long waves. The general effect of these
factors is to make the day range of short
waves comparatively small.

At night the lower portions of the atmos-
phere are clear of ions and the surface of
the semi -conductive layers more sharply
defined. Thus, instead of the waves entering
a charged medium and being refracted, they
will encounter charged layers which can act
as semi -reflecting surfaces, just as the surface
of water acts as a partial reflector for light
wave's. As the short waves are more easily
absorbed so, from the physical principles
involved, they may be expected to be more
easily reflected than longer waves. The
layers are semi -transparent to the waves,
and part of the energy in the waves will be
transmitted and refracted by each layer and
part will be reflected. The amount of energy
reflected depends on the angle at which the
waves meet the surface. If this is a large
angle most of the energy will pass through
the layer ; as the angle gets smaller more
energy is reflected.

By night, then; waves from a point A
may be supposed to reach B by paths such
as are shown in Fig. i. Although the layers
at night are moderately well defined, it is
to be expected that the shape of the layers
is continually varying, and the paths by
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which waves may reach B from A will be
affected by the changes in the surfaces of
the layers. The signals received, therefore,
will be by no means constant in strength ;
in other words, " fading " effects will
certainly occur at night either through
changes in the constitution of the semi -
reflecting surface or through changes in the
direction of the layers, both of which factors
will affect the paths taken by the waves.
Figs. 2 and 3 illustrate roughly how the
variation in signal strength may arise
through alterations in the arrangement of

_8S8e'i-C'oaductiay
ayers.

A 3
Fig. 2.-i1 the layers become bent, waves travelling along paths (1)

and (2) are reflected and refracted and are lost by absorption in
the upper atmosphere, while those travelling more vertically
reach B by the path (3).

the layers. Should the layers be bent as
shown in Fig. 2, then waves travelling along
paths (1) and (2) are reflected and refracted
so as to be lost and absorbed in the upper
atmosphere. The waves following path (3)
which reach B are those radiated in a more
vertical direction than those reaching B
in Fig. 1. As very little energy is usually
radiated vertically from an ordinary aerial
the signal strength at B will be decreased.
Similarly from Fig. 3 it is seen that if the
layers lie in the other direction the strength
of signals at B will be increased.

It thus appears that the strength of signals
received especially on short waves, will be
influenced by the condition, as regards
conductivity, of the portions of the atmos-
phere through which the waves pass. The
paths which the waves take will depend on
the sharpness of the ionised layers, and the
number of charged particles in the layers
from moment to moment, and even on the
varying arrangement of the particles in the
layers.

The strength of the signals may also depend
on the nature of the ground between the
receiver and the transmitter, and may be
influenced by changes in its electrical con-
ductivity produced by the presence or

absence of rain. The signals may, in addi-
tion, vary through the changes in the elec-
trical state of the lower atmosphere. For
example, the presence of thunder clouds may
cause local absorption or deflection of the
waves.

In particular, just at sunset and sunrise
the changes taking place in the conductivity
of the atmosphere will be very great, as the
direct ionising effects of the sun will cease
and begin at those times, Fading effects
may, therefore, be expected to be very
pronounced, and experience fully supports
this expectation.

The only way in which these complicated
phenomena can be investigated is by care-
fully organised simultaneous observations
carried out over a long period. The Radio
Research Board established under the
Department of Scientific and Industrial
Research has taken a step towards the
investigation of the problem along these
lines by enlisting the co-operation of amateurs
through the Radio Society of Great Britain
and its affiliated societies. In many districts
arrangements have been made for several
observers to record the strength of the
signals from the Broadcasting Stations, whose
transmissions are on wave -lengths likely

-

A

Semi-eonductins,
_layers

Fig. 3.-Here, the layers lie in the opposite direction, thus causing
the signals to be increased in the direction of B.

to show fading effects, and to forward their
observations monthly to the Secretary of the
Board for analysis. The measurement of
signal strength, unfortunately, is a matter
of the greatest difficulty if accurate results
are desired, and it is impossible outside a
fully -equipped laboratory. Isolated ob3erva-
tions may, therefore, not always be reliable.
Nevertheless, if the variation of signals are
observed simultaneously by several inde-
pendent observers reliable qualitative data
at least are likely to be collected, which will
be of great value in the elucidation of the pro-
blems of wireless transmission.-Published
by permission of the Radio Research Board.
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Neon Lamps and Their Use for Wireless
Purposes.

By E. H. ROBINSON.

Gas discharge devices have occupied the attention of the experimenters for some con-
siderable time, the Geissler tube, for example, being many years old. The neon tube
is very convenient for experimental work in that it requires an ionising potential of only
a few hundred volts. The recent appearance of the neon tube as a commercial article
for the pirpose of illumination is most opportune as it provides the experimenter with
a suitable discharge device at a reasonable price. Below will be found much informa-
tion relating to the use of neon lamps for reception, transmission and other purposes.

NEON lamps have been attracting the
attention of experimenters for some
time past, and it seems that they

may in the near future find several useful
applications both in wireless transmission
and reception. Perhaps it would be more
correct to say that already they have, in the
hands of a , few amateurs who have taken
the trouble to experiment with tham,
proved successful for certain purposes which
formerly could only be served by the much
more costly thermionic valve. The follow-
ing remarks may help to give the reader an
idea of the properties of neon lamps and the
sort of thing they may be expected to do.

The " Osglim."
At the time of writing the most familiar

type of neon lamp on the market is the
" Osglim," made by the G.E.C. These lamps
are similar to the old Geissler tubes, in that
a luminous ionised -gas discharge takes place
between metallic electrodes in a rarified
atmosphere, with the difference that the
ordinary Geissler tube requires a potential
of several thousand volts across its terminals
as against only about 200 volts in the case
of the neon lamp. This difference is chiefly
due to the abnormally low ionising potential
of neon gas, and its high electrical conduc-
tivity when ionised. The electrodes of the
" Osglim " lamp, which, by the way, are
made of iron, are much closer together than
in the older type of " vacuum tube." The
space within these lamps contains nearly
pure neon* under a pressure corresponding
to several millimetres, or even a centimetre
or two, of mercury. Thus, judging by
modern standards, the vacuum is an ex-

* One of the five completely inert gases that are
present in small quantities in our atmosphere.

tremely " soft " one. The neon usually
contains a small percentage of helium, and
sometimes a trace of hydrogen may be
added by the makers, as this tends to
prevent disintegration of the electrodes. The
writer believes that a little mercury vapour
is also present. Certain impurities, how-
ever, such as water vapour, must be
religiously excluded during manufacture as
they are detrimental to the proper action
of the lamp.

Before experimenting with a commercially
made neon lamp it is advisable to remove
the safety resistance which lies hidden in
the brass cap of the lanip, as it may seriously
modify the action of the lamp, especially
where H.F. currents are involved. The most
obvious way of removing the resistance is
to cut round the brass cap with a small pair
of scissors so that part can be removed,
allowing one to get the resistance out and
to take leads direct from the electrodes. It
is, however, much more convenient to pre-
serve the cap intact so that the lamp can
be inserted in standard bayonet holders for
subsequent experiments. This can be done
by the following procedure. The lamp is
held by the bulb, as shown in Fig. I, and
the brass cap is carefully heated by a small
bunsen flame applied to the end where the
contacts are, special care being taken that
the flame does not play on the glass. This
heating has the double effect of melting the
solder which secures the lead-in wires to the
contact lugs, and of softening the cement
which holds the bulb in the cap, so that the
cap can be readily removed by grasping
with a pair of tongs or pliers and pulling
gently. The cap thus removed reveals the
resistance which usually takes the form of
a quantity of fine insulated wire wound on
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a piece of cardboard or an earthenware
bobbin. The removal of the resist ince now
presents no difficulty, and the brass cap
may be fixed on again with elastic glue or
similar cement after suitable connection has
been established between the lead-in wires
and the contact lugs.

When the safety resistance has been
rem wed it is not safe to put a neon lamp
straight across the lighting mains, as exces-
sive pulses of current are likely to run
through it and blow the fuses. When
working off the mains some external limiting

such as the star type or certain cf the h tter-
lamps. The lighting-up and extinction volt-
ages of a neon lamp are not the same ; that
is to say, there is a certain minimum potential
below which the discharge will not start,
but once the discharge has been started by
applying this potential (or a higher o.ie)
the glow may be maintained by a potential
appreciably below that required f r starting.
In this respect the neon lamp resembles an
arc lamp, though the effect is more pro-
nounced in an arc lamp. Another property
of neon lamps is that if the electrodes are

Fi.. 1. On the le:t the Osglim is hell with a pair of tonas, and a smell flame is applied to tt e end of the cap
until the solder securing the leads melt-, when the cap can be pulled away, as seen on the right, exposing
the resistance.

device, such as a lamp, should be used in
series.

Characteristics of the Neon Tube.
Most of the intere, ting properties of the

neon lamp depend to the fact that as a
conductor of electricity it d' es net tbev
Ohm's law. Fig. 2 is the characteristic curve
of a typical lamp. Hardly itv two lamps
appear to have exactly the s. me character-
istics, and the curves cf some neon lamps
show abrupt kinks where the discharge
suddenly spreads to another part of the
electrodes or alters its whole distribution.
Such kinks are particularly common in
lamps having irregularly -shaped cathedes,

of unequal size the conductivity is not the
same both ways, the lamp conducting best
when the largest electrode is the cathode.
It will be born in mind that in the " Osglim "
lamps the glow appears at the cathode,
which is the fancy electrode, and which has
a much greater surface area th in the anode.
Thus. if the lamp is put in it, -. cket the
wn,rig way r und, the glow apps rs at the
smaller electr. de and less current will be
found t p.1,, through the lamp than when
it is connected in the normal way. A certain
lamp of the " Beehive " type when tested
in this way on a voltage of about zoo. passed
25 milliamperes in the normal direction and
13 in the reverse direction. In many lamps,
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however, this uni-directional effect is much
more marked. Ndt only is the conductivity
of neon lamps different when they are
connected with different polarities, but the
minimum ignition potentials are different,
a lamp lighting up on a lower voltage when
the smaller electrode is made the cathode.

It might be as well to mention here that
neon lamps should not be run on voltages
much in excess of the rated value if it is
desired that they should retain their original
properties. If a 220 -volt lamp is run for
about a quarter of an hour on four or five
hundred volts it glows with abnormal
brilliancy and heats up considerably, the
electrodes, especially the smaller cne, becom-
ing read hot and the bulb becoming too hot
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Fig. 2.-Showing the general form of the characteristic curve of a
Dutch double spiral neon tube, as taken by the author. The
arrow indicates that it is an extinction curve.

to touch. After a few minutes of this treat-
ment the glow changes from the original
pinkish -orange colour to a pale lilac fringed
with blue or green. Once a lamp has been
over -run to this extent it requires a higher
voltage than the rated value to work it
afterwards, and it will always light up the
pale lilac colour. Over -running spoils a
lamp for many purposes, but the writer finds
that the oscillatory properties referred to
below are often improved to a great extent.

Rectification.
Owing to the partial uni-lateral con-

ductivity a certain amount of rectification
can be obtained with a neon lamp, although
the rectification obtained is very incomplete

and probably will not in itself find a very
extended application. Fig. 3 shows how a
neon lamp may be used as a detector to
receive sufficiently loud signals. The neon
lamp V is connected across the A.T.I. in
series with a pair of 'phones, a high variable
resistance R and a 200 -volt H.T. supply.
C is a large bye -pass condenser, which is not
absolutely essential. By means of R the
potential a crcss the lamp is adjusted until
the lamp glows feebly. This arrangement,
using an " Osglim " lamp, is rather insensi-
tive and is infericr to
a good crystal detec-
tor, very little being
audible in it other
than a local broad-
casting station.
Nevertheless, t h e
writer can receive
2L0 very clearly if
not very loudly, in
this manner. It might
be of use, however,
for a separate " side -tone" receiver for
these who experiment with the trans-
mission of radio -telephony. A difficulty.
that one usually meets in trying to listen
to one's own transmission is that most
detectors, including valves, tend to be
paralysed by the powerful local oscillations
of the transmitter. A neon lamp used as a
detectcr is practically free frcm paralytic
effects.

0-mm4w/-
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8.-Method of using the
neon tube as a detector.

Production of Oscillations.
One of the most interesting properties of

neon lamps is their capability of converting
a direct -current supply into regularly
pulsating current. If a lamp is shunted, as
in Fig. 4, by a variable condenser C fed
through a resistance R frcm a D.C. supply
of zoo volts or more a rapid series of pulses
will pass through the lamp when R is in-
creased until the lamp is just on the point
of extinction. This is due to the arc -like
property of the lamp previously referred to.
The number of discharges per second through
the lamp depends upon the rate at which the
supply current through the resistance R can
charge the condenser C up to the ignition
potential cf the lamp. Thus by decreasing
R the frequency of the pulses is increased,
and also the smaller C is made the higher
will be the discharge frequency. By suitable
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adjustments of R and C the frequency may
be made such that the lamp only flashes
once every few seconds, or it may be made
of any desired musical pitch. It is necessary
to have the potential drop in R about equal
to that in the lamp-that is to say, R must
be of the same order of resistance as the
lamp. A simple water resistance is con-
venient for experimental purposes. With

Fig. 4.-The neon lamp is shunted by a condenser supplied through
a high resistance, the frequency being determined by the values
of R and C.

mcst neon lamps the frequency can be
carried just above the limit of audibility,
but it is not usually possible to carry the
pulsations much further into the radio
frequencies, the average lamp ceasing to
function at about 25,000 per second, after
which the glow is continuous and not
interrupted. Owing to the fact that these
pulsations are detached uni-directional
surges, as shown in Fig. 5, and are not
sinusoidal oscillations, an enormous number
of harmonics are present. If we make a
neon lamp pulsate in the manner described
above at a frequency of about 15,000 and
listen in a heterodyne receiver close to the
lamp we hear a strong C.W. note due to
the fundamental pulsations on a long wave-
length of 20,000 metres or so, and as we
tune the receiver down to shorter wavelengths
we come to harmonics of two, three, four,
five, and so on, times the fundamental
frequency, and it follows that the higher
the frequency we tune to the more crowded
tcgether these harmonics will be. This is,
indeed, no case of " the higher you go the
fewer." On the shorter wavelengths below
400 metres the harmonics become extremely
feeble, but follow each other in rapid succes-
sion as the tuning condenser of the heterodyne
receiver is varied.

The harmonics of a neon lamp, far from
being a disadvantage, make it possible to
generate low power C.W. on short wave-
lengths in spite of the fact that the lamp
itself will only pulsate cn frequencies corre-
sponding to very long wavelengths. By
tuning an oscillatory circuit associated with
the neon lamp circuit to one of the short -
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wave harmonics, this harmonic is made to,
stand out very much more strongly than
the rest, and will produce loud heterodyne
effects in an adjacent receiver. The writer
has found the connections shcwn in Fig. 6
best for this purpose. Suppose' that it is
desired to produce cscillations of a frequency
of 1,000,000 (corresponding to a wavelength
Of 300 metres) in the_circuit L2C2 (Fig. 6).
The neon lamp V is connected up to prods ce
pulsations, as in Fig. 4, except that an
inductance Li is included in series with the
lamp. R and Ci are adjusted to make the
lamp pulsate at as high a frequency as
possible ; the higher this fundamental fre-
quency can be made the stronger and purer
will be the C.W. produced at the desired

rimeLi
Fig. b.-The wave form of pulses produced by a neon lamp, showing

their non -sinusoidal nature.

harmonic frequency. Cx may be a .001 mf.
variable condenser at about half -way setting.
The inductance Li must be of such a value
that in conjunction with Ci it would tune
approximately to the same frequency as
L2C2-that is to say, x 000,000 per seccnd
in this case. The circuit Ci LINT is not a
tuned circuit in the ordinary sense c f the
wcrd, owing to the inclusion of the lamp V,
but the adjustment referred to ensures a
maximum transference of energy on the
harmonic frequency from the lamp circuit
to the tuned circuit L2C2. Once the circuit
L2C2 has been tuned to the desired frequency
a slight adjustment of CI or R will serve to
bring a harmonic into exact synchronisation
with L2C2, in which case the C.W. produced
is at its strongest and purest. The coupling
between Li and L2 requires a certain
amount of adjustment, and should be made
quite tight. H.F. chokes may be put in
the supply leads, as shown in Fig. 6, but
they are not always necessary as the
resistance R is usually very high, and
is sufficient in itself to keep H.F. cur-
rents out of the supply leads. If the
arrangement is used for low power
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transmission the closed circuit L2C2 is
replaced by a tuned aerial circuit. The
whole action of the arrangement is that of
impact excitation, each aperiodic discharge
pulse through the lamp giving a kick to the
circuit L2C2, which continues to oscillate
in its own free period until 'the next pulse
comes to keep it going. The process of
tuning L2C2 to a harmonic simply amounts
to making the lamp circuit give the circuit
L2C2 a kick at intervals of an exact number
of oscillations. Thus, if the lamp is dis-
charging at 2o,000 per second and L2C2 is
tuned to a frequency of r,000,000, the circuit
L2C2 receives a kick exactly every 5o oscilla-
tions, and if this circuit is one with low H.F.
losses practically undamped oscillations are
sustained in it. The principle is exactly the
same as that used in the Chaffee, Ditcham,
and T.Y.K. systems of producing C.W.,
with the difference that these systems used
a highly -quenched spark -gap in place of the
neon lamp, and were capable of dealing with
powers of pao watts cr more.

The Neon Tube as an Oscillator.
The first difficulty that one encounters

when one tries to use the neon lamp oscillator
for transmission is the minuteness of the
power obtainable. Although the standard
" Osglims " are intended to consume 5 watts
normally, most of them will only pulsate
when they are on the point of extincticn
and consuming considerably less than i watt.
Many lamps are capable of great improve-
ment in this respect by over -running cn
about 400 volts until the glow changes to a
pale lilac colour. This not only makes it
possible for the lamp to pulsate subsequently
on greater power, but enables it to pulsate
on a somewhat higher fundamental frequency
and to give much more powerful harmonics.

When a neon lamp is being used, as in
Fig. 6, to produce continuous oscillations
it is highly important to have the supply
current absolutely constant. It will be born
in . mind that the fundamental frequency is
not determined as in a valve transmitter
by a tuned circuit, but is chiefly a function
of the supply current and the condenser in
the neon lamp circuit. Thus small variations
in the supply current cause corresponding
variations in the fundamental pulsation
frequency of the lamp which are enormously
exaggerated in the harmonic selected by
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the circuit L2C2 (Fig. 6). Fcr example, the
writer was making a neon lamp oscillator
give C.W. on 400 metres, rectified A.C. being
used as the source of current. Although the
smoothing arrangements were such the t
absolutely pure C.W. would have been given
on a io-watt valve transmitter, the oscilla-
tions from the neon lamp sounded in a
heterodyne receiver as if entirely unsmoothed
A.C. were being used. It was not until a
smoothing system ccnsisting of two inter -
valve transformers and condensers amount-
ing to ro mf. was used that pure C.W. was
obtained, and this in spite of the fact that
only about 5 milliamperes were being drawn
from the H.T. supply. When once the supply
has been made sufficiently smooth the C.W.
note is cs pure as that obtained from a valve
transmitter.

+0

200 L. 300 V /
D.C.

/ --
H.F Chokes

Fig. 6.-here a harmonic from a pulsating neon lamp is selected
by a tunei circuit L 202.

The susceptibility of the oscillations to
variations in the supply current has one
advantage, in that very sensitive telephonic
modulation can be obtained by simply in-
serting the secondary of a modulation
transformer in series with the H.T. supply.

The Effect of other Gases.
So far reference has been made only to

the use of neon lamps as oscillators, but the
writer has found that the properties referred
to above are by no means confined to vacuum
tubes employing neon gas. Neon lamps Ere
convenient simply because of the low voltages
required to work them, and because they are
readily obtainable at a moderate price. Other
gases and vapours give similar and even
greatly improved results. A simple air
vacuum will work after a fashion, while
ammonia gas is quite good. Very good
results are obtainable from lamps containing
a mixture of phosphorus and mercury vapour.
In one set of experiments the pip of an
" Osglim " was removed so as to let the air
in, and to let the neon escape. A glass
exhausting tube was now sealed on to the
bulb, and a drop of mercury, along with a
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few grains of red phosphorus, was intro-
duced ; connection was made by lubber
pressure tubing to an ordinary filter pump
working on a water tap at full mains pressure.
This pump was capable 'of exhausting to a
pressure corresponding to about i cm. of
mercury. During exhaustion a potential of
Soo volts A.C. was applied to the electrodes,
this causing a bluish -violet glow to take place
between them, and making them red-hot.
At the same time the lamp was shaken so
that some of the red phosphorus fell on to the
hot electrodes, and became converted into
yellow phosphorus, which vaporised and
combined with any residual oxygen in the
bulb. The exhaustion was continued for
about five minutes, and the exhaustion tube
was sealed off near the bulb with the lamp
still glowing. Several lamps were prepared
in this way, and though they did not all
behave in exactly the same manner, they
were nearly all much better oscillators than
the ordinary neon lamp. One tube in par-
ticular gave very good results, as it would
pulsate on a power of over three watts at a
fundamental frequency as high as 50,000
(i.e., 6,000 metres wave -length). The writer
has not been able to, obtain such a high
frequency with a neon lamp. The tube in
question was rather difficult to start up,
and required about 400 volts to work it,
but it was capable of putting .1 amp. into
an average aerial on 440 metres, the arrange-
ment in Fig. 6 being used with the aerial
circuit in place of the closed circuit L2C2.
The C.W. heterodyne note was as pure as
that from a valve transmitter. These phos-
phorus vapour lamps might very well be
developed into a practical article for regular
use, and they can be constructed at a negligi-
ble cost by anyone with a little experience of
glass working. Much better results could
probably be obtained by using specially
designed electrodes made of some more
suitable metal than iron.

Early Discharge Devices.
The idea of using a discharge in a partial

vacuum to produce C.W. is by no means
new, and was brought to the stage of prac-
tical utility in 1916 by Japanese radio
engineers in the form of the T.Y.K. vacuum
discharger. The T.Y.K. discharger consisted
of two circular parallel electrodes sealed into
a glass bulb evacuated to a pressure of a

centimetre or two of mercury. The anode
was of copper, the cathode cf aluminium, and,
the distance between the electrodes was
about half a millimetre. The discharger
really amounts to a Chaffee gap in a partial
vacuum. The atmosphere in the discharger
may be air, but ammonia gas was found to
give greatly superior results. The T.Y.K.
discharger dissipated about ioo watts, and
was fed from a 500 -volt supply, the circuit
used being almost identical with Fig. 6.

The whole subject of using neon lamps
and similar devices is an interesting and,
extensive one, and we hope to be able to
publish further accounts of it in future issues
of this journal.

It is possible to use a neon lamp as a
modulating device in a radio -telephone
transmitter. The writer does not at present
claim that a neon lamp gives better results

Valve or other
Oscillator.

7.-The lamp is shunted in series with the modulation trans-
former across the A.T.I. 0 the transmitter. A source of
polarising potential should preferably be included in series withthe lamp.

as a modulator than as an ordinary ther-
mionic valve, but it is a very inexpensive
substitute, has no filament, and is certainly
capable of giving quite good results. The
simplest modulation scheme using a neon
lamp is shown in Fig. 7 ; it amounts to the
converse of the receiver in Fig. 3. Shunted
across the aerial circuit is the lamp in series
with the secondary of a step-up modulation
transformer T, and a source E of polarising
potential. By means of a resistance R the
potential acrcss the lamp is adjusted until
it glows feebly ; a certain amount of glow is
also caused by the H.F. potentials, derived
from the aerial inductance. When the micro-
phone is spoken into, the potentials set up
acrcss the secondary of the transformer T
vary the conductivity of the lamp (owing to
its non-linear characteristic), causing a.
varying damping effect on the aerial circuit.
This system of modulation can be applied
to a 5 -watt valve transmitter with satis-
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factory results, but the writer prefers the
arrangement shown in Fig. 8. Here the
ordinary electrodes of the lamp do not
constitute an absorption path in themselves,
but a third electrode is made by placing an
insulated metallic coating round the outside
of the bulb. This may consist of tinfoil
neatly stuck on to the glass with shellac
varnish or other adhesive. The tinfoil
should cover nearly the whole of the bulb,
but on no account should it touch the brass
cap or any other conductor at earth potential.
A piece of copper wire is bound round the
bulb so as to make good contact with the
tinfoil, and connection is made thereby to
the grid of the transmitter valve. One of the
leads to the internal electrodes of the lamp
is connected to the filament lead, the two
internal electrodes being connected in series
with the secondary of a step-up modulation
transformer, and a source of variable polaris-
ing potential. When the lamp glows its
interior becomes semi -conductive, and its
capacity effect with the tinfoil outside forms
quite a good conducting path for H.F.
currents. The arrangement may be used as
a shunt control across either the grid circuit
or the plate circuit of the valve transmitter.
Most effective modulation can be obtained
by using a tuned grid circuit and shunting
the absorption modulator across this. Similar
circuits, using valve modulators, are quite
well known to most experimenters. By

200V
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Fig. 8.-The internal electrodes are connected across the secondary
of the modulation transformer the auxiliary electrode being
taken to the grid of the transmitting valve.

adjustment of the tuning condenser across
the grid circuit one can obtain a flexible
control of the extent of mcdulation. In
either of the systems shown in Figs. 7 and
.8, the polarising potential for the neon lamp
may be derived from the same H.T. source
as is used to supply the oscillator, a suitable
resistance being inserted in series with the

lamp if necessary, to cut down the voltage
across the lamp to the right value. In the
figures a separate H.T. supply is shown for
simplicity.

Other Uses of the Neon Lamp.
Other uses for neon lamps have suggested

themselves, and have been put successfully
into practice. Fig. 10 shows how a neon lamp
may be used to obtain rectified high-tension

Fig. 9.-Tinfoil is fixed to the glass with shellac to form the third
electrode.

currents from a spark coil suitable for C.W.
and telephony valve transmitters ; PS is an
induction coil, preferably of the type with a

.high speed interrupter and capable of giving
comparatively heavy currents in the secon-
dary at a voltage of a thousand or so. The
neon lamp V is placed in series with secondary
S as shown, Cr and C2 being smoothing con-
densers whose necessary value will be deter-
mined chiefly by the interruption frequency
in the primary P. These condensers, especially
Cr, should be built to withstand fairly high
peak voltages. The fact that a rectified
output is obtained from the condenser C2
does not depend so much upon the uni-
lateral properties of the lamp itself as upon
the peculiar wave -form of the secondary
voltage of an induction coil. When the
interrupter in the primary " makes " the
circuit, only a low voltage of certain polarity
is set up across the secondary, and this is
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insufficient to drive any current through
the lamp. On " break," however, a very
high potential surge of opposite polarity is
set up in the secondary, and this passes
through the lamp easily, and charges the
condensers CI and C2. Since only the break
surges get through the lamp, and since these
are always of the same polarity, it follows
that the condensers will charge up, and D.C.

Fig. 10.-A neon lamp in series with the secondary of the induction
soli allows only pulses due to the break to pass into the output.

can be drawn from them. Only one lamp is
shown in Fig. io, but it will usually be neces-
sary to use two or three neon lamps in series,
as one will not stand a back voltage greater
than about 200. This method of using neon
lamps is particularly applicable to H.T.
units of the well-known " T.V.T." type.

An example of the useful application of
neon lamps to wireless reception is to be
found in the Anson Relay. As this device

has already been described in the technical
press, it will not be dealt with at length here.
The broad principle consists in placing a
neon lamp in the plate circuit of a three -elec-
trode valve and adjusting the H.T. supply
so that the lamp works near its extinction
point. The input-output characteristic can
be steepened in this way so that the current
through the plate circuit when no signal is
arriving is negligible ccmpared with the
current that is set up when a signal does
arrive. This enables a relay in the plate
circuit to work cleanly and precisely. Also
the extra resistance due to neon lamp
reduces the time constant of the relay circuit
and allows a higher working speed.

A variety of miscellaneous uses will, no
doubt, occur to the experimenter. Long -
wave oscillations produced directly by a
neon lamp may be used for heterodyne recep-
tion of stations like Carnarvon. Also a
lamp pulsating near the limit of audibility
might be applied to the Armstrong super-
regenerative receiver. The object of this
article will have been accomplished if it has
helped to give an idea of the possibilities in
neon lamps and to stimulate some of the
readers of this journal to make further experi-
ments for themselves in this direction.

The above photograph, of American origin, shows another attempt at static elimination. Being dissatisfied
with radio and audio frequency eliminators, attention has been turned to acoustic methods, and the photo-
graph should form excellent subject -matter for amateur experiments in this direction.
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Antenna Constants.
By H. ANDREWES, B.Sc., A.C.G.I., D.I.C.

It is impossible to bring a transmitter to a state of efficiency without a knowledge
of the aerial constants, particularly the effective resistance. The following article
explains how the radiation resistance may be measured, and is. perhaps, the best methcd
for the experimenter, as it involves little calculation and practically no additional
apparatus.

THE aerial, or, more correctly, the
antenna system, of an amateur trans-
mitter is very often a much neglected -

portion of the station. not so much,
perhaps, from the point of view of putting up
a large, high elaborate aerial, but owing to
the fact that the actual efficiency of the
system as a radiator is not known. Without
careful measurement it is impossible even to
estimate the radiating efficiency, and only a
poor idea of the efficiency of the oscillator can
be obtained from the anode current and the
aerial current. It is not, perhaps, generally
realised that the measurement of the " so-
called " constants of an antenna is not really
such a difficult problem, and that most of
the apparatus is available to the average
transmitting licence -holder.

Natural Wavelength,

Wavelength, to Hanes
Fig. 1.-The capacity of an aerial varies with the wave -length, and

the general form of the curve showing the relation can be seen
from the above figure.

Now, every aerial system has inductance,
capacity and resistance, and hence a natural
wave -length at which it will oscillate when
unloaded. With small antennas, such as
are usually used, at any rate, for Zoo -metre
work, the inductance is usually neglected,
as it is fairly small. This, of course, intro-
duces an approximation, and hence we must
remember this if the capacity is to be
measured by substitution.

The two most important properties of the
antenna are the capacity and the resistance.
By resistance is meant the effective resist-
ance. Later it will be shown how this may
be split up into its three components.

The first thing we must do is to measure
the natural wave -length of the system.
Then, knowing this, we may measure the
capacity and resistance above this for a
series of wave -lengths and hence obtain
curves showing us the variation of these
" constants."
Variation of Capacity with Wave -length.

It is not, perhaps, always realised that the
capacity of the antenna varies with the
wave -length, and hence it is only true to
say that a certain antenna has a capacity of,
shall we say, .0005 mfd. for a certain fixed
wave -length. The general shape of the
capacity -wave -length curve is shown in
Fig. i.

The easiest way to describe how to make
these measurements will be to describe,
briefly, the apparatus and method used to
obtain resistance and capacity curves at the
author's station.

The general method is to obtain a small
current in the antenna at a given wave-
length, and then switch the oscillator on to
an artificial aerial consisting of capacity
and resistance, and adjusting the capacity
for resonance and the resistance to give the
same current. Then, approximately, the
capacity and resistance of the antenna are
given by the values in the artificial circuit
for the given wave -length. To prevent
reactions between the artificial and oscillating
circuits, and to keep the conditions the
same for aerial and artificial circuits, it is
essential to use extremely loose coupling
between the oscillator or " driver," as it is
often Called, and the A.T.I. For this reason
it is usual to sot up the driver about
io ft. away from the lead-in ,and A.T.I. and



EXPERIMENTAL WIRELESS.

WavemeZer

Post' Office
.80.v.

2 I October, 1923.

A3

Fig. 2. The oscillator on the right produces a small current in the aerial circuit, which is then substituted by
the artificial circuit adjusted to give the same aerial current. The oscillator, or driver, must be_at least
10 ft. from the artificial circuit in order to prevent capacity and reaction effects.

then run long straight Wires or flex from the
driver to a coupling coil coupled to the
A.T.I.

The Driver.
For the driver any ordinary oscillatory

circuit may be used. In the general circuit
diagram (Fig. 2) the Colpitts is shown. One
essential point about the driver is that
it should be of sufficient power. In the
case in question a French 6o -watt tube was
used, with 1,20o volts " raw " A.C. on the
anode. Owing to the nature of the oscil-
latory circuit employed a " phantom "
circuit was placed where normally the aerial
circuit would be connected and the coupling
coil to the A.T.I. included in this circuit.
This was found to be advantageous, as up
to 5 amps. could be obtained in this circuit,
allowing loose coupling to the aerial, and at
the same time it was possible to change the
wave -length by altering the " phantom "
circuit condenser without shutting down the
circuit, as changing the clips necessitated.

The following are details of the apparatus
shown in Fig. 2 :-

A.-aerial hot-wire milliammeter.
A2 =" phantom " circuit hot-wire ammeter,

0-7 amps.
A3=anode input ammeter, 0-150 D.C. milli-

amperes.
A4=wavemeter hot-wire milliammeter, 0-250.
C. =1 jar Navy variable.
C2 = 0005 mfd. variable.
C;=001 mfd. variable ; high insulation.
C4=001 mfd. variable ; high insulation.
C5=anode stopping, O1 fixed.
C6=grid, .01 fixed.
Lx=ordinary helix to be used on transmitter.
1 2 =three -turn coupling coil (about 1 ft. diam.).

1.3=" driver " helix (bare wire, good insulation).
L4=grid H.F. choke (any fairly large induct-

ance).
L5=anode feed H.F. choke (any fairly large

inductance).
R.= Artificial aerial resistance. A straight

Eureka wire with sliding clip.
R2= /rater grid leak, variable.

In order to take a reading the procedure
was as follows :-The driver was started
and the wave -length adjusted to a suitable
value by means of C3 and C4, and as large
a current as possible obtained in A,. The
wave -length was then accurately measured

I Hump, due to
resonance

Wavelength, in, Mares
Fig. 3. -The variation of resistance with wave -length can be easily

seen from the above curve. The peculiar shape is brought
about by resonance with some near conductor.

by means of the wavemeter. The change-
over switch was then placed on the aerial
side and the aerial circuit brought into
resonance with Li and C2, and the coupling
between Li and L2 adjusted to give from
50-100 milliamperes in Ai.

With a fairly large value, for safety, in
R, the switch was thrown over and the

3
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artificial circuit brought into resonance by
means of C, and the current in A, brought
to the previous value by altering R2. The
value of R, is then obtained from the P.O.
box.

It is advisable to test at the beginning
for reaction by moving the change -over
switch backwards and forwards and noting
if there was any change in A2 or A3 readings.

A Low -Loss Condenser.
The following important points should be

noted. The condenser C, in the artificial
circuit must be a good low -loss one. This is
absolutely essential, as the author has found
by experience. At first an ordinary receiving
condenser was used immersed in paraffin to
increase the capacity. This gave a resistance
for the antenna at a certain point of about
5 ohms ; on replacing this by a good condenser
the value of R rose to 20 ohms. This may
have been due largely to the paraffin, but
still indicates the necessity for a good con-
denser.

The coupling between L, and L2 should
not be too loose, as otherwise it was found
that the artificial circuit was difficult to
manage and absurd results were obtained.
By using a P.O. box to measure the value of
R any errors due to loose contact, etc., to
the resistance wire were avoided, but, of
course, by careful construction, this could
be avoided, and the P.O. box is not an
essential. The condenser C2 need not be a
low -loss one, as its resistance does rot enter
into the measurements.

With the above apparatus, and with careful
measurements, it will be seen that curves
may be drawn from the readings obtained
of the capacity and effective resistance of
the aerial system with varying wave -length.
Fig. 3 shows the theoretical shape of such
curves. As a rule, the capacity curve
follows in practice the theoretical shape,
but very often the resistance curve has
serious humps in it. These are usually
due to resonance in some object near the
aerial, such as another aerial, telephone
wires, etc. These can only be remedied
by the removal of the object, a possible
cause of friction if your neighbour is a
" broadcast listener -in " ! If by luck you
get a curve such as Fig. 3 it is then possible
to split up the effective resistance into its
components. There are three losses in the

22 EXPERIMENTAL WIRELESS.

aerial system which appear as resistance
in their curve, namely : (a) Radiation
resistance ; (b) dielectric losses ; (c) ohmic
resistance. These may be represented as
shown in Fig. 4. The radiation resistance
is a curve as shown. The dielectric losses
increase with the wave -length, while the
ohmic losses remain constant.

It can be seen, then, that by geometry
the various components may be determined.

Wavelength, in, Metres
Fig. 4.-The components of the effective resistance of the aerial are

clearly demonstrated by the above carves.

The important point is that, in this way, we
may find the efficiency of the antenna
system at different wave -lengths, i.e., watts
radiated to watts in the aerial, and it is
easy to see that the point of maximum
aerial current is not necessarily the best
working point. It should be noted that if an
oscillating circuit such as the Colpitts be
used for the transmitter the curves obtained
do not hold as a series aerial condenser
is introduced. This may be obviously
remedied by taking the curve with the
condenser in circuit at various settings.

Trans -Atlantic Signals Coming Over Again.
Experimenters report the reception of quite

a number of American amateur stations dur-
ing the last few weeks. Broadcasting stations
can also be heard on wave -lengths from 300
and 40o metres between the hours of 00.30
and 3.3o G.M.T. Although the carrier -waves
of several of these stations are usually fairly
easy to detect, and the modulation is read-
able at times on a good receiver, the strength
of the signals is not yet up to what may be
expected at the most favourable times during
the winter.
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Some Notes on Distortionless Amplification.
The following article shows where distortion is likely to occur in pcwer amplifiers,
and gives interesting data for the production of pure speech and music from
loud speakers.

IT is a regrettable fact that, perhaps, not
more than five per cent. of the broad-
cast receivers fitted with loud speakers

give results approximating to clear speech
and music. A recent examination of a
number of installations, both amateur
receivers and demonstration models, showed
that the results were absolutely deplorable,
the speech, in some case, being absolutely
unintelligible. Such a condition must neces-
sarily have a very malign effect upon broad-
casting, and in the interests of wireless it is
surely the duty of the experimenter to
demonstrate that the faithful reproduction
of speech is no mere hypothesis, but is,
on the other hand, an assured fact. It is
the object of these short notes to indicate
the most usual causes of distortion, and
explain how the original quality of the
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Fig. 1.-When the potentials reach a value of " y "distortion occurs.

speech may be retained by the correct
adjustment of the apparatus.

The idea seems to be prevalent that the
distortion is invariably due to bad design
of the low -frequency transformers and the
loud speaker. In the majority of cases
nothing could be more erroneous, the trouble
usually being associated with conditions
under which the valves are functioning. In
order to examine all the possible causes of
distortion the whole system will be examined

progressively, dealing with each individual
component very briefly. It will be assumed
that the carrier wave is modulated as
perfectly as possible, and it may, therefore,
be considered as distortionless. The quality
of a modulated wave is dependent upon the
percentage modulation, which, in the case
of a broadcast station, is considerably smaller
than that used by the average amateur
experimenter, resulting in better quality of
speech.

Crystal Rectification.
The first component of the receiving

apparatus is the tuning system, and calls
for no attention. Following this is the
rectifier, unless radio -frequency amplification
is employed, which will be considered later.
It will be seen that if any distortion takes
place here its effect will be greatly magnified
by the subsequent low -frequency amplifiers,
and consequently it is of vital importance
to obtain distortionless rectification. Most
receivers employ cumulative grid condenser
rectification, which functions by virtue of
the change in grid current. This method
is undoubtedly the most efficient, but is
likely to produce more distortion of the
original wave form than other systems.
The value of the grid leak is a very critical
factor, and is determined by the constants
of the circuit. It is essential, therefore,
that it should be found by trial. The writer
is in favour of connecting it between the grid
and the positive side of the filament battery.
It will probably be found that the value of
the leak which gives the clearest speech
does not give the greatest volume of sound.
It is, no doubt, advisable to sacrifice strength
at the expense of quality, thereby giving
a somewhat lower efficiency per valve.

Crystal rectification is a far simpler pro-
blem, and there is little to choose between a
good crystal and a valve rectifier without
reaction. The crystal rectifies owing to the
asymmetrical nature of the contact resist-
ance, and it can be shown that less distortion
is likely to be produced than with a valve.
The next part of the receiver is the low -

3*



October, 1923. 24 EXPERIMENTAL WIRELESS.

frequency amplifier, and is responsible for a
good proportion of the bad quality of the
speech.

Linear Amplification.
The magnitude of the potentials applied

to the first amplifier will be dependent upon
the strength of the rectified oscillations,
which, in the case of broadcasting, will be
fairly large. In order to obtain proper
amplification the change in anode current
must be directly proportional to the applied
potentials, which in this case are fairly
large. This means that the portion of the
curve over which the valve is being used
must be represented by a straight line.
This condition can be fulfilled by arranging
the steady grid potential so that the operating
point is brought to the middle of the straight
part of the curve. This adjustment alone
is not sufficient. It will be seen by referring
to Fig. t that as long as the applied potentials
do not exceed a value of " x linear ampli-
fication occurs, but when they reach a value
of " y " the operative point moves to the
upper bend of the characteristic. The
obvious remedy is to lengthen the curve,
which simply necessitates increasing the
filament emission, by brightening the fila-
ment or substituting a valve having a greater
emissivity. This may produce saturation
at the particular anode voltage. In order
to restore normal working conditions it will
be necessary to increase the voltage on the
anode to some extent.

It will be seen, then, that the filament
must be fairly bright, and that a large
voltage should be used on the anode. For
an ordinary R -type valve about 8o to zoo
volts should be used on the, first amplifier.
The voltage on the anode has an effect
upon the normal working point on the curve.
Increasing the voltage has the effect of mov-
ing the whole curve to the left, which thus
determines the correct steady grid potential.
From Fig. 2 it will be seen that when the
anode voltage is 5o the grid potential should
be about zero. When the voltage is increased
to ioo the necessary grid potential would be
about 3 volts. It has been shown that,
owing to the magnitude. of the applied
potentials, it is necessary to use a long
curve, which further necessitates a steady
negative potential on the grid. In practice
this is best obtained by the introduction

of grid cells, and will be referred to later.
There is an additional advantage obtained
by the use of the negative potential, since,
if of sufficient magnitude, the strongest
positive potential applied by the incoming
signal can never give the grid an absolute
positive potential. This means that no
grid current will flow which would produce
distortion.

Increased Power in each Stage.
The above reasoning holds good in the

case of the next stage of amplification,
only in this case the applied potentials are
considerably greater. Thus, if the first
amplifier is working at the maximum
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efficiency it follows that the available power
in the next stage must be increased. This
means that a greater anode voltage must be
used, and a greater negative grid bias will
also be required. Similarly a third stage
will require even greater values. It is
impossible to give absolute values without
the various constants of the circuit, but
they should be determined as follows. The
first stage of amplification should be con-
nected, making the filament fairly bright,
and using about 70 volts on the anode. If
signals are at all strong a loud speaker must
be used in place of telephones, as it is impos-
sible to judge the quality with an over -loaded
telephone. It is advisable also to use a
crystal as the rectifier. The grid bias should
then be adjusted in conjunction with the
anode voltage. As the grid is made negative
the strength and quality of the signal will
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improve, and will continue to do so until a
critical value at which maximum amplifica-
tion will be obtained. When this point is
reached it is advisable to see if increasing
the anode voltage will give a further increase
in signal strength. The same procedure
is then carried out with the subsequent stages.
As a rough guide, the following table shows
the comparative values of the voltages
required for successive stages of amplifica-
tion :-

Valve.
Grid
Bias.

Anode
Voltage. Valve.

1st Stage - 2 100 R type.
2nd Stage - 6 150 Very hard R type.
3rd Stage -12 300 Small power valve

Another cause of distortion is sometimes
due to excessive radio -frequency ampli-
fication. Too many stages of radio -frequency
amplification build up such big potentials
that they are not only distorted in the last

Fig. 3.-The loud speake is connected across a choke L, through a
condenser C,.

stage of radio -frequency amplification, but
are not properly rectified, the peak voltages
being lost which are responsible for the
quality of the speech. The resulting speech
is " tinny " and " rustly." The remedy is
obvious, it being merely necessary to cut
out the unnecessary stages of amplification.

Loud Speaker Connections.
With regard to the loud speaker, it must

be remembered that it is by means of this
that the quality of the speech is judged, and
it must be assumed that there is nothing
wrong with it. If another type is available
it is useful to make all tests with each of the

loud speakers. It will probably be found
that a small condenser of about 0.002 mfd.
in shunt will improve the quality to some
extent. An arrangement sometimes em-
ployed with very satisfactory results is
shown in Fig. 3. It will be seen that the
loud speaker is connected across a large
choke of the order of 2 Henries through a
condenser of about i mfd.

If bad speech and music are still obtained
the trouble probably lies in the instruments,
or more often in their arrangement. A
tendency to howl and a muffled sound is
generally due to low -frequency reaction,
which should always be avoided. Adjust-
ment of the filaments will usually remedy
this, or it may be necessary to try a different
arrangement of the transformers. Many
transformers have a large magnetic leakage,
and interaction between the fields giving
rise to a form of trouble which is best
remedied by screening or alternatively the
substitution of another transformer. A
number of transformers have a ratio as large
as i to 5, and are rather liable to give trouble
by oscillating at an audible frequency,
especially when there is a large negative
grid bias. This can sometimes be rectified
by experimenting with small condensers
connected across the primary windings and
elsewhere: The writer is in favour of ratios
not greater than about r to 3.5, but it should
be remembered that a transformer should
really be made to suit the circuit and not the
circuit to suit the transformer, as is unfortu-
nately the case.

There is one form of distortion which is
very hard to eliminate. Speech and music
constitute a very large band of audible
frequencies, the higher harmonics approach-
ing radio frequencies. It is obviously very
hard to arrange two or three transformers and
a loud speaker so that they will respond.
proportionally to applied potentials at all
frequencies from several hundreds to several
thousands. The transformers are best suited
for middle frequencies. The very low fre-
quencies require a very large reactance value
for the transformers. If this is provided the
secondary reactance must be increased
proportionally in order to keep the trans-
formation ratio constant. The additional
winding increases the self -capacity of the
secondary enormously, with the result that
it has a by-passing effect, especially on the
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Fig. 4.-A' novel circuit embodying several interesting features. The condenser C, is used to obtain negative
audio frequency reaction and C, is used to by-pass high audio frequencies which are amplified too much by the
second valve.

higher speech frequencies. It is obvious,
then, that if an unequal amplification occurs,
more particularly with music, that the
original timbre and colour can never be
faithfully reproduced. The resistance
coupled amplifier, being aperiodic, is
more perfect in this respect, but requires
very careful adjustment, and, of course,
no voltage step up is obtained with successive
stages of amplification.

An Interesting Circuit.
Much time and experiment can be devoted

to distortionless amplification, and, in con-
clusion, some details of a circuit which has
a moderately high efficiency will, no doubt,
be of interest Rectification is obtained by
a crystal, which is connected directly to the
first valve, the anode voltage being about 80.
This is coupled to the next valve by a I to 3
transformer, shunted by a condenser of
about 0002 mfd., the anode voltage being
about 12o. The second valve is coupled to
a Marconi Osram T15 by a large choke,
the secondary winding of an old motor spark
coil being suitable. The coupling condenser
is o25 mfd., and the grid leak is about one
megohm connected to an 8 -volt grid cell.
Owing to the large emission from the filament
the grid normally assumes a large negative
potential, and the grid cell can sometimes
be dispensed with, depending upon the
actual conditions of the circuit. It will be
seen that a separate anode supply of the
order of 300 volts is used for the last valve.

In order to keep the loud speaker at earth
potential it is included in the negative lead,
the positive going direct to the anode. This
particular circuit was found to amplify the -
higher frequencies too much, and this was
overcome to a certain extent by shunting
the grid and filament of the last valve with,
a 0.002 mfd. condenser. If low -frequency
reaction is present to any extent a condenser
of about 0.0003 mfd. can be placed between
the grids of the last two valves. The value,
of course, is rather critical. Experimenters
who are interested in pure reproduction will'
find the subject of distortionless amplifica-
tion very fascinating if they care to approach -
it by what the writer has termed " con-
structive amplification," which if not a truly
scientific method, is both instructive and
interesting. Having rectified the incoming
oscillations as purely as possible, they are
amplified by several low frequency stages,
various devices being included to control
the degree of amplification of various
bands of frequencies. It will be seen
from the foregoing notes that distortion is
chiefly due to the working conditions of the -
instruments and not to the apparatus itself,
and consequently any experimenter who is
pleased to allow his loud speaker to emit
anything but perfectly intelligible speech,
and music rich in tone and colour is doing
little else but demonstrating his unfamiliarity
with wireless apparatus, and is at the same -
time prejudicing his friends against broad-
casting. P. D. T.
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Efficient Transmission.
BY FREDERIC L. HOGG.

Many experimenters interested in transmission are content to connect an ordinary
valve oscillator to a receiving aerial and expect good results. The following article,
by an experimenter who has been heard in America, will show that many special
circuits and arrangements are necessary for efficient transmission.

THE subject of efficiency in transmission
has not had much attention paid to
it by radio amateurs in this country.

Perhaps this is due to the lack of information
about transmission in radio journals, and
it is hoped that many will now give their
experiences and information to others
through this magazine.

The usual procedure in making a trans-
mitter is to build up a nice set in a box,
using the conventional reaction circuit-or
" reversed feed back "-and to fiddle with
this till the ammeter moves a bit. Having
got a reading on the ammeter the input is
pushed up to an unmentionable value till
there is an appreciable aerial current. Most
people affirm that it is impossible to have
more than, say, .8 amp. in the aerial on
ro watts, and that .5 is a good average.
This is absolutely incorrect. On any ordinary
aerial a current of at least i amp. should be
obtained, and more under good circum-
stances.

How many amateurs who have really
good receivers have found it possible to
build their receivers without a considerable
aptiount of experimental work ? Of course,
anyone can make a receiver work, but what
is meant is the kind of receiver which will
give good transatlantic results.

Considering the fact that in a receiver one
can allow a considerable amount of loss
which will be counteracted by reaction, and
that in a transmitter such losses must be
made up by input power, it is obvious that
far more care must be taken over the trans-
mitter. The usual receiving aerial and earth
are generally no use at all for transmission,
but when they are made suitable for trans-
mission a difference in reception will be
noticed. This is a point very few realise ;
it is far harder to make a really successful
transmitter than it is to make a good receiver.
The remarks I propose to make on this
subject will refer to zoo -metre work in the

main, although they will apply to a certain
extent to the higher waves as well.

The Aerial System.
First of all, let us take the aerial system.

It is well known that a curve can be drawn
showing the resistance of the aerial at
different wave -lengths. A typical curve is
shown in Fig. i. The total resistance Ra
is made up of three separate components,
i.e., the true radiation resistance of the
aerial (representing the actual energy used
usefully) - R, ; the losses due to ground
resistance and wire resistance, etc., - Rg ;
and the dielectric losses due to houses,

Fig. 1. --Illustrating the three components of the radiation resistance
curve of a typical aerial.

trees, etc., - Rd. These three components
are shown in the figure. For the moment
this will be assumed, but possibly may be
discussed at length in a future article. It
will be seen that near the fundamental the
total Rg and Rd are least and that R, is
greatest. From this it has been assumed
that the best point at which to work an aerial
is at its fundamental, as here R, is theoreti-
cally infinite. This view is particularly
popular in the U.S.A., but, while I agree
as regards theory, in practice things appear
very different. However, whether the reader
agrees or not, he will grant this point : Given
any particular wave, the higher the radiation
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current on that wave and aerial the more
efficient the transmitter.

Before proceeding a note on fundamentals
would not be out of place. We all know
that the fundamental of an L aerial is
approximately 4f times its length in metres
or 1.5 times its length in feet. But this is
usually quite wrong when applied to amateur
aerials, for not only must we count the length
of aerial, but also the lead-in and earth lead.
As an example, my own aerial, which is an
exaggerated case, will be quoted. Length
of top, 6o ft. ; length of down lead to roof,
15 ft. ; length from lead-in to set, ro ft. ;
length from set to level of counterpoise,
45 ft. ; total, 130 ft. This gives a natural
wave -length of about 195 metres. The
actual natural wave -length is 192 metres.
Most people would say such an aerial would
have a natural wave of about 9o-ioo metres.
I have found by trial on quite a number of
aerials that 1.5 times the length in feet of

R

2.-It will be seen that the use of a counterpoise lowers the
radiation resistance of the aerial to a considerable extent.

all leads from earth or counterpoise level
to free end of aerial gives a very good
approximation. Now this explains why
people have difficulty in getting down to
short waves.

We see, then, that we can get greater
aerial currents by eliminating the wasteful'
Rd and Rg losses. Rd is, unfortunately,
usually fixed for any particular location,
though if the operator can remove all trees,
houses, etc., in the neighbourhood so much
the better ! Often a noticeable difference
is made by carefully brcaleng and insulat-
ing all guys, etc., and keeping the aerial well
away from the masts. However, in most
cases Rg is the factor which counts most.
The usual water pipe earth has a colossal
resistance, and buried plates have too small
an active area to be any use for transmitting.

The Counterpoise.
The only thing to do is to use a counter-

poise under the aerial. This should be as
large as possible, and perfectly insulated,
about 6 ft. above the ground in the ideal
case, although in practice a couple of wires
io or 12 ft. above the ground under the
aerial are often far better than the usual
earths. Also the capacity and natural
wave -length fall, which is, in many cases,
an advantage, as a bigger inductance can be
used in the aerial circuit, with better trans-
ference of energy. This, of course, only
applies in some cases. Anyhow, the first
thing to do is to put up as large a counter-
poise with as many wires as possible. The
smaller the amount of the sky visible from
the ground the better. The whole must be
insulated just as carefully as is the aerial.
With quite a small counterpoise of six wires
spaced a foot apart, and 12 ft. high, the
resistance of my own aerial was reduced
from 38 to 5 ohms on 200 metres, which is
certainly an extreme case, but I have heard
of worse cases. It is safe to say that in
every case of an average amateur station
a counterpoise will improve results. Having
now a counterpoise, we have reduced Rg con-
siderably, which is a considerable advan-
tage, We have also altered our fundamental
a little if the counterpoise is small, but this
is not of great significance. As to the aerial
itself, a larger number of wires than are
used for reception are probably an advantage
-three or four are generally suitable. A
cage has a very slight theoretical advantage
in some circumstances, but is not always
worth the trouble of building. A well -spaced
(4 or 5 ft.) four -wire flat top is as good as
anything to begin with. The usual wire is
quite suitable, but it should preferably
be enamelled. The insulation must be far
better than usual. The ordinary small
shell or egg insulators are no good unless
they are cleaned every few days. They are
quite useless for large aerial currents also.
If nothing better can be obtained a string of
at least three insulators should be placed
at each end of each wire. The best insulators
to use are 12 -in. or i8 -in. glazed porcelain
rods of best quality. Composition and
ebonite insulators should invariably be
avoided. The importance of insulation is
still greater on high powers, say ioo watts
and over ; the ordinary types will brush
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over and the composition ones melt. The
lead-in is of equal importance. A large
porcelain tube should be used, or, if possible,
no lead-in tube at all.

Aerial Current.
Having now a good aerial, we can proceed

to other parts of the set. But first let us
consider what aerial currents we should get
on io watts input. We all know that-

watts input x efficiency = watts output.
And watts = (current)2 x resistance of circuit.
watts input to anode x efficiency = (aerial cur-

rent)2 x Ra.
Now the efficiency and R. are both

Raunknown, but if we can tabulate -, where

is the efficiency, we can get an idea of
what is taking place. The smaller this figure
the better our transmitter. It is usually
assumed that 7) is .5 for a valve, but this
figure can be easily exceeded. Many com-
mercial stations have efficiencies of .85 to .9,
and -75 should be obtained by any amateur.
The efficiency is governed largely by the

Fig. 3.-Colpit 's Oscillator. Here the grid coupling Is capacita lye.
The choke (L2) in series with the grid leak should always be
used when the leak is connected to the filament.

anode tap, grid leak and H.T. voltage. To
a certain extent the greater the values of
these three the greater the efficiency, though,
of course, there are many other factors.
Now, at its lowest point the resistance of an
average amateur aerial with counterpoise
is below 10 ohms. If it is not, there is some-
thing wrong somewhere. The number of
aerials with a higher resistance is very small
indeed, and many fall as low as 5 ohms or
less. Now, if we have an input of It) watts
in a io-ohm aerial at .75 efficiency we get an
aerial current of .87 amp. With a little
care the 10 ohms can be reduced to 5 ohms
and the efficiency increased to .8, which gives
us a current of 1.26 amps. These figures

show us there is something wrong with
the average .5 or .6.

If the aerial resistance is above 5 ohms
at its lowest point the trouble is probably
due to ground resistance and can be reduced,
but this subject will be dealt with later.
We will consider the subject of efficiency
inside rather than outside the station. If
we have any sort of an aerial we should be

Fig. 4.-The Hartley ei cult is somewhat similar to the Co1p tts,
and is better suited to low Impedance valves.

getting somewhere about I amp. of aerial
current.

An important point to consider is the earth -
counterpoise arrangement. To start with,
at any rate, it is best to use only a perfectly
insulated counterpoise. Later, earths can
be added, tuned by condensers. This will
prevent certain difficulties arising. If an
earth and a counterpoise are connected
together to a set the aerial current usually
goes down, for the currents in the two will
be out of phase because of their different
capacities and resistances. Each separate
earth must be tuned, which, of course, is a
complication, and should only be attempted
when results on counterpoise alone are
efficient. If an earthed H.T. supply is used
an R.F. choke should be placed in series
with each lead, which will eliminate the
trouble.

The Aerial Ammeter.
The next point to consider is one of the

utmost importance, which is usually neg-
lected, i.e., the aerial ammeter. Most people
get a hot wire o-.5 instrument, and try to
get it off the scale before proceeding further.
But if we have an aerial whose resistance is,
say, io ohms, and put in an instrument with
a resistance of 5 ohms-which is the resist-
ance of such a meter-we are losing a third
of our aerial power. The 0 -1.5 -amp. type
has a resistance of I-I.5 ohms, which is
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an enormous difference in practice. As
an example, on a certain set with a o5
ammeter of 458 ohms resistance and a
6 -ohm aerial a current of .45 amp. was
obtained. On substituting a o-15 of
1.29 ohms resistance the current was .82
amp. Here, of course, the efficiency altered,
but especially when using a fairly low H.T.
voltage a slight decrease of resistance will
increase the efficiency when other adjust-
ments fail. I have known of several cases
where the whole trouble of seemingly poor

Fig. 5.-The Reversed Feedback or reaction circuit is most
familiar, and is suitable for general work.

results was due to the aerial ammeter. An
ammeter should always be checked, if
possible, against a standard instrument.
They will read fairly accurately on D.C.,
as the inductance is very small. If no
standard is available a lot can be done with
a 2 -volt accumulator and an accurate D.C.
voltmeter or ammeter. If an ammeter is
obtainable the procedure is obvious. If a
voltmeter is used a small known series
resistance must be used, and the current
can be 'calculated by the volt drop across
the resistance. The inaccuracy can often
be corrected to a great extent by altering
the tension of the wire and re -setting the
pointer, but it should be checked over
the whole range if possible. A thermocouple
is, of course, better, but is usually out of the
question for most amateurs on account of
the high price. They can be depended
upon for years, while a hot-wire ammeter
needs checking every few months.

Transmission Circuits.
Now as to the circuit to use. There are

seven main types of circuits to use, i.e.,
Colpitts, Hartley, Meissner, reversed feed
back (direct or loose coupled), master
oscillator, and ratio tap. These are illus-
trated in Figs. 3 to q. Most of these names
are American, I know, but it is much easier

to have a name than to describe the circuit
each time. Let us consider these one by one.

The Colpitts circuit is the easiest circuit
to get satisfactory results from, and gives,
as a rule, a greater efficiency than any other
circuit. It is ideal for rapid wave -changing,
only two adjustments being necessary to
cover a band of, say, Zoo metres. Also the
series condenser enables a larger aerial to be
used than is possible on other circuits, as
a certain amount of inductance must be in
the aerial circuit to get a transfer of energy
from valve to aerial. But, you may say,
one can use a series condenser on any
circuit. This is quite true, but for some
obscure reason the Colpitts series condenser
and other series condensers have not the
same effect. It is possible to use quite a
high loss condenser in the Colpitts circuit
without effect, whereas this is fatal in any
other case. This is not a particular experi-
ence, but is the result of tests at a number of
stations. There is as yet no explanation
forthcoming for such behaviour as this,
but the fact remains that in the ordinary
case a series condenser is inefficient, whereas
on a Colpitts it is anything but. The aerial
inductance should be larger than usual, and
the series condenser should be about -oca mfd.

The Hartley circuit does not appear to be
very successful in England. In America
it is used a great deal for high -power work,

Fig. Hating the loose -coupled reaction circuit. Here again
a choke Is placea In thwanotie circuit, which Is always necessary
when the anose is supplied In shunt.

but it does not appear to suit our valves.
The aerial coil again needs to be of very
large inductance. This circuit is of more
use for artificial circuits, drivers, etc., than
for ordinary work. It will not give results
on a high -resistance aerial, nor on high
impedance valves, which last accounts for
its prominence in the States and not here,
as American valves are of much lower im-
pedance than ours.
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The reversed feed back circuit is our usual
two -coil reaction circuit, which nearly every-
one uses. This is a very straightforward
circuit, and works very well if care is given
to the value of anode tap.

The loose -coupled reversed feed back is
sometimes used, but has little advantage
for amateur work.

Fig. 7.-In the Meissner oscillator, the aerial Inductance Is salt
and the anode and grid coils are each couples to one half.

The Meissner circuit is really the loose -
coupled reversed feed back circuit rearranged.
The aerial coil is split into two parts, and
the plate and grid coils are each coupled
to one part, but not to each other. This is
supposed to lead to simple wave -changing,
but whether this is so is a matter of opinion.

The master oscillator is really the ideal
circuit, but it requires very careful handling,
and an extra valve. On high -power work,
also, the power valve has to be of larger
size than usual in case it should stop oscil-
lating, which is more likely with this circuit
than any other. The grid of the. power

Fig. 8.-The oscillations are produced by Li, L2 and control the grid
of the power valve.

valve is connected to an oscillator tuned to
the required wave, and so the plate output
frequency is independent of the aerial
tuning, resulting in a perfectly constant
wave -length, however much the aerial may
swing. A receiving valve will control a
3o -watt transmitter if about 200 volts are

put on the plate, and a 50 -watt valve will
control a 25o transmitter.

The " ratio tap " circuit is due to Capt.
P. P. Eckersley, well known to all British
amateurs. The anode coil has a very large
number of turns of fairly thin wire, and the
aerial coil is wound right on top of this.
The grid coil is coupled in the usual way.
This circuit enables an aerial to be worked
on a wave nearer its fundamental than any
other circuit not using a series condenser.
The anode coil for zoo -metre work should
have a natural wave -length of 400-600.
metres.

The Aerial Inductance.
We now have a choice of circuits to select

from. Personally, I would recommend the
Colpitts for simplicity and efficiency, followed
by the master oscillator, whose advantages
are very great, although it is hard to work.
However, the choice must be left to the
individual experimenter. As regards the

Fig. 9.-In the ratio tap circuit. the aerial coil Li Is wound over the
anode coil L8, consisting of many turns of fine wire.

set, the best procedure is to build it up on a
large table, keeping the wiring spaced very
well-far more than -in a receiver. The
aerial coil should, if possible, be of very
large diameter-up to 18 ins.-and wound
with aerial wire, turns spaced half an inch
or so. Twenty-five turns on a hexagonal
frame of ebonite rod, spaced + in. on an
i8 -in. diameter is a suitable size to com-
mence with. The grid leak is another
important thing. This must be variable.
It may conveniently be a small column of
water in a glass tube with movable electrodes.
The careful adjustment of the grid leak is a
great aid to efficiency. The anode tap is
also of vital importance. The anode coil
will, on 200 metres, be larger than the aerial
portion, and must be adjusted for best
results. The more anode coil in circuit the
lower the input falls, but, of course, at a
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certain point the aerial current falls as well.
Just before this point is the most efficient
position of working. . At this position we
have the aerial impedance and the anode
circuit impedance equal, which means we
have the best transfer of energy. It is an
advantage to use as high an H.T. value as
possible, and a consequently small current.
An ordinary 3o -watt valve will stand 1,50o
volts comfortably on a io to 20 -watt total
input with astonishing efficiency if carefully
adjusted, although theoretically the maxi-

, mum allowable anode voltage is I,000 volts.
The most important points are these :-
(i) Use a counterpoise.
(2) Use a high H.T. voltage.
(3) Use a variable grid leak, as high a

value as possible.
(4) Use a variable anode tap, as high a

value as possible.

I hope these notes will enable many to
make their sets more efficient and so obtain
greater ranges than before. If we get to
Holland, Scotland and Spain on .3 to .5,
we can look forward to getting to the U.S.A.
on our efficiently radiated io watts in the
winter.

At some future date I hope to discuss
some of these points more fully than is
possible here. Experiments, such as the
measurement of radiation resistance, should
be carried out by every amateur, and many
would be considerably surprised to see their
aerial curves.

Finally, I would emphasise the need of
a great deal of experimenting before good
results can be expected. Your first receiver
was not the last word in efficiency, so don't
expect your transmitter to be so the first
time you fit it up.

The accompanying photograph Illustrates
the new antenna system which has Just
been erected at the WGY broadcasting
station. The aerial contrasts greatly with
those of our own broadcasting stations

which employ a cage type. The flat top
aerial seems to be used more in America

than here, although many experimenters
now employ the fiat top for transmission
purposes.
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The Design and Operation of Tuned
Anode Receivers.

BY CAPTAIN ST. CLAIR-FINLAY, B.Sc.E. (Laus.),
Late Chief Experimental Officer Research Commission, Technical Adviser Inter -Allied

Technical Council.

THE following notes upon a practical
receiving circuit for general amateur
use deal primarily with a system of

radio -frequency amplification, the principle
of which is, of course, well known and widely
used in one form cr another,, and the par-
ticular form about to be described, first used
by the writer in connection with short-wave
work in the relatively early days of valves,
is now given in no sense as a novelty, but
as an outcome of more recent development
along these earlier lines towards a really
practical and efficient receiver for medium
and short-wave work, which it is hoped
may be of interest to experimenters, to whose
purposes it is particularly suitable.

It is termed by the writer a duo -regenera-
tive circuit, and the principle upon which
it is based is the reactance-capacity-or, as
it is, perhaps, better known, the tuned anode
-method of radio -frequency coupling, one
that has been the subject of much booming,
use, and, unfortunately, ill-use of late in
connection with broadcast reception ; but
if readers of the present article will try to
forget its " barrel organ " guise, and will
consider it for a moment from the scientific
standpoint, they will-if they have not
already done so-find in it much of at least
potential interest and use to them.

To begin with, it is one of the most efficient
known methods, and probably the most
practical method, of radio -frequency coupling
for medium and short wave -lengths below,
say, 2,000 metres (i.e., the band with which
amateur experimenters are chiefly con-
cerned), though this by no means represents
the limits of its utility ; and over this band,
down to very short waves, and particularly
including short waves, possesses properties
of special value, the degrees of amplification
and selectivity obtainable and the general
practicability of the system being of a high
order, whilst the instability commonly attri-
buted to it is largely a chimera due for the

most part to imperfect application of the
principles involved ; and it is the purpose
of these notes, firstly, to discuss these
principles in general terms and to suggest
how best they may be applied for the
avoidance of such pitfalls ; secondly, to
describe a particular form of circuit that has
proved particularly satisfactory in practice ;
and, thirdly, to indicate the results obtainable
with such circuit.

The principle of operation of the tuned
anode is probably well known to the majority
of readers of this journal, but, to make
what follows the clearer, it may be well-
without entering into unnecessary techni-
calities-to touch upon this briefly first
of all.

The " tuned anode " is simply a resonant
rejecter circuit excited by incoming high -
frequency currents, just like the aerial
circuits itself, except that the currents have
first been amplified by passage through the
valve to which the anode belongs and are,
therefore, able to excite this second tuned
circuit mere strongly than the aerial circuit
was excited by the original unamplified
currents.

The strong excitation of this second circuit
gives rise to increased potential differences
across the inductance therein, which are
pasSed on to the grid of another valve for
repetition of the process or for rectification,
or both, the function of the valve thus being
current amplification and of the tuned circuit,.
the conversion of this into voltage ampli-
fication, the inductance acting as an auto -
transformer. In fact, this arrangement is
sometimes known as auto -transformer coup-
ling, and the difference between it and
transformer coupling is the same as that
between choke and transformer couplings in
audio -frequency circuits, and the principles
involved are the same, both forms of auto
transformer or " choke " operating on the
principle of self-induction.
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Now a comparison between tuned anode
and transformer coupling will show them
to be identical, except that the actual inter -
valve coupling itself is in the latter case
inductive or magnetic, whilst in the former
it is static, and herein lies the great practical
difference that, whereas in the one case
an extra tuned circuit is necessitated for full
efficiency, in the other it is not, and this is
where the tuned anode method particularly
scores. In fact, transformer coupling is
nothing more nor less than a tuned anode
to which is added another circuit simply for
intervalve coupling purposes, some break
in the electrical continuity of the intervalve
circuit being, of course, necessary so far as
the continuous current component therein
is concerned so that the high-tension battery
potentials shall not be impressed directly
upon the grid of the valve, and, in view of
the popularity of transformer coupling
amongst amateurs, it may be as well to
examine both systems in order that their
relative advantages may be compared.

The simplicity of the tuned anode as
compared with transformer coupling is
obvious and will not be questioned, and it
remains, therefore, to consider whether or
not the extra complexity of the latter is
justified by attendant advantages.

First, there is the question of amplification,
as to whether the addition of the extra
circuit should result in any material increase
in this. Since the potentials across the
secondary circuit will, other things being
equal, depend (a) upon those in the primary ;
(b) the induction ratio between primary and
secondary ; and (c) the transformer losses, it
follows that a step-up effect will be obtained
only if the secondary -to -primary induction
ratio is made large enough to overcome the
transformer losses without the primary
potentials being at the same time reduced ;
and since in a tuned circuit the available
induction is governed by the resonance
frequency, and this will, of course, be the
same in both circuits, it is evident that no
material step-up effect between them can
be looked for.

It might be thought that this could be
arranged by reducing the induction in the
primary circuit and increasing the capacity
therein to arrive at the same frequency,
whilst doing the reverse in the secondary
circuit, but, unfortunately, electricity refuses
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to be " wangled " like this, and the plan
does not answer in practice because reducing
the primary induction also reduces the
initial potentials, and this completely dis-
counts the step-up effect gained, on the
principle that i x 4 has the same result as
2 X 2 ; and, in fact, the result in this case
is not even quite " as you were," since,
whilst the reduction of induction and increase
of capacity reduces the efficiency of the
primary circuit as shown, the reverse process
reduces that of the secondary also by reducing
its periodicity and thereby flattening out
its potential peak, this aperiodicity moreover
making strict resonance of the circuit
impossible and thereby impairing its selective
properties.

In practice, therefore, no material gain in
amplification is obtained by the addition of
a secondary intervalve circuit, tuned or
otherwise.

Then there is the question of selectivity.
A tuned anode constitutes, as has been shown,
a resonant high -frequency choke, i.e., an
efficient rejector of the desired oscillations
which produce excitation of the circuit
and are shunted off in their entirety and in
amplified degree to the grid of a following
valve, and a more or less efficient acceptor
of undesired oscillations which do not pro-
duce excitation of the circuit and are not
shunted, but pass through the circuit and
away to earth. A certain proportion of
these do, of course, reach the grid of the
next valve together with the desired oscilla-
tions, but, whereas these latter have been
amplified by the action of the circuit, the
former have not, so are comparatively
greatly suppressed. The percentage of un-
desired signals that will reach the grid of the
following valve, other things being equal,
will depend upon the high -frequency resist-
ance or damping of the rejector circuit,
and will only approach zero if the damping
is zero, a condition which does not naturally
obtain, but which can fortunately be ap-
proached in practice by the introduction
of reaction into the circuit, which counteracts
the effects of damping therein and enables
the selectivity of the circuit to be greatly
increased.

Now, in considering the question as to
whether the addition of a secondary circuit-
i.e., the conversion of the simple tuned
anode into transformer coupling-may be
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expected materially to increase this selec-
tivity, it must be appreciated that the
currents flowing in the primary will be not
only thcse due to the desired signals, but
also those due to the undesired signals on
their passage through the circuit in its
function of accepter thereof, so that trans-
ference cf the desired signals from primary
to secondary will, to some extent, be accom-
panied by transference of undesired signals
also, the extent depending chiefly upon the
degree of aperiodicity of the circuits. If
the aperiodicity of either or both circuits
is at all considerable, as is the case when
neither or one only of them is closely tuned,
the proportion of undesired signals reaching
the grid of the next valve will be considerable
also, and the selectivity of the arrangement
proportionately poor, whereas if both circuits
are in strict resonance the selectivity will
be good because neither will respond at all
readily to undesired oscillations and the
transference of these will be small. But here,
again, the effects of resistance in the circuits
must be taken into consideration, as unless
the damping be reduced by the introduction
of reaction neither circuit will be sharply
resonant, the selectivity in this case being
certainly not superior, if as good, and the
amplification considerably inferior to that
obtainable with the tuned anode with
reaction, which is the simpler arrangement.

It will, therefore, be clear that transformer
coupling has for our purposes no real advan-
tage to offer over the tuned anode method
unless reaction is applied, in which case a
material-though not enormous-improve-
ment in selectivity is certainly to be expected.
But the introduction of this, of course, still
further complicates the arrangement as
compared with the tuned anode, and it is
questionable whether, from the experi-
menter's standpoint, the resultant gain is
at all worth the loss of handiness involved.

Practicability is, after all, one of the first
and foremost essentials of the " standard "
receiver of an experimental station where
the wave -lengths received are continually
varying. Complex arrangements involving
a multiplicity of tuned circuits, etc., are
all very well in the case of commercial or
other stations operating on fixed wave-
lengths, but are of little practical use in
experimental stations where continual search-
ing and tuning are the rule. Here conditions
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are quite different, and it does not suffice
for a receiver to be highly sensitive and
selective if its tuning arrangements are so
involved as to make searching with it a
labour of frightfulness.

There is, of course, much interesting and
useful experiniental work to be done in the
field of reception, but this concerns the
present article only insomuch as the more
this is done at any given station, the more
need will there be at that station for a
practical " standard " receiver against which
results may be compared, and with which
ordinary tests and receptions may con-
veniently and reliably be carried out ; and
for this purpose the best type of receiver
will manifestly be that which best combines
the essential qualities of practicability,
efficiency and dependability.

This the tuned anode undoubtedly does-
or, at least is capable of doing-and it is
the purpose of these notes to show not only
why this should be so, but how it may be
made so.

The actual circuit proposed will presently
be described, but first of all it is desirable
to deal with the pitfalls so that these may
be avoided from the start and success be
assured.

The most far-reaching of these lie in
capacity -effects, upon which too much
emphasis cannot be laid. Applicable as
this, of course, is to all radio -frequency
circuits, it is-as the very name implies-
particularly so to reactance -capacity circuits,
the success or otherwise of which are virtually
bound up with this issue.

The golden rule is, in a nutshell-from
beginning to end and throughout, from
antenna to earth, and particularly in the
receiver itself, avoid stray capacities as you
would the plague.

This will, of course, be a matter chiefly
of careful wiring arrangements and the
avoidance of overcrowding of parts and
circuits, and will be made clear by reference
to Fig. 1, showing the capacities and couplings
inherently existant in a valve and its
associated circuits.

These may be said to comprise three
separate but interacting capacities : ' X
between the plate and grid of the valve and
any leads attached thereto ; Y between
grid and filament and leads ; and Z between
plate and filament and leads. (See Fig. I.)
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Y and Z are small so far as the electrodes
themselves are concerned, but begin to
become appreciable where the leads come
close together at the pinch, legs and sockets
of the R -type of valve, and may become
considerable if the wiring concerned is
allowed to run close together or close to any
other conductor, earthed or otherwise, in
the receiver, the effects being to cause high -
frequency losses in the plate and grid
circuits and to reduce the natural frequency
of these circuits so that, to counterbalance
this, the inductance thereof has to be cut
down for any given wave -length until for
short waves insufficient induction will remain
to produce the required potential differences
in the circuits, the result being both loss of
efficiency and limitation of the effective
wave -band range of the receiver.

But more important still is the plate -grid
capacity X, which, unfortunately, owing to
the proximity and comparatively large size
of the electrodes concerned, is the largest
of the capacities within the valve itself,
and is, of course, also subject to aggravation
at the pinch and legs of the valve before we
even get to the wiring of the receiver.

1

- -1
i

Y
}Z r --

1

1.-Illustrating the various capacities existing between
the eleetroaes.

It is this capacity or coupling that is the
most prolific source of trouble unless specially
guarded against, as, not only can it cause
range limitations and high -frequency losses
like Y and Z, but is also chiefly answerable
for the bugbears of uncontrollable self -
oscillation and general instability in such
circuits for which, woefully, ,common as they
are, there is, in reality, no necessity at all.

Fig. 2, showing the tuned anode circuit
with two forms of regenerative coupling,
one of which will be recognised as inherent
to it, should make this clear, in that it shows
it to be nothing more nor less than a straight-
forward and fully-fledged self -oscillation or
generative valve circuit adapted to reception
instead of transmission purposes, requiring
only a sufficiency of either capacity (Fig. 2A)
or inductive (Fig. 2B) coupling between
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the plate circuit L2 - C2 and the grid circuit
Li - CI to become an active generator of
continuous oscillations when these two
circuits are in resonance ; and since in practice
they will, of course, be tuned to rescnance,
and an appreciable degree of coupling
between them will exist inherently within
the valve itself, it is not difficult to see where
the danger lies or how it arises. It lies, of
course, in any stray couplings the sum of
which may so increase the inherent coupling
as to give rise to persistent self -oscillation
or an uncontrollable tendency thereto, thus
making the receiver unstable and spoiling
it for the reception at least of telephony,
and arises (if allowed to do so) from mal-
arrangement-from the scientific standpoint
-of the receiver in general and of any wiring
concerning the plate and grid circuits of the
radio -frequency and rectifying valves in
particular.

But the danger need not arise and its
prevention is not difficult, although, strange
to say, it does seem to be allowed to arise
in more or less unnecessary degree in four
cases out of five, frequently unknown to the
operator, or at least unrecognised by him,
because it is insidious and may not openly
declare itself unless so extreme as to be
obvious. In that case self -oscillation troubles,
etc., will make their existence painfully
evident, but up to that point the little
instabilities, wave -range limitations, ampli-
fication, selectivity, sensitivity and general
efficiency losses that are really going on
sub-rosa may not be realised, and the
operator may believe his receiver to be
working quite well, simply because it
functions without obvious shortcomings
to open his eyes and he has no standard
whereby to gauge its true capabilities.
But let him compare it against such a
standard, viz., a similar receiver really
scientifically designed and constructed, and
what a tale will be unfolded !

The secret-if such it can be called-lies
in designing the receiver before constructing
it, 'in such a manner that stray capacities
and couplings of any kind shall rigorously
be reduced to a minimum, to which end
particular attention should be directed to :-

(1) Arrangement of the wiring so that all
leads-particularly those concerning plate
and grid circuits-shall be as short and as
widely separated as possible, both from one
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another and from all other conductors, and
the terminals, etc., concerned as far apart
and isolated as possible.

(2) The use of coils, fittings, etc., of
minimum self and incidental capacities.

(3) The use of low -capacity skeleton (air -
spaced) type valve sockets and small nuts
or threaded sleeves of ebonite, fibre or
prepared wood in place of the usual metal
nuts for their attachment to the panel ; or
preferably valves and holders of the anti -
capacity type (not merely adapters plugged
into ordinary sockets) if short-wave work is
contemplated.

Fig. b.-Illustrating the eoupling between the grid and anode circuit.

(4) The use of low self -capacity and low
resistance wire for all wiring and windings,
such wire being preferably stranded, of
reasonably generous gauge, and either air -
spaced or covered only with cotton or other
suitable insulator of low specific inductive
capacity.

(5) The judicious use, partitularly for
shcrt-wave work, of screening of any parts
of the radio -frequency circuits likely to be
subject to body cr other stray capacities
difficult of avoidancesuch, fcr example, as
tuning condensers, which should be earth -
screened and provided with anti -capacity
control handles.

And now for two important don'ts and a
corollary :-

(6) Don't incorporate a complex system
of jacks, plugs, switches, etc., on the radio -
frequency side of the receiver-even cf
so-called " anti -capacity " type. These are
all very well for audio -frequencies, and it
may be very neat and convenient to be able
to throw valves, etc., in and out of circuit
by mere touch of a switch, but where radio -
frequencies are concerned such conveniences
invariably have to be paid for-often dearly
paid for-in terms of far more important
stability and general efficiency. It is an
axiom in radio -frequency circuits that all
wiring and connections therein should be
as simple and straightforward as possible.

(7) Don't attempt to make a tuned anode
receiver of the waistcoat -pocket type ; do
not squeeze it into a small space or cramp
it in any way, but allow plenty of room for
adequate spacing and proper arrangement
of everything.

(8) Finally, and in fine, do not in any
way sacrifice efficiency for mere neatness of
appearance or convenience ; reconcile all
three as far as possible-a well -designed
receiver usually will look workmanlike-but
let this be quite an incidental consideration
and efficiency always the foremost.

In fact, give to the design and construction
of the receiver the same meticulous care and
consideration that you would to a low -power
transmitter in which little leakages and
inefficiencies cannot be afforded. They can
still less be afforded in a receiver, and all
trouble taken for their avoidance will be
amply rewarded.

It may here be remarked that all recom-
mendations and the majority of comments
made in these notes in reference specifically
to tuned anode coupling apply equally-in
some cases even more vitally-to transformer
coupling, and, indeed, to radio -frequency
circuits of any kind, the tuned anode not
being specially more delicate or susceptible
-with certain reservations mentioned-than
most other systems.

It is not, of course, suggested that observ-
ance of the few simple rules given is all
that is necessary to ensure complete success
with reactance -capacity or any other system ;
but it will be so great a part of the battle
that the foundations at least of a thoroughly
efficient and satisfactory receiver will have
been laid, and we can now go on to discuss
the proposed circuit itself without doubt as
to its complete success in practice.

The basis of this circuit is shown in Fig. 3,
and will be seen to be a straightforward
tuned anode circuit with reaction (shown
coupled to the A.T.I. for simplicity) arranged
in a not unorthodox but, in practice, some-
what unusual way, the whole constituting,
as it stands, an autodyne receiver for C.W.
and simple regenerative receiver for telephony
which should be regarded for the present
purposes as one unit, the reason for which
will presently become clear.

The considerations underlying the reaction
arrangement shown are :-

(1) That since the tuned anode or plate
4
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circuit of the first valve VI will in any case
include an inductance L2 and condenser C2
for tuning purposes, it may as well be utilised
to furnish the desired regeneration on the
aerial circuit simultaneously with its ordinary
functions, which it is able to do without loss
of efficiency in any respect, thus saving an
extra reactance and, perhaps, tuned circuit
for this purpose, and considerably simplifying
the arrangement both as to construction
and operation.

(2) That the reactance thus constituted,
being tuned, is of the most efficient type.

(3) That regeneration is by this means
introduced directly into the aerial circuit
and the grid circuit of the second valve V2
simultaneously, which is nct fully possible
with the usual arrangement in which the
reaction onto the aerial circuit is derived
from the plate circuit of the detector,
although it does, of course, benefit to some
extent indirectly through being in train.

(4) That for heterodyne reception it is
preferable that the oscillating valve be, if
possible, purely a radio -frequency valve and
should not combine a different function such
as rectification, whence it is better that re-
generation should, for this purpose, be as
derived from the H.F. valve Vi itself, and
not from V2.

Now such a circuit, although its use with
an outside aerial is not permissible during
broadcasting hours owing to the fact that
oscillation of Vi will, of course, energise the
aerial, constitutes a very efficient receiver
for both C.W. and telephony, and has the
advantage of extreme simplicity ; in fact,
there being but the two tuned circuits
Li-Cf and L2-C2 and the coupling between
them to consider, it is as simple to operate as
the majority of single -valve and even crystal
receivers, though its sensitivity is, of course,
much greater, whilst for heterodyne reception
of short waves it could scarcely be bettered,
being quite as efficient as a normal separate
heterodyne.

For the reception of telephony in particu-
lar, however, this circuit, good as it is, is
capable of improvement in certain respects,
the first of these being selectivity. It will
be found, as it stands, quite selective enough
for most practical purposes where relatively
weak signals are concerned, the tuning, in
fact, being decidedly sharp with such,
thanks to the rejector circuit L2-C2 and the

regeneration introduced thereby, but for
very strong signals, such. as those from
broadcasting or nearby transmitting stations,
there is certainly room for improvement.
Secondly, its sensitivity can be still further
increased to a very material and useful extent.
And, thirdly, provision can be made to
permit of its use with regeneration during
broadcasting hours. And all three of these
important improvements can be obtained
without materially complicating the arrange-
ment in any way.

Fig. 3.-The basic regenerative tuned anode circuit.

This development is shown in Fig. 4, and
will be seen to consist of the introduction
of an additional (untuned) reaction circuit
L3 from the plate of the detector V2 on to
the anode circuit L2-C2 of the first valve,
by means of which the high -frequency
component in the former-otherwise useless
-is utilised to introduce reaction into its
own grid circuit, thus completing the
regeneration train and causing the detector
Vi to function also as a second radio -fre-
quency amplifier with considerable efficiency,
and enabling reaction to be applied to the
aerial and rejector circuits Li-Ci and L2-C2
independently.

The objects of this are threefold, viz. :-
(f) To permit of intervalve reaction during

broadcasting hours, when, of course, the
aerial reaction provided by the first valve
cannot be used.

(2) To enable both Vi and V2 to be brought
to that point immediately preceding sclf-
oscillation where, owing in effect to steepen-
ing of the normal characteristic curve,
abnormal sensitivity obtains.

(3) To provide against unbalance of the
two circuits which, owing to inequality of
their inherent damping, ordinarily results
in the damping in one of them being reduced
to zero before an equal condition is obtained
in the other, self -oscillation thus setting in
considerably before maximum sensitivity
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can be attained, this being an inherent
weakness in most reaction circuits. Now
the introduction of reaction independently
on to both Li-CI and L2-C2 enables the
damping in both parts of the circuit to be
reduced to zero or thereabouts simultaneously

 and the full benefits of regeneration to be
obtained in either or both circuits inde-
pendently or simultaneously as desired up
to the point of self -oscillation of either valve,
thus enabling maximum efficiency to be
obtained.

The increase of sensitivity resulting from
this arrangement may be in the neighbour-
hood of as much as 5o per cent. over that
obtainable with the single reaction circuit
of Fig. 3, whilst the improvement in selec-
tivity is such that a closed aerial circuit
becomes for most practical purposes quite
unnecessary, and is therefore dispensed with
in Fig. 4, thus maintaining the simplicity
of operation of the circuit as a whole. In
fact, it will be seen that, since L3 need not
be tuned, little or no extra complication is
introduced thereby, and there remain only
the two tuned circuits Li-Ci and L2-C2
and their couplings to consider.

Some doubt may be felt concerning the
absence of a closed aerial circuit, but it
should be borne in mind, firstly, that the
use of such with direct reaction is just as
restricted under P.M.G. regulations as is a
similar arrangement with open circuit, and
secondly, that loose coupling is merely one
way of obtaining selectivity-neither the
only nor necessarily the most efficient way.

The arrangement of Fig. 4 will, in practice,
be found fully as effective in this and all
other respects as a closed reaction circuit,
the use of which is, in fact, not recommended
with it, owing, firstly, to the unnecessary
extra complication involved ; and, secondly,
to its liability to cause a tendency to insta-
bility and undesirable self -oscillation in this
connection.

And now we have touched upon the one
weakness of the Fig. 4 circuit, 7.viz., a slight
tendency to instability and consequent
trickiness in operation which may in practice
sometimes prevent full realisation of its
virtues in other respects, and the overcoming
of this in a simple and effective manner
is a further and last improvement which our
quest for efficiency and practicability calls
upon us to make.

This final development is shown in Fig. 5,
which shows the complete receiver advocated
in the present article, and will be seen to
consist of provision for control of the plate
voltage and grid potentials of Vi and V2
in a simple and straightforward manner,
which has the further advantages, as com-
pared with the usual potentiometer methods,
that neither is undesirable resistance intro-
duced into the circuits, nor is any extra
drain imposed upon the filament battery.

By this means the respective and relative
plate, grid, and filament potentials are
readily adjustable, so that any tendency to
instability disappears and the maximum
sensitivity, amplification and general effi-
ciency become reliably obtainable ; and there
now remain to be given only a few general
hints as to the practical working of such a
receiver which may prove useful.

The complete circuit of Fig. 5 is that
actually installed at the writer's station,
and is shown with one stage of note -magni-
fication V3 and one stage of power amplifica-
tion V4 ; but for clearness, without switch -
gear, the actual arrangements and number of
stages used on the audio -frequency side will,

Fig. 4.-This circuit enables both valves to be brought to the point
of self -oscillation.

of course, depend entirely upon individual
requirements. Certain constants are, how-
ever, given, which, it is recommended, be
followed reasonably closely.

With regard to inductances, for short-wave
work with this receiver the writer rather
favours variometer tuning for Li and L2,
preferably shunted by vernier condensers of
about 000r mfd., provided the variometers
are really well designed and constructed,
and for medium wave work above Soo metres
plain cylindrical coils of about 21 to 3 ins.
diameter, tuned with variable condensers of
about the values shown in Fig. 5, and
preferably untapped for the avoidance of

4*
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dead -ends. Basket coils will be found very
efficient similarly employed, and, where it
is desired to cover a considerable wave -band
conveniently, duolateral or honeycomb induc-
tances of the plug-in type will be found
quite suitable, though scarcely as efficient
as the foregoing owing to their somewhat
greater self -capacity due to their coverings
and their plugs and sockets. Similar coils
with gimbal mounting are better, and can
be used very satisfactorily. Slab and such-
like coils are not recommended owing to
their relatively high self -capacity. The re-
actance L3 may be of any desired type,
according to circumstances, the plug-in type
being very convenient owing to the ease
with which the size of coil may be changed,
and this will be found of considerable import-
ance in practice.

As to valves, the R type may be used
quite satisfactorily down to about 15o
metres, but below this anti -capacity valves,
such as the Ora B. or V.24 are desirable-
and for really short waves essential-on the
H.F. side (including detector), though the
four -pin type may, of course, always be used
for L.F. amplification. A MuBard P.A. type
is suitable for power amplification, as it
works well on a 6 -volt filament battery.

A special rectifier, such as the R.4B.,
whilst not essential to good results, is capable
of markedly increasing the sensitivity of
the receiver, and is recommended ; whilst
if grid -leak rectification is employed a vari-
able compound leak, as shown in Fig. 5,
will be found of advantage, though by no
means essential.

Low -temperature valves may be used very
satisfactorily with this receiver.

The A.T.C. will usually be found best in
parallel with the A.T.I. above about 300
metres and in series below, though this
will, of course, largely depend upon the
size and type of aerial in use.

The loading ratio is of considerable
importance, and should preferably be
not less than .5 nor much greater than 5,
i.e., the natural wave -length of the antenna
should be somewhere within the limits of
about 2 and -7 of the wave -lengths to be
received, and this is usually within the
bounds of feasibility where short waves are
concerned, but is, unfortunately, not so,
particularly with restricted amateur aerials,
on the longer waves, which provides one

reason for the falling off in efficiency of
reactance -capacity circuits where the litter
are concerned.

For this reason single -wire aerials up to
maximum P.M.G. dimensions are to be
recommended for short-wave reception below,
say, 40o metres and multi -wire aerials for '

the higher lengths, a sound general rule
being the higher the wave -length the greater
the number of wires permissible snd of
advantage in the antenna, always maintain-
ing due regard to other considerations which
will be known to readers of this journal.

Now the operation of such a receiver will
be found quite simple, and really no more
difficult or tricky than an ordinary closed-
circuit .single -valve reaction set, though the
results obtainable will, of course, be im-
measurably superior. The number of tuned -
circuits and couplings-two only-is the
same, the necessary adjustments are neither
many nor unduly critical, and the set will
be found easily manageable and highly
efficient throughout its range. In fact, in
the writer's considered opinion, it is question-
able whether, valve -for -valve and adjust-
ment -for -adjustment, any circuit now in
common use can offer much real general
advantage over that of Fig. 5 for amateur use.

Compared with transformer coupling, for
example, the sensitivity will be found :-..bout
25 per cent. greater, valve -for -valve, than
fully -tuned transformers with reaction, the
selectivity quite comparable, whilst the
simplicity of operation is, of course, much
greater.

For reception during broadcasting hours
on an outside aerial it is necessary only to
loosen the coupling between Li and L2 and
to tighten that between L2 and L3 somewhat
to obtain a form of intervalve reaction
which is effective but innocuous (so far as
any form of reaction can really be innocuous),
whilst at other times full dual regeneration
is available simply by using both couplings
at once, or for the reception of C.W. L3 is
loosened somewhat and Lx and L2 tightened
until Vi oscillates.

The regeneration due to L3 is, of course,
variable both by the degree of coupling and
by the size of coil used, and it will usually
be found that for short waves L3 may be
somewhat the largest of the three, whilst
for longer waves it may be the smallest,
or about the same size as Li. Self -oscillation
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of V2 should be avoided, though it will be
found possible to receive C.W. in this manner,
for example, during broadcasting hours when
the signals are coming in on a length adjacent
to the broadcast band.

The best way to tune in telephony signals
will usually be to start with fairly loose
average couplings between the three coils
until the signals have been brought in by
adjustment of the two tuning -condensers
and then to tighten first one coupling and
then the other, slightly resetting the con-
densers meanwhile, until the desired signal
strength is attained, the same applying
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selectivity is obtained by loosening the
couplings generally to the accompaniment
of reduced signal strength, in that it is here
obtained by increasing the degree of regenera-
tion and resultant resonance, e.g., tightening
the couplings, which results in increasing
the strength of the desired signals to the
suppression of those that are not desired-a
more efficient principle.

Should any tendency to undesired self -
oscillation occur when the couplings are not
particularly tight, this may be corrected by
adjustment of the grid -potential tap, so
that this is made somewhat more positive-
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Fig. 5.-A practical regenerative receiver providing critica control of all variable factors. The last valve functions
as a power amplifier.

when variometers are used, except that the
initial tuning should be done on the vario-
meters themselves and the subsequent fine
tuning on the vernier condensers. Vernier
condensers may, of course, be employed
with advantage no matter what tuning
system is used, and are actually included
on the writer's set (though not shown on the
diagram), but are not essential.

A useful feature of the circuit is the way
in which undesired signals can be eliminated
merely by variation of one or other or both
of the couplings and subsequent re -tuning of
the condensers, or vice -versa, without neces-
sarily loosening the couplings or losing signal
strength at all ; and in this respect the
circuit is quite different from the usual
loose -coupled arrangement in which extra

or, rather, less negative-of the anode
voltage tap, and also, if necessary, of the
variable grid -leak arrangement, if such is
used, should the seat of the trouble be in
the second valve.

Should a more marked tendency of this
kind arise-as it sometimes may when the
receiver is used towards the upper limit of
its useful wave -range, or when a frame is
used for reception above about 400 metres-
it may be corrected by the use of a small
stabilising plate on the common inductance
L2, which may conveniently take the form
of a ring or cylinder of spring brass or copper
made to slip in and out of the inductance
at will, and should preferably be earthed for
maximam effect, the modus operandi of this
arrangement being the closer equalisation
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of damping in the aerial and first plate
circuits, the latter of which is, of course,
normally minus the stabilising action of the
antenna -earth system, and is, moreover,
subject to a double regeneration effect ;

and this will be found quite effective without
resulting in loss of signal strength, since
L2-C2 will now accept mere regeneration
without self - oscillation, and this can
readily be provided by tightening the
coupling.

The condition to be aimed at for best recep-
tion of telephony with this circuit is a nice
regenerative balance between the three
circuits Li-Ci, L2-C2, and L3, so that the
two valves Vi and V2 shall be as nearly as
possible equidistant from the sub -oscillation
point, and this may readily be obtained by
judicious use of the adjustments provided.
It is scarcely necessary to add that care
must be taken in the first instance to make
the connections to the three inductances the
right way round, otherwise a degenerative
effect will result and nothing will work to
plan.

In conclusion, some indication as to the
results obtainable with such a receiver may
be found useful as a guide.

In the matter of selectivity it may suffice
to say that Glasgow at 330. miles can always
be received through Birmingham at 85 miles
without interference from the latter, not-
withstanding the considerable " jamming "
power in use and the fact that their wave-
lengths are no more than 5 metres, or I.2 per
cent., apart ; also the fact that Birmingham,
being in a direct line immediately between
Glasgow and the writer's station, reception
is literally " through " him and directional
methods are out of the question.

As to sensitivity and amplification, using
two valves only the broadcasting stations
can be brought in quite comfortably on the
loud speaker up to a range of about 3o miles,
the addition of one note -magnifier enabling
this to be done on a frame, or increasing the
range to about 5o miles. Three valves
enable most of our ro-watt transmitters
up to 4o miles or more, many of the more
powerful Continental amateurs, and most of
the British and Continental broadcasting
stations to be brought in well on 'phones-
some of them on the loud speaker-whilst
some of our more powerful amateur trans-

mitters come in quite strongly on the latter
up to 3o to 40 miles. American broadcasting
stations are often strongly audible on
'phones even in summer with three valves,
whilst the volume obtainable with that
number on our own broadcasting stations is
sufficient to fill a good-sized hall up to about
3o miles.

Four valves do not often prove necessary
except for long-distance and loud -speaker
work, and as an instance of what may be
done on this number may be mentioned the
reception recently-in August-of W.G.Y.,
New York, at loud -speaker strength sufficient
to fill a largish room ; whilst, as further
examples of the sensitivity of the circuit
may be cited the reception during a recent
low -power test of quite readable telephony
on 18o metres from 5 BT at 3o miles when his.
input was stated as 2 milliamperes at 3o volts
only (.075 watt) and radigtion immeasurable,
and of speech on zoo metres from 8 BF at
30o miles, radiation z2 ampere, strength
R 3-4 on an indoor aerial. And it should
here be mentioned, firstly, that the circuit
of Fig. 5 with one high -frequency valve only
was used in each of these instances (the
writer has not touched upon the question of
additional H.F. stages in these notes simply
because such are so very rarely necessary
with this circuit, but, in view of the forth-
coming transatlantic tests, etc., will hope
to do so in a future article upon this subject) ;
secondly, that the outdoor aerial used is of
standard P.M.G. dimensions -6o ft. in length
and 40 ft. in height ; and, thirdly, that the
reception conditions in each case were ordi-
nary average summer conditions and in no
way exceptional, the results given being
probably reproducible on at least four days
out of five throughout the year.

But perhaps the most convincing guide
that the writer can give is the simple state-
ment of fact that, whilst his own station-
which is some distance out in the country,
and therefcre requires an efficient receiver-
is equipped for short-wave wcrk with a
seven -valve super -heterodyne receiver, with
which, of course, remarkably fine results are
obtainable, quite three-quarters of his recep-
tion other than purely experimental work
is carried out on the circuit of Fig. 5,
the extra valves of the " super " being
usually unnecessry, and therefore frankly
wasteful.
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An Armstrong Super -Heterodyne Receiver.
By E. J. M Mc )N Ds.

Super -Sonic amplification is, no doubt, the simplest and most efficient method of
short wave reception. Not only does the circuit become easily manageable. but
the selectivity of the receiver is increased considerably. In the following article
will be found full data for the construction of a super -sonic amplifier.

THE theory of the super -heterodyne is
simple, and the operation has many
advantages. The principle difficulty

in high -frequency amplification at short
wave -lengths, namely. valve capacity, is
overcome by the simple solution of reducing
the frequency to some predetermined fixed
value, when a radio -frequency amplifier
designed for efficient long -wave working can
deal with the signals.

instability of ordinary receivers below 200
metres wave -length. it is thought that the
description of a receiver embodying high
efficiency, sharp tuning. absence of body
capacity effect, and ease of adjustment will
be particularly useful.

It is proposed to describe a modification
of the well-known Armstrong super -hetero-
dyne as made by the writer for the Trans-
atlantic tests of 1922, and used continuously

Fig. 1.-The left panel of the c)mplete receivar contains the H.F., detector and.oscillator valve and coupling device
with the tuned anode coil. The right panel contains the three -stage long wave amplifier and detector.
Above these are the H.F. and the detector (tuned anode, resistance or choke capacity) and two note magnifiers.
On the right Is seen the rear of the super -sonic amplifier.

The original signal is transferred to the
closed circuit. and amplified at the original
frequency. The local source of oscillations
is coupled to the anode coil of the first high -
frequency valve, and adjusted to such a
value that a suitable beat frequency is
formed, and impressed on the grid of the
detecting valve. The resulting reduced
radio -frequency oscillations are then passed
to the long wave amplifier. By this method
all the advantages of -high frequency ampli-
fication at low radio frequency are obtained.

Now that increasing attention is being
given to comparatively shHrt-wave work-
ing, and in view of the difficulty and

since. It is worthy of mention that the
instrument was only completed three days
before these tests. and that, although un-
skilled in the adjustments. nearly 100 log
entries were made. and 24 different U.S.A.
amateurs scheduled complete with code
words, in individual periods.

It should also he menti, ned that no
receptions were possible before 3.15
owing to " hash " from '..ortholt Radio,
which source of short-wave interference is
doubtless too well appreciated to call for
more than passing comment.

The amplifier may consist of two units,
the first of which is the ordinary one -stage
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Fig. 2.-Cn the left are the coupling transformers. Three are requirei to the dimensions of L2 and twoas Li, coupled closely together. On the right is the oscillator coil, two being required. One is wound
with 30 turns of 24 D.C.C. and works from 143 to 953 metres, and the other is wound with 80 turns, thelength being 21 ins.

H.F. and detector, plus the hetercdyning
valve and necessary coupling.

It is suggested that the tuned anode coil
be of the air -spaced type to reduce self
capacity, and for the same reason V.24 cr
other low -capacity valves may be used. In
practice it is found convenient to use a
separate H.T. battery of 36 volts with taps
for the oscillator valve, and by varying
this H.T. voltage it is possible to control
the amount of energy transferred to the
tuned anode without mechanically altering
the coupling ; there is also the additional
advantage that this methcd dces not affect
the tuning. The oscillator coils are of the
three -prong plug-in type, with centre tap
to negative filament, a variable coupling
being arranged between these coils and the
tuned anode coil.

Those who have resistance -coupled ampli-
fiers available may use these for the long-
wave component with excellent results, but
it is strongly advised that the inductively-
coupled amplifier be used, as the efficiency
of same is so much higher ; the resistance-

3P/N PLUG

coupled type has also the disadvantage of
requiring a higher voltage H.T.

The inductively -coupled type, however,
requires more care in adjustment, and, if
compressed into too small a cabinet, has the
tendency to " couple back."

For those who contemplate making such
an amplifier it is suggested that the valve
holders be mounted about 6 ins. apart on
a board, end then wired up temporarily.

When satisfactory operation is obtained,
the question cf compression into a cabinet
can be taken up. Such step will, undoubtedly,
have effects quite unfcre;een. All necessary
data can be cbtained frcm the diagrams.

The formers for the H.F. transformers
may be turned to dimensions out of hard-
wood, well dried, end paraffin waxed, cr
may be built up frcm waxed cardboard.

They should be mounted on a commcn
shaft of wood, all the coils being wound in
the same directicn. In connecting up, the
two inside leads go to +H.T. end potentic-
meter slider respectively. Using windings
indicated, the amplifier will be resonant at
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about 4,000 metres, but the exact wave-
length is immaterial so long as the frequency
is not too high.

The plate circuits are aperiodic, but it is
necessary to tune each grid circuit to the
wave -length of the preceding grid circuit.
It will be found that if the condensers are
adjusted for uniform capacity, and the bobbin
turns carefully counted, very little final
adjustment will be necessary. This correction
should be made after the amplifier is

f0015

0

36k'

0006
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it necessary to damp the grids, although the
amplifier cabinet is only 12 ins. long.

This type of amplifier, when once properly
adjusted, will continue to function perfectly
as long as the H.T. and L.T. batteries are
kept in good condition.

For all internal wiring use bare tinned
copper wire bent to shape, solder all joints,
and consider well the wiring scheme,
especially with reference to the relative
grid and anode circuits ; small changes in

La L2  HT+

TEL

POTENT/11NET-

Flg. 3.-The complete circuit of the receiver in which the values are as follows :-C1 0.0001 mit., C2 0.0006 mil.,
(C3 0.0002 mfd., C4 0.0003 mfd., Li 830 turns 38 D.S.C., L2 Primary 400 turns, Secondary 800 turns, 38 D.S.C.,

L8 Tuned anode coil, L4 Threepin plug-ln oscillator coll.

assembled and wired 'up. Slight changes
then necessary may be made by varying
the number of turns of the grid circuit
transformers. The condenser C2 is in the
grid circuit of second valve, and should have
a maximum capacity of -0005. This con-
denser controls the regenerative action of the
amplifier, and, as this capacity is reduced
from maximum, the amplification will be
increased up to the point of self -oscillation.
This action will be found to be very smooth,
with no " overlap," and under perfect
control. It is advisable to try the grid
leaks connected to +L.T. as well, as shown,
as certain valves function better when
connected to +L.T.

Any undesirable tendency to self -oscilla-
tion can be effectively controlled by the
potentiometer, but the writer seldom finds
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wiring have far-reaching effects on all
high -frequency amplifiers. Most of the
receptions are done on a loop or small indoor
aerial. If considered necessary, one or two
note magnifiers may be used after the last
detecting valve.

After completion the set should be cali-
brated. Connect up to aerial and earth as
usual, and loosely couple a wavemeter to
the aerial circuit. Now adjust aerial con-
denser, closed circuit, and tuned anode
condensers, also heterodyne condenser for
maximum signals. (Signals will be heard
at two different settings of heterodyne
condenser.)

Note should be made of the wave -length
as indicated on wavemeter, and a chart
should be prepared with columns for various
condenser adjustments.
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This should be tabulated to cover the
whole range of the receiver. By this means
the maximum results may be obtained on
any setting with ease.

It should be noted that the instrument
so calibrated may be operated on any aerial

suitable for short-wave reception, the only
unknown factor being the tuning of the
aerial. Although the adjustment appears
to be complicated, in practice it is not so,
and the writer finds the circuit particularly
adapted to quick search.

aQa

Crystals and Crystal Testing.
BY A. V. BALLHATCHET, M.J.INsT.E.

The introduction of the thermionic valve had the immediate effect of diverting the
attention of the experimenter from the crystal, and since that time little investiga-tion has hews conducted. Below will be found a brief summary of the properties
of various crystals and the methods used in testing.

THE enormous development of wireless
telegraphy and telephony during the
last two years or so has brought the

crystal as a rectifying detector into great
prominence. The crystal, in common with
other examples of scientific achievement,
suffered the fate of eclipse by a more brilliant
rival, and that before its possibilities were
fully determined. How many of my readers
recall the Nernst electric lamp ? This, a
wonderful development in artificial lighting,
when just reaching popularity, was eclipsed
by the metal filament lamp. So the crystal
as a rectifier of oscillatory energy has suffered
partial eclipse by the thermionic valve. To
many amateurs in wireless reception the
crystal is a new thing, discovered simul-
taneously with the perfection of wireless
telephony and broOcasting. ' Yet some of
the older amateurs who, like the writer,
experimented with coherers will remember
what a revelation was their first reception
with a crystal detector.

In spite of the wonderful things accom-
plished by the thermionic valve, and the
promise of yet more wonderful things, it
must be remembered that, as a detector,
the crystal is in some respects vastly more
efficient than the valve ; and it is the fact
that so little of the action of the crystal is
known with certainty that renders it an
object well worthy of prolonged and patient
investigation by the seriously -minded
amateur. It is largely the object of these few
notes to awaken the interest of amateurs
to the study of the crystal.

The Action of a Crystal.-It is held,
generally, by those who have read a little

of the theory of the subject that a crystal
functions as a rectifier by reason of its
unilateral conductivity ; in other words, it
possesses the property of allowing electrical
energy to pass through it in one direction
only. This is hardly correct, however, for
practically all crystals will allow current to
pass either way, only that the conductivity
in one direction is very much greater than
that in the other. So great is this difference
that we may regard the lesser as being
negligible. Careful experiments have shown
that the half oscillations passed by a crystal
are very distorted when compared with those
passed by a valve when functioning as a
rectifier. But the unexplained fact remains
that a good specimen of crystal, properly
adjusted, produces louder signals than the
valve, and in many cases these signals are
of purer tone. In this direction, then, the
crystal is more efficient than the valve.
Again, before a valve can function it must be
supplied with current, and this is not by
any means a negligible quantity-several
watts even in the latest forms. But what
percentage of this applied energy is returned ?
The crystal passes practically all the energy
applied to it from the aerial circuit, the only
loss being that due to its natural resistance.
So that here again the crystal is far more
efficient than the valve, for economy is
surely a large factor when determining
efficiency. Most readers who have studied
the action of their crystal detector will
admit that the most difficult matter in its
adjustment is the pressure at the point of
contact. This leads to the supposition that
it is a matter of thermal effect which causes
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the crystal to function. It is quite possible
to take two pieces, say of galena, from the
same large lump. One will act splendidly,
while the other is either very poor indeed or
absolutely worthless. Yet chemical analysis
will show no difference ; the optical properties
of the two pieces are identical, and other
physical examinations will show no differ-
ence. Where, then, lies the difference in
their behaviour when used for rectification ?
This is the one great question yet to be
answered.

The Nature of Crystals.-The majority of
crystals used are crystalline specimens of
natural metallic ores. In the early days of
crystal detectors relatively few substances
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Fig. 1.-Clharacteristio curve of carborundum and steel combination.

were employed, and search for further
suitable material was checked by the develop-
ment of the valve. The recent boom in
wireless reception has stimulated experiment
and search, and it is now possible to compile
a long list of crystals, and it is also perfectly
safe to say that this list is far from complete.
The following list comprises some of the
specimens with which the writer has experi-
mented, and the names given are the usual
mineralogical terms. When a substance is
known by more than one name the synonym
is given in brackets. The chemical com-
position assigned to each is that of a chemi-
cally -pure specimen. The substances are
arranged alphabetically, and those marked
with an asterisk are artificial, while those
with a double asterisk have undergone
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preparation. These latter are elements, and,
with the exception of tellurium, are not
found in an elemental state in nature :-

Argentite (Silver glance)
Blende (Sphalerite)
Bomite (Erubescite)

*Carbon Silicide
*Carborundum
Cassiterite (Tinstone)
Cerrusite
Chalcocite (Copper glance) ...
Copper pyrites (Chalcopyrite)
Corundum ...
Domeykite
Galena
Graphite (Plumbago)
Hessite
Haematite ...
Iron Pyrites (Mundic)
Malachite ...
Molybdenite
Niccolite (Kupfernickel)
Octahedrite (Anatase)
Pyrrhotine (Magnetic pyrites)
Siderite (Chalybite) FeCO3.

**Silicon
Stromeyerite

**Tellurium ...
Zincite

**Zirconium ...

Ag2S.
ZnS.
3Cu2S3.Fe2S3.
CSC.i.

Si

Sn02.
PbCO3.
Cu2S.
Cu2S2.FeS2.
A1203.
Cu2As.
PbS.
C.
Ag2Te.
Fe203.
FeS2.
CuCO2.CuH2O2.
MoS2.
NiAs.
TiO2.
FeS.

Ag2S.Cu2S.
Te.
ZnO.
Zr.

The reader will be quite well aware that
there are a score or more of crystals to be
obtained from dealers and which .are not
included in the above list. Many of these
crystals are nothing more than galena.
It is quite possible they may be selected and
have been tested for sensitiveness, but that
is all. There may be some specimens
which have I undergone some form of
treatment, but so far the writer has handled
but one specimen only which is entirely
artificial and prepared definitely for wireless
work.

Crystal Combinations.-Crystals may be
divided into two classes :-(I) Those which
must be in contact with another crystal,
the two forming what is often called a
" perikon " detector ; (2) those which require
a metal contact. Chief among those of the
first group are the following :-

Zincite with tellurium, copper pyrites,
chalcocite, or bornite.

Galena with tellurium or graphite.
In the second group the following are

prominent :-
Carborundum with steel.
Galena with silver, brass, copper, or gold.
Silicon with gold or steel.
Iron pyrites with gold.
Molybdenite with silver.
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Notes nn Crystals.-A few remarks on these
combinations may be useful. In the perikon
combinations it is most essential that the
pressure at the point of contact be most

Fig. S.-A potentiometer for use with carborundum.
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carefully adjusted. Zincite, tellurium, and
galena are very brittle and friable. Copper
pyrites and bornite are relatively hard, and
will soon grind away the fine points of the
softer crystals. It is also important that
the points making contact are bounded by
natural angles. Any filing or grinding to
shape is useless. When points need renewing
it is best to chip away the old faces with a
needle point. Carbarundum-a prcduct of
the electric furnace-sometimes cffers diffi-
culties to the amateur who uses it for the
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Fig. 8.-Connections of the potentiometer.
A and B - To Battery. C - To Inductance.
D - To Detector. E - Central Tapping.

first time. It may be obtained in pieces
of varying structure and colour. The very
hardest varieties, which show well-defined
crystals, and have usually a brilliant display

of iridescent colours, is worthless for detec-
tors. The two best kinds are the steel -grey,
glassy variety, and the somewhat fibrous,
greenish -grey variety. The former is slightly
more sensitive than the latter, but not so
stable in action. The steel contact is best
in the form of a flat strip-a piece of clock-
spring being excellent. The pressure may
amount to as much as 2 cr 3 lbs. It is
necessary for best results to apply a small
potential across the detector. The rectifying
action of crystals is often improved in this
way, though usually the improvement is so
small as to make the employment of the extra
apparatus hardly worth while. Carborun-
dum will function without applied potential,
but its addition makes a most marked im-
provement. Fig. i is the characteristic
curve of carborundum showing how its
resistance varies as the applied potential
rises. If the potential is adjusted so that

MOLYBDENITE
CRYSTAL

ADJUSTING
SCREW

EBONITE
BASE

Fig. 4.-Design for a molybdenite detector.

the crystal functions just at the bend in
the curve it will be in its most sensitive
ccndition. Fig. 2 shows a simple potentio-
meter for this purpose. It consists of a
small slab of ebonite wound with about
20 yards of No. 4o Eureka wire (enamelled
or silk covered). A tapping is taken from
the centre of the winding, and a spring
contact sweeps across the top of the winding.
A battery of three small dry cells (a flashlamp
refill) is joined across the winding and forms
the source of potential. Fig. 3 shows the
connections of battery, potenticmeter and
detector.

The silver contact for molybdenite is
also best in the form of a flat strip bent in the
shape of a U spring. Molybdenite is a
substance much resembling graphite. It is,
however, brighter in colour, and makes a
greenish -grey streak when rubbed on paper.
It is lamellar in structure, and in use should
be cut at right -angles across the lamina:, the
surface being made smooth with very fine
emery paper. Fig. 4 gives a suggestion for
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Fig. 5.-View of the top of the crystal testing set, showing the universal movement of the detector mountings.

a suitable arrangement. All other metal
points are best in the form of wire=about
3o gauge being suitable. The artificial
crystal mentioned before works very well
with gold, silver or brass, but better as a
perikon with bornite or copper glance, the
latter being the better of the two.

Mounting Crystals.-Some diversity of
opinion exists as to the best method of
mounting crystals. The original method
was to set the crystal in a brass cup, using
Wood's metal as a cement. It is now common
practice to use a brass cup fitted with one
or more set -screws. Some affirm that the
heat of the melted Wood's metal has an
injurious effect on the crystal. The writer
does not altogether agree with this except,
perhaps, in the case of molybdenite. Wood's
metal is an alloy of lead, tin, bismuth, and
cadmium, and, if of correct composition,
melts at 66° C. Another alloy-Lipowitz's
-contains the same constituents in slightly
different proportion, and melts at 6o° C.
These temperatures are well below that of
boiling water, and will not damage a crystal.
Many samples of fusible metals sold for the
purpose are not Wood's metal, and require
a much higher temperature to make them
fluid. In these cases there is some risk
in spoiling a delicate crystal. There would
seem to be just as much risk of spoiling a
brittle crystal in using set -screws, because
these must be screwed up really tight in
order to secure good contact. For the
experimenter who wishes to change his

crystals frequently the screwed cup has its
advantages, perhaps, but for permanent
use there is much in favour of setting the
crystal in Wood's metal-only it must be
the right grade.

The Detector.-For really good results the
mechanical side of the detector requires
some care in design. While freedom of
movement must be provided to the metal
contact, for instance, there must be no
slackness or shakiness. As before men-
tioned, the pressure at the point of contact
is extremely important, and this seems in a
great many detectors difficult to arrange
with certainty. Electrical continuity in the
moving metal parts is, of course, vital, and
just as vital is the question of insulation in
the mounting. Dust is a most insidious
enemy, and it is a sign of advancement to
see types of protected detectors now appear-
ing in dealers' lists and windows. Some
of these protected types would be better
if the glass or celluloid covers were a little
larger ; movement of the metal point seems
a little cramped and restricted.

Some Suggestions.-Some small observa-
tions will now be given from the writer's
experience. The question is often asked,
" Which is really the best detector ? " This
is not quite easy to answer. Personally, the
writer believes that for all-round efficiency,
simplicity in adjustment, and constancy in
action under all conditions there is nothing
to beat the carborundum-steel with its
battery and potentiometer. When a crystal
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is used in conjunction with a valve for
either high- or low -frequency amplification,
carborundum is preferable to any other
crystal. It also stands up well against
atmospheric disturbances, and it is the only
crystal that will survive the proximity of
high-tension discharges such as are used
in spark transmission.

Fig. 6.-The Inductance selector switch, mounted beneath the panel.

Beyond the metal points mentioned earlier,
phosphor -bronze or german silver will some-
times give good results with certain crystals.
Certain combinations, such as silicon and
gold, give very good results when L.R.
'phones are used. This is, no doubt, because
such a combination has a much lower
resistance than others. It will be found,
too, that while it is better to use two or more
pairs of H.R. 'phones in parallel, L.R.
'phones are best joined in series. The writer
has noticed on more than one occasion that,
using silicon on 2L0 broadcasting, distant
spark signals are very faint ; yet, changing
over to galena. these distant signals become
much stronger, while 2 LO is weaker.
Finally, in the writer's opinion, many
amateurs use crystals far too large in size.
Given a good specimen, there is not the
slightest advantage in using a large piece.

Testing Crystals.-To test out a crystal
thoroughly one must work on a definite
system, and the matter requires some little
patience. The writer has done a fair amount
of crystal testing for commercial purposes.
The specimens come in small bags, numbered,
but generally un-named, and are usually in
pieces about the size of a cherry stone and
larger. Broadcast transmission is generally
used for test purposes in order that purity of

tone may be judged, and reception is taken
on both Brown's " A " type 'phones, and also
the usual diaphragm pattern. Pieces are
first taken from each sample and mounted
up in screwed cups. The plan generally
adopted is first to test each specimen with
various metal points, assigning so many
marks of a possible ten to each test. If
required the specimens are tested with others
in a perikon combination. Having found
the best combination, this is used to find the
total area of sensitivity and also the uni-
formity of sensitivity over the whole area,
assigning marks as before. All this takes
time, but it is the only way in which a satis-
factory report can be rendered. The question
of the effective life of a crystal can only
be settled by periodical tests over a length
of time.

A Tuner for Crystal Testing.-In order
that the procedure mentioned above may be
carried out expeditiously and as thoroughly
as possible, the writer has designed and
constructed a receiver which embodies several
features not usually found in a crystal set.
Fig. 5 shows the general appearance of the set.
On the left is the selector switch from the
tapped inductance. This is wound on a
paxolin tube 31 ins. diameter. The winding
is 13o turns of No. 28 s.s.c. wire. Tappings

Flg. 7.-Illustrating the construction of the dead-end switch.

are taken from the tenth turn and then
from every three. The winding is divided
into three sections, which are isolated by a
dead-end switch, the control knob of which
is seen in the centre. The first section
finishes at the eighteenth stud of the switch,
and the second at the thirty-second stud.
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This gives ranges of, approximately, 500
metres, goo metres and 1,200 metres. If
longer ranges are required a loading coil
can be plugged into the holder at the back
of the panel. This holder is of the standard
pattern to take the plugs usually fitted to
lattice coils, and, normally, is short-circuited
by a plug. On the right is a variable con-
denser with total capacity of o0005 mfd.
Between the three control knobs and the
loading coil socket is the detector. On the
right is a capstan head which will carry five
wire contacts. It is mounted in a double
ball-and-socket fitting so that movement in
all directions is provided and any wire
contact can be selected at will. The fitting on
the left carries three removable crystal cups
mounted capstan fashion, and the screw on
the extreme left provides a micrometer
rise and fall to the crystal cups, the arm on
which they are mounted being a first order
lever. Good contact and smoothness in
action is secured by a phosphor -bronze
spring thrusting the arm against the adjusting
screw. In this fitting the difficulty of
providing that delicacy of pressure which is
so essential has been overcome, and the
detector proves entirely satisfactory in
action. The selector switch is mounted
below the panel so that it is protected from

Fig. 8.-The circuit employed on the testing set.

dust, Fig. 6 giying a close-up view of it.
The dead-end switch shown in Fig. 7 is
simply a short cylinder of ebonite carrying
two brass plates which make contact with
two pairs of bronze fingers.

Altogether, the set has well repaid the time
taken in its construction, as not only is
really good reception obtained with accurate
tuning, but crystal testing is greatly facili-
tated and can be done with certainty.
Fig. 8 is the wiring diagram of the set. It
might be mentioned, perhaps, in closing,
that when crystals of the perikon group
are being tested a separate detector of
special design is used.

An Ultra -Selective Receiver.
BY " 2SH."

Below will be found 1 some details of a new circuit embodying several new
features Readers who test out the scheme will, no doubt, be surprised at the
results obtainable.

NOW things are returning to normal
after the upheaval caused by the
advent of broadcasting in the experi-

mental world, many amateurs are finding
the problem of selectivity a very pressing
one. The ordinary single -valve reaction set,
when used at a distance of less than 5 or 6
miles from a broadcasting station, will not
cut out that station entirely on any wave-
length. This can be greatly improved by
loose coupling the aerial circuit, but such
circuits are not easy to handle while getting
good signals in searching. In the U.S.A.

where anyone can get a transmitting licence
for i kw. this problem has been of import-
ance for many years. If you have a neigh-
bour with I kw. of I.C.W. on 200 metres
you have rather a thin time near his wave.
The solution over the other side has been
the " three -circuit regenerator," which con-
sists of a loose -coupled set with a tuned plate
circuit. The primary coil is the fixed
winding of a vario-coupler, and the secondary
is the vario-coupler rotor in series with a
variometer. The plate is tuned with another
variometer (see Fig. r). The primary is
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tuned by tappings and sometimes a series
aerial condenser. The secondary has no
condenser. This type of set is very selective,
but it needs, as someone once said, " three
hands and a foot " to tune it properly.
Every change in the secondary circuit
necessitates a critical readjustment of the
plate variometer. In consequence of this
difficulty many American experimenters
have been attempting to find a good selective

Fig. 1.-An or regenerative circi it In which the selectivity Is
Increased by tuning the closed circuit and the anode sires it
with varlometers.

single -valve circuit with few adjustments.
A year or so ago the Reinartz tuner was
brought out, and this circuit (Fig. 2) certainly
gives great selectivity with simple adjust-
ment, but, unfortunately, the signal strength
is much reduced. It will be seen that this
circuit uses a small untuned aerial coil
and " shunt " reaction coil. The secondary
coil is excited by shock.

However, within the last few months a
new circuit has been evolved by Mr. L. M.
Cockaday, which he calls the four -circuit
tuner. This sounds worse than before, but
is not !

In an ordinary regenerative circuit by
increasing reaction coupling we decrease the
positive resistance of the circuit by increasing
the negative resistance, until at length the
latter exceeds the former and the set begins
to oscillate. In this new circuit we use the
reverse process. An easily oscillating valve
circuit is used, and the positive resistance
is increased until the oscillations are manage-
able. In this set the aerial coupling is as
loose as possible for good strength of signals,
and the reaction control varies very little
with quite a large change of wave -length.
Owing to the circuit arrangement the aerial

need not be accurately tuned, so that our
only controls are the grid tuning condenser
and reaction. Instead of the usual circuit
we use the De Forest Ultraudion circuit for
our oscillating valve. Usually this circuit
cannot be easily stopped oscillating and is
not manageable. Here we arrange it to
oscillate as it wishes, and we subtract energy
from the grid circuit until the desired state
is reached. This is done by the " fourth
circuit," which is a small tuned trap coupled
to the grid coil. Note that this circuit is
not tuned to the working wave, but usually
well below it. This distinguishes between
this circuit and a freak type of multiple
tuner. The circuit is shown in full in
Fig. 3. The aerial circuit is made up of
the two coils A and B. A is tapped every
few turns. B consists of one turn of thick
wire. C, the trap, consists of a small coil
with .0005 condenser, wound close to the
tuning coil D on the same former. B is
coupled to the end of C farthest from D. This
coupling can be adjusted on test, and when
the best value is found it may be left. It
will be found that no appreciable strength
is gained by tuning the aerial accurately.
As for correct sizes for coils, all should be
wound with at least 20 D.S.C. wire. A may

Fig. 2.-In One type of the Reinartz circuit, the aeral coil is untuned,
and the reaction coil Is connected In shunt.

be 5 ins. diameter, turns spaced jj in., tapped
every five for thirty turns. B should be
about 14 S.W.G. C and D should be on a
4 -in. former, and of 3o and 5o turns respec-
tively, close wound, with f in. between coils.
D should be tapped at 25 turns. The method
of operation is as follows :-
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Fig. 8.-The aerial is coupled
circuit, which is not tuned

53

by a single turn to the trap
to the desired frequency.

Put the condenser across C to zero, and
adjust the valve until it oscillates vigorously.

October, 1923.

Then increase condenser C and so stop
oscillations. Set A to approximately the
correct value, and search with condenser D.
C will be found to need little adjustment.
A few minutes practice will show the sim-
plicity and extraordinary selectivity. Un-
fortunately, it is not legal to use this set for
broadcasting, but the radiation is extremely
small owing to the loose coupling. It would
be found possible, however, to receive any
station at will, which is quite impossible
with an ordinary set.

I hope these notes will interest some
sufficiently to test out this circuit, for it is
well worth while. It will be found that all
signs of broadcasting will be cut out on
slightly shorter waves, which is not usual
with one -valve sets. If desired the filaments
may be earthed. This will help to eliminate
any body capacity effects.

The Trend of Invention.
We summar se below the more important wireless inventions which have been
disclosed during the month, special reference being made of those of immediate
interest to the experimenter.

Tuning Devices.
Fig. 1 illustrates a rather ingenious method of

simultaneously decreasing the capacity and in-
ductance of a tuned circuit. A moveable plate 9
acts partly as a variable condenser in conjunction
with a fixed plate 5, and partly as a means for
varying the effective inductance of the tuning
coil 3. The disc 9 acts as a closed circuit variably
coupled to the coil 3, so that as it is moved towards
the coil the mutual inductance between the two
circuits decreases the effective self-inductance of
the coil 3 ; at the same time the capacity between
9 and 5 is decreased. (A. H. S. MacCallum, Brit.
Pat. 202,115.)

Another tuning device recently patented, pri-
marily consists of a condenser having vernier
and main elements mounted on separate but
coaxial shafts with an inter -locking device which
permits the vernier section to act alone over a
certain range, after which the main section is
brought into play. The condenser can therefore
be used over a wide range of tuning. (H. Saville
and C. H. Thornton, Brit. Pat. 201,816.)
Smoothing Device.

Fig. 2 is rather a novel departure in smoothing
circuits ; it is intended to fatten out pulsating D.C.
such as may be obtained from a rectifier. The
pulsating input is applied at A and is fed into an
electrolytic cell or a number of cells in series at F

which become polarised. From F the current
passes to the output B through a loose contact
device c, whose resistance varies with the pressure
on the diaphragm D. Across the cell F is an
electro-magnet E, fluctuations in which cause a
varying pull on the diaphragm D, thereby tending
to neutralise fluctuations in current passed to the
output B.
Signalling by High -Frequency Mechanical Vibra-

tions in Material Media.
Apparatus , for transmitting sound waves of

audible or super -audible frequency through water
or similar media is described in British Patent
200,709. Oscillations generated by an arc, alter-
nator or commutator are applied to a special
electrostatic condenser device which may be sub-
merged in the water surrounding a ship or other
vessel. Owing to the varying electrostatic attrac-
tion between the plates of the device they vibrate
in response to the applied alternations, thus im-
parting a vibratory disturbance to the . water,
which is propagated to a distance, and may be
detected by some suitable submersible responsive
device. Instead of immersing, the electrostatic
vibrator in the water outside the vessel a vibrator
may be installed inside in such a manner as to
impart its vibrations to the wall of the vessel
which in turn sets up the requisite compression
waves in the water. It is stated that the device

5
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works well with high frequencies and lends itself
to telephony. Its most important use is in sub-
marine communication.
Atmospheric Elimination.

In designing circuits to discriminate between
atmospherics and signals, we have taken into
account the fact that atmospherics are aperiodic
impulses which kick any tuned circuit into ocsilla-
tions of its own natural frequency ; hence the
difficulty of eliminating the effects of atmospherics
with ordnary selective circuits. A new system
has recently been patented by H. J. Round (Brit.
Pat. 200,857). Coupled to an aerial, preferably
one having the best directional properties, are two
tuned circuits in cascade ; these circuits are so

_Li
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by the atmospherics themselves in the absence of
a signal.
Sealing Leading -In Wires for Heavy Currents into

Glass.
One of the chief difficulties in constructing

lamps, valves or enclosed arcs to handle large
powers is that of producing a satisfactory metal -
to -glass seal. Thick leading -in wires, even if
made of platinum or other metal with the same
co -efficient as glass, present serious difficulties
when it is attempted to make a robust and per-
manently gas -tight seal. The Dutch firm of
Phi,ips, which holds a large number of lamp and
valve patents, has devloped a seal in which the
lead-in is made by means cf a chrome -iron disc,

a

Fig. 5.

17<9e 3. Ptg.1.
Fig. 1.-A method of simultaneously varying Inductance and capacity. Fig. 2.-An arrangement to smooth pulsating

D.C. Fig. 8-4.-A system of keying or modulating the output of a valve oscillator. Fig. 5.-The mast is divided
into a number of insulated sections, supplied with graded potentials.

adjusted that their respective resonance curves are
as near together as possible without overlapping,
one being exactly tuned to the signals to be received.
At the end of these circuits are connected two
detectors, so balanced that only the difference
between the currents set up in the two circuits
affects the indicating device. Thus an atmospheric
impulses both tuned circuits equally into their
own free periods, and the effects therefore cancel
in the indicating device. The tuned signal, how-
ever, materially affects only one circuit and is
recorded. What is actually recorded by, say, a
syphon recorder is the difference between the
signal and atmospheric amplitudes. This differ-
ence may be large, small, positive or negative
according to the phase relation between signal and
atmospheric, but in any case nothing is recorded

the circumference only of which is fused into the
glass. (Chrome -iron can be made to have the
same co -efficient of expansion as glass.) The
heavy current leads are attached to the centre
of the chrome -iron disc on either side. (Brit. Pat.
198,322.)
A System of Modulation.

Numerous patents have been filed for modulating
the output of valve transmitters for telephony
and keying them for Morse.. Figs. 3 and 4 illustrate
a scheme recently patented by N. F. S. Hecht
(Brit. Pat. 201,276). A control valve is placed
in series with the positive H.T. lead as shown.
When the key (Fig. 3) is up, the grid of the control
valve 4 is connected to the negative H.T. lead
and is thereby maintained at a sufficiently great
negative potential to cut the current through the
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valve down to a low value. When the key is down
the grid is connected straight to the plate, and
thus brought to full positive H.T. potential under
which circumstance the control valve passes its
full saturation current. The modulation scheme
in Fig. 3 should give good results, but it is not quite
clear where the novelty lies, other than the use of
the control resistance 9.

Aerial Improvements.
The Telefunken Co. describe in Brit. Pat. 180,673

a system in which the aerial is broken up into a
number of elements, each fed from the transmitter,
so arranged that the energy is utilised equally.
The system is comparable with the Alexanderson
multiple -tuned aerial.

E. Y. Robinson gives details in Brit. Pat. 201,264
of a system of breaking up the aerial mast into
insulated sections, a tapped inductance supplying
graded potentials to the various sections. The
disturbing effects of the metal mast are thus
eliminated, as shown in Fig. 5.
Microphone Singing.

The singing effect between a microphone and
telephone receiver is well-known, and the Tele-
funken Co. have devised a method of eliminating
the effect. The microphone is connected in a form
of bridge circuit, of which one arm is equivalent
to the line in use and the whole is so balanced that
currents from the transmitter do not effect the
local receiver. Full details will be found in Brit.
Pat. 178,860.
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