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“COSMOS” RADIOPHONES

The thoroughly dependable

radio receiving sets

Radiophone illustrated above is a We are also manufacturingaseries of valve type'Cosfil.
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thoroughly efficient Crystal Type Radio Receiving Set. Radiophones, Note Amplifiers and Loud Speakers. All

It is made by the firm with a Vvast ..., .
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these types are designed to give per-
fect results and no technical knowledge
is necessary. IT SHOULD BE
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BURNDEPT

For the Ideal Home.

HIS instrument will fill a large room with loud and clear music,

and 1s ideal for those who wish to take advantage of the excellent

programme now being broadcasted from the principal cities in the
country.

Ethophone II1. is a 3-valve Broadcast Receiver with simplicity of control,
and designed for home use.

[t 1s contained in a sloping polished walnut cabinet with a solid ebonite
instrument board. Valves and high voltage battery are enclosed. out
of harms way. )
This instrument has a wavelength range of 250 to 650 metres, but the range may be increased
at will by plugging in Burndept coils (E. 3 to E. 300) in place of a shorting-plug situated

above the centre switch, Telephones or Loud-speaker can be switched at will. A third
switch enables the user to increase the volume of sound.

No. 503. Ethophone III., inclusive of three valves, high tension battery, and
complete instructions 3. ! .. .. 34 guineas.

For the Experimenter.
HE Burndept H.F. Amplifier Mark I. HoE Am‘}}llfler‘

proved its worth during the American
Amateur tests, when clients from all over the Mark 1
country sent in excellent reports concerning
this piece of apparatus. It is a radio-
frequency amplifying unit designed for the
amateur and experimenter to usge in con-
junction with the Burndept Ultra III.,
Burndept Ultra IV, and H.F. I. panels. 1t

presents no difficulties in operation.

Used in conjunction with the famous Burndept
Ultra IV. the reception of American Telephony
is a regular performance. The extract from
a letter printed below 1s typlcal of very many
letters we have received in praise of this
instrument.

* I heard concerts from at least nine different American
Broadcast Stations, Newark, New Jersey, came in simply
terrific, in fact, as clear as a bell. It is astonishing how
simple this unit is lo operale, as when once I struck 360
metres no further difficully was experienced to tune other
stations. I might add that I had not been working my set
more than threce minules previous lo receiving American
Concerts.”

No. 108. H.F. Amplifier Mark 1., in flat polished walnut case . .. £10 0 0O

No. 108s. As No. 108, but in sloping cabinet .. . P . £11 0 O

BURNDEPT LTD. London Office & Showrooms: 15 BEDFORD STREET, STRAND, W.C.1.
City Depot: 79 MARK LANE, E.C.

AERIAL & EASTNOR WORKS, BLACKHEATH, S.E.3.

London Assura;xce House, 93 Holm Street, Bank Buildings, Exchange Buildings, 61 Bridge Street, 249 George Street.
Bond Place, LEEDS. GLASGOW. Middle Street, YEOVIL. 133 New Street, BIRMINGHAM. MANCHESTER. ABERDEEN. .

| BURNDEPT

[ Lo |
WIRLILEES APPARATUE
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EFFICIENCY

Maximum Efficiency

1s obtained for any given

range of wavelengths in

cither single circuit or

coupled circuit recervers
by using

HONEYCOMB

Inductance Coils

(De Forest Patent)
Standard Plug Type
Honeycomb Coil.

Any desired range of wave-

lengths can be covered by

merely changing the size of
coils.

Made in two types of mounting :
PLUG TYPE and
GIMBAL TYPE

We also manufacture :

COIL HOLDERS,
INTERVALVE
TRANSFORMERS,
FILAMENT
RHEOSTATS. Write for Leaflets Z 6.

Gimbal Type
IToneycomb Coil.

Manchester—30, Cross Street. m Cardiff—Western Mail Chambers.

Bradford—18, Woodview Ter., Manningham,

Birmingham—73 4, Exchange Buildings. : == =
Glasgow—50, Wellington Street. ( GRANIC ) ) Newcastle—90, Pilgrim Street.

149, Queen Victoria Street, ELECTRIC Co.Ltd. Works :

LONDON. WINDINGS Elstow Road, BEDFORD.
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There’s no better guarantee
of efficiency than the name

BURNDEPT

The ETHOPHONE is a crystal set ‘“ De Luxe,” for the
perfect reception of Broadcasting from 20 to 30 miles,
and by the addition of an inductance coil (supplied),
perfect reception of Paris time signals is obtained. The
set is contained in a Walnut Cabinet, and is of highest
grade finish throughout. Sold complete with pair of
superior head phones

S:i’roeo,o inos,ltllligi)o’rs azr;%l . p | Let the LI I I LE GOLIA I H
Paris inductance coil. .
Ready for instant use.

£7-10-0
Immediate delivery.

Write for booklet of
other sets by Burndept
Ltd.,, including the
Ethophone Junior,

help you—
The small lathe  with the large capacity.

Amateurs who get the most out of wireless make their own sets

A small lathe i 18 the key to successful work, and means economy.

All smali parts in brass, el omte, wood etc., qulcltly and eauly yd
made on the LITTLE GOLIATH, the 2-inch lathe with the / v

compound slide-rest. Our list will interest you—it's free. /

£ , and Valve sets . 7
ag/;grlﬁ)uil;ﬁcezve = Send this coupon to P e
CHARD &CO DRUMMOND BROS, Ld,, ,~~ = = -
) Reid Hill, Guildford. /~ -~ @l
24a Gt. Portland St., . ¥
?en?dm uir;lsealed efn'velope ) “E, \~\; oy
or . ease write e <P 5 (N "\
LOND ON’ W distinctly. e / \w“‘e’ P&\‘ //Q\L%&\; qu’q::\‘;,

NINE STAGE HF
TRANSFORMER

Range 150-24,000 metres.
Fitted with dead-end switch
making it hxghly eﬁcxent
Price -

Have you tried the wonder-
tul “XTRAUDION ** Valve ?
The premier Triode for
amplification—also a good ¥
Oscillator and Rectxﬁer .

Price - . 15/-

PHONES
oty

Ay

THE “CONCERTO”
TUNING

l-‘o.r' receiving the
'?Stel;ll:ony,B 52222273 One Valve Sets, Royalties Two & Three Valve
Paid, £5:5: 0 Sets complete with

Passed by P.M.G. all accessories

For the largest selection

of up-to-date radio instru- Registered No. 1059.

ments, component parts Complete with all access. £15 anq £20
and materials consult the ! respectively
“EEC" 40-page Radio ories £7:10: 0

Catalogue, mailed by . - - g

returm post for 4. J. LIPOWSKY & CO.

Head owrooms : ranch Show-sems: . 3.
10, f&zggg SQUARE 303, EDSTONRD. N.W.L. B ICKENTIAM. 614 OLD FORD ROAD, BOW, LONDON, E.3
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HE epoch marking

achievement of a Lon-
don - New York conversation
by wireless telephony is but
one of the outstanding accom-
plishments of the Western
Electric =~ Company. The
Western Electric Company
were the first in the year 1915,
to bridge the Atlantic by
wireless telephony. ' They are
the firm who have supplied
the World with over half its
telephones. And in its own
sphere no less of .an achieve-
ment, the Western Electric
Loud Speaking Equipment
lias placed popular wireless
on a footing of efficiency and
utility which without it would
have been impossible.

ireless

Wesrern Electric

(Wholesade
CONNAUGHT HOUSE,
And at NEW

Branches : Birmingham,

Cardiff,

Johannesburg, Singapore,

AGENTS
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westrern Eleclric
Loud Speaking Equipment
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Whether reproducing music, speech or song,
the tone is always pure and true, both the
electrical and musical efficiency being unique

Company Limifed.
only.)

AI},'DWYCH, LONDON, W.C. 2
SOUTHGATE

Glasgow, Leeds, Manchester, Newcastle.
Sydney, Buenos Ayres, Simla.
EVERYWHERE.

TSN & S Y o




MODERN WIRELESS

March,

1923

S HHnHmmHRnmRmanmmMmeammHuoenmmGm e

CONTENTS

“MODERN WIRELESS,” MARCH, 1923

JI||l||||l||||Ill||||l|||||||||I|||Il|||||||||||||I|IIII||IIIIIIII|||IHIIIHHIIIHI|||||||||||||II|||||H||||II||l|||||||||||||HIIIIIIIIIIII|III|||||||||||||||||||lllIIlllllllll||||llllllHII|||III||||||IIIIIHHHHII||||||||||||IH|IIIIIIIIIIIHIIIIIIIIIIIIHHHHIIIII

Imperial Wireless Communications. By
Lieut.-Col. C. G. Chetwode Crawley
R.M.A., M.LEE.

Some New Dual Amplification C1rcu1ts
By John Scott-Taggart, F.Inst.P.

A Filter Circuit. By G. P. Kendall, B.Sc.

Your Aerial. By B. Mittell, AM.IEE.

Regulations Regarding Aerials 3

Intervalve Transformers. ByA H. Cums
M.IEE. . .

Choke- Control Modulatlon

A New Aerial Insulator-

The Values of Condensers, Gird Leaks etc.

The Transmission of Wireless Waves. By
Sir Oliver Lodge, D.Sc., F.R.S.

Improving the Selectivity of a Wireless
Receiver

A Three-valve
AMIRE.

Methods of Tuning a C1rcu1t Y
A Simple Shorting Switch.

Operators and Their Careers. By o Trafﬁc
Manager "’

Loud- Speakmg Telephones
Tyers, AM.I.LR.E. N,

The Use of Chemical Rectifiers for Charg-
ing Accumulators. By E. H. Robinson

Panel. By W. Ison,

By Paul D

PAGE

85

87
Qo
91
94

95
b 7]
99
100
101

103

105
107
109

110

112

114

The Atoms of Matter : their Size and Con-
struction. By F. W. Aston, M.A.,D.Sc.,
F.R.S. !

A Readily Made Varlable Inductance

A Variable Gird Leak. By A. Drake

A Transatlantic Receiving Set. By H.
Chadwick .. .. - ..

* Directional Wireless.”” By J. Robinson,
M.B.E., Ph.D., M.Sc., F.Inst.P.

About Reaction . .. !

A Universal Receiver for all Wavelengths

A Two-valve Note Amplifier

The Considerations Governing the Choice
of a Receiving Circuit. By ]ohn Scott-
Taggart, F.Inst.P.

A Compact Broadcast Recemng Set Bv
E. Redpath

Conventional Signs Used in Wireless
Diagrams .. . .

A Three- or Four-valve Broadcast Receiver

Patents of the Month

Recent Additions to our List of Experi-
mental Call-signs ¢ :

The World’s Land Stations . b

Times of Regular Transmissions ..

Questions and Answers

MODERN WIRELESS is puBlished on or about the 26th of the month.
All correspondence relating to contributions should be addressed to Editorial Offices, Devereux

Buildings, Devereux Court, Strand, W.C.2.

PAGE

117
121
122

124

129
133
134
137

138
143

149
150
I53

154
156
157
159

Contributions, illustrated whenever possible by photographs and rough pencil sketches, will be

considered for publication.

PuBLISHING OFFICE :
TELEGRAPHIC ADDRESS :
TeLePHONE No : Central 4393.
ADVERTISEMENT OFFICES :
TeLEPHONE No. :

Regent 2440.

3, Bolt Court, Fleet Street, London, E.C 4.
*“ Radbooks, Estrand.”

Scheff Publicity Organisation, Ltd., 125, Pall Mall, London, S.W.1.

SUBSCRIPTION RATES

15/~ per annum, post free.

7/6 six months, post free.

1/3 single copy, post free.

Registered at the G.P.O. for transmission by Magazine Post to Canada and Newfoundland.

Nothing in this journal is to be considered as a permission or encouragement to imfringe any patent

rights covering apparatus described.

S A AT

00RO



F
7

\\}\\\\{- =
)

A

A‘DIO
JOHN SCOTT-TAGGART, F.INsT.P. .
Assocsate Editors: ,

PAUL D. TYERS. — E. REDPATH.

i Sciint:fic Adviser :
PROF. G. W. O. HOWE, D.Sc., M.LE.E.

|

_VoL. I MARCH, 1923 No. 2

EDITORIAL

Our Début

ODERN WIRELESS has started well. In

spite of repeated instructions and requests,

only a very small proportion of those who
intended to buy the first number actually placed
an advance order. The result was that the first
edition—namely, 20,000 copies—was miserably
inadequate. Literally, every single copy was sold
within a quarter of an hour of being shown on
the bookstalls. Owing to orders to print further
supplies, a slight delay was incurred in getting
the magazine distributed throughout the country.
Those who had not ordered in advance were
sadly disappointed, and had to wait at least ten
days before they got their copies.

We should like to apologise to those who had
to wait for their copies, but as we exhorted
everybody to place an advance order, and there-
fore enable us to estimate the correct number
to print, we can hardly be blamed. If readers
will give an order to their newsagent to reserve

a copy of MoDERN WIRELESS until the order is.

countermanded, they will greatly assist us.

The sales, which have now exceeded two or
three times the figure which was estimated, have
been very gratifying and amply prove that there
was room for a high-grade production for dis-
criminating enthusiasts.

Those Advertisements

The response which readers have made to
our request to use the card at the back of the
magazine and to mention MODERN WIRELESS
when replying to advertisers, was very pleasing.

83

It is really only by the good-natured support of
our readers in the way of helping our advertisers
that we can hope to maintain the journal at its
present standard. No money, time, or trouble
is being spared to provide the very best technical
literature, but the hard commercial fact remains
that to produce a really good class journal costs
money, and this money partly comes from the
advertisers. Order what you require from the
advertisers in MODERN WIRELESS, and mention
our name, and your courtesy will result in a
better magazine in every respect.

Various Matters

We should like to acknowledge our appreciation
of the confidence placed in our production by
the advertisers in No. 1. From reports which
we have received, they have found our journal
a medium of unusual value.

* * * * * *

May I mention that we will at all times be
pleased to receive suggestions for the improving
of the magazine.

* * #* * *. *

Readers may be interested to hear that we
have concluded an arrangement with the largest
radio magazine in America, namely the Radio
News, which has a circulation of about 250,000,
whereby we will have the sole rights of repro-
duction of anything contained in their magazine.
We will receive advance proofs of their articles,
and readers will be kept up to date with the
very latest developments on the other side of
the Atlantic.
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It is also with great pleasure that I am able
to announce that Professor G. W. O. Howe,
D.Sc., M.ILE.E., Professor of Electrical Engineer-
ing at Glasgow University, Chairman of the
Wireless Section of the Institution of Electrical
Engineers, and a radio scientist of international
repute, has consented to act as Scientific Adviser
to this journal. The privilege of conferring
with Professor Howe, when it may be desirable,
will be of great value in keeping to our ideal of
a thoroughly sound and authoritative publication.
It is our particular anxiety to maintain the

March, 1923

accuracy and usefulness of our articles, whether
or not they deal with the most elementary matters.
We have seen so many misleading inaccuracies
in the publications of general publishers running
wireless as a side-line, that we have resolved to
do our utmost to earn the respect of our more
experienced readers. We believe that this is
the sound policy in the long run. Readers may
depend on it that the articles appearing in this
journal will have passed through several technical
hands before publication, adequate technical staff
being actually on the premises.

NOTES

T is rather amusing to note how the price

of Mark IIl tuners has gone up since broad-

casting started. In the days of the faithful
few who scorned the idea of broadcasting, or
pretended to, Mark III tuners could be bought
for about £4. Their price now has suddenly
increased to about [10. We now wish that we
had bought one from the Disposals Board !

By the way, it would be interesting to know
to what extent the advent of broadcasting has
influenced those who were working in the pre-
broadcasting era. Have they forsaken their
work and been lured by the interesting pro-
grammes now being sent out on the 300 to
500 metre band of wavelengths ? Broadcasting,
of course, has seriously affected the transmitting
experimenters who worked on 440 metres.

Many experimenters (incidentally we may
mention here that we dislike the term ‘ amateur ")
have made up a broadcast receiver which may
be used when desired for the entertainment of
friends, and carry out experimental work on a
separate set of apparatus. This is a wise step.
The experimenter who never has his set ready
for broadcasting is not likely to be very popular
in the family circle.

We wonder how many wireless men who say
that broadcasting interferes with genuine experi-
mental work, really mean it? Of course, it
interferes with transmission tests, but for re-
ception work it is of great value, because it
provides an almost continuous signal of steady
strength. Other stations, when being received,

generally stop working just at the crucial stage
of the experiment. However, it is fashionable
to regard broadcasting with a frown !

Readers will be interested to see an article
by Dr. Aston in this month’s issue. Dr. Aston
is one of the world’s most brilliant scientists,
and there are very few indeed who could claim
the same knowledge of the constitution of
matter as does Dr. Aston. He has achieved
the highest possible distinction in chemistry,
having won the Nobel prize for Chemistry for
1922, We feel greatly honoured in being
allowed to publish an article from the pen of
so distinguished a scientist.

We have received from the advertisers in
MoperN WIRELESs a number of interesting
catalogues, and we are struck with the valuable
information which is obtainable from these
lists. The beginner, especially, will find much
to interest him. It will be found by many
that it is considerably easier and often cheaper
in the long run to buy component parts rather
than to construct them.

It now seems quite a common thing to receive
the signals of American broadcasting stations,
and also signals from American amateurs. Is
it simply that we have not been listening for
them in the early hours of the morning ?

In this issue will be found described a
receiving apparatus which regularly receives
American amateurs and broadcasting on an
aerial which is almost completely enclosed.
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q The Station at Abu Zabal.

IMPERIAL WIRELESS COMMUNICATIONS

By Lieut.-Colonel C. G. CHETWODE CRAWLEY, RM.A., M.I.E.E.

There has been a great deal of agitation in the geneval press regarding the desivability of im-
mediately establishing an effective wiveless chain.
services as Secretary to a Commission appointed by the Government to advise on the matler.

T will be remembered that in 1913 an agree-

ment was arrived at between the Postmaster-

General and the Marconi Company for the
erection of stations. in England, Egypt, East
Africa, India, South Africa, and Singapore ; the
Commonwealth Government to erect their own
station in Australia to complete the chain.
Early in 1914 a start was made with this scheme
by commencing work on the English and
Egyptian stations, and selecting sites for the
others. The English station was to be at
Leafield, near Oxford, and the Egyptian one at
Abu Zabal, near Cairo.

This was the position of affairs on the out-

Lieut.-Colonel Cvawley has vendeved valuable

break of war, when the need of wireless stations
throughout the Empire soon became painfully
apparent, and it is now common knowledge that
the absence of efficient wireless communications
with our ships throughout the world cost us

the loss of many valuable lives and some millions

of pounds sterling. It was obvious that the
proposed chain could not be in operation for a
very considerable time, and the need for it
strategically as a point-to-point system luckily
never became vital, as our network of cables
remained intact. The result was that the high-
power scheme was dropped, and the Admiralty
went ahead with the erection of a dozen or so

B—I11.
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stations, most of which were erected by the
Marconi Company, and the remainder by the
Admiralty themselves, for communication with
ships, and for strategic intercommunication. The
stations, which were of medium power, fitted
with Marconi Spark and Naval Arc sets, were
distributed throughout the Empire in such a
way that large ships were very seldom out of
touch with the shore, an arrangement obviously
of the greatest value at all times, but especially
so in time of war.

The masts at Leafield were to support the
aerial of a receiving station during the war, and
the Abu Zabal station was fitted up temporarily
and used by the Admiralty for strategic com-
munications. ,

At the outbreak of war Germany had also a
chain of high-power stations in course of erection,
but of the five contemplated abroad only two—
Kamina, in Togoland, and Windhuk, in German
South-West Africa—were ready, and neither
was sufficiently powerful to send messages to
Germany, though they were valuable in that
they could sometimes receive from Germany up
to the time of their capture and, in the early
stages, retransmit to German ships.

During the war our policy of concentrating
abroad on the erection of stations for ship and
shore communication—a policy dictated by a
world-wide Empire—was not adopted by France,
Italy, or the United States of America, who all
pressed on with schemes for point-to-point com-
munication with their outlying possessions or
other countries. In this country, as soon as the
war was over, the congestion on our cable com-
munications brought into prominence again the
desirability of having an Imperial wireless chain,
and it was decided in 1919 that, as a first step,
the Post Office should complete, on modern
lines, the Oxford and Cairo stations. This was
done by equipping them with 250 kw. Elwell
Arc installations, and the service has been in
operation for the past year.

In July, 1919, the Marconi Cempany were
awarded in the law courts £590,000 as the esti-
mated worth of royalties which they would have
received from the Government under the 1913
agreement, and in November, 1919, the Govern-
ment appointed a committee, under the chair-
manship of Sir Henry Norman, to consider
again the problem of establishing an Imperial
wireless. chain.

86
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This committee, which reported in June, 1920,
recommended that valve stations should be
erected in England, Egypt, India, Singapore,
Hong-Kong, Australia, Kenya Colony, and South
Africa, the case of Canada being postponed until
representatives of the Canadian Government had
been consulted. The idea was that, excluding a
probable Canadian connection, there should be
two chains, the first to consist of new stations in
England, Egypt, India, Singapore (with a branch
to Hong-Kong), and Australia ; the second to
consist of the existing stations at Oxford and
Cairo, and new stations in Kenya and South
Africa.

The committee recommended that the whole
system should be State owned, the Post Office
in this country, and correspondmg departments
overseas, arranging for the construction of the
stations, their actual planning being entrusted
to a small commission of experts. These re-
commendations were approved, and the planning
commission was appointed by the Cabinet at
the end of 1920. At the end of 1921 the com-
mission reported, and gave outline specxﬁcatxons
for the stations.

In July last, however, the Postmaster-General
stated in the House of Commons that it had been
decided to defer, at any rate for the present, the
erection of the second station in Egypt and the
stations in Kenya, Singapore, and Hong-Kong,
but to proceed at once with the erection of those
in England, South Africa, and India; Australia
having already arranged for the erection and
operation of their station by a commercial
company in which the Commonwealth Govern-
ment hold the majority of shares.

Since then the South African Government have
signed a contract with the Marconi Company for
the erection and operation of their station ; the
Government of India have not yet decided
whether their station will be erected and
operated by Government or by private enter-
prise; and it has been announced that the
Home Government will erect a station in this
country on the lines recommended by the
Wireless Telegraphy Commission.

It is proposed that all these Imperial stations
should be fitted with valve transmitters and be
arranged for duplex working, so it is to be
devoutly hoped that at last a sound scheme of
wireless communication throughout the Empire
is about to materialise.
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SOME NEW DUAL AMPLIFICATION CIRCUITS

By JOHN SCOTT-TAGGART, F.Inst.P.

The following article describes some recent expeviments with civcuils using
both a crystal detector and one or move valves, the object being to find out
which civouits will give the best vesults with the minimum number of valves.

N the last number of MODERN WIRELESS a

series of circuits were given, using a crystal

detector in combination with one or more
valves. It must not be imagined that the crystal
detector is obsolete. . It will acquire even greater
importance when a thoroughly reliable pattern
is evolved—that is, one which will not require
resetting ; claims have already in fact been made
for such a detector.

The circuits given below not only use crystal
detectors in combination with valves but use the
valve in a dual capacity—namely, as a low-
frequency amplifier and as a means of either
introducing reaction into a circuit or of actually
amplifying the high-frequency currents.

Improving the Single-Valve Circuit

Fig. 1 shows what is probably the best single-
valve circuit of a straight-forward type permis-
sible for the reception of broadcasting. In some
cases, the valve is better used as a high-frequency
amplifier, but there is little to choose between
the two classes of circuits. It is proposed to
improve the efficiency of this circuit by intro-
ducing reaction into the aerial circuit. As Fig. 1
stands, there is no reaction effect in the aerial

Fig. 1.

An ordinary crystal circuit followed by
a low-frequency amplifying valve.

circuit, which, therefore, considerably damps
down the incoming signals, which for the moment
we may assume are due to radio telephony. I
introduce reaction into the aerial circuit by using
the valve in an additional capacity. An induc-
tance coil L. (Fig. 2) is now included in the grid
circuit of the valve V, this coil being in series with
the secondary T, of a step-up transformer T; T..
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The secondary T, should be shunted by a con-
denser C, having a capacity of not less than
o'oor uF. In the anode or plate circuit of the
valve is included another coil L,, which is con-
nected in series with the telephones T, which now
require to be shunted by a condenser C,, also
having a capacity of not less than o'0o1 uF.

N
2

I
B

4

Fig. 2. The Fig. 1 civcuit greatly improved by intvoducing

reaction into the aerial circuit.

When honeycomb or similar coils are used, the
aerial coil L, may be in the middle and the other
two coils arranged one on each side, the two
couplings being variable. The size of the coils
L. and L, is important, and the best values must
be found by experiment. The circuit is adjusted
by coupling L, tightly to L, and varying the
coupling between L; and L,. The reverse
procedure might be adopted. If both coils are
tightly coupled to L,, the valve will oscillate of
its own accord and continuous wave signals may
be received ; on the other hand, when spark or
telephony signals are to be received, the coupling
is such as to obtain the critical reaction effect
which gives the loudest signals. Incidentally,
this circuit is not allowed to be used for receiving
broadcasting.

In order to make sure that the reaction effect
is being obtained, the leads to one or other of the
coils L, and L, should be reversed. As one of
these coils is made to approach L, the signal
strength should increase considerably.

Another Single-Valve Circuit

Fig. 3 shows another valve circuit in which
only two coils are employed. The aerial coil L,
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may conveniently be a two-slider inductance.
The lower slider is for the purpose of adjusting
wavelength, and the top slider is for adjusting
the degree of reaction introduced into the aerial
circuit.

Fig. 3 is, in principle,

Y &

very similar to Fig. 2,

Fig. 3. A crystal circuit of the new type in which two
inductances are used.

but this time the anode circuit of the valve is
directly coupled to the aerial circuit, the anode
current flowing through a portion of the induc-
tance L, and then through the telephones T
and the high-tension battery B., and so back to
the filament. The coupling between L, and L,
is adjusted to obtain the desired reaction effect.
The circuit might be adapted to a circuit using
an inductance tuned by means of a variable con-
denser, in which case a fixed tapping might be
taken from a point on the inductance coil or even
from the top of the coil.

Fig. 4 shows a circuit in which the crystal
detector D and the primary T, of a step-up
transformer T, T. are connected across the
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Fuig. 4. A shunt amplification circuit which
has not yet been fully tvied out.

anode oscillatory circuit L. C; of a three-elec-
trode valve V. The coupling between L. and
L, is adjusted as before to obtain the reaction
effect. The secondary T, of the transformer
T, T, is shunted by a condenser C, ; the con-
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densers C, and C; may both have a capacity
of about 0’0oz uF. The valve V is acting not
only as a high-frequency reaction amplifier, but
also as a low-frequency amplifier, the telephone
receivers T being included in the anode circuit
of the valve.

Two-Valve Circuit

It is probably when we consider a two-valve
circuit, that most readers will be specially
interested, as these circuits may be employed for
broadcast reception as there is no reaction on the
aerial circuit. Fig. 5 shows the ordinary straight-
forward and quite effective circuit in which the
first valve acts as a high-frequency amplifier,
the high-frequency oscillations in the circuit L,
C, being rectified by the crystal detector D, and
the low-frequency resulting current being ampli-
fied by the second valve V,.

I have greatly improved the results obtainable

L
L, R
Fig. 5. A two-valve circuit of quite a usual type.

with such a circuit by introducing reaction into
the oscillatory circuit L, C,, which is shunted by
the crystal detector. The obvious way of intro-
ducing reaction into this circuit would be to
couple the inductance L, to the inductance L,
in the aerial circuit. As this is forbidden when
receiving broadcasting, I introduce the reaction
by means of the second valve, which' is acting
as the low-frequency amplifier.

Fig. 6 shows a method of doing this. A fixed
inductance coil L is included in the grid circuit
in series with the secondary T,, which supplies
the low-frequency potentials to be amplified.
In the anode circuit of the valve V, is an induct-
ance coil L, which is coupled the right way
round to L,. In the anode circuit will also be
found the telephones T shunted by a by-path
condenser C;.

When the coils L; and L, are only very loosely
coupled to L,, the circuit is, in effect, the same
as Fig. 5. As we approach the two coils towards



March, 1923

the inductance L,, the signal strength increases
greatly. The fact that a reaction effect
is being got out of the second valve does

MODERN WIRELESS
the high voltage of the battery B, being com-

municated to the grid of V,. A grid leak R; is
connected between grid and the negative side
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Fig. 6.

not appear to impair its effectiveness as a
low-frequency amplifier.

Another Circuit

Fig. 7 shows another circuit in which the now
well-known tuned anode circuit with reaction is

( VN

The same civeuit as Fig. 5 modified in a new manner, which greatly increases the signal strength.

of the filament accumulator B,. In the anode
circuit of the valve V, is a tuned circuit L, C,,
which is also tuned to the incoming frequency.
Across the circuit L; C, is connected the
crystal detector D and the primary T, of a step-
up transformer T, T.. The usual by-path
condensers C; and C; are provided in the

—H
Cs

Fig. 7. A somewhat complicated circuit which involves two H.F. stages, one
rectification and one stage of L.F. amplification.

employed. The circuit L, C,, containing the
amplified oscillations of the incoming frequency,
is connected across grid and filament of the
second valve in the manner shown, a condenser
C; being connected for the purpose of preventing

position shown. The telephone receivers may
be connected either in the position shown
between the bottom of L, and the positive side
of B, or between the anode of the first valve
and the junction point. The telephones and
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telephone condenser are shown in dotted lines.
By connecting them in this position certain com-
plications which are liable to occur may be
avoided, but, on the other hand, certain dis-
advantages attend its use in this part of the
circuit. If connected next to the high-tension
battery B,, it is important to see that the con-
denser C, is of small capacity.

This circuit is operated by tuning all the three
tuned circuits to the incoming wavelength, the
brightness of the two filaments not being exces-
sive, as otherwise self-oscillation may be set up.
Unless there is sufficient natural reaction-between
the circuits, the inductance L, may be gradually
brought up to the inductance L, until the
maximum signal strength is obtained, all the
circuits being readjusted whenever the reaction
is varied. Both valves are now acting as high-
frequency amplifiers, and the first valve is, in
addition, acting as a low-frequency amplifier.
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Any of these circuits may be extended by the
addition of an extra one or two valves in accord-
ance with the well-known principles. A point
worth noting is that when reaction is being intro-
duced into an oscillation circuit associated with
the crystal detector, as in the case of Fig. 6, it is
not necessary to use the first low-frequency
amplifying valve as the valve for introducing
reaction. The coils L, and L, in Fig. 6 might
equally well be. connected in, respectively, the
grid and plate circuit of any subsequent low-
frequency amplifying valve provided any trans-
former windings or telephones in series with the
coils are shunted by by-path condensers for
allowing the high-frequency currents to flow
readily through them. Considerable develop-
ment work is still possible with these circuits
and modifications of them, and experimenters
will find here an interesting field of work.

A FILTER CIRCUIT

By G. P. KENDALL, B.Sc.

IKE most other amateurs, I spent a

good deal of time (and, alas! a certain

amount of cash) in my early valve days
seeking a satisfactory solution of the high-
tension supply problem, and came to the con-
clusion that there wasn’t one. I have since
devoted myself to devising methods of mini-
mising the defects of the dry-cell battery. A
device which I have tested of late has proved so
successful in reducing noises due to bad cells
that I am moved to advise readers of MODERN
WIRELESS to give it a trial. No great novelty is
claimed for this device, since something like it
is used in nearly every transmitter, and it is
merely a somewhat elaborate filter circuit, whose
components may be obtained very cheaply from
the ex-army Fullerphones which are being broken
up by most of the dealers in Disposals Board
apparatus. (The total cost in my case was about
half a crown.)

The chokes and condensers from the Fuller-
-phone I have found very suitable for the purpose,
but if desired, the chokes can be made by winding
each with an ounce of No. 40 S.S.C. wire on a
3 in. by } in. iron core. The capacity values are
given in the diagram, which shows the arrange-
ment of the filter circuit.

I find this device of special benefit in low-
frequency amplification, for it removes a good
deal of the hissing and rustling often heard with
two or three stages of magnification (sometimes
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unjustly put down to parasitic or microphonic
effects in the valves, but very generally caused
by slight imperfections in the high-tension
supply). It is liable, however, to introduce dis-
tortion if the inductance of the choke L, is too
high, or the capacity of the condenser C; is too

TO SEY

Fig. 1.

The filter civcuit.

low. Hence, if distortion results from the con-
structed unit, increase C,, or remove some of the
wire from L,. Once this adjustment is made,
no ill effects can be detected, but instead there
is a very pleasing absence of crackle or rustle.
The unit is particularly useful when working
off D.C. mains. The circuit is the same, but
the high-tension battery shown in dotted lines
is replaced by leads from the D.C. supply. A
potentiometer (which must be capable of carry-
ing, without heating up, the amperes obtained
by dividing the mains’ voltage by the resistance
of the potentiometer) is preferably employed, so
that a variation of anode voltage is obtainable.
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YOUR AERIAL

By B. MITTELL, A M.I.LE.E.

ITH a little careful planning it is almost

always possible to put up an aerial with

very little trouble, in such a way that
your receiving set will be given a fair chance to
show what it can do. At the same time, it is
nearly always possible to arrange the aerial so
that the receiving set may be placed in the most
convenient position in the house, the aertal be-
ing comparatively inconspicuous, and no damage
whatever being done to the house.

Two distinct functions of the aerial must be
kept clearly in mind. TFirst of all the aerial has
to pick up the wireless radiation which is sent
out from the transmitting station, and of which
only a small portion can possibly reach the
receiving aerial. This first and most important
function is best achieved by an aerial which is
carried at' a reasonably clear height, as free as
possible' from screening neighbouring objects,
of which trees and metal-framed buildings are
most to be avoided. Such an aerial will meet
whatever wireless radiation reaches the locality;
and, when the aerial is * tuned * by the receiving
set, feeble electrical currents will be set up in
it. It is as important to conserve these feeble
currents as it is to construct an aerial at a height
which will enable it to intercept the radiation.
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Method of fixing aevial to tree.

Fig. 1.

An important and interesting distinction is to
be observed. The wireless radiation reaches the
receiving aerial through the air, which is the best
‘of electrical insulators. Good insulators do not,
therefore, hinder the radiation in any way. - It
is when the radiation meets a conductor, such
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as the aerial wire, that it loses its energy through
the process of forming this current. It is in
identical manner that trees and metal objects
act as screens, and this explains why an aerial
will work satisfactorily when covered with
insulating .material or when arranged inside a
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Another aevial arrangement.

Fig. 2.

house of which the walls and roof are moderately
good electrical insulators.

To conserve the current it is necessary to
insulate the aerial wire with good india-rubber, or
porcelain, at all supporting points throughout its
course down to the receiving set, and thence to the
‘“earth.”” The best guide is simplicity. Suspend
the aerial wire only at its two ends and bring the
down lead as directly as possible to the receiving
set. From the receiving set get as' short and
straight a run as possible to the earth connection.

The second function of the aerial is to do a
certain amount of the tuning. A very long
aerial will have of itself a long wavelength, and
it is .important to remember that the whole
length of wire enters into this, z.e., aerial, down-
lead, internal wiring, and the wire running to
the earth connection. If this total length is too
great a receiving set which has been designed
for use.on an. average aerial will not work satis-
factorily.

A Typical Aerial

We see in Figs. 1 and 2 aerials which are easily
erected, and which will give good results if the
ends are supported not less than 3o ft. from the
ground. The length of the horizontal portion
should be about 70 ft. At the tree the insulator
should hang well clear of the foliage and be
secured by a piece of wire fixed to a part of the
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tree which will not sway very much in the wind.
At the other end of the aerial the insulator can
be held by a piece of wire passed tightly round
the chimney-stack (not the chimney-pot). A
sufficient fastening for such wires is to twist
them four or five times round themselves.

Length of Aerial

The Post Office regulations now allow an
aerial, of which the combined span and length of
down-lead does not exceed 100 ft., irrespective
of the number of wires. For broadcasting
wavelengths one such wire gives an efficient
aerial. Where a longer aerial is required for
experimental work application should be made
to the Post Office, who usually grant permission
in reasonable cases.

If the distance between the points of support
of the aerial is greater than the allowable length
of aerial the insulator at the far end should be so
inserted as to give the proper length of aerial,
and a long * tail ” taken from the insulator to
the point of support.

If on account of a length of indoor wiring, or
if, as another example, the aerial has to be placed
on the top of a very tall building : if, in short,
for any reason the aerial has so great a natural
wavelength that broadcasting is received only
when the receiver is tuned to its extreme mini-
mum, the wavelength of the aerial must be
reduced by inserting between the aerial wire and
the receiving set a *“ shortening condenser >’ hav-
ing a value of, say, 0-0003 uF. This condenser
should have a dielectric of air, or the best grade
mica, but it need not be variable.

One Wire or Two ?

The reply to this question is usually a matter
of taste. To some the business-like appearance
‘of an aerial with two wires and ‘‘ spreaders ”
is attractive. Others prefer the comparative
invisibility of the single wire.

Where there is a sufficient distance between
the aerial supports a single-wire aerial has the
following advantages : It is quite as efficient for
broadcast reception as a two-wire aerial, it is
cheap, it is easily erected, it is light and produces
an extremely small pull upon its supports.

An aerial of two wires should be used when the
points between which the aerial is to be hung
are so close together as to make it impossible to
obtain with a single wire a length of 8o to 100 ft.,
including down lead.

When two wires are used they should be
spaced at least 4 ft. apart to be effective, each
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of the same length and separately insulated.
They are usually separated by means of
spreaders, though this is not essential if they
can be run to different supports. They need not
be kept parallel, but they should preferably
both be at the same height above the ground.

Spreaders

Spreaders may be purchased complete with
fittings, or 5-ft. sticks of ash or bamboo may be
used and a hole drilled across the diameter,
close to each end, to take the * tail ’ from the
insulator. The * tails ”’ should be of sufficient
length to be joined together 3 ft. or so from the
spreader to form a *‘ bridle.”

Aerial Wire and Insulators

Use hard drawn copper wire, either stranded,
such as 7/22, or plain single wire of number 14
or 16. There is little or no advantage for broad-
casting wavelengths in having finer strands, or in
covering them with enamel. Order plenty of
aerial wire, it is useful for fixing the insulators to
chimneys and trees, and for making an earth
connection.

Good insulation is important, and porcelain
is to be preferred, as it does not deteriorate
by exposure. See that the aerial wire is kept a
good clear distance from the supporting wire,

Fig. 3.

Tllustrating the method of fixing the lead-in.

or the insulator will act as a condenser, and
some of the aerial current will be shunted off.
There are several types of insulator which meet
this condition and have adequate mechanical
strength.

The Lead-in Insulator

In Fig. 3 is shown a lead-in insulator of the
usual type, fixed in a way which avoids any injury
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to the window-frame. A strip of wood is taken
and fitted to the top of the window in the run of
the sash. It is held by screws or by wedges.
Before being fixed into position a hole is drilled
in the strip and the lead-in insulator wedged
tightly in. The lead-in insulator should be
placed preferably in the room in which the set
is to be used, and several feet away from the
wire going to the earth connection.

Lightning Arresters

The average regeiving aerial adds no more
risk of damage through lightning than does a
telephone wire. It is, however, advisable to
protect the sensitive receiving instrument from
the effects of atmospheric electricity when the
set is not in use. A convenient method of

Fig, 4. A typical safety device.

doing this is to mount upon the wall, mid-way
between the lead-in insulator and the outgoing
earth wire, a small switch panel carrying a
vacuum lightning arrester and a switch for con-
necting the aerial to earth when notin use. Such
an instrument is illustrated in Fig. 4. If suitable
terminals are provided on this panel the aerial
and earth wires may be taken thence direct to
the receiver and disconnected when not in use.

Internal Wiring

When a set is to be placed anywhere other
than a few feet from the lead-in insulator, the
internal wiring is a knotty problem, for, as pre-
viously explained, the whole of this wiring adds
to the natural wavelength of the aerial, and as
the wiring to the aerial terminal of the set must
run fairly close to the earth lead for some dis-
tance, this extra wiring is reducing the quality
of the result.

The best and simplest plan is to take one lead
straight from the lead-in insulator to the set,
and the other from the set direct to the earth
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connection, these leads being flexibles, and not
fastened to the wall. The next best plan is to
run leads directly to the switch panel mentioned
in the previous section.

Where the internal wiring has to be fastened
to the walls use wire which has a good covering
of india-rubber, avoiding the proximity of metal
pipes, etc., and running the aerial lead at the
top of the room with the earth lead at the bottom.
If wall plugs are to be used have one for the
aerial-wire connection and a separate one for
the earth-wire connection.

The ¢¢ Earth ”’

A water pipe is the most commonly used earth
connection, and with the better grade of receiv-
ing set there is supplied a clip for conveniently
making connection to a pipe. Preferably use
insulated wire for running between the earth
terminal of the set and the connection to the
water pipe. Make the connection as near as
possible to the point at which the main water
pipe comes out of the ground. Carefully scrape
or file the pipe and fix the clip tightly, so as to
make, and keep, a good connection. Joiats in
iron pipes are commonly made with red lead,
and bhave a-high electrical resistance. When
there is no alternative, as for example in some
flats, connection may have to be made to the
water pipes high up in the building. Under
these circumstances it is .often found possible to
lead a well insulated wire down the outside face
of the building to the water main.

Wherever possible, copper wires should be
run out in any convenient fashion over the area
covered by the aerial, and buried a few inches
below the surface of the ground.

The Esi-fix Aerial

The Esi-fix aerial offers important advantages
in a number of cases. The wire is covered with
a special tough rubber, which allows the aerial
to be run into positions where it has to touch
buildings and trees. The aerial is easily fixed
and its position is easily altered, so that it is
possible to experiment with different positions
until the best is found.

Where it is difficult to climb a tree a cord may
be shot over the tree by means of a catapult
or bow and arrow, and the Esi-fix aerial hauled
on the end of the cord. When the aerial is in
position the cord is fastened and acts after a
fashion as a halyard.

For ranges of ten miles or so a workable aerial
can be obtained by bringing the Esi-fix straight
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up the face of the building and disposing it from designed and erected that there is no possibility
chimney to chimney. of its failure during a gale, as this might result

For short ranges a good aerial may be obtained in serious damage to property and person.
by tying an Esi-fix aerial in zigzag fashion to the Where masts are wanted of only a few feet in
rafters under the roof, or, when valve receivers height the problem is simpler, and a very light
are used for short distances, the aerial may be mast may be used.
run along the ceiling of a passage, or even along
the picture railing of one room. And Finally

Make your plan before you begin.
Masts on Roofs Try to copy the simple and direct arrangement

Aerials have sometimes to be supported by of aerial, down lead, receiving set, and earth.
means of masts erected upon roofs. This is a When anxious to get immediate results, or
task which is best left to skilled workmen, and uncertain as to the best plan, use an Esi-fix
care should be taken to see that the mast is so aerial.

THE REGULATIONS REGARDING AERIALS

Owing to the confusion which exists in the minds of many, we have approached
the Post Office, and give the following interpretation of their regulations.

VERYBODY has heard of a standard pole at the end of a garden, the lead-in being

“P.M.G.” aerial. The maximum size has taken through the bedroom window, the length

been laid down by the Postmaster-General, of the aerial could be 100 ft., as the distance to
but there is some confusion regarding the actual the leading-in point would be practically zero
figures. Formerly the maximum aerial had a if the aerial were horizontal. If, however, the
total length of 100 ft. if a single wire, as measured lead-in were taken into a downstairs room instead
from the far end to the leading-in point. If of into the bedroom, the distance between the
more than one wire were used, the maximum span and the leading-in point would have to be-
total length of wire which was allowed was taken into calculation, and if this were 30 ft.
140 ft. All this has now been changed, and the the length of the span or horizontal portion of the

Di1sranes FrRom AERIAL
TO LEADING -in POINT

ZERO
Fig. 1. Aerial arrangements conforming to regulations.

regulations are that you may use as many wires aerial could only be 70 ft., making a total of the
as you like, but the span of the aerial, together permissible 100 ft.
with the distance between the leading-in point The accompanying illustrations give examples
and the point where the down-lead joins the of aerials which conform to the new regulations.
aerial span, must not exceed 100 ft. Instead of having single wires, the aerial might

In these regulations, by “ span ” is meant the consist of two or more parallel wires separated
main portion of the aerial. In the case of an by spreaders. There is no limit to the number

inverted L ” shaped aerial, the span would be of wires which may be used. According to usual
the distance along the horizontal portion of the practice, two only, separated as widely as
aerial. possible, are employed. The advantages to be

As an example, if an aerial went from a bedroom obtained from increasing the number of wires
window straight across a lawn to the top of a are not very great.

N.B.—The regulations speak of the ‘“combined height and length '’ of the aevial as not having
to exceed 100 ft. Endeavouring to find out what exactly they meant by “ height,” and between
which points the ‘“ height” is lo be measured, we were givem the above information.
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INTERVALVE TRANSFORMERS

By A. H. CURTIS, M.I.E.E.

HE general inexperience in the design of

intervalve transformers, and ' the small

amount of technical information on the
subject, have led the author to place before the
readers of this Journal the results of his long
manufacturing experience and experimental re-
searches on such apparatus.

The design of transformers for intervalve
operation on wireless telegraph and telephone
receiving sets is one requiring a very careful
study of all the conditions encountered when
transforming audio-frequency currents from low
to high voltages, to ensure the purity of the signal,
or, in the case of telephony, of articulation, while,
at the same time, the efficiency of transformation
is kept as high as possible.

Like all power transformers, intervalve trans-
formers consist essentially of three parts :

Primary winding,
Iron circuit,
Secondary winding.

and to produce a satisfactory transformer these
three parts must be studied separately as well
as in combination with one another.

Primary Winding

The primary winding of the transformer
receives a current from the detecting apparatus
of the receiving set, having, in the case of tele-
phony, an oscillation varying from 200 up to
3,000 cycles per second.

In an articulatory circuit there are not only
the oscillations mentioned, but also rapid changes
from one frequency to another as the speech is
carried on. To maintain this articulation in its
pure form, it is essential that the primary circuit
shall be entirely free from such conditions as
will tend to vary the frequencies of the oscillating
current imposed on it or prevent the rapid change
of frequency. This interference is brought
about by resonance in the circuit, while the for-
mer is caused by the presence of any form of
natural or superimposed non-synchronous oscilla-
tory current in the primary winding. Further,
it is essential from the point of view of efficiency
that the impedance of this primary winding shall
be as low as possible, whereas, from a “ func-
tioning ”’ point of view, when operating-in con-
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junction with a thermionic valve, it is essential
that the impedance of this circuit shall not be
less than the impedance of the valve. Finally,
the size of the coil, and the high-frequency
resistance of the conductor, together with its
current carrying capacity, have to be considered.

The requirements of such a winding are, from
a collective consideration of all the above points,
found to be :

(1) Low impedance (but not less than the
impedance of the valve).

(2) Low capacity (to effect non-resonance).

(3) High inductance (to bring the natural
wavelength of the winding just outside the range
of audible frequencies).

(4) Low high-frequency resistance wire.

(5) Ample current carrying capacity.

Item (1) is, in itself, in the form of a com-
promise, while items (1) and (3) are opposed
one to the other.

The natural frequency of a circuit (and in this
case the winding with its natural inductance and
capacity may be considered as a circuit) neglect-
ing pure resistance, is given by

I I
n == - .
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where L is the coeflicient of self-induction of the
circuit, and C its capacity. To bring the natural
frequency outside the desired range of frequencies
the product L.C must, therefore, be made very
small, so that the natural frequency is high.

Since the primary of a transformer having a
low .impedance must have a low inductance, it
will follow that the number of turns and layers
of turns, and the consequent capacity of the
winding, will also be low ; and this, at first sight,
would appear amply to meet the condition of
having a frequency outside the range of audible
frequencies.

But a trouble not yet enumerated now arises,
owing to the production of what has come to be
termed “ howling ” by the persistence of the
very high-frequency oscillation. It may, how-
ever, be overcome by bringing-the frequency of
the oscillation closer to the range of audible
frequency, but to do this it is necessary to in-
crease either the inductance or the capacity.
Both these methods are detrimental : the former
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from an impedance, and the latter from a reson-
ance, point of view. The final solution is to
connect an independent condenser of the correct
value across the winding, and to keep the induct-
ance as low as possible. By this means the
impedance and the capacity of the coil itself are
kept low, and, at the same time, the natural
frequency of the winding, combined with the
condenser, is brought closer to the range of
audible frequency, thus eliminating the * howl-
ing.” A further advantage of shunting the
condenser across the winding is the improvement
in power-factor, and, consequently, in efficiency,
which is obtained.

From tabulated data on high-frequency resist-
ances of various gauges of wire, a suitable size
can be chosen to suit the range of frequencies
obtaining in this coil; and, as a general rule, it
has been found that No. 36 S.W.G. is the size of
wire which of all the sizes made, best meets
these conditions together with the current
carrying requirements.

Iron Circuit

With the' completion of the design of the
primary winding, the iron circuit, on which it
has to be wound, next claims attention.

The conditions which are impressed upon the
iron circuit are, except that the effect is magnetic,
identical with those in the primary winding, from
which it receives high-frequency magnetic im-
pulses, which are subject to rapid variations, and
whose strength depends upon the ampere turns
in the coil.

The object of producing these magnetic im-
pulses is to couple tightly the primary to the
secondary ;winding of the transformer, without
loss of efficiency. It is essential for pure trans-
formation that such impulses shall be absolutely
in synchronism with the current oscillations
producing them, and have a wave form identical
with that of the current oscillations.

The presence of any form of natural or super-
imposed non-synchronous oscillatory magnetic
impulses, or of reluctance in the iron circuit
to rapid change of flux, or of an uneven rate
of change of flux, will cause non-synchronous
impulses and distortion of the wave form.

The ideal condition would be an iron circuit
having a perfectly straight-line magnetising and
demagnetising characteristic curve. Such an
iron circuit is a practical impossibility owing to
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the hysteresis value of the iron, which even in
the softest procurable Stalloy iron is appreciable
at such a high impulse-frequency. Further,
the degree of magnetisation of the iron is all
important, as too little, or too much, iron will
set up ripples in the oscillation curve which at
once give distortion.

Considering the case of an iron circuit working
on the flat part at the upper end of the magnetis-
ing curve, the resultant wave of induction will be
flat topped, and will set up a strong harmonic
oscillation of three times the fundamental
frequency, which will be impressed upon the
fundamental oscillation and differ from it in
phase by 180°.

Such a condition will not only distort the signal
being transmitted from the primary winding
to the secondary winding, but will also affect
the hysteresis of the iron circuit in so far that
it will now have to deal with a secondary flux
of treble the frequency of the fundamental flux,
and 180° out of phase with it. Such out-of-
phase fluxes tend to neutralise the fundamental,
and are responsible for the  fringe’ on the
articulation. Should the iron be worked on the
flat portion at the foot of the curve, similar con-
ditions will again present themselves, although
in less marked form.

When making calculations for the design of
the iron circuit, the magnetic inductance of the
iron should be in the neighbourhood of 3,000
lines per sq. cm., which is on the steepest portion
of the magnetising curve. At this point rapid
changes in the frequency of the magnetic
impulses can be obtained with the mini-
mum of distortion or loss of efficiency from
hysteresis.

Another source of distortion is from eddy
currents in the iron, which are eliminated to
some extent by laminating the iron circuit. At
these high frequencies, however, currents are
induced into laminations of, say, 26 S.W.G. iron,
of sufficient amplitude to cause ripples in the
fundamental oscillations.

It is, therefore, of the greatest importance
that when using shell-type laminations there
shall not be a complete circuit of iron passing
round the coil, but that the laminations to form
the shell be in two portions, completely insulated
from one another, and further, that the lamina-
tions should be as thin as is practicable. The
actual iron should have high magnetic powers,
low hysteresis value, and high resistance.

(T o be continued.)
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CHOKE-CONTROL MODULATION

The following article is a simple account of the operation of wiveless telephone transmitters
employing a particular method of modulating or varying the high-frequency output of a

valve, this method being known as the

F all the different kinds of modulation

systems which from time to time have

been proposed there is probably none
which has achieved the popularity of the choke-
control telephone circuit. The choke-control
system has been in use by the stations at Marconi
House, at the Metropolitan-Vickers works at
Manchester, and at other centres. During the
war our aircraft was equipped with choke-
control transmitters, and in the United States
the same types of transmittérs have been con-
tinually in use, both.in the Services and for
broadcasting purposes.

General Principles

The two chief methods of modulating the high-
frequency output of an oscillating valve are :

(1) The application of the microphone potentials
to the grid of the valve.

(2) The application of these potentials to the
plate or anode.

Choke - control circuits employ the latter
method of modulation, and their operation
depends on the very simple fact that if an
oscillating valve circuit is sct up the high-
frequency current generated will depend for its
strength chiefly on the voltage of the plate. It
is found that if the voltage of the plate is doubled,
the high-frequency current in the oscillatory
circuit will also be doubled. In other words,
the high-frequency current is proportional to
the plate voltage. If we can make the micro-
phone vary the plate voltage of an oscillating
valve, we can vary the high-frequency output.
In other words, we are able to modulate the
-oscillations and therefore produce modulated
waves if these oscillations are produced in an
aerial. Fig. 1 shows a simple transmitting cir-
cuit in which a microphone is used to apply a
varying potential to the plate of an oscillating
valve. It will be seen that in the plate circuit
of the valve there is the usual high-tension
battery B,, but in addition there is the secondary
T, of a step-up transformer T, T\, to the primary
of which is connected the microphone M and
a battery B, usually of about 6 volts.

The circuit, apart from the microphone and
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choke-control *’ system.

microphone transformer T T, is just an ordinary
oscillating valve circuit connected directly to the
aerial. To this ordinary circuit is added the
microphone and microphone transformer in
order that we may impress a varying voltage on

A simple transmitter in which the microphone
vavies the potential of the plate.

Fig. 1.
the plate and thereby vary the strength of the
oscillations in the aerial and the character of
the waves radiated. When speaking into the
microphone M the current through T, varies,
and, as a result, varying potentials of greater
value are produced across the winding T, and
add to, or subtract themselves from, the steady
voltage of the battery B,. For example, if the
value of B, were 200 volts and potentials of the
order of 50 volts were produced across T,, the
total voltage on the anode would vary between
250 and 150.

The Use of Two Valves

The next step in the development of the choke-
control circuit was to amplify the microphone
potentials. In the simple arrangement of Fig. 1
the microphone potentials were too weak to be
of any practical value. It was therefore found
necessary to amplify the microphone potentials
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and apply the resulting energy to the anode
circuit of the main 'oscillating valve. Fig. 2
shows the simple theoretical arrangement in
which the valve V, acts as the main oscillator,
and the valve V, as the amplifier of the micro-
phone potentials. These latter are first applied
to the grid G, of the valve V,. They are then
amplified ‘by the ordinary action of the valve,
the amplified currents passing through the trans-
former winding T, and being reproduced in the
secondary T, which is connected in series with
the usual high-tension supply B, of the main
oscillating valve, or power valve V;.

In the arrangement of Fig. 2, separate filament
accumulators B, and B, are provided and also
separate high-tension batteries B, and B,.
These are shown in this way in order to sim-
plify the circuits and to enable the function of
the main valve V; and the amplifying valve V,
to be clearly understood. It is not, however,

iy

Fig. 2. A theoretical circuit in which the microphone

potentials are amplified.

a practical arrangement to employ separate
batteries in this way, and therefore the Fig. 2
circuit may be modified into the arrangement
of Fig. 3. In this figure, the filament of the
valve V, is heated by current drawn from the
accumulator By, and the anode or plate circuit of
V, is fed from the same high-tension supply B,
which feeds the plate circuit of the oscillating
valve V,. The arrangement is really a very
simple form of Fig. 1, the microphone potentials,
however, being first amplified by means of the
valve V,.

It was found that the arrangement of Fig. 3
could be greatly simplified by substituting a
choke-coil in place of the transformer T, T,.
single choke-coil of high inductance is connected
as shown in Fig. 4, in the positions previously
occupied by the windings T, and T,. The
functioning of the circuit is identical with that
of Fig. 3, but only a single coil, T, is now
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employed When speaking into the microphone
M, which, incidentally, is shown working off
the 6-volt accumulator B, instead of from a
separate battery, the microphone currents are

—
Hil
8, — |
Fig. 3. A cirvcuit similar to Fig. 2, commion batteries

being used.

amplified by the valve V,, producing surges of
current through T,, producing potentials across
this choke-coil. When the grid G, is made
positive there will be an increase in the flow of
electrons between F, and P,, and consequently
an increase in the current through the circuit
F,P, T, B, F,. Thissudden increase of current
will set up a potential difference across the
impedance T, making the top end of T, negative
with respect to the bottom end

As the choke-coil T, is in the plate circuit
of V,, the voltage on the plate P; will be altered
by any variation in voltage across T,. The
choke-coil normally has only a small resistance,
and when not speaking the voltage on the plate P,

=

Fig. 4. A typical choke-control circuit.

is practically the same as the voltage of the
supply B,. When, however, the potential of
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G, 1s becoming more positive, the plate current

of Vyincreases and produces a potential difference:

across T, which opposes the potential applied
by B, to the plate P,. The plate voltage of
V, will, therefore, be reduced and the current
in the aerial will be reduced in proportion.
When, however, the potential of the grid G,
changes in the opposite direction the current
through the valve V, is decreased and the change
in current through T sets up a potential difference
across its ends which increases the total voltage
applied to the plate P,. The current in the aerial
will consequent.y increase and the energy radiated
will increase in proportion.

It will thus be seen that, when speaking into
the microphone M, the voltage of the anode
P, will be ingreased above the normal value,
and decreased below the normal value according
to the character of the speech, and, of course,
the magnitude of the changes will likewise
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depend upon the sounds applied to the micro-
phone. The magnitude of the voltage variations
applied to the plate P, should be such that in
the extreme cases the plate voltage should vary
from nearly zero to nearly twice its normal
steady value. If these limits are exceeded over-
modulation occurs, with poor speech as the
result. In Fig. 4 will be seen a grid condenser,
C,, and a resistance, R. This grid condenser is
for the purpose of giving the grid G; a normal
negative potential, which in nearly all cases is
found necessary to make the valve generate most
efficiently. Frequently a negative potential is
also applied to the grid G,, either by means of
a battery or by connecting the foot of T,, not
to the filament, but to a point on the resistance
R, which resistance has a drop of potential
across it of such a character as to make G,
negative.

J. S.-T.

A NEW AFRIAL INSULATOR

The following is a description of a new type of insulator
which .kas many advantages over the. ovdinary type.

HE most important desideratum of an in-
sulator is, of course, to prevent the leakage
of current across it or through it. Especi-
ally in winter-time, when rain, snow, and fog
are prevalent, many an insulator, which is quite
all right in dry weather, begins to leak. This
leakage does not occur through the insulating
material but along its surface. The various
kinds of insulators at present on the market
usually have a fairly long leakage path, such as
in the case of the shell insulator. Nevertheless,
the writer is not aware of any really good
insulator which will keep dry. To allow an
msulator to get wet and then to make the leak-
age path as long as possible, seems to be the
wrong way of solving the problem. It would
seem to be much better to keep a portion of the
possible leakage path perfectly dry, so that no
leakage can take place. In the case of insulators
on telegraph poles, a hood or cowl of porcelain
is provided, the under-surface of this hood or
petticoat being kept perfectly dry. Pouring
water out of a watering-can on to such an insu-
lator would not affect its insulating properties.
This cannot be said of any type of insulator used
for general wireless purposes.
It will, therefore, be of interest to many readers
to examine the accompanying illustration, which
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shows a type of insulator for which patent pro-
tection has recently been sought. It will be seen
that it consists of two inverted caps of insulating
material, C, and C,. These are joined together.
by a steel rod, S. Two hooks, H; and H,, are
provided as shown, and to these the aerial and
the supporting wire or rope are respectively

Fig. 1.

attached. When the aerial is suspended, the
weight of the metal connecting-bar will keep the
insulators vertical, with the result that even
though the rain may be beating down on the in-
sulator, yet the under-surface of each cup will
remain perfectly dry, and any leakage would have
to take place over two perfectly dry surfaces,
which would be impossible.

Various modifications of this type of insulator
are possible, the general principle being that the
general balance of the insulator ensures that a
dry ‘‘ leakage surface ”’ is maintained.
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THE VALUES OF CONDENSERS,
GRID LEAKS, ETC.

A few words on a subject of great importance to the experimenter.

T-is a curious fact, but the values of con-

densers, grid leaks, etc., always present a

difficulty to the beginner. He will see a
circuit and will immediately begin to wonder
what the various values of the condensers are, and
if they are not given he will feel disappointed.

If one knows what a condenser is for, there
should be no question as to its best value. As a
matter of fact, the values of condensers are not
particularly important in most circuits. The
most important condenser, of course, is the
variable condenser for tuning purposes, and in
this case its maximum capacity is the one which
chiefly counts. For tuning purposes, a capacity
of oroor uF. (uF. is, of course, the correct
abbreviation for * microfarad ’) may be taken
as a good all-round figure for general reception.
With such a condenser it is possible to cover an
appreciable range of wavelengths with a fixed
inductance, or, if an inductance fitted with
tappings is used, the tappings may be cut down
to a minimum.

In the case of the ordinary type of condenser,
a capacity of o-oco1 uF. would be rather large
when working upon low wavelengths. When
such a large condenser is employed, the slightest
movement of the handle causes a large variation
in the capacity of the condenser, and conse-
quently very fine tuning is not possible on short
wavelengths. If, however, a very small variable
condenser is connected in parallel with the main
condenser, this trouble is avoided. Such a
variable condenser is generally known as a
‘“ vernier ”’ condenser.

A vernier condenser for tuning purposes is
not needed if a smaller variable main condenser
is used, e.g., 0-00os5 uF ., or even smaller. When,
however, you wish to receive long wavelengths,
you will find that this condenser will not be
sufficiently large to give you a wide variation of
wavelengths with a minimum of inductance
variations. It is, however, a matter of choice in
each individual case. It is to be noted, however,
that the loudest signals will be obtained when a
fairly large inductance is used and only a small
value of capacity. On the other hand, a con-
denser having a fairly large capacity is very useful
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when carrying out experimental work, as it is
much easier to pick up a station. For example,
if your inductance is-found to be on the small
side and you pick up Paris with a condenser
having a capacity of o-oo1 yF. full in, you would
probably add more inductance and work lower
down on the condenser. If, on the other hand,
you had used a o-ooo5 uF. condenser, you would
probably not have heard the Paris signals at all,
and you would have been in the dark as to the
correct size of your inductance, not knowing
whether it was too large or too small, or you might
have doubted if your set was working.

Leaving aside condensers for tuning purposes,
the next most important condenser is the grid
condenser in valve circuits. The value of this
condenser is not very critical, but it is generally
agreed that a capacity of o oooz25 uF. gives good
results. The capacity, however, may be as high
as o' ooos uF., and even greater than this.

With regard to the grid leak, this should have
a value of about 15 or 2 megohms. The latter
figure is the one generally used. The value of
this leak is the same whether it is connected
directly across the grid condenser or across grid
and filament as in many amplifier circuits.

The next most important condenser is what is
generally termed a “ by-path ” condenser. This
condenser is connected across telephone re-
ceivers or the primary of a transformer, such as
an intervalve transformer, when a high-frequency
current circuit, such as a reaction coil, is con-
nected in the anode or plate circuit of a valve.
The by-path condenser should have a value of
not less than o oor pF. Itsvalue is not very im-
portant, but a good all-round figure is 0002 uF.

A similar value of condenser will do as a
telephone condenser in crystal circuits. Here,
again, the value is not of very great importance,
and will usually vary slightly with different kinds
of telephone receivers. In many cases a tele-
phone condenser makes no difference to the
strength of the signals received.

The reader should recognise the different kinds
of condensers at once in any circuit in which he is
interested, and he may apply these values to
them.
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THE TRANSMISSION OF WIRELESS WAVES—II.

By Sir OLIVER LODGE, D.Sc., F.R.S.

HEN we study the phenomenon in a true

wave we find that the particles in a con-

densation, or greatest compression, have
likewise their greatest speed. They are travel-
ling full-speed forward, while in a rarefaction
they are travelling full-speed backward. The
static and the kinetic energies agree in position,
just like the electric and magnetic. It is at
the intermediate parts of the wave that we find
them both momentarily zero. The particles are
stationary at the places where the air is of
average density, not in a compression or rare-
faction. Hence the theory is very general, and
those models which have been constructed to
illustrate the propagation of waves, and to show
the lag of one form of energy on the other, are
erroneous. They only apply to the oscillator,
not to the waves. So-called stationary waves,
the result of reflexion, are essentially akin to an
oscillator. True waves must advance.

The fact that the true wave only starts a
quarter wavelength away from the oscillator is
very instructive. It applies even in the case of
light, although in that case the oscillator is of
ultramicroscopic dimensions, and the frequency
hundreds of millions of millions per second ;
so that the following-out of the process in detail
might seem impossible. But it was not im-
possible to the great mathematician, Sir George
Stokes, who in his work on fluorescence
arrived at the conclusion that the quarter-wave
lag or difference of phase at the start must be
compensated or neutralised, so that it became
obliterated in the true wave.

It is in many respects the same even with
waves on the surface of water. The particles of
water are moving forward on the crests, and are
moving backward in the hollows. They are
moving only up and down at the position of
mean level. If you watch sea-waves travelling
along in deep water, you will not at first notice
the motion forward of the particles at the top
of the crest, since straws and ripples on the
surface go backward relative to the wave as it
advances. But that only means that the water
particles which are moving forward are not
moving at anything like the speed of the wave
itself. 'The wave is going much faster than the
particles, and hence overtakes them, and slides
under them. The speed of the water particles
varies with the amplitude or magnitude of the
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disturbance. The speed of the wave does not
depend on that at all, but only on the wave-
length, that is, on the distance from crest to
crest ; whether the wave is a mere inequality of
the surface, or whether it rises 20 or 30 ft.
The velocity of the wave—the speed with which
the crest itself advances—-depends not at all
on the height or intensity of the wave; but it
does, in the case of a water-wave, depend on
wavelength, ze. on the distance separating
successive crests. In fact, in deep water the
velocity of wave-progress varies with the square
root of wavelength, for big waves. For ripples
the law is different.

All these things are complications which we
do not find in the ether, nor even in the air. The
speed of sound depends on the conveying material
only, not on loudness, nor even on wavelength
or pitch. Sir Isaac Newton realised that, for
he pointed out that a band heard at a' distance
could not possibly sound like music unless every
note, loud or soft, high or low, had one and the
same rate of travel. So it is also in the case of
light and wireless waves. They all travel through
the ether at one identical pace, whether they be
a hundred miles long, or the millionth of an inch
short. Also whether they be bright like sun-
light near the sun, or dim like a rushlight or a
glow-worm. In this respect, therefore, ether
and air waves differ from visible waves on the
surface of water. But all waves agree in this,
that the potential and kinetic energies—that is,
the displacements and the velocities—are con-
current in phase, rising to a maximum and falling
to a minimum together. This is a peculiar con-
dition, destructive of equilibrium, and it can
only be satisfied by the wave advancing through
the medium at its own proper pace—a pace
which in wireless waves is determined by the
mutual reaction of the electric and the magnetic
components, in accordance with what is called
Poynting’s theorem.

A receiver acts by obliterating some of the
electric component, and thereby stops a portion
of the wave. This it does either directly, as by
a linear aerial, or inductively, as by a loop
aerial. The energy of such portion of the wave
as effectively encounters the aerial is abstracted
and utilised for the signal, some fraction of 