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The Name ‘“BURNDEPT'* GUARANTEES Cent. Per Cent. QUALITY & EFFICIENCY.

The BURNDEPT ULTRA Il RECEIVER

SUPPLIED TO AIR MINISTRY — INDIA OFFICE (FOR USE  ON H.R.H. PRINCE'OF WALFS TOUR)
GREENWICH OBSERVATORY—————  ~ AND VARIOUS COLONIAL Etc, GOVERNMENTS.

SOME POINTS OF SUPERIORITY
OVER OTHER 3 & 4 VALVE RECEIVERS

(1) The rectifying valve can be used alone or in conjunction with
either the H.F. magnifier valve or L.F, amplifier valve, or bath—
This feature allows signals to be suitably magnified for comfort-
able reception according to original signal strength and economises
valves and flament current,

Each valve is furnished with a separate rheostat thus allowing
valve to be operated at its most sensitive point. As all valves

have different properties, this feature enables the best use to be
made of the valve, so that signals can be thus received at almost
the same strength as if 3 valves were used, By suitable arrange-
ment of the rheostats selectivity of signals can be much impreved.

The magnification of the third note or magnifying valve is obtained
by intervalve transformer of finest manufacture—giving as much
magnification as 2 valves used with resistance capacity coupling
and economising filament current and valves,

PRICE (without valves) - . - &£25

FOR FURTHER PARTICULARS AND DETAILS OF QUR COMPLETE RECEIVING SETS
AND ALL ACCESSORIES SEE OUR IiLLUSTRATED CATALOGUE 6d. POST FREE
All BUBNDEPT | Valve Apparatus is duly licensed under Marconi Patents for amateur usein Great Britain.

Visit our STAND No.12a.  All British Wireless Exhibition, Horticultural Hall, SEPT. 30th to OCT. 7th.
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BURNDEP T Ltd. BLACKHEATH VILLAGE, LONDON, S.E.3
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% ELECTRICAL
| MEASURING
-4 INSTRUMENTS

-

THE WESTON
MODEL 280 VOLT-AMMETER
Triple Range. 150/15/3 Volts. 15/1°5/0°15 amps.

This Precision Instrument is especially sultable for Wireless
Research Work, ie.

3 Volt Range.—Testing accumulator cells, dry batteries, measuring
tall of potential across potentiometers.

15 Volt Range.—Testing 8 or 12 volt accumulator supplying
voltage to valves, etc.

150 Volt Range.—Testing H.T. Batteries, etc. L

0.15 Amp Range (150M.A,)—Measuring H.T. current to tratiamitting
valves, determining resistance of Transtormers, chokes,
telephones, theostats, -stc.

1.5 Amp Range.—Adjusting filament currents, etc,

15 Amlla ltlnnge.E—Measnring output or charging current of accumu-
ators, etc.

NOTE.—The 3 volt range may be used as a sensitive low range Milli-Ammeter.

SEVEN INSTRUMENTS IN ONE CASE,
PRICE £15, less 20 per cent. Leather Case 15/-
Werite for further particulars.

WESTON ELECTRICAL INSTRUMENT €O., LTD.

Audrey House, Ely Place, Holborn, E.C.1 MODEL 280
Telephone : Holborn 2029. Telegrams : " Pivoted, Smith, London."

RADIO INSULATION

AS SPECIFIED AND USED BY THE BRITISH ADMIRALTY

BRITISH MADE PAX 0 LIN BRITISH MADE

TUBES DISCS PLATES, &c.

MANUFACTURED IN ALL FORMS, SIZES AND THICKNESSES

BY

THE MICANITE & INSULATORS CO- LTD.
EMPIRE WORKS
WALTHAMSTOW LONDON, E.17

TELEGRAMS :—" MY TILITE, PHONE, LONDON." TeELEPHONES —WALTHAMSTOW 738, 739

.
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STAMPINGS = RADIO INSTRUMENTS

TRANSFORMER CORE LAMINATIONS AND
DIAPHRAGMS FOR HEAD-PHONES

(IN OUR PATENT HIGH RESISTANCE MATERIAL)

“STALLOY”

STALLOY WIRE FOR TRANSFORMER CORES
CONDENSER VANES

TRADE  ENQUIRIES SOLICITED

JOSEPH SANKEY & SONS, Ltd., BILSTON

Represénta'tive: Robert Jenkins, 168, Regent St., London, W.I

is ALL you require

for ALL purposes and may be
used in the following combinations

Crystal Detector Solus - £5 10 0
ol in conjunction with
Crystophone V.1 (single valve Detector)
£2 10 0 extra.

Or Crystophone V.1. L/F. Crystal
Detector and single valve £4 10 0
extra (L.F. Amplifier.)

/

Ay v

Or Crystophone V.1. H.F.
H.F. Amplifier and Crystal Detector g

£4 10 O extra.

Or Crystophone V 2. L.F. (Crystal
Detector and two valves Amplifier.) e for full details to—

£7 10 O exfra. WIRELESS

Or Crystophone V.3. H.L.F.
H.F. Amplifier, Crystal Detector and SUPPLIES CO.

F. Amplif 0 37
Double L.F. Amplifier £12 0 0 extra. 4 ns o000 Street,

Separate Sterling Headphones
£1 12 0 extra. LONDON, W.1

Teleph MUSE
Above prices do not include Valves c;,:fn:ne UM 2672

CI‘yStOPhone Type 20TT H.T. and L.T. Batteries. * Adragonx, Wesdo, London.''

Visit our Stand No. 1.  All British Wireless Exhibition, Horticultural Hall, September 30th to October 7th.
A
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MANUFACTURERS & RETAILERS
apply for Illustrated List :
and TRADE TERMS. KEEN PRICES. PROMPT DELIVERY.

wiswrw: ORMOND ENGINEERING CO., 199, Pentonville Rd., King’s Cross, N.1.

LESLIE M MICHAEL:"

PROVIDENCE PLACE, WEST END LANE, KILBURN, N.W.6

Bua Servicae 1. 8. 18. 2B, 31 afft peas West End Lane

Telephone. HAMPSTEAD 1261  Nearest Tube Station: KILBURN PARK [ BAKERLOO) ,

B \ 9 New, Unused, Ex-Government
R " ‘/ NS All-Aluminium Diaphragms

Reconditioned and Guaraateed by Mfs., S. G. BROWN, Ltd.
HIGH RESISTANCE LOW RESISTANCE
/ Per Pair /
= (Prices include Cords) -

We alEORhsve§§A§I?E§t0§k of unused ex-Govern- 120 07"15 4000 O;ms
ment WNS’ ONES, which have nof been
reconditioned by Mfs. S. G. BROWNS:.’ 37 PéR :‘ltRs 6

. P

These we purchased direct from the Government. (Prices include Cords)
VISIT OUR STAND—No. 38 A SPLENDID €6 5 0
ALL-BRITISH WIRELESS EXHIBITION TWO-VALVE
HORTICULTURAL HALL See our further ad-
September 30th —it0—— October T7th SET o 0 o vert. in this issue

Send for our ILLUSTRATED CATALOGUE. 16 Pages, 100 Illustrations. Post free, Sixpence.
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---CQ Std bi

for ERICSSON PHONES

HEN you instal your wireless set—crystal or valve
—you'll get maximum results if you fit Ericsson
Phones—clarity, sensitivity, strength of signals and absence
of “click.” Specially suited to telephony.
Ericsson Phenes embody the accumulated experionee of telephone
manufacture for a generation.
Easy to the head, light and comfortable. The magmets never loee
their stromgth and ** sherts ” are non-existent.

Write for Particulars
‘The BRITISH L. M. ERICSSON
MANUFACTURING Co., Ltd.

Head Office :
60, Lineoln’s Inn jFields, E.C.2

Telephones

o mEm wmww e <

&

‘;”H_H.i'f']']‘fr‘-‘f'

I

LA

We hold large stocks of complete Receiving Sets, Coilholders, Coils, Variable
Condensers (Assembled and in Parts), Valve Holders, Filament Resistances, H. T. Batteries,
Accumulators, Aerial Insulators; in fact ALL AMATEUR REQUIREMENTS.

TRADE ENQUIRIES INVITED. CATALOGUE POST FREE 4d.
COME AND “ LISTEN IN” AT OUR SHOWROOMS. OPEN DAILY from 9 am. till 7 p.m.

THE «“K.B.” RADIO EQUIPMENT COMPANY,
Head Offices & Showrooms : 109, High Rd., Kilburn, N.\W.6. ; Taehones

Bus Services—38, 16, 28 & 51, pass door. 3 mins. Kilburn Park Stn, (Bakerloo Rly.)
Visit our Stand No. 8. All British Wireless Exhibition, Horticultural Hall, Sept. 30th to Oct. 7Tth.




Specially
designed
for

Broadcasting

HEADGEAR
RECEIVERS

Designed and manufactured by
leading Telephone Manufacturers
Backed by many years’ experience.

Highest efficiency, concentrated
magnetic field, instantancously
adjusted to the ears, comfortable
in wear, either receiver detachable
from headband, protected term-
inals, light weight, twin series cord.

A.T.M. LOUD A.T.M.Crystal
SPEAKING Detector Sets
RECEIVERS Highest  Grade.

Three types of
amplifying  horn,

Maximum Efficiency.

Moderate Cost.

......'...................

Ask your dealer for
A.T.M.

Broadcasting Apparatus

Visit our Stand No. 52. All British Wireless Exhibition.
Horticultural =~ Hall, September 3oth to October 7th

Automatic Telephone M anufacturing

Co., Ltd.
Head Office & Works : London Office :
Milton Rd.,Edge Lane, 60 Lincoln’s Inn Fields
Liverpool. W.C.2.
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HIGH-CLASS
VARIABLE
CONDENSERS

THESE Condensers

designed for panel
mounting, are of the
highest MECHANI
CAL accuracy and
ELECTRICAL
efficiency. The rotary
aluminium vanes are
carried by a
SQUARE  BRASS
spindle, for whichtop
and bo‘tom bearings
are provided.
Individual, not cast,
spacers are used,
whicharegauged with
a micrometer before
assembly.

Capacity ia mfds. Price.
001 24
‘00055 17/9
‘0003 13/6

Vernier Condenser ‘00005 5/6

London Agents—
Messrs. H.D. Butler & Co.,Lid.,222,Gt.Dover St., Borough, S.E.
Messrs. W. J. Henderson, 2, Hollywood Rd., 8. Kensingion, S.W:;

ACTUAL MANUFACTURER—

M. FOSTER

1, Brunswick Street West, HOVE

F. WIGGINS & SONS

Telephone :
Avenue 2248
Largest Stock
in the World.

FOR CONDENSERS

AND ALL PURPOSES.
102,103 & 104, Minories,London, E.1

D sns
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UBILIERS
A New Condenser for
Wireless Receivers

With Clips for Grdd Leak.

'THE DUBILIER TYPE 600
MICA CONDENSER

The illustrations show two types of this new
condenser for wireless receiving circuits. The
condensers have the same perfect mica insulation,
the same high efficiency and the same permanence
of capacity as thelarger Dubilier Mica Condensers
used in wireless transmitters. Distortion when
receiving telephony is often due to bad design of
the components of the receiver—therefore use
efficient Dubilier Condensers in your receiver
to obtain the best out of your set.

Without Clips for Grid Leak.

PRICES:
Capacity between:0'0001 and 0°0009 mfd 2/6 each ',THE WAY TO DUBILIERS.

» ” 0.001 ”, 0.005 = 3/. " ll ] wzmc:?:n%fc’lg.
(inclusive) B i _ 5 ”
Condensers complete with Grid Leaks - 7/6 ,, % | s 12 | cuemce
{z' t ficE: % CREEN
B! %
TRADE TERMS ON APPLICATION. B
i

Visit our Stand No. 36. All British Wireless Exhibition, Horticultural Hall, September 30th to October 7Tth.

THE DUBILIER CONDENSER CO. (1921), LTD.,
DUCON WORKS, Goldhawk Road, Shepherd’s Bush, London, W.12

Telephone—Hammersmith 1084, Telegrams—Hivoltcon, Phone, London. Code—Marconi International.
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“FORS” ACCUMULATORS

NOT SURPLUS ‘GOVT. STOCK

LONG OUTPUT
LIFE GUARAN -
TEED

e

RETAIN THEIR CHARGE
WHEN NOT IN USE

-alf you only use your accumulator occasionally, do
not risk being disappointed just when you want it.
The * FORS " will not run down when not in
use, and cannot short internally. WRITE FOR
LIST (free) to sole Selling Agents—

G. H. T. PETERSEN (Engineors’ Merchants) Ltd.
59, SHOE LANE LONDON, E.C.4.

The Co.

Surbiton Park Terrace, Kingston

High-Class Single Valve Receiving Station
£10 O O Complete with ALL Accessories.

Complete 3-Valve Receiving Station £24 0 0

All Parts for Wireless Supplied.

EBONITE

SHEET, ROD, TUBE & MOULDINGS.
In reliable consistent qualities — FROM STOCK

Send us your enquiries, and let.us put you on our
mailing list, so that particulars of new specialities
may be sent you from time to time.

WHOLESALE ONLY

RADIO EBONITE SUPPLIES,
4, Little College St., London, E.C.4

(Minute from Cannon Street Station.)
Telephone— Central 4711

CONDENSERS

ALL TYPES AND VALUES.
EVERY ARTICLE GUARANTEED.

FINEST

WORKMANSHIP AND FINISH.

BRASS WORK
POLISHED AND LACQUERED.

Cabinet| Pol-

Valve | Panel | Panel Cabinet|Cabinet| Mount-| ished
in Mount- | Mount-  Mount- | Mount- |ing As- | Mahog-
M.F. ing in | ing As- | ing in {ing As- |sembled| any
Parts |sembled| Parts [sembled] in |Cabinet

Cabinet

0015 .. | 23/- 25/6 | 24/- | 26/6 | 33/- 6/3

001 .. | 16/9 | 19/6 | 17/9 | 21/- | 26/- 5/6

‘00075 .. | 13/6 | 16/3 | 14/6 | 16/6 | 22/- 56

0005 .. | 10/8 | 13/- | 11/9 | 13/9 | 18/- 4/6

10004 .. | 10/ 12/6 | 11/- | 13/3 | 17/8 4/6

0003 .. 9,- 116 | 10/- 12/- 16/~ 4/-

-0002 .. 7= 9~ 8/ 9/6 | 13/ 4/-

0001 .. 6/~ 8/- 7= 8/6 | 12/8 4/-

Vernier. . — 4'6 — 5/- 9/~ 3/6

SPECIAL SIZES MADE TO ORDER.
ALL SUNDRIES AND COMPONENTS IN STOCK.
ALL ORDERS OVER 20/- CARRIAGE PAID,

The “ Broadway ” Radio Works,

Devonshire Road, Bexley Heath, Kent
H. L. LIDINGTON.,

The most reliable and efficient
Batteries for Wireless Work are

=

STORAGE
BATTERIES

D.P. Batteries are made to fit al-
most any size of box. Theoutput
of our Works runs to hundreds
of thousands of plates yearly.

Write us for particulars

The D. P. BATTERY CO., td.
BAKEWELL — DERBYSHIRE,
& 11 Victoria St., London, S.W.
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FITTED WITH OUR €6 T PH NE 9 " PRICE
“GREAT CRYoSTM;, CAS(REG.%ADE MAR? 6 5 ' -
Hertzite’’ crystar w/r rECEIVING SET.

Complete with D.H. 'Phones (4,000 ohms), 100 ft. Aerial Wire, &c., 90/-
RUSSELL & SHAW, 38, Great James Street, Bedford Row, W.C.1

THE WIRELESS WORLD
AND RADIO REVIEW

THE OFFICIAL ORGAN OF THE WIRELESS SOCIETY OF LONDON
A MAGAZINE DEVOTED TO WIRELESS TELEGRAPHY AND TELEPHONY

CONTENTS

Practical Data for Building the Armstrong Super- Regeneratlve Circuit. By Edgar H.

Felix, Associate I.R.E. - - - - - - - - - - 711
Experimental Station Design. By F. H. H. (Continusd) - - - - - - 718
A Broadcast Receiver. By A. J. Bull - - - - - - - - - 720

Contents continued on next puge.

Coventry Wireless Supplies Co.

s CLAY LANE, COVENTRY.

Aerial Wire, 7,22 Copper, 5/~ 100’ [ INTERVALVE TRANSFORMERS, Im- |
Condensers, Variable, -001 .. 18/- each proved Design, Guaranteed.  British | 3 -
-000: 18 made . 29/- each |

0003 .. 96 . | Ivorine Scales, 0°-180° ,
,»  Vernier 4., Terminals with washer and 2 nuts, 2/5 doz. RE CE lv lNG SET
,  Fized and Grid Leak 23 ,, Valve Holders . .. 1/2 and 1/3 each

,  Bushes, without nut. 1/9 doz. | Valve Legs, Btass, with 2 nuts,
, Vanes, Aluminium .. 1id. ., Set of four 8d., (per doz. 1/9)
,»  Dial Ebonite .. .. 2/6each | Double Head Phones, with cord
+  Spacing Washers, small  3d. doz. Western Flectric, 4,000 ohms, 32/-
. Spacing Washers, large  6d. Superior French, 4,000 ohms, 35/- CARRIAGE PAID.
D R%%s& b;as]g, Atound screwed each | Carriage paid on orders over £2. SEéro R?I%IVSIPIﬁEE%% le%‘g UAS_IéL x‘{\gfgg:
s ) I
é long, screwedéu ® Y 1/(-3 doz. ACCUMULATORS. ING 60-VOLT BATTERY, 6 VOLT
s }” z %” e Fully Guaranteed. ﬁggﬂ%m%%RsAg{)A%NETﬁ
» Rols brass, square serewed 2| 3 Volt 20 amp. .. .- 18 PHONES 4,000 OHMS.
5 long screwed,& x 14" 22doz. | 4 » 60 , .. . . 20/ IR R L2y
87 . L Ak u-,, | 4. 80, .. 2008 WE GUARANTEE THIS
21 o on Arxlr 1l |4 100, 208 SET TO BE OF THE
Contact Studs . . 1710 doz. ” o o9 b B '
Ebonite Knobs, 2 B.A. 'l‘appmg 8d. each g @ (4;8 LA o e 232’,6 HIGHEST EFFICIENCY
Ebgmte Knobs, 2 B.A. 'l‘appmg m’gg brasg g 8 o . " 38 /é
ush . - i ' . e .. .
- 6 100 ,, 42/~
nlﬁ“:;“aﬁfgt“nces . . 48 60 Voit High 'l‘ensmn Battenes, '3 Volt COMPARE OUR PRICES,

Second quality .. .. 3/6 . Steps, 15.- and 19/6. , YOU CANNOT GET

Third quality . e 8, Carriage Forward. : BETTER VALUE




x THE WIRELESS WORLD AND RADIO REVIEW SEPTEMBER 2, 1922

MEN IN THE WIRELESS SERVICES DESIRING RAPID ADVANCEMENT
should train in spare time with_the College which ensures this
“U.E.C." (Regents Park, London, N H}” has in Twelve Years secured hundreds of successes by
Individual Postal Tralmng for Engmeenng Examinations and Professional Work,
QUR ambition in confidence, to—SECRETARY’S DEPT. (Desk W.),
UNIVERSITY ENGINEERING COLLEGE, WESTGATE-ON-SEA, KENT,

and expert advice with the New prospectus, No. 8, wiil be sent you without obligation.

CONTENTS (Continued)

A New Rectifier. By V. Bush and C. G. Smith - - - - - - - 926
A Microphone Amplifier - - - - - - = o S - - - 729
The Equipment of 2 PV. By G. Smith Clarke - - - - = o - 730
Notes S T T 7Y |
Calendar of Current Events - - - - - = = = = - - 733
Wireless Club Reports - - - - - - - - - - . . g3
Questions and Answers - - - - - - - - = . - - 737
Share Market Report - S = = - - - - - - - - 744

THE WIRELESS WORLD AND RADIO REVIEW is published weekly on Saturdays.

All correspondence relating to contributions should be addressed to THE EDITOR,
THE WIRELESS WORLD AND RapIO REVIEW, 12-13, Henrietta Street, London, W.C.2.

No responsibility can be taken for MSS. or photographs sent without stamps to defray
“cost of return postage.

Editorial and Publishing Offices 12-13, Henrietta Street, Strand, London, W.C.2.

Telegraphic Address: * Radionic, Rand, London.” Telephone No.: Gerrard 2807.

Advertisement Managers, Bertram Day & Co., Ltd.,, 9 and 10, Charing Cross, S.W.I.
Telephone No.: Gerrard 8063 and 8064.

SUBSCRIPTION RATES.—
28s. per annum, post free.  Single Copies 6d., or post free 7d.
Registered at the G.P.O. for transmission by Magazine Post to Canada and Newfoundland.

HOLLOW STEEL MASTS FOR AERIALS—

These' masts are light, strong. easily erected, and will last a lifetime. All lengths over
15fc. are made in sections and each mast is supplied complete with baseplate, finial, rope
cleat, pulley ehesve, guy clips, three steel guy ropes and strainers, painted one coat
ready for immediate erection. Being made of steel, no lightning conductors are required

PROMPT DELIVERY. PRICES F.O.R. FOR CASH WITH ORDER, EACH

10ft. .. 32/6 15ft. ... 42/6 20ft. ... 45/-

25ft. ... B7/6 30ft. ... 84/- 40ft. ... 126/-
Other Lengths supplied at equally Low TPrices, Trade Inquiries Invited

THE WIRELESS STEEL MAST & ACCESSORY COMPANY
Lombard Street West, West Bromwich Telephone No. 447
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VALVES

DELIVERY FROM STOCK.

RECEIVING.

Filament Anode
Type. Voltage. Voltage. PRICE.
R 4 6o £1 6 6
R4B 4 50 110 0
Vos4 52 36 1 40
Q 52 50 1 40
(150 as amplifier)
QX 52 50 140

SPECIAL LOW TEMPERATURE
VALVES.

Filament Filament Anode
Type. Voltage. Current. Voltage. PRICE.
L.T.x 18 4 36-50 £2 10 0
L.T.3 1'8 11 ’ . .

TRANSMITTING

Filament Anode
Type Voltage. Voltage. PRICE. -
A.T.25 5.5 UP TO 1,000 £1 10 0
A.T.40x 7 ,, 1,000 2 15 0
Visit our Svand No. 32. All Britieh Wireless Exhibition, Horticultural Hall, September 30th to October 7th

THE

MARCONI SCIENTIFIC INSTRUMENT co., 1o,

40 DEAN STREET, SOHO, W.l TELEGRANS : THEMASING, WESTORNT
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WFEQ E\IE-VALVE PANEL

An Excellent Investment—

* WRITTLE comes through quite loudly and as clear as a bell.
EIFFEL TOWER is apparently a near neighbour.
The wide range and clearness both in Morse, Music and Specch means that the Single
Valve Panel of your own make, which I bought of you three weeks ago is well thought out
and carefully put together. 'With proper accessories the panel makes a set entirely

sufficient for the average listener-in.
(EXTRACT FROM UNSOLICITED TESTIMONIAL).

An Ideal Valve Accumulator

6-Volt 50-amp ... PRICE 385/-. Carriage 3/-
E In'wooden case with leather strap handle)
PRICE (without valve) £4 4-Volt. 50 -amp. ... PRICE 24/ . Carriage 2/-

WAT’ES THREE-VALVE PANEL, 1 HF., 1 Rect.
1LF. Complete with Condensexs Filament
Rheostats, in _handsome Mahogany ‘Cabinet as
illustrated. PRICE, without valves or plug-in
transformer, £14 14 0. H.F. Transformer for
broadcast wavelengths, 5/6 extra.
Why not call at our Showrooms and inspect our
varicd display cf complete sets, also have them
demonstrated to you?
Visit our Stand No. 15, All British Wireless
Exhibition, Horticultural Hall, September 3oth
to October 7th.

We invite your attention to cur Illustratcd Ad-
vertisement on page xxvii this issue.

SEND THREE

[ATIES EIROS. j LIl 1HOLS
@U{l WIRELESS ENGINEERS ) ILLUSTRATED
R o e o2 i CATALOGUE -

3-Valve Panel

MANUFACTURING | [DAVIS & TIMMINS,

FOR THE LIMITED.
TRADE 34a, York Road, King’s Cross, N.1

We specialise in the manu-

facture of WIRELESS
and INSULATING parts,

and solicit your enquiries.

The production of Variable
Condensers, Handles,

Resistances, etc., is being

continued and we can deliver SCREWS & TERMINALS
large numbers FROM STOCK :
i FOR WIRELESS SETS.

J. BURNS. Limitep TRADE ENQUIRIES INVITED.
L] ’ H .

Tele. #(o.: NORTH 580.
Chadwell Heath, Essex. . CONDUCTIVITY, LONDON.

Telegrams :
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Practical Data for Building the Armstrong
Super-Regenerative Circuit

By EpGar H. FELIX, Associate I.R.E.

S soon as Major Armstrong demon-
Astrated his discovery of the super-

regenerative circuit before the Institute
of Radio Engineers, there was an immediate
rush to build sets embodying the principles
he had explained. “ As soon as” is not
exaggeration, for at the close of the meeting
several enthusiastic engineers hailed taxicabs
and hastened to their laboratories to try the
new circuits.

Lacking detailed information as to constants
of circuits, many of the most skilled engineers
have had difficulty in getting satisfactory
results. ,

Since the article describing the super-
regenerative circuit” appeared in The Wireless
World and Radio Review, 1 have received
letters from British amateurs requesting con-
stants of the various instruments used in the
circuits. Because of their desire for informa-
tion, I here describe in detail the set built by
Major Armstrong and used for demonstration
at the Institute of Radio Engineers. Fig. 1
is a photograph of the equipment.

The set employs three valves and secures
results approximating those obtainable with
a super-heterodyne set employing ten valves.
Of the super-regenerative circuits, it is the
most easily operated because each function

of the circuit—regeneration and amplification,
variation of negative resistance and detection—
is performed by a separate valve and a separate
valve circuit, each adjusted independently of
the others.

It is inadvisable for an amateur to attempt
the operation of a super-regenerative set
except he be thoroughly familiar with the
operation of an ordinary regenerative circuit.
Super-regeneration adds a new series of
sounds. The amateur must learn to recognise
these and become experienced in making the
proper adjustment called for by each sound.
With the three valve circuit it is less difficult
to analyse the cause of these and make the
proper adjustment to correct them than it is
with sounds representing frequencies caused
by the interaction of the various circuits
combined in one or two valves.

Major Armstrong recommends that super-
regeneration be attempted only with a loop
antenna. In adjusting the circuit, numerous
frequencies which interfere with reception
by other stations are radiated from an antenna.
Therefore, the suggestion that an antenna for
receiving with the Armstrong super-regenerative
circuit should not be used and that the loop
should be employed.

Only ““ hard ” valves should be used—that

B e
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is, valves without any appreciable gas content.
Since the limit of amplification with this
circuit is the maximum output of the valves
themselves, five-watt power valves are recom-
mended instead of receiving valves.

In my first article, explaining the principles
of the circuit, I stated that the efficiency of
the super-regenerative system increases in-
versely as the square of the wavelength.
The upper limit of satisfactory working is
1,000 metres. Extraordinary efficiency is

obtained on the 360 metre wave upon which

(Photo by courtesy American Radio Journal.)
Receiving Set embodying the Super-Regenerative Circuit.

Fig. 1.

American broadcasting operates.
efficiency is greatly augmented.

Fig. 2 is a diagram of Major Armstrong’s
receiving set. The loop in these tests consists
of ten turns mounted on three foot square
frame.

The tuning element consists of the stator
of the conventional vario-coupler. The one
shown 1n the photograph is a “ Grebe > vario-

At 50 metres

THE WIRELESS WORLD AND RADIO REVIEW

SEPTEMBER 2, 1922

coupler. A typical vario-coupler is 34 inches
in diameter with a winding of 100 turns
tapped at each ten turns.

The amplifier or regenerative valve circuit
includes the secondary vario-coupler, shunted
by a variable capacity. The rotor of the vario-
coupler is used as the reaction or feed back
coil. The reaction coil should be double the
usual inductance of a reaction coil. 125 turns
of 26 wire is satisfactory for the purpose.

The variable capacity, C;, for tuning, is of
o-001 mfd. capacity. Nevertheless, half that

capacity is sufficient with most sets. A
negative battery, B,, is substituted for the
usual grid condenser and grid leak. This
battery should be variable from zero to five
volts, in order that the value most effective
for the particular valve used may be determined.

Because of the periodic action of the
oscillator valve in preventing the generation
of oscillations by the oscillator valve circuit
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and the consequent prevention of valve paralysis,
unusually high plate voltages are used. The
limit of plate voltage useable is determined
by the voltage capacity of the valve itself.
For this reason, use a plate battery supplying
from 8o to 100 volts.

The oscillator valve circuit is coupled to
the amplifier valve circuit through the tap at
the top of the vario-coupler. In most cases,
the best results are obtained by tapping the
very top turn of the vario-coupler. However,
if the utmost is desired, test each turn from
the top to the fifth turn from the top after the
circuit is operating properly. In some cases
better results are obtained slightly below the
top of the coil. The coupling to the oscillator
circuit is completed by the filament connection.
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by the second valve is determined by the
adjustment of L; and C;. Once a proper
value has been determined it does not require
readjustment.

Major Armstrong uses a duolateral coil of
1,250 turns, shunted by a- variable capacity
of 0-0025 mfd.

The plate circuit of the oscillator valve is
coupled to the grid circuit through G,, a
variable condenser of o-0o1 mfd. capacity.
A 5 millihenry air choke coil keeps out the
audio-frequency oscillations. The adjustment
of C, determines the amplitude of the oscilla-
tions generated.

The plate potential for the oscillator valve'is
supplied through the filter circuit from the
generator valve.

Fig. 2. Three-Valve Super-regenerative Circuit.
L, = Tuning inductance.

L, = Reaction coil.

C, == Tuning condenser, 0-001 mfd.

B, = Grud battery, o-5 volts.

B, = Plate potential battery, 80-100 volts.

C, = Oscillator tube circuit coupling capacity,
0’001 mfd.
L, = Oscillator inductance, DL. 1,250.

In this circuit the negative resistance of the
regenerative circuit is varied by changes in
the positive resistance of the circuit. When
the oscillator valve is conductive, it practically
short circuits the secondary inductance ; when
the oscillation reverses in the oscillator valve
circuit, its resistance rises to a high value.

The frequency of the oscillations generated

C, == Oscillator capacity, 0-0025 mfd.
L, = Choke coil, 5 milli-henries.

L, = Choke cail, DL. 1,500.

Ly, L, == Iron core choke coils, 1 henry.
B, = Filament lighting battery.

B, = Plate potential battery, 200 volts.
R,, R, = Resistances, 12,000 ohms.

C, = Fixed condenser, 0-005 mfd.

Cs = Variable condenser, 0-005 mfd.

The filter circuit consists of a 1,500 turn
duolateral coil in series with two 12,000 ohm
non-inductive resistances. Two iron core
choke coils of one henry inductance, in
series, respectively, with a 0-005 fixed capacity
and a 0-005 variable capacity, complete the
filter circuit. Satisfactory results may be
obtained without choke coil L;. Any suitable
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filter circuit may be substituted for the one
shown in Fig. 2.  For this reason it is enclosed
with lines.

The output of the generator and oscillator
valve is supplied to the usual audio-frequency
transformer, which, in turn, makes the audio-
frequency currents available to the detector
tube. The detector circuit is conventional,
except that an unusually high plate potential
is supplied by a 200-volt plate battery.

The first adjustment in operating this circuit
is tuning to the incoming signal by means of
C,. The oscillator valve is then set into action
by a correct adjustment of C,. The reaction
coupling is gradually increased as soon as the
familiar click, indicating that oscillations are
being generated by the oscillator valve is heard
in the telephone receivers. A re-adjustment
of C; is usually required to effect more exact
tuning. Adjustments of C; and C; need be
made only once ; when the correct values are
found no subsequent adjustment is necessary.

In some cases, a reversal of the filament
lighting battery, B,;, improves the signal
strength. If satisfactory results are not
obtained at a time when the circuit is otherwise
operating properly, try reversing the battery
connections.

Fig. 3 shows a super-regenerative circuit in
which all the functions are performed by a
single valve. This circuit was set in operation
in a steel frame building, 25 miles distant
" from the nearest broadcasting station trans-
mitting at the time of the test. Employing a
loop antenna, the signals received were so
loud that they completely * paralysed > the
head telephones. Using a loud speaker,
music was easily heard in all parts of a large
lecture hall.

This circuit requires the utmost delicacy of
adjustment and it will satisfy the mojt insatiable
appetite for feats of technique in adjustment.
The same vario-coupler as previously described
was used for L, and L,; L, and L, are duo-
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lateral coils of 1,250 and 1,500 turns respectively,.
shunted by o-0oo5 mfd. variable capacities.
The plate potential is 8o voits. C, is fixed
of 0'005 capacity; C; of 0-001 capacity ;.
the resistances are 12,000 ohms; the iron
core choke of one henry inductance.

No doubt within a few months hundreds
of successful super-regenerative receivers will
have been built by amateurs and descriptions
of simpler circuits and more specific data will
be available. Although considerable patience.
is required in learning to adjust the circuit,
the almost incredible results obtainable make
the effort well worth while.

Fig. 3. One Valve Super-regenerative Circuit.

L, = Tuning inductance.

L, = Reaction coil. .

C, = Tumng capacity, o-0ol mfd.

C, = First oscillator circuit capacity, 0-005 mfd.

L3 = Firstoscillator circuit inductance, DL.1,250.

Cy = Second oscillator  circuit  capacity,
0005 mfd.

L, = Second oscillator circuit capacity, DL.1,500

C, = By-pass capacity, 0-005 mfd.

Cg = Filter circuit capacity, 0-001 mfd.

R,, R, = Resistances, 12,000 ohmis.

DO NOT FORGET THESE DATES !

SEPTEMBER 30th TO OCTOBER 7th, 1922

The Wireless Exhibition and Convention
AT THE HORTICULTURAL HALL
WESTMINSTER, S.W.
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Experimental Station Design
Contirued from page 662, August 19th, 1922.

These articles, which appear in alternate issues, are intended not only to be a complete guide to those
new to wireless, but to give explicit details on the construction of all the components of the Experimental Station.
Actual designs are of necessity in some instances be somewhat crude, in order that they can be made up without
elaborate workshop equipment. Practical working instructions are given where necessary for the help of
those unacquainted with the more simple processes of instrument making. Of course, where good workshop.

facilities exist, the designs may be readily modified.

Economy is made an essential feature, bearing in mind always that where low-priced component parts
can be obtained their use has been embodied in the designs. For those who do not desire to make their own
apparatus, the descriptions will assist them in selecting the equipment for their stations.

The information contained in the first few articles under this heading is to help those new to wireless and’
whose first aim is to build a simple set capable of receiving broadcasted telephony, and consequently may cover:

ground already familiar to many readers.

The succeeding instalments, however, advance by easy stages,

and in the course of the series the construction of an elaborate station will be evolved.

XI.—HIGH FREQUENCY INTERVALVE TRANSFORMERS.

HEN great receiving range is desired

\ ,}\ / it is necessary to adopt amplification
at radio frequency, that is, the
amplitude of the oscillations is increased prior
to rectification by the detector valve. High
frequency amplification does not produce such
an increase in signal strength for each high
frequency valve circuit added as low frequency
amplification. The former will bring in signals
though perhaps weak, which any amount of
low frequency amplification alone would not
render audible, because a certain oscillation
strength is required to operate a detector valve.
One of the simplest forms of H.F. transformer

is shown in Fig. 1. This consists of two
basket coils of the type described on page 328,
June r1oth, 1922, issue. The coils are held

together by means of a small bolt passing -

through the centre which also serves as a
support. Two coils, one for primary and one
for secondary, will give a transformer suitable
for use on wavelengths of about 220 metres,
whilst two coils in series for the primary, and
two for the secondary, is suitable for wave-
lengths of 300-450 metres. A piece of waxed

paper should be placed tetween the coils and -

when four or more coils are used primary
and secondary coils should be assembled
alternately, taking care that the direction of
winding is not reversed in consecutive primary
or consecutive secondary coils. A good way
of doing this, when assembling -four coils,
is to lay them out with their beginning ends
all pointing in the same direction. Two coils
are then lifted, one over the other, a hole being
pierced in the top one for the purpose of
passing through the inside end of the lower
one. Another coil is then pierced ‘with two

holes, turned over, and placed on the other two
coils passing the two inside wires through the
holes. The lead which passes from the bottom
coil is then connected to the inside lead of the

2 EBONITE
5/ WASHERS
Fig. 1. Transformer consisting of two basket
coils wound on card support and clamped
together.

third coil and the joint wrapped with insulating
material. The last coil, having one hole
pierced in it, is then furned over and placed
on the other three with the inside lead from
the second coil passing through the hole.
This lead is then connected to the inside lead
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of the last coil and insulated. The insulating
paper must, of course, be placed between the
coils as they are assembled. A 2 B.A. brass
bolt now passed through the centre, taking
care to avoid the connecting wires, will clamp

28a
6BACHEESE HZAD / TAPPEDO
OLE

-4
r_SBA COUNTIRESUNK

/

Fig.2. Thesinglelayer type, wound on eboniterod.
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the coils closely together and provide tight

coupling. It is desirable, in high frequency
transformers, that they shall have reasonably

2%

Fig. 3. Two types of interchangeable H.F.
Transformers. .

low self capacity id order that they may
operate over as wide a band of wavelengths
as possible. Basket coils are well known to
possess very low self capacity whilst the
method of assembling just described eliminates
any appreciable increase in self capacity owing
to the spacing between consecutive primary
or secondary coils. On the other hand, the
particular arrangement not only gives very
tight coupling but gives maximum capacity
between primary and secondary windings
which is a very desirable property in H.F.
transformers. Insulation between primary and
secondary is very important as there is a
difference of potential between them equal to
that of the H.T. battery, and the particular-
design permits of good insulation being ensured.

The method of connecting high frequency
transformers in circuit is shown in most of
the very many circuits given in this journal,
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but the direction in which the windings are
connected up is important, in order to obtain
maximum grid potential fluctuation and also
to provide maximum capacity coupling be-
tween plates and grids of consecutive valves.

bf---—1)

|||F

Fig. 4. A non-radiating circuit.  The reaction
coil is coupled to the H.F. Transformer windings.

In the case of the transformer just described,
all leads will pass out from the outer edges
of the coils. The lead from the first coil is
taken to H.T. 4, the lead from the next
to L.T. — or potentiometer or in special
circumstances to the L.T. 4, the next to
plate and the last to grid.

A high frequency amplifier making use of
several high frequency valve circuits must
have its transformers of such a design that
they can be relied upon to all have identical
inductive values or otherwise, one slightly
different to the remainder, will filter out
signals on which the others would give best
amplification. H.F. transformers consisting
of basket or single layer coils can be relied
upon to be identical. In the case of windings
that are run on into slots, the inductance will
depend not only on the number of turns but
very considerably upon the method and
tightness of the windings, consequently it is
only possible to give accurately, transformer
windings for particular wavelengths when of
the type described above or in the form of
single layers.

Another type of transformer is shown in
Fig. 2. The former on which the windings
are arranged is a piece of 1} ins. diameter
polished ebonite rod. The windings terminate
on screw tags and consist of single layers of
fine single silk-covered copper wire, between
36 and 42 S.W.G. The wavelength range can
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be slightly broadened by winding with No. 44
S.W.G. or finer, S.S.C. resistance wire.
Fine resistance wire is somewhat stronger than
copper wire of a similar gauge and hence its
use may be recommended as it is not so
difficult to handle. A primary and secondary,

oo}

Transformer with reaction coil

Fig. s.

each of 280 turns, will give good amplification
on wavelengths between 200 and 350 metres,
whilst 450 turns is suitable for 300-500 metres,
and 600 turns has an optimum wavelength of
600 metres. More than 600 turns in the form
of a single layer will produce a transformer
of excessive length and for greater wavelengths
2 ins. or 2} ins. ebonite tube must be used.
With this style of transformer the two windings
should be insulated from one another with a
single layer of empire cloth, and both wound
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in the same direction. The leads which
terminate at one end are connected to grid
and plate.

Mention might be made of the type of
transformer which has now become very
popular, having a slot to carry the windings
and a four-pin base for the purpose of rendering
it interchangeable with others (Fig. 3). With
this type of transformer it is much better to
wind the primary and secondary separately
instead of running the two wires on together,
in order to maintain good insulation between
primary and secondary as mentioned above.
The two windings should be in opposite
directions, the two leads which pass out between
the windings being taken to grid and plate.

A type of transformer giving very good
results can be made with the use of a
coil winding machine by running on two
wires simultaneously. Care must be taken
to avoid the wires crossing, and if primary
and secondary wires are of different colours
the winding can be easily watched. Thus
wound each successive turn of the primary
winding is spaced with a turn of the secondary
and consequently the self capacity is kept
as low as is possible, whilst the capacity
between the two windings is a maximum.
If the transformer is of a mean diameter
of 1§ in. and has primary and secondary
each of 120 turns of No. 28 D.S.C,, it will
be suitable for operation on wavelengths
between 300 and 470 metres. The two leads
passing from the outside of the transformer
are for connection to grid and plate. This
type of transformer can-be conveniently
mounted between ebonite discs as shown in
the lower drawing in Fig. 3.

Apartfrom the advantages already mentioned,
H.F. amplification permits of the provision
of inductive reaction in a receiving set without
causing radiation. This is effected by pro-
viding a H.F. transformer between the first
and second valves, to the windings of which
is coupled a coil connected in the plate circuit
of the second valve, as shown in Fig. 4. By
extending the length of the transformer
shown in Fig. 2, in order to allow a space
of one or two inches free of winding and slipping
over the transformer, a closely fitting ebonite
tube carrying a single layer winding (Fig. 5)
reaction can be arranged on to the transformer
windings as indicated in the circuit diagram.
With such an arrangement the secondary
should be the outer winding of the two
windings on the rod. The leads to the
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connectors can be buried in grooves cut in
the surface of the former and filled in with
hard black insulating compound.

An alternative design is shown in Fig. 6,
so arranged that the extent of reaction can be.
readily varied when the transformer is mounted
in the panel of a receiver. It is not necessary
to give constructional advice in the making of
this instrument, as the drawing is sufficiently
detailed and the methods of working ebonite
and brass have been explained in previous
articles under this heading. Attention might
be drawn, however, to the great care necessary
in drilling and tapping the thin walls of the
ebonite tube. The grid circuit winding is.
beneath the primary, both windings being in
the same direction. The grid and plate con-
nections are taken from the front end of the
transformer. For a wavelength range of
300-450 metres, 170 turns of No. 38 S.S.C.
is suitable for primary and secondary windings.
When it is intended to tune the primary with
a low capacity condenser which, it might be
mentioned, should be of the air dielectric
type, with a capacity of not more than 0-0002
mfds., the secondary or grid circuit may consist
of an addiiional 20 turns to the number on
the primary. The reaction coil should be
wound with 120 turns of No. 42 S.S.C.
Modifications in the dimensions of the formers
can be made to suit various wavelengths up:
to 2,000 metres, beyond which the resistance
capacity method of intervalve coupling is
usually adopted. F.H.H.

A Broadcasting Concert Platform.

Miss Olive Jenkins, the famous Cornish Soprano,
broadcasting from Marconi House, accompanied by
Signor Mancio de Veroli. :
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A Broadcast Receiver
Continued from p. 683 of issue of August 26th, 1922.
By A.]J. BuLL.

glance at the photograph of the instru-
Ameht, back view, Fig. §, may assist to

convey the idea of the spacing. Having
wired the filament circuits, the intervalve
transformer should be fixed in the position over
the H.F. valve, as indicated in the double page
diagram (pp. 680—681 of August 26th issue). A
simple method -of doing this with most

transformers is to obtain a piece of brass,
4 ins. long x § in.wide X 1/16-in. thick.

angled brass in position, it should stand out
3} ins. perpendicular to the panel. To this the
transformer is secured by means of two 4 BA
screws. Underneath this transformer on the
opposite side a o-ool mfd. fixed condenser is
fastened to the angle brass by a single 1-in. 4 BA
screw. This screw first passes through the
insulation of the condenser as shown in the top
right-hand corner of the double page diagram.
The function of this condenser, which is con-

Fig. s.
Measure off $ in. and make a right-angle
bend. In-the £ in. portion of the brass, drill
two holes to take two 4 BA screws. Witha
7/64-in. drill, bore two holes nearly through the
ebonite panel in the position shown near the
grid socket of the H.F. valve. As the reader
views the panel inthe double page diagram, this
position will appear as about 34 ins. immedi-
ately above the sketch of the Dewar switch.

As stated earlier in the article, by drilling with
a 7/64-in. drill, the 4 BA screws may be made to
cut ‘their own thread in the ebonite, thus
ensuring a tight fit. Having screwed the right-

Inside view of the instrument.

nected across whichever transformer is switched
in circuit, is to provide a path for H.F. currents,
when the reaction coilis employed, which current
would otherwise be stopped owing to the
impedance of the transformer.

The telephone transformer now calls for
consideration. This can be secured to the
panel in a manner similar to that followed
for the intervalve transformer, or by a method
to be now described. The transformer de-
picted in the full-sized diagram near the tele-
phone terminal is a captured German one,
purchased from disposals, and is enclosed in
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an iron case, which case provides a return
path for the flux.

Four iron bolts, 23 ins. long, threaded 4 BA
for } inch, pass through the case at the corners
into the ebonite panel to a thread cut to receive
them. Four spacing washers of ebonite
£ x } in. diameter, through which the bolts
also pass, space the transformer § in. from the
panel. In place of the telephone transformer,
however, a pair of H.R. telephones could be
inserted in the circuit. The disadvantage of
doing so is that, if 60 or 8o volts plate potential
are employed, an unfair strain is placed on the
insulation of the telephone windings.

Although there are losses in all transformers
due to magnetic leakage the author is of opinion
that for experimental work with the thermionic
valve, a pair of L.R. telephones, say 60 ohms
each earpiece, of good make, employed in con-
junction with a properly designed transformer,
is efficient and most economical for the experi-
menter.

The statement of the dealer, therefore, that
“ any old transformer will do,” should not be
accepted.

A very good combination is a pair of Brown’s
60 ohms telephones and a ““ valve to telephone
transformer ” from a service C. Mark III
amplifier. The excellent results obtained with
this combination is largely due, I believe, to
the fact that the impedances of the two
components are of a similar value.

An experiment was made somewhat
hurriedly by the writer and two independent
observers, to ascertain to what degree signals
would be reduced in strength. An ordinary
crystal set was employed in the test. The
comparison was made between a transformer
with I..R. telephones and three pairs of H.R.

telephones, switched separately in circuit. -

Observations were made with very weak
signals and all listening failed to detect any
appreciable difference in signal strength.

To return to the instrument under con-
-struction. The variable condenser should now
be fixed in position by means of suitable screws,
and if a condenser from a Mark III receiver
is employed it is advisable to slightly raise
it off the panel, so as to permit of any wiring
asshownin pp. 680-681 being passed between it
and the panel. Four ebonite washers, approxi-
mately ¢ in. diameter X } in., will serve this
purpose. The twelve terminals, two-way
switch, coil plug for H.F. circuit, 0-0o02 mfd.
grid condenser and leak, 0-03 mfd. condenser,
and all wiring should now be added, the
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four wires, A, B, C, D, being left until last.
The particular lugs of the switch to which these
four wires, 4, B, C, D, should be soldered,
may not be clear at first sight to some, and
therefore the following method of procedure
may prove helpful.

First, check the position of the switch in
the panel. The correct position is as indicated
in the full-sized diagram, viz., the four screws
in the switch being visible, as shown. Fig. 6 is
an end view of the Dewar switch, and for
clearness the lugs are shown as circles. Theend
of the actual switch should now be compared,
side by side with Fig. 6, and a mental note
made that D and B are two of the longest

springs in the switch.

7
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Fig. 6. Enlargea end view of Dewar switch

showing connections.

The next step is, with the switch in the
neutral position, to trace out on the instrument
the path the wires D, C, are to follow.

The track is from H.T. 4 to primary
of telephone transformer through the primary.
of the transformer to the lug D on the switch,
thence through the tiny contact on D to lug C,
and finally to the plate terminal of the third valve.

Follow the same method with wires 4, B,
and trace from H.T. 4+ to primary inter-
valve transformer, through the transformer to
lug B, thence through the contact on B to
lug A, thence to the reaction terminal
thence through the strap bridging the two
reaction terminals, and finally to the plate
terminal of the detecting valve.
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These connections 4, B, C, D, must be
well spaced, and it is advisable to use com-
paratively stiff wire. One strand of No. 7/22
phosphor’ bronze aerial wire meets the purpose
:admirably, sleeving insulation being employed
as in the case of all the other wiring.

With the exception of the coil holder, the
instrument is now practically finished, and it
1s left to the constructor’s good judgment to
add those little details which will help to give
a professional appearance to the instrument.

For those interested in building the instru-
ment by three stages, Fig. 2b. p. 679 was pre-
pared.  This diagram shows the panel and
only the wiring connections of a single valve.
A few minutes’ comparison bétween Figs.
2b and the full-sized diagram pp. 680 and
681 should enable the reader to realise that
the H.F. valve can be added to the panel
without disturbing to any appreciable extent
the wiring seen in Fig. 2b.

LR
TELEPHOI

-OOMF M

- 1cjo} ’
Fig. 7. Circuit diagram with two valves. .

The only alterations are :—

The grid leak should be disconnected from
the wire connected to terminal 4, Fig. 2b,
and transferred to terminal E.

The wire connecting terminal A4 to the grid
condenser is to be disconnected at the con-
denser end, and joined to the grid of the
H.F. valve.

The wiring of the H.F. circuit can then be
proceeded with. This wiring should be
traced and reasoned out from the full-sized
diagram, pp. 680 and 681 and Figs. 7 and 2b.
The following are the parts required to
complete the high frequency valve circuit :—

1 Filament resistance.

1 Valve socket.

1 Two-way switch.

1 0-o005 mfd. variable condenser.

1 Standard plug as shown on panel in Fig. 1.

1 003 mfd. fixed condenser.
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From the experience gained in the building
of the first and second valve in the panel, there
should be no difficulty in adding the remaining
valve and circuit if the full-sized diagram is
again referred to, this time in conjunction
with Fig 3, p, 679, and due care is exercised
with the wiring of the Dewar switch.
OPERATION OF THE SET.

Before passing to the operation of the
instrument a few remarks are thought
necessary with regard to the following :—
Coilholder and coils, valve adaptor and the
alternative use of a non-inductive resistance
for the H.F. circuit.

In order that coils of the duo-lateral, Burn-
dept, or similar types may be employed for the
aerial and reaction circuit respectively, a coil-
holder must be provided. This is a device
for supporting two or three coils, usually in
a vertical plane, as can be seen in Fig. 1,
p. 678, one coil being plugged to a
stationary position, and the other pivoted,
and capable of turning about a vertical axis
through an angle of 9o degrees.

There are several designs of coil-holders
advertised for sale ready for attaching to
instruments. As, however, throughout this
article it has been considered that the reader
wishes to construct his set as cheaply as possible,
with due regard to efficiency, the following
suggestion is given for the construction of a
coil-holder to accommodate two coils, with
space for the addition of a third coil if required.

Two standard coil plugs, as shown in
Figure 1, p. 678, should first be obtained,
together with an ebonite rod about 6 ins. long
by } in. in diameter, one ebonite knob, two
small brass terminals, and a piece of brass
rod, $ in. in diameter by 1} ins. long. Having
obtained these, prepare a piece of planed
hard wood, 4 ins. in diameter by { in. thick.
By means of a tenon saw cut this into two
semi-circular pieces, and if possible smooth
the edges left rough by the saw.

Cut off a piece of the ebonite rod, 2} ins.
long, and place a pencil mark on the rod, 1} ins.
from one end, or in other words, at the centre
of the rod. At points 9/32 ins. on either side
of this mark (in a direct line), bore holes
through the rod, { in. diameter.

By means of two screws which are provided
with the plug, screw the plug to the ebonite
rod through holes just bored. A brass terminal
should now be suitably cut down to form a
pivot and screwed tightly into one end of the
rod. This will increase the length of the rod
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by about § of an inch, the exact increase
depending upon the type of terminal chosen
for the purpose.

To the other end of this rod, the ebonite
knob and } in. diameter brass rod are fastened.

A simple means of doing this is to bore a
small hole, § in. deep, in the end of the ebonite
rod, and into this hole screw tightly the shank
of a Mark III or similar terminal from which
the nuts have first been removed and the total
length of the terminal reduced to 1} in.

The remaining end of the terminal which
originally carried a thumbscrew, is soldered
into a hole bored to receive it in one end of the
1 in. brass rod.

An easy means of fastening the knob to
this brass rod is to drill a hole, 7/32 in. diameter
full by } in. deep in the knob, force the knob
on, and secure in position by means of a 1/16 in.
pin passing through the diameter of the knob
and rod. The two semi-circular pieces of
wood should now be bushed, the bottom one
to receive the pivot and the top one to allow
the  in. rod to pass through it. Simple bushes
can be made from 1/16 in. brass strip, measuring
I in. by { in., countersunk in the wood and
held by wood screws.

The position of these and the rods carrying
the plugs can be gathered by a consideration
of the coil-holder shown in Fig. 1.

The stationary plug is secured to the re-
maining piece of ebonite rod by the same
method as was adopted for the moving one,
and fastened in a central position between the
semi-circular pieces of wood by screws passing
into its ends.

Having adjusted the length of this rod to
suit the moving one, all that remains is to
provide a backing piece of wood to fasten the
semi-circular pieces to, and a }-in. spring
washer, to be included with the moving rod,
in order to prevent it moving too freely.

After the coil-holder has been screwed in
position on the end of the instrument, wire
connections are made from the screws of the,
stationary plug to the reaction terminals and
from the moving plug to terminals 4 and B.
CoiLs.

In order that a large range of wavelengths
may be covered, it is recommended that for
compactness, coils of the duo-lateral or similar
type should be employed for the H.F. and
aerial circuits respectively. and purchased
from firms who guarantee the inductance of
each coil supplied.

Possessed of this information, the experi-
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menter can calculate with certainty the range
of wavelengths covered with each coil and
known condenser.

For those who wish to experiment with
basket coils the dimensions of the spider
shown in Fig. 8 is given.

The centre is § in. by £ in. thick, the spokes
are } in. diameter and eleven in number.

The complete spider can be constructed of
metal with threaded spokes, or the hub may
be of ebonite and the spokes of tapered wood,
simply pushed into holes drilled in the peri-
phery of the hub.

o i

Fig. 8. Former for basket coil winding.
Obviously *if the dimensions of these coils
are to be kept within reasonable limits, a wire
of small cross sectional area must be employed.
The disadvantage of employing a small wire
however, is its resistance to high-frequency
currents, for, as its diameter decreases, its
resistance increases, resulting in damping and
loss in signal strength. It is suggested,
therefore, that the basket coils should be
wound with No. 36 D.S.C. copper wire.
Using this gauge wire, and the above former,
a coil wound to a diameter of 2% in. for use
in the H.F. circuit, employed in conjunction
with the o-0005 mfd. condenser functioning
near its minimum value, gives a wavelength
of 1,050 metres approximately. If, however,
this coil is tapped at points I in., 1} in. and
18 in. radius, wavelengths to the value of
350, 450 and 600 metres respectively are
covered.
These values are also obtained with the
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condenser functioning near its minimum
value.

However, it is reiterated that the purchase
of coils is recommended.

VALVES AND VALVE ADAPTOR.

Suitable valves for use with the instrument
are i—

A good French or V.24 for H.F.

A good French or V.24 for L.F.

A Qx, Q or captured German valve with
cylindrical anode (shown in the photo-
graph) for detecting.

For those who may have purchased captured
German valves from the Disposal Board, the
valve adaptor shown in Fig. 9 will be found
useful,

: SCREW
i| TAPPED 4 BA

.
¢

R SCREW

TAPPED 4 BA

Fig. 9. Details of the adapter for German
type wvalve.

It is mentioned that the lower part of the
adaptor is part of a broken French valve,
otherwise the drawing is self-explanatory.
THE ALTERNATIVE USE OF A NON-INDUCTIVE
!+ RESISTANCE FOR THE H.F. CircuiT.
7).Experimenters who wish to avoid the
trouble of tuning the anode circuit of the
H.F. valve for wavelengths greater than 1,200
metres, should suitably mount a resistance
rod of 0-05 megohms resistance and plug this
in, in place of the coil.

This, however, will necessitate the dis-
connection of the 0-0005 mfds. condenser,
which would otherwise shunt the resistance.
With the introduction of this resistance, the
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H.T. voltage must be raised to allow for the
voltage drop across the resistance.

For example: Supposing that with the
tuned anode circuit, a French valve is employed
with 25 volts H.T., the valve functioning
about the centre of its characteristic with zero
grid potential and o-7 milliampere flowing in
plate circuit. .

Now, in order to ensure that the valve shall
function on its selected characteristic after the
tuned anode circuit has been replaced by a
resistance of the value mentioned, the plate
voltage must be increased to 60 volts, owing
to the fact that 35 volts is dropped across
the resistance, viz., C = 07 mA, R = 50,000
ohms, E = CR.

Therefore 07 X 1073 X 50,000 = 35 volts.

It is evident then, that this 35 volts must
be added to the 25 volts which is required to
force through the filament anode path the
current of o-7 mA.

RECEPTION.

As it is the ambition of many experimenters
to receive the Dutch concert, a few hints as
to the adjustment of the instrument for that
purpose may be useful.

The aerial is connected to terminal A4, and
the earth wire in series with a variable con-
denser to terminal E. Suitable inductances
are plugged in the coil-holder, their values
depending upon dimensions of the aerial
in use. : '

For the H.F. circuit, Burndept Coil No. 200
is recommended, if 0-0005 mfd. condenser is
employed.

After the batteries and other necessary com-
ponents have been connected, the switch on
the front of the instrument is placed to neutral,
the “two-way” switch turned to the left,
and the strap bridging the reactance terminals
opened. Proceed to switch the three filaments
on (the H.F. valve not too brightly at first).

With the moving coil set at an angle of
45 degrees, rotate the A.T.C. and H.F. con-
denser simultaneously until the music is
picked up. The filament current of the H.F.
valve should then be gradually increased and
coupling etc., adjusted for maximum signals,
taking particular care that the set does not
oscillate. If desired, and in order to reduce
number of adjustments, the reaction coil can be
shorted and the set brought to it most sensitive
point (viz., just on verge of oscillation) by
gradually brightening filament of the H.F.
valve.
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As a matter of interest to readers, it may be
mentioned that the concert was received well
in London on August 6th with the instrument
described and a very poor aerial. There were
three pairs of telephones in circuit. It was
also quite good with two valves and the same
number of telephones in use.

For the transition to the “ two-valve”
position, viz., one H.F. and one detecting,
the Dewar switch is turned to upward position
(opposite to the position shown in photograph)
and the L.F. valve filament switched off. This
last movement being optional.

It may be pointed out that the vacant
terminals or lugs of the Dewar switch can be
utilised for other switching’ combinations.
For instance, for reversing the reaction leads,

THE WIRELESS WORLD AND RADIO REVIEW

725
etc., etc.; however, for the sake of wiring

-simplicity such refinements have been pur-
posely omitted.

If now only one valve is required, viz., the
detecting: one, the Dewar switch is turned
upwards, the two-way switch to the right, and
the leads to the reaction terminals reversed.

If it is desired to add the L.F. valve
behind this one the Dewar switch is replaced
to neutral position and last valve filament
switched on.

In conclusion, the writer hopes that he has
not been over explanatory and trusts that this
article may be of use, especially to those
amateurs who make use of the ‘‘ Questions
and Answers > column of this journal.

An Experimental

By G. W.

HE accompanying photograph shows ~
my wireless station at 1, King Streer,

Yeovil. As it might interest other
amateurs I give a short descrip-
tion as follows :—

At the right of photograph is
a single valve set with loose
coupler, using V24 or “R”
valves and also arranged for
crystal reception should the
accumulators fail at any time.
In the centre of photograph
can be seen the set I have

just completed, using two
valves and honeycomb coils
for tuning. This set is ex-

tremely good, and signals are
sometimes too loud to keep the
telephones on yopr head. Itis
arranged to use either two V 24
or “R” valves. Those seen in
photo are one French “ R and
Ediswan EC2, this combination
giving good results. The two large coils shown
on the set are specials for the Dutch concert,
etc., the usual coils, eight in number, are seen
at the extreme left of photograph in front of the

Wireless Station

MORTIMER.

H.T. battery box. On the top of the battery
box is a short wave crystai set on which I
get ships, etc. All the apparatus is of my

]

own construction with the exception of tele-
phones, which are Brown’s 4,000 ohmis,
I can get all the usual stations, telephony.
etc., quite loud.
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A New Rectifier

By V. BusH and C. G. SMITH.

The following abstract of a paper presented to the Institute of Radio Engineers, New York,

describes an entirely new form of rectifier with cold electrodes.

The tube is developed from

the phenomenom that in order to produce iomsation there must be sufficient space between electrodes
to allow collision to take place. If the electrodes are arranged close together, collision may still
take place if the mean free path is extended by the application of a magnetic field.

a new form of rectifier.  Briefly

described, it consists of a pair of
electrodes surrounded by a moderate pressure
of gas, the conduction between the electrodes
being definitely under the control of a
magnetic field. The electrodes may both be
cold, as thermionic emission is not utilised.
The device has no definite current limit,
except such as is imposed by the heating due
to losses. It is adapted for high voltage
purposes and has a very long life.

Only one of the simplest forms of these tubes
will be described and its theory developed,
for a complete analysis is very involved.
However, such theory as is here presented
can be quite accurately checked with such
a tube of the type to which it strictly applies.

Gaseous conduction between electrodes in
a gas at low pressure is usually considered
an erratic and unreliable phenomenon. When
such conduction takes place in a glass tube
with widely separated electrodes, the phenom-
enon decidely earns its undesirable reputation.
The problem in the development of this
rectifier has been to bring this conduction
under control.

Conduction between widely separated
electrodes in a gas at low pressure, assuming
that the electrodes remain sufficiently cold
to bar effects due to the thermionic emission
or vaporisation of the metal, takes place by
reason of jonisation by collision. In a gas
there is always a certain small amount of
spontaneous ionisation and under a potential
gradient of sufficient magnitude, the number
of ions rapidly increases, for the speed
attained by the freed electrons becomes
sufficient, so that upon impact with neutral
molecules they knock them apart, producing
ions and more electrons. The process is thus
cumulative until sufficient current flows to
reduce the potential between the electrodes to
a definite value, depending upon many factors.

THE purpose of this paper is to introduce

In order to produce gaseous conduction
proper, therefore, two factors are necessary ;
first, a potential gradient sufficient to produce
ionisation, and second, sufficient distance
between electrodes for collision to take place.

If two electrodes are so situated in a gas that
they are nowhere separated by a length of
discharge path of the order of magnitude of
the mean free path of an electron in the gas
used, and at the pressure present, and if there
1s no magnetic field present, then there can
be no gaseous conduction proper between
such electrodes at any potential difference
whatsoever.  Ionisation by collision cannot
become cumulative, for in the great majority
of cases a spontaneously freed electron drops
into the anode without impacting with a neutral
molecule. The space between the electrodes
is thus kept clear of free electrons and ions.

|
N\,
Aka

Fig. 1. .

The conduction which takes place due to
the spontaneous formation of ions is extremely
minute, and is the same sort of conduction
as takes place between electrodes in air at
atmospheric pressure and at potentials below
the point of corona formation, which conduc-
tion can only be detected with difficulty.

It is, in fact, sufficient to prevent conduction
that all lines of electrostatic stress between the
electrodes be either short compared to the
mean free path of the electron, or else be
interrupted by an isolated body capable of
accumulating a charge. Very many forms
of electrodes may be constructed to utilise
this principle, one or two of which will be
illustrated in this paper.
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The tube of Fig. 1 will conduct at a
comparatively low potential if filled with,
say, hydrogen to a pressure of o.I mm,
even although the distance of separation A be
much less than the mean free path of an
electron in hydrogen at this pressure. The
conduction will take place along paths such
as the one shown dotted.

However, a tube such as shown in Fig. 2
will not so conduct; for the only long lines
along which an electron may be propelled by
the potential difference are interrupted by
the glass walls, which will accumulate a charge
and reduce the gradient in the gas to a low value.

Such a tube, constructed with properly
cleaned electrodes, will not pass a microampere
at a potential difference of ten thousand
volts. Of course at very high potential
gradients, of the order of magnitude of a
million volts to the inch or so, very peculiar
effects may be produced; but not gaseous
conduction proper.

A tube which insulates by reason of the
short path principle may be rendered conduc-
ting by the introduction of a magnetic field
of proper value, and in direction perpendicular
to the lines of electrostatic stress.

When an electron, moving in the short
distance between two electrodes, is acted upon
by a magnetic field, its path is curved and
thereby lengthened. Moreover, the increase
in length of path of an electron starting from
the cathode is gradual, with increasing magnetic
field strength up to a certain value, and after
that it becomes very sudden. This sudden
increase occurs when the path curvature is
such that the electron completely misses the
opposite electrode. The electron paths
between plane electrodes for various field
strengths are plotted in Fig. 3 to render
this clear.

The magnetic field strength necessary just

to make the electron thus miss the opposite

electrode can be calculated. Its value depends
upon the potential E between electrodes,
their separation a, and the electron ratio of
charges to mass m, thus .

:A%\/z—’b?....(l)
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or, if E is in volts, and a in ceptimetres, we
may insert the value of ¢/m and write :

H = 33Z+Egauss N )
for the critical field strength.

Let us now construct a tube such that the
distance straight between electrodes is too
short to ionise, but such that the path of an
electron is just made to miss the opposite
electrode sufficiently long to ionise. Assume
a high potential in accordance with the short
path principle Apply a magnetic field to
this tube parallel to the electrode surface.
Then when this field is increased to the critical
value, the tube will very suddenly conduct
freely. The electrons fly in long paths and
ionise by impact. The positive ions thus
formed drop into the cathode and produce
secondary emission of electrons from the
surface. The new electrons also pursue long
paths and ionise in turn. Since one ion may
knock several electrons from the cathode, and
each electron may make several ions, the process
is cumulative ; and the discharge builds up to
a point determined by the external circuit.

It may be noted in passing that the critical
nature of this phenomenon gives a simple
method by which the value of e/m may be
checked experimentally.

A rectifier may now be constructed. Con-
struct a short path tube and place it in one of
the usual rectifier circuits. Apply to the tube
an alternating field and a uni-directional field
superposed. Adjust the field such that during
one half cycle it is correct for conduction,
and during the next half wave, not. The tube
will then rectify completely.

This, however, is not the simplest construc-
tion. By using curved electrodes instead of

Fig. 3.

plane electrodes, a permanent magnet may
be used to supply a uni-directional field, and
the alternating field dispensed with.

If concentric cylinders are used for elec-
trodes and suitable arrangements made to
render the end paths also short, an axial field
of proper strength will render the tube
conducting. However, it may be shown,
that the critical field strength is now different

c2
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for conduction in the two directions In fact
the critical field strengths bear the same ratio
as the diameters of the cylinders, that is :

Hh ¢

g = h A )]
Thus for conduction with the outer cylinder

negative, the critical magnetic field is smaller
than when the inner is negative.

Fig. 4.

A tube arranged with cylindrical electrodes
and supplied with a permanent axial field,
intermediate between these two critical
values, will then conduct in one direction
but not in the other. This gives a very simple
rectifier indeed.

By suitable choice of diameters and field
strength, the tube may be so arranged that
it conducts in one direction as soon as the
potential across the tube rises to a value
sufficient to give ionisation by
collisionand secondary emission,
that is to one or two hundred
volts depending upon the gas
and electrode material used. It
may also be arranged so that
when the potential in the
opposite direction rises to this
same value the field will be
already too weak for conduction.
The tube will not then conduct
in the wrong direction for any
value of voltage up to that
which destroys the insulation
or otherwise allows the tube
to flash over. .

Certain other benefits mav
be obtained by the use of non-
" uniform fields; but the con-
sideration of these effects will
be reserved for later treatment.

Another model of the tube
is shown in Fig. 4, and in
Fig. 5 it is shown supplied
with a permanent magnet and pole pieces for
producing the axial field. A section of this
design is also shown in Fig. 6.
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The inert, monatomic gases are preferable
for filling these tubes, because of their lack
of chemical action and low potential drop.
Using helium and aluminium electrodes, the
drop in the tube is in the neighbourhood of
150 volts. Under these conditions the
disintegration of the electrodes is very slight
when operating normally. '

Since the cooling of the electrodes occurs
largely by reason of
the heat conductivity of
the working gas, it is
