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PREFACE TO VOL. 1

’ I \HIS volume contains much to interest everyone in the Radio Industry
as well as enthusiastic amateurs. Two items of outstanding interest
are the series of articles which deal respectively with “ Wireless Theory

Made Plain ” and ““ Servicing of Standard Sets.”

The first mentioned series has been written by the Advisory Editor, Mr.
Ralph Stranger. Mr. Stranger is already well known for his articles which have
appeared in serial form in World Radio, and also for his books which have been
issued under the title of “ Ralph Stranger’s Wireless Library.” A feature which
renders these articles of special value is the fact that the author has throughout
based all his explanations upon the most modern theories which regard the
electric current as a flow of electrons from the negative to the positive. Even
those readers who are familiar with the older text-books dealing with electrical
theory will find much to interest them in Ralph Stranger’s lucid exposition of
the subject. The photographs used to illustrate theoretical principles are also
worthy of special attention.

The second series deals with the Servicing of the following standard makes of
wireless receivers :—

Ekco

Pye

His Master’s Voice
Edison Bell.

It is obvious that no one man could be expert on every type of receiver. There-
fore, for the compilation of these articles we arranged to have each written
by a technical expert attached to the firm responsible for the design and manu-
facture of the particular set dealt with. This, coupled with the fact that skilled
photographers have been employed to secure pictures illustrating practical
methods of dismantling and adjusting, has enabled us to produce a series which
forms a valuable addition to existing wireless literature.

We leave the reader to look through the pages of the present volume, where
he will find scores of other items which will provide him with hours of informative

and instructive reading.
E. M.
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PREFACE TO VOL. II

‘ N YE have been fortunate in securing as a contributor to, this volume
Sir J. Ambrose Fleming, F.R.S. Sir Ambrose Fleming was the discoverer
of the two-electrode valve from which all other wireless valves have been

developed. Had it not been for the research work conducted by Sir Ambrose

many years ago it is highly probable that broadcasting would be unknown to-day,
and the art of wireless transmission and reception would still be confined to purely
commercial purposes. This is a very striking example of how a discovery made
by a scientific worker may be the means of starting a flourishing industry and
providing a means of livelihood for many thousands of people all over the world.

Sir Ambrose Fleming’s article, ““ The Nature and Properties of Wireless Waves,”’

will command the interest and respect of every reader of this work.

Further additions to the series of Servicing articles include the following :—

McMichael.
Burgoyne.
Marconiphone.
Philips.
Columbia.

It has been suggested that these articles will soon become out-of-date, but this
is not the case. There are thousands of each make now in use. These have cost
their owners anything from f10 to f40 each. Whilst it is not suggested that
radio reception has reached such a stage that no further improvements are
possible, it can be said that every one of the sets dealt with in this series is capable
of giving first-class reception. Therefore, they are not likely to be discarded for
several years. When the fortunate owner of, say, a Philips Super Inductance
Receiver decides to replace it by a later type, his existing model will, we think,
most certainly not be relegated to the scrap heap ; it will be sold or presented to
someone else. These Servicing articles will, therefore, become increasingly valuable
for some years, as it may be assumed that wireless sets, like motor cars, will
require more servicing the older they become.

Amongst the wonderful selection of other articles in this volume special
mention may be made of *“ Radio Power Plant,” * The Trend of Development in
American Radio Reception,” “ The Superheterodyne,” and “ The Stenode.”
As an example of the authoritativeness of the work attention is drawn to the fact
that the article on the Stenode has been contributed by Dr. J. Robinson, the

inventor of this particular circuit.
E. M.
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PREFACE TO VOL. III

’ l \HE first article in this volume is one that should be read carefully by
every reader of this work. It deals with the theory of the thermionic
valve, and is a very clear exposition of this important subject, which

should be thoroughly digested by everyone in the radio industry who wishes to
understand what happens inside the valve. This article is one of several in this
volume which deal with the subject of valves, others of special interest being
those dealing with the mathematics of the valve and the use of variable-mu
valves.

Another feature of special interest is the section on “ Valve Coupling
Systems,” which shows diagrammatically practically every conceivable method
of coupling between valves, and which will be found invaluable for reference
purposes. The subject of coupling systems is also dealt at some length in the
article on “ Receiver Design.”

Special attention has also been paid in this volume to Electric Gramophone
Motors and Gramophone Pick-ups, including a thorough treatment of the
Automatic Record Changer.

Further additions to the series of Servicing articles include the following :—

Ultra

Philco

His Master’s Voice
Marconiphone
Majestic

Baird Televisor

The latter is of interest in view of the B.B.C. broadcasts. The general subject

of television, including all modern systems, will be dealt with later. Important

developments in this subject are expected in the near future, and the subject is
one with which everyone interested in the radio industry should be acquainted.

An article of special interest to wireless dealers is that on *“ Battery Charging
Methods,” while special mention may also be made of *“ Dual Balanced Loud
Speakers and Amplifiers,” and ‘“ Making a Start in Amateur Transmission.”
Although the latter will only be of direct use to a limited number of readers, it
is a phase of wireless which should not be lost sight of. The work of the serious
amateur has been of great importance in the rapid development and improvement

of wireless receiving sets.
E. M.
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PREFACE TO VOL. IV

"~ YE have been particularly fortunate in securing as a contributor to this volume

\ ; & / Sir Oliver Lodge, F.R.S., whose article on “ The Principle of Tuning” is of

great interest. As will be seen, the patent which Sir Oliver took out in 1897

was the bottom patent for tuning to the end of its life, and it is interesting to note that

it was considered to be of such importance that a seven years’ extension of the patent

was granted. It can safely be said that it is as a result of this patent that there is to-day

a dial on every receiving set, whereby it can be put into tune with any transmitter, so
that it readily responds to that one and to no other.

In view of the increasing interest taken in short-wave broadcasting, which has been
greatly fostered by the British Broadcasting Corporation’s Empire scheme, this subject
has been dealt with thoroughly from the point of view of the man who-wishes to construct
a separate short-wave receiver, or convert his existing set for short-wave reception.

Amongst the recent developments in wireless which are dealt with in this volume,
mention may be made of the articles dealing with ““ A Screened-grid Quiescent Push-pull
Circuit,” ‘“ Double Push-pull Receiver,” ‘ Push-push Amplification” and *‘ The
Quiescent Four ” ; while other developments dealt with include ** Automatic Volume
Control,” ¢ Tone Control,” and *° Automatic Grid Bias.”

Another subject which we think will interest many readers is that dealing with
““ Sound Recording at Home.” Whilst, of course, it must be borne in mind that wireless
programmes are the property of the British Broadcasting Corporation and must not be
reproduced, it will be readily apparent that there is wide scope for obtaining plenty of
amusement with home recording apparatus.

We have continued in this volume the series of articles dealing with the servicing
of standard receivers and the following makes are dealt with : —

Lotus

Kolster-Brandes

Gecophone

His Master’s Voice

Consolidated Radio
In addition there are articles dealing with the servicing of well-known makes of electric
gramophone motors and automatic record changers.

The importarnt subjects of ** Wireless Theory "’ and ** Wireless Mathematics ” have
been carried to a conclusion in this volume, and there can be little doubt that reade s
will find these two sections of the work not only useful but also highly interesting,
thanks to the care which has been given by their respective authors to the difficult
problem of presenting these subjects in a clear, sound and also attractive manner.

Tested circuits and useful charts and tables and a comprehensive glossary, the latter
compiled by Mr. Ralph Stranger, make a fitting conclusion to what is, we believe,
the most comprehensive practical treatise on broadcast wireless reception yet available.

EM.
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PREFACE TO VOL. 1

’ I \HIS volume contains much to interest everyone in the Radio Industry
as well as enthusiastic amateurs. Two items of outstanding interest
are the series of articles which deal respectively with “ Wireless Theory

Made Plain ” and ““ Servicing of Standard Sets.”

The first mentioned series has been written by the Advisory Editor, Mr.
Ralph Stranger. Mr. Stranger is already well known for his articles which have
appeared in serial form in World Radio, and also for his books which have been
issued under the title of “ Ralph Stranger’s Wireless Library.” A feature which
renders these articles of special value is the fact that the author has throughout
based all his explanations upon the most modern theories which regard the
electric current as a flow of electrons from the negative to the positive. Even
those readers who are familiar with the older text-books dealing with electrical
theory will find much to interest them in Ralph Stranger’s lucid exposition of
the subject. The photographs used to illustrate theoretical principles are also
worthy of special attention.

The second series deals with the Servicing of the following standard makes of
wireless receivers :—

Ekco

Pye

His Master’s Voice
Edison Bell.

It is obvious that no one man could be expert on every type of receiver. There-
fore, for the compilation of these articles we arranged to have each written
by a technical expert attached to the firm responsible for the design and manu-
facture of the particular set dealt with. This, coupled with the fact that skilled
photographers have been employed to secure pictures illustrating practical
methods of dismantling and adjusting, has enabled us to produce a series which
forms a valuable addition to existing wireless literature.

We leave the reader to look through the pages of the present volume, where
he will find scores of other items which will provide him with hours of informative

and instructive reading.
E. M.

iii



This pdf is available free-of-charge at hitps://worldradichistary.com/

CONTENTS

FOREWORD . : 3 . y . : ; 3 . : I

WIRELESS THEORY MADE PLAIN. SECTION I. CURRENT ELEC-
TRICITY. By RALPH STRANGER . 3

Electricity from Heat—Electrons and Protons—The Slmple Electrlc Cell——
Electromotive Force—Electrical Resistance—How Temperature affects
Resistance—Professor Ohm’s Discovery—Open Circuit and Short Circuit—
Opposed Currents and E.M.F.’s—Current Flows from Negative to Positive.

MAINS TRANSFORMER CONSTRUCTION. By L. D. MACGREGOR . . 15

What the Transformer will do—Materials Required for the Transformer—
Constructing a Winding Machine—Making Wooden Supports for the Bobbin
—DMaking the Transformer—Constructing the Bobbin—Preparing the
Bobbin for Winding—Starting the Primary Winding—Starting the Secondary
Winding—The Low Voltage Windings—The Final Winding—Taping the
Whole Winding—How to Test Insulation—Constructing the Core—Notes
on Using the Transformer—Use of the Regulation Curve.

A SCREEN-GRID PENTODE TWO. By H. H. DowseTT : .22
The Circuit—Constructional Hints—Mounting the Components—Wmng

HOW CAN ACCUMULATOR ACID BE TESTED FOR IMPURITIES? . 25

MODERNISING OLD-STYLE WIRELESS SETS. By E. W. Hosss . 26

Increasing the Volume of Sound—Increasing the Sensitivity—Increasing the
Selectivity—What to do with Multi-tuned Circuits—Tonal Qualities—The
Loud Speaker—Methods of Improving the Quality—Using Modern Trans-
formers—Testing for Correct Grid Bias.

SIMPLIFIED TESTING OF WIRELESS COMPONENTS. By H. E. J
ButLEr . . 31

Fixed Resmtances—When to Use a Movmg C011 Voltmeter—Testmg W1th a

Milliammeter—Testing the Resistance of a Choke—Variable Resistances and

Potentiometers—Making the Test—A Simple Continuity Tester—Tuning

Coils—Intervalve Low Frequency Transformers—Fixed Condensers—How

to Test a Mains Transformer—Centre-tap Test—Testing Wired Components.

A DOUBLE CONE TRANSPORTABLE RECEIVER. By A. PNk . . 38
Making the Loud Speaker and Case Work—Attaching Calico for Cones—
Coating Calico with Dope—Forming the Cones—Mounting Loud Speaker Unit
—Wiring—Winding the Frame Aerial—What the Set will do.

BATTERIES AND ACCUMULATORS. By H. W. JoHNsON : 45

The High Tension Battery—What to do with Single Cells that are Faulty—
Accumurators—Charging a New Accumulator—Making up the Electrolyte
—The Initial Charge—Colour of the Plates—Effect of Neglecting to Charge
a Discharged Accumulator—Accumulator Troubles—Removal of Sediment
from Accumulator Boxes—Treatment of Swollen and Buckled Plates—
Treatment of Dry Plates— Jelly Acid Accumulators.

iv



CONTENTS

SERVICING EKCO RECEIVERS

General Notes on all Models—Instruments required for Testlng—Headphones
for Tracing Continuity—NoTES oN THE R.S.3 RECEIVER—Constants of
Receiver under Working Conditions—D.C. Resistances of Coils, etc.—Notes
on the Wave Change Switch—The R.S.2, A.C. REcEivEr—The R.S.2, D.C.
RECEIVER.

WIRELESS THEORY MADE PLAIN. SECTION II. STATIC ELEC-
TRICITY. By RaLPH STRANGER

Positive and Negative Electricity—Why a Metal Rod is not usually Electrlﬁed
by Rubbing—How to Electrify a Metal Rod by Friction—Conductors and
Insulators—Electric Attraction and Repulsion—The Electroscope—Electric
Induction—The Electric Spark—The Electric Wind—Static Electricity is
produced in many different ways—The Condenser.

METHODS OF VOLUME CONTROL. By HaRLEY CARTER

CoNTROL BY LIMITING INPUT—A disadvantage of Potentiometer Control——
Using a Differential Condenser—CONTROL BY LIMITING AMPLIFICATION—
Varying Voltage to Screen of Screened-grid Valve—The Multi-mu Valve—
Volume Control in the Detector Stage—Post-detector Volume Control—
Transformer Coupling—R.C. Coupling.

MAKING A SELF-CONTAINED PEDESTAL RECEIVER. By E. W. Hosss,
AINA. . .

Details of the Radio Set—The Frame Aerlal——The Cabmet Work———’\’[akmg
the Aerial Former—Winding the Aerial—External Connections—The
Receiving Circuit—Baseboard—Mounting the Components—Arrangement
of Components on Panel—Wiring the Set—Connections to Alumlmum Foil—
Where to Begin the Wiring—Points about the *“ Transcoupler.”

PRACTICAL WIRELESS SET CONSTRUCTION. By H. E. J. BUTLER
BASEBOARD ASSEMBLY—Too0ls Required—Preparing the Baseboard—A Note
on Condenser Mounting—Templates and their Use—Large Baseboards—
Screened Baseboards—Drilling the Baseboard—Fixing Heavy Components—
Terminals of Components—Avoiding Interaction Effects—How to Mount
Fixed Condensers—Electrolytic ~Condensers—WIRING—Base Wiring—
Sleeved Wiring—Insulated Wire—Rubber-covered Wire—Screened Wiring—
Methods of Wiring—Cleaning Lead-covered Wire—Soldering.

MATCHING LOUD SPEAKER IMPEDANCE

WIRELESS THEORY MADE PLAIN. SECTION III. ELECTRICITY
AND MATTER. By RALPH STRANGER

The Ninety-two Elements—Atomic Numbers——Atomlc Welghts—Meamng
of the Word Atomic—Molecules—How Elements are Identified by Symbols—
What happens within the Molecule—Molecules and their effect on Tempera-
ture—From Ice to Steam—What a Magnified Atom would look like—-
Electrons and Protons—Number of Protons in an Atom Equals the Atomic
Weight—Transforming one Element into another—The Neutron—Protonic
Force—Electronic Force—Reason for Repulsion of like Charges—Difference of
Potential—Capacity of an Atom—Earth always at Zero Potential.

THE PRE-TUNED THREE. By James H. Boor

The Circuit—Cabinet—The Nameplates—Mounting the Loud Speaker-—
The Baseboard—Mounting the Components—The Multi-contact Switch—

PAGR

52

68

8o

84

93

106

107

117



vi CONTENTS

How the Switch Works—The Pre-set Condensers—Wiring the Components—
Loud Speaker and Aerial Leads—Connecting up the Batteries—Hints on
Operating the Set—Inserting a Variable Condenser.

SUBSTITUTING A MOVING COIL SPEAKER FOR A CONE SPEAKER .

REGULATIONS GOVERNING THE USE AND INSTALLATION OF WIRE-
LESS MAINS SETS. By H. W. JornsoN

Wireless Apparatus—Material to be used for the Cases—Isolatlon of the
Earthing Wire from the Supply Mains—Accumulators used in Conjunction
with D.C. Mains Sets—Reason for Isolating the Earthing Wire and Accumu-
lators—Isolation of the Aerial from the Supply Mains—Loud Speaker and
Headphones—Field Coil Circuits of Moving Coil Loud Speakers—Protection
of Live Parts and Terminals—Insulation Resistance of Mains Sets.

EBONITE, ITS NATURE AND WORKING. By E. W. HoBss

Sawing and Cutting—Cutting Speeds—Use of Hack Saw—Turning Ebonite—
Knurled Work—Milling -and Drilling—Screwing and Tapping—Filing and
Scraping—Bending and Straightening—Repair Work.

MAKING A SHIP-MAST AERIAL. By E. W. Hosss

Materials Required—How the Mast is Constructed—Top of the Pole~
Building up the Tabernacle—Mixing the Concrete—Preparing the Rigging—
Inserting the Top Mast—Erecting the Mast—Fitting the Aerial.

THE EXPERIMENTER'’S CABINET. By H. H. DowsETT

SERVICING PYE RECEIVERS

The Pye Radiogramophone—Removal of the Gramophone Motor——Modula-
tion Hum—Values of Resistances and Capacities—Testing Anode Circuits—
Checking the Power Pack—Testing Grid Circuits—The Pye ““ M.M.” Receiver
—Removal of the *“ Q ”’ Portable Chassis—Volume Control Faulty—Removal
of 25¢ Chassis—Removal of Chassis, Types A.C. 4D, B.C. 4D, B. 4p.

WIRELESS THEORY MADE PLAIN., SECTION IV. THE ELECTRICAL
CIRCUIT. By RALPH STRANGER

ELECcTROMOTIVE FORCE—The Primary Cell—What the Cell Con51sts of—
What happens inside the Cell—Constant Flow of Electrons—PRESSURE
AND TENSioN—The Unit Volt—Voltage depends on Materials used—Series
Connection—Parallel Connection—REsisTaNCE—How Specific Resistance
is Measured—Unit of Resistance—Finding the Resistance of a Conductor—
Series Resistances—Parallel Resistances—Electric Current—Amperes.

PHOTOCELLS FOR THE EXPERIMENTER. By R. C. WALKER, B.Sc.

Modern Photoelectric Cells—Circuits for Photoelectric Cells—How Amplifica-
tion is obtained with a Thermionic Valve—How to Make a Simple Set-
Hints about Wiring—Adjusting the Set—Screening the Cell from Daylight—
Testing the Set—Connecting up the photocell—The Relay—A Useful
Burglar Alarm Circuit—How Currents of any Magnitude may be Controlled
—THE GAs-FILLED RELAY—Using Photocells for making Measurements.

SHORT-WAVE BROADCASTING. By NoEL ASHBRIDGE, B.Sc.

How Wireless Waves are Classified—Direct and Indirect or Reﬁected Radla-
tion—Why Short Waves are used exclusively for Long-distance Broadcasting
—Why Medium-wave Reception Improves after Dark—Skip Distance in Short

PAGE

124

125

131

137

144
147

163

175

184



CONTENTS

Wave Working—Professor Appleton’s Solution—Selecting the most suitable
Wavelength—Simultaneous Transmission on Two Waves—Reception by
Spaced Aerials—THE EMPIRE BROADCASTING SCHEME.

WHY A SET SHOULD BE SWITCHED OFF WHEN ALTERING GRID
BIAS ’ .

SIMPLE MODERN RADIO CABINETS. By C. H. HAYWARD .
TaBLE Rapio CaBINET—The Canted Corners—Cutting the Plywood—
Cabinet for Separate Loud Speaker—Cleaning the Edges—ALL-IN TABLE
MoDEL—SHAPED TABLE MODEL—PEDESTAL MODEL CABINET—Radio Gramo-
phone.

LOCATING FAULTS IN WIRELESS SETS. By J. H. A. WHITEHOUSE .
The Aerial—The Earth—Keep the Earth and Aerial Apart—The Loud
Speaker—Dry Batteries—Accumulators—FAULT TRACING CHART.

WIRELESS THEORY MADE PLAIN. SECTION V. MAGNETISM. By
RALPH STRANGER

What Magnetite consists of—Magnetlc Inductlon—Magnetlc D1rect10n—
Why we speak of the Pole of a Magnet—Natural and Artificial Magnets—
Elements which show strong Magnetic Properties—Difference between
Magnetised and Non-magnetised Substances—Magnetic Shielding—The
Magnetic Field—Lines of Magnetic Force—Difference in Behaviour of Iron
and Steel-—Magnetic Induction—How the Polarity of a Magnet is Assessed
—Molecular Magnetism—Why a Current Produces Magnetism.

THE 7-METRE THREE. By Frank PrestoN, F.R.A. 3
The Circuit—Why a Potentiometer is Used—De-coupling—Points about the
Condensers—Mounting the Components—Connecting Up and Using—How to
Overcome a ““ Dead Spot ”"—Effect of a very Long Aerial.

ADJUSTING A REED SPEAKER .
HOW TO TELL WHETHER A SET IS OSCILLATING

CONSTRUCTION, CALIBRATION AND USE OF THE WAVEMETER.
By H. W. Jounsoxn .
Essential Features of a Wavemeter—The Cahbrated C1rcu1t—The Thermo-
junction and Sensitive Galvanometer Detector—Construction of a Buzzer
Type Wavemeter—Preparing the Ebonite Former—Marking Off and Drilling
the Panel—Testing the Wavemeter—Calibrating the Wavemeter.

SERVICING H.M.V. 521 RADIOGRAMOPHONE
How the Switch Works—Using Extra Loud Speakers—Engmeermg Test
Notes—Fault Location Chart—Checking up Valve Voltages and Currents
—Engineering Table of Valves—How to Check the Coils and Switch Contacts
—Resistances of Components—The 521 Pick-up—The 521 Motor.

WIRELESS THEORY MADE PLAIN. SECTION VI. CONDUCTORS IN A
MAGNETIC FIELD. By RALPH STRANGER
The Magnetic Field—Two Magnets with Unlike Poles—What Happens when
an Electron is Placed in a Magnetic Field—Effect of a Moving Magnetic
Field on Electrons—Effect of Advancing and Retreating Fields—Direction of
Polarity—Electromagnetic Induction—Alternators and Dynamos.

THE PRINCIPLE OF THE MOVING COIL LOUD SPEAKER

PAGE

191

192

200

211

2260

229

229

230

237

260

270



viii CONTENTS

ALUMINIUM. By Epwarp W. HosBs, A.I.N.A.
Sawing Aluminium—Cutting Circular Holes—Drilling Alumm1um~Turnmg
—Milling—Filling and Scraping—Pressing—Spinning—Flanging and Bending.
HOW TO MAKE A VALVE AND SET TESTER. By H. E. J. BUTLER.
Purpose of the Testing Set—The Panel—The Voltmeter Switch—Obtaining
Proper Registration—The Circuit in Detail—The Switches—Mains Battery
Switch—Battery Filament Switch—H.T. Volts-Grid Volts Switch.
GANGED COIL CIRCUITS. By L. D. MACGREGOR

The Principle of Ganging—Constructional Points Wthh may affect the
Matching of Coils—Winding the Coils—How to Test the Coils—Adjusting
the Wavemeter for Position—Constructing a Simple Valve Voltmeter.

WIRELESS MATHEMATICS MADE INTERESTING. SECTION I. OHM’S
LAW. By W. F. Froyp, B.Sc. (Lond.) . .
A Simple Experiment—How the Formule is Used—-Charts and Graphs

SHORT WAVE FOUR VALVE SET. By Epwarp W. HoBss
Arrangement of the Receiver—Wiring-up the Receiver—Order of ermg—
How to begin Tuning.

LOCATING FAULTS IN HOME CONSTRUCTED RECEIVERS. By FRANK
PresToN, F.RA. . .
Aerial and Earth—Testing L. T Batterles—Testmg Through the Set—Usmg
a-Valve Tester—Distortion—Mains Sets—Testing Individual Components.

RECENT DEVELOPMENTS IN AMATEUR TRANSMISSION AND RECEP-
TION. - By LEsLIE McMicHAEL, AMIEE. .
‘Pre-war Wireless Amateurs—Progress in Receiver De51gns—Value of the
Amateur—Short-wave work.

SERVICING EDISON BELL RECEIVERS . .
The Radiogramophone—A.C. and D.C. Band Pass Rece1vers—Super—Heter0e
dyne Battery and A.C. Models.

WIRELESS THEORY MADE PLAIN SECTION VII. ELECTRIC FIELDS.
By RALPH STRANGER

Speed of Wireless Waves—Electrons and Protons—Current in an Aerxal—
Electronic Tide—The Travelling Electric Field—What Happens between
Transmitting and Receiving Aerials.

WIRELESS MATHEMATICS MADE INTERESTING. SECTION II. DIRECT
AND ALTERNATING CURRENTS. By W. F. Frovp, B.Sc. .
What an Alternating Current does—Cycles and Frequency—Periodic Tlme——
Sine Curves.

THE PENTODE VALVE. By S. R. MurLarD, M.B.E.,, M.I.LE.E.
How High Note Losses Occur—CONSTRUCTION OF THE PENTODE—What an
Output Valve should be Capable of —OPERATION.

OPERATING THE “ EELEX " SHORT-WAVE CONVERTER. By L. H.
Firz-GiBBON, A M.I.R.E.
How the Converter Works—The Battery Model—The Mams Model—Usmg
the Converters—Tuning—Fault Finding.

COILS AND COIL WINDING.. By E. W. HoBBs

Determining Sizes of Coils—Size of Wire to Use—Low Loss Coﬂs—Short-wave
Coils—Formers—Winding a Band Pass Tuner.

PAGE

272

. 279

291

302

309

319

327

332

348

356

361

372

391



o_’a --'"..‘

FREE GHAR

FOR
DOUBLE CONE

§PORTABLE
| INSIDE

WIRELESS

CONSTRUCTION
MADE PLAIN




i

Wherever
there's good

RADIO-

THIS IS THE

LEWCOS

POTENTIOMETER

Both the amateur experimenter and manu-
facturers of the most successful sets realize
the importance of using the best coils, wires
and other components as epltormsed in

LEWCOS PRODUCTS.

The two Lewcos Components illustrated on
this page have proved to constructors that
they are matchless in quality and performance.

PRICE 3 / - The success of the two Lewcos H.F. &
Chokes Is evidenced by their ever
and these are some of the increasing sales. The smaller one
reasons for its popularity : (Type M.C.) as illustrated below, has

been aptly described as a ¢ miniature

prevent. friction on the wires.

1. [t is dead silent in operation. marvel” and experts report that

2. Perfect contact is made by an +¢ the Lewcos Super H.F.Choke (type
eccentric rocking plate. 11, price 6/-) is the finest we have

3. The rocking plate is constructed to ever tested.”

4.

It is wire wound and dust-proof,
being enclosed by a non-inflamm-
able transparent cover.

5. Obtainable in the following values :
1,000, 5.000, 10,000, 25,000
and 50,000 ohms.

r RICE 2 / 6

LEWCOS RADIO PRODUCTS FORBETTER RECEPTION

THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED, CHURCH ROAD, LEYTON, LONDON, E.lo.




COMPLETE WIRELESS
FOREWORD

r HE progress in wireless practice during the past few years has been
Fenormous. The Screened Grid, the Pentode, the Bi Grid and the Variable-
Mu Valves have made their appearance in rapid succession. Band Pass
Tuning, Push-Pull Amplification, the Stenode, the Autotone, the Dual Speaker
are other items which were unknown to the wireless industry a few years ago.

Here is a work designed to bring you right up to date on the theory, design
and construction. Every article is sound, and the greatest care has been taken
to ensure that every article can be readily understood.

Wireless is a development of electrical engineering. Therefore, to get a
sound understanding of wireless, one must get a working knowledge of electrical
principles.

In the low-tension circuit is used current of the order of half an ampere at
a pressure of 2 volts. In the output circuit, from 10 to 100 milliamps. at a
pressure of 60 to 150 volts is required. The supply of a mains-driven set may be
220 volts at 50 cycles, or 110 volts D.C. The voltages induced in the aerial-earth
citcuit are of the order of 2 to zo millionths of a volt at a frequency of from 100
to 1,000 kilocycles on medium wavelengths, and up to 30,000 kilocycles on the
very short wavelengths.

Again, for charging low-tension batteries, one may have to use mains trans-
formers, valve rectifiers, Westinghouse rectifiers, or, on a larger scale, motor
generators, charging panels and accessories.

To feel at home amongst such a variety of electrical appliances the modern
wireless man must have a thorough grounding in electrical theory. A rule-of-
thumb knowledge will suffice for the man who only wishes to construct an occa-
sional set, but for the man who takes a pride in doing a thing well a good foundation
of knowledge is indispensable.
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This point has been kept well in mind in the compilation of the present work.
No effort has been spared to make‘thetheoretical treatment-complete. In-order
to do this in a way which will be most useful to every reader, the subject has been
developed from the simplest beginnings and has been illustrated by means of a
specially planned series of photographs, which show laboratory experiments—
some well known, some quite new.

In this way the reader who has not had the benefit of a regular course of
training in a technical school or university can see being performed the experiments
which he would have to make in order to get a practical knowledge of theoretical
principles.

The staging of the photographs used in each theory article has cost many
pounds, but it is believed that readers will appreciate the trouble which has been
taken, because by this means they are enabled to visualise the experiments just
as well as if they had the actual apparatus on the table before them.

Another important branch of the work is that of Design, or Theory applied
to practice. Here we have been fortunate in securing the services of experimental
and design engineers connected with some of the most famous wireless manufac-
turers. Readers will thus obtain the best advice to-day available in the industry.

Set construction,-though of less importance now than in the early.days of
broadcasting, is still of very wide interest.. We have, therefore, included in this
work many proved circuits and designs together with full details of the methods
of construction and wiring.

In place of the usual blue print we are adopting a novel Uni-view Wiring
Diagram which shows the layout of the components on baseboard-and panel, and
complete wiring arrangement in a single view.

A growing number of the public prefer to purchase a well-known make of
receiver and radiogram. We realise, therefore, that the man interested in present-
day wireless is often called upon to adjust, repair, or ‘“ service "’ one or other of
the well-known makes.

For this reason we have included in this work many articles devoted to the.
servicing of high-class receivers and radiograms. Needless to say, this has only
been rendered possible by the co-operation of the makers concerned. We take
this opportunity of expressing our appreciation of this invaluable help.

In conclusion, we hope that the wealth of information which has been brought
together in this work will be of real use both to the enthusiastic wireless amateur
and to the man to whom * wireless "’ is bread and butter.

R.S.
EM.



WIRELESS THEORY MADE PLAIN

By RALPH STRANGER
SECTION I—CURRENT ELECTRICITY

Fig. 1.—INSTRUMENTS TO BE USED IN THE FOLLOWING EXPERIMENTS.
As we cannot see electricity, it is necessary to use instruments which show what is happening in

an electrical circuit.

Above are shown two such instruments which will be used in the experiments

which follow. The instrument on the right has a centre zero reading, and will indicate when a current
is flowing in either direction in the circuit to which it is connected. On the left is a similar instrument

containing a rectifier.

flows rapidly backwards and forwards through the circuit.
needle of the first instrument quiver.
currents as low as one-millionth of an ampere.

This instrument will indicate the presence of an alternating current which
Such a current would only make the
Both instruments are extremely sensitive, and will indicate
The instrument on the left can, for instance, be used

to measure the extremely small currents which flow to and fro in a wireless aerial circuit.

ING recently told a
story which will bear
repetition. Here itis, ina
condensed form.
SCHOOLMASTER : ‘‘ What
is electricity ? 7
Smarr Boy: “I did
know, Sir, but I've for-
gotten.”
SCHOOLMASTER : ‘ What
a pity! The only person
who knew what electricity
is, has forgotten ! ”

SIR AMBROSE FLEM-

The true nature of elec-

tricity provides an interest-

Fig. 2—A SmMPLE METHOD OF
OBTAINING A CURRENT OF
ELECTRICITY.
1f one junction of two different

metals is heated, a current will

flow from the junction with the
higher temperature to the junc-
tion with the lower temperature.

See also Fig. 3.

ing field for speculation,
and the most up-to-date
theory concerning it will be
dealt with fully in a later
article. In this first article
it is proposed to show how
an electric current can be
produced and just a few of
the things it will do.

Electricity from Heat

The most direct method
is by heating the junction
of two disstmilar metals
such as copper and con-
stantan or bismuth and

1—2
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Fig. 3.—THE SIMPLEST METHOD OF GENERATING ELECTRICITY BY HEAT.

In this picture the junction of two different metals—copper and iron—is being heated by the
flame of a match. The other ends of the junction are connected to the meter, and it can be seen that
quite an appreciable current is flowing in the circuit. The needle has moved over to the right.

antimony, as shown in Figs. 2 and 3. This
appears to be a beautifully simple method
of obtaining a current of electricity. And
so it is, but when attempts have been
made to construct an electric battery,
using this principle, the results have not
been satisfactory. It is found that the
junctions of the metals soon become
oxidised and ineffective if any attempt is
made to obtain appreciable current from
this source.

The above effect is called the Thermo-
Electric effect, and the junctions used are
.called Thermo-junctions. These are used
successfully in electrical thermometers,
and alsoin very delicate measuring instru-
ments, 7., for measuring current in a
wireless aerial. ‘

A DIGRESSION

Electrons -and Protons

An atom represents a miniature solar
system in which the place of the sun is
taken by a muclens and the planets are
replaced by rotating electrons.

In the nucleus are to be found two

tricity).

different particles of pure electricity:
electrons (particles of negative electricity)
and protons (particles of positive elec-
The electrons in the nucleus are
known as *‘cementing electrons.” In
every atom there are as many electrons
as there are protons, and while all the
protons are concentrated in the nucleus,
the electrons are both inside the nucleus
and outside. It is the outside rotating or
“ planetary ” electrons that are respon-
sible for all the electric phenomena.

When an atom has its natural eqiial
numbers of electrons and protons it is
said to be normal or neutral. But should
an atom lose or gain some planetary
electrons it starts exhibiting abnormal
properties and is said to be electrified.

Thus electrification merely means a
surplus or deficit of planetary electrons in
the atom.

Protons Attract Electrons

The reason for this is that profons
attract electrons. It is the unlike that
attract, the like repel. An electron will
repel another electron, just as a proton
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will repel a proton. As the
number of electrons and pro-
tons is always equal in 4 normal
atom, the forces within the atom
are balanced. Shoulda * plane-

tary ” electron pass on to +L
another atom a proton in the 2y
deserted atom will remain un- i
balanced. It will attract any <z [E:

electron passing near the atom.

When a stray electron gets
into a strange atom the local
“ planetary ”’ electrons will
try to repel it. This enables
us to cause a migration of
electrons from atom to atom by
causing a surplus of electrons at one point
and a scarcity of electrons at another point.

Weshall consider theelectron and proton
later on, and in the meantime make our
acquaintance with another method of
generating electrical currents.

The Simple Electric Cell

Another method is to immerse
plates of two different metals,
such as zinc and copper, in a
vessel filled with dilute sulphuric
acid forming what is known as a-
primary cell. When the zinc and
the copper are connected through
a wire we shall find that a cur-
rent will flow through the wire
all the time the cell is in circuit.
The acid molecules will attack
the copper and rob its atoms of some of
their electrons. Having accomplished this
robbery they will retire with the proceeds
to the zinc and make it rich in electrons.
Thus, the copper will be poor in electrons
and the zinc rich in electrons, as far as the
outside circuit is concerned. The copper
wanting its electrons back
will start borrowing elec-
trons from the atoms of
the wire. The atoms of
the wire which have been
robbed of their electrons
will borrow from theatoms
next to them, and so an
exchange will be carried
on till the atoms at the
opposite end of the wire
will supply their deficiency
of free electronic particles

Fig.

CELL.

Fig. 4—A SIMPLE
ELecTRIC CELL.
Electrons flow from

the negative side of a
cell to its positive side.

5.—MEASUR-
ING THE RESISs-
TIVITY OF VARI-
oUs MATERIALS.

Fig. 5A—~—MORE ELECTRONS WILL
FLow THROUGH A SHORT WIRE
THAN THROUGH A LoNG WIRE
CONNECTED ACROSS THE SAME

from the zinc which is rich in
electrons. In this manner, as
fast as the acid is robbing copper
of its electrons, the copper will
be compensating its deficiency

= from the connecting wire and

the latter from the zinc.

An Electric Current is a Flow
2 of Electrons

This will maintain a constant
stream of electrons flowing
from the zinc, through the
outside wire to copper and from
copper to zinc inside the cell.
A complete circuit is thus
formed. It should be clearly understood
that a single. electron starting from the
zinc will not go right through the wire
to the other end. It will merely jump
into the sphere of action of the first
wire atom, kicking out in the
process one of the electrons
of that atom. The latter,
coming into -the sphere of
action of the second atom, will
eject another electron, which
will eject a third, and
s0 on.

Since an end of a wire repre-
sents millions upon millions of
atoms, it is clear that millions of
electrons will be thus migrating
at once. The more electrons
-are taking part in .the flow
the stronger is the current through the
wire.

Electromotive Force

It is easily realised that these migrating
electrons have to cope with the repelling
forces of the planetary electrons in the
atoms of the conductor.
They are migrating under
the influence of a per-
manent difference of
potential, which means
that-there are at the ends
of the circuit different
numbers of electrons per
atom (one end is rich in
‘electrons and the other
end is poor in electrons).
The exposed protons at
one end are exercising an
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Fig. 6 (LeFT). —
THE ELECTRIC
BATTERY IN ITS
SIMPLEST FORM.

Here we see a
glass jar containing
weak acid. Wires
from the indicator
are connected one
to a copper plate
resting in the jar,
and the other to a
zinc plate held
above the jar.
Note that no cur-
rent is flowing in
the circuit.

Fig. 6a (RiGHT).—
THE ELECTRIC
BATTERY IN ITS
SiMPLEST ForM.

The zinc plate
has now been
placed in the acid
completing the cir-
cuit. Electrons are
flowing from the
copper to the zinc
plate inside the
battéry and from
the zinc plate to the
copper plate in the
outside circuit.
This forms an elec-
tric current, which
is shown on the
instrument.

Fig. 68 (LEFT). —
Tue ELrCIRIC
BATTERY IN ITS
SiMpPLEST FoRrM.

In this experi-
ment the connec-
tions of the battery
have been reversed.
Note that current
is now flowing in
the opposite direc-
tion as shown by
the needle of the
indicator.
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attractive tary electrons per atom, and so their
f orc e influence differs.
upon the
e?e ctrons The Longer the Wire, and the Thinner the
Bl e Wire, the Greater the Resistance
atoms Apart from resistivity, it is found that
: lyin g theresistance of a conductor increases with
Fig. 7.—T E c close to the length of the conductor (the migrating
1%ngmcwom QITJ;;; 6’::55’1’52 them and electrons have to cope with the combined
DirecTions NeurraLise EacH  thus in-  repelling force of all the planetary electrons
OTHER. directly throughout the length), and also increases
There is no current flowing in upon the as the thickness of the conductor decreases.
the circuit. electrons The thinner the conductor the greater the
in surplus resistance. This is due to the fact that

at the other end. It is this force that is
responsible for driving the electrons round
the circuit. For this reason we call it an
electromotive force, i.e., a force which moves
electricity.

Each cell consisting of two different
metals immersed in diluted sulphuric acid
represents a definite difference of potential
between its two plates. Such
cells can be added in such a
way that their poténtial differ-
ences will also add (the poten-
tial difference of a cell does
not depend on the size of the
plates but only on the materials
used). In this way larger and
larger electromotive forces can
be applied to the circuit.
Other things being equal, the
larger the E.M.F. the larger is the flow of
electrons, i.e., the larger is the current.
But the planetary electrons in the atoms
of the conductor limit the flow. They
oppose the migrating electrons and to some
extent stop some of them from passing.

Electrical Resistance

For this reason we say that each
conductor offers a certain amount of
vesistance to the flow of electric current.
If we take a cubic inch of a number of
materials and measure the flow of current
between two opposite faces under the
influence of the same electromotive force,
we shall find that each material will offer
a resistance of its own per unit volume.
This specific vesistance per unit volume on
the part of each material is called the
resistivity of the material. The reason for
the existence of resistivity is that every
material has a different number of plane-

EﬁEA}K In Wire l

Fig. 8. —A Dis.
No current is flowing.

too many migrating electrons try to
squeeze in within a very narrow channel.

How Temperature affects Resistance

The resistance of a conductor also
increases as .the temperature of the
conductor increases. In this case the rate
of molecular vibration is increased, the
atoms become more energetic
and the planetary electrons
are also more active and whirl
round more rapidly. In this
manner they are close to the
migrating electrons more often
in each revolution around the
nucleus than in the case of a
colder conductor.

Professor Ohm’s Discovery

Thus it is clear that both the E.M.F. and
the resistance of the conductors in the
circuit regulate the strength of the current
in the circuit. Professor Ohm found that
there is a definite relation -between these
three items. Starting with one cell he
investigated the strength of current with
longer and longer conductors, and he
found that the current strength diminished
as the conductor became longer and longer.
Then he took a
definite length of a
conductor and
started using more
and more cells and
discovered that
with a given re-
sistance as the
E. M. F. increased
the current in-
creased. There were
no other items to

SHORT C1RCUITING
S METAL Bar

Fig. 9.—ELECTRONS
SHORT-CIRCUITED,
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Fig. 10.—A PERMANENT MAGNET.

Three small compasses have been used to show the magnetic condition of this steel bar. Note
that one end of the bar attracts the north pole of the compass (this is the south pole of the magnet)
whilst the other end attracts the south pole of the compass. The centre of the magnet does not
attract the compass needle. Note that the * strongest ' parts of the magnet are about  inch from
the.ends of each pole, as can be seen from the positions of the compass needles.

Fig. 11.—A PERMANENT MAGNET.

Here is another method of showing how the magnetism is distributed in the magnet. Iron filings
have been sprinkled over the magnet. Note that the filings are thickest round the poles, whilst the
centre is almost bare of filings.

Fig. 12.—A SIMPLE BUT VERY IMPORTANT EXPERIMENT.

In the above picture we see the permanent magnet being thrust into the centre of a coil of wire ;
the ends of which are connected to our current indicator. Note that quite a strong current has been
set up in the circuit. A very simple experiment, but one which illustrates: the principle on which
all electric dynamos, magnetos and similar generators are based. The current only flows whilst the
magnet is actually moving.



Fig. 13 (RIGHT).—
THE 'SIMPLEST
ForM oF ELEcC-
TRO-MAGNET.

The apparatus
consists of a bundle
of soft iron wire
with a coil slipped
over one end. The
coil is connected to
a battery through
a switch which is
here shown open.
Note that the iron
core does not
attract the filings.
underneath.

Fig. 15. — AN
ELECTROMAGNET
WITHOUT A CORE.
In this picture it

can be seen that a
<oil of wire carrying
an electric current
will behave as an
electromagnet even
though it has no
core of iron through
the centre. The
iron filings have
‘been drawn up into
the centre of the
coil. The inclusion
©of an iron core
strengthens the
magnetic -effect
considerably.

L
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Fig. 14 (LEFT).—
‘THE SIMPLEST
ForMm oF ELEc-
TRO-MAGNET.

As soon as the
switch is closed a
current flows
round the coil and
the iron core be-
comes strongly
magnetised, as can
be seen by the iron
filings now clinging
to it.
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Fig. 16.—THE PRINCIPLE OF THE IRON CORE TRANSFORMER.

Here we see two coils mounted on the soft iron core. One coil is connected to a battery and switch.
The other coil is connected to the indicator. Note that with the switch open no current is flowing in
either circuit. This shows in simple form an iron-core transtormer with 1°1 ratio.

Fig. 17—THE PRINCIPLE OF THE IRON CORE TRANSFORMER.

This photograph was taken as the switch was being closed. Note that a strong current is set up
or induced in the second coil, at the instant of closing the switch. This is called induction.
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Fig. 18.—THE PrRINCIPLE OF THE IRON CORE TRANSFORMER.

This photograph was taken 30 seconds after the previous one. Although the current is still
flowing through the first coil, no current is now flowing through the second coil, as the needle is now
in the zero position. Induction only occurs whilst the magnetic conditions are changing.

i o

Fig. 19.—THE PRINCIPLE OF THE IRON CoRE TRANSFORMER.

This photograph was taken as the switch was being opened. Notice that a current has been
induced in the second coil in the opposite direction from that shown in Fig. 17. In the above simple
apparatus the coil on the right can be taken as the primary of the transformer and the coil on the left
as the secondary. We can see from the above experiments that (z) when the current is growing in
a primary it sets up a sympathetic current in the secondary, {b) a steady current flowing in the
primary produces no effect in the secondary, (¢) when the current is dying away in the primary this
sets up a sympathetic current in the secondary.
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Fig. 20—THE AIR CoRE TRANSFORMER.
The two experiments in Figs. zo and 20a show that the induction effect between the two coils is

still obtainable even without the iron core, although it is very much less.

Note that in the second

picture one coil has been reversed—thus causing the induced current to flow in the opposite direction.

consider, so that he defined a law as
follows :—

EMPF.
current strength = ——————
resistance
also resistance = .
: current
and, finally, EM.F. = current X
resistance.

This means that if we have an E.M.F.
of 6 units and a resistance of 2 units the

current strength is g or 3 units.

Similarly, if we have an E.M.F. of 10 units
and a current of 5 units, the

. . 10 . 4
resistance 1s — or 2 units. > 5

Again, if we have a current E: e
. . -+ g
of 7 units and a resistance of '
5 units, the E.M.F. must be
7 X 5, or 35 units.

Open Circuit and Short
Circuit
In order that a current
should flow in the circuit
we must have, in the first

Fig.

THE

21.—MORE

SamMme CELL
THROUGH A THICK
CONDUCTOR THAN
THROUGH A THIN ONE.

instance, the circuit itself, which should
be an wninterrupted chain of conductors
connected across some source of electro-
motive force. If the chain is broken at one
place (this is called a dis, or open circuit)
no current will flow in the circuit for
obvious reasons. On the other hand, if
another conductor is placed across some
two points of the circuit, providing a short
cut for the electrons, the majority of them
will take the short cut and only very few
electrons will flow through the rest of the
circuit. Such a state of affairs is called
a short circuit (a short). Be it a disora
short, the electrons will not
take the intended route and
the apparatus included in the
circuit will fail to function.

Branched Circuits

The short circuit brings us
to another type of circuit,
and that is the divided cir-
cuit. Very often it is neces-
sary to have a number of
branched circuits. The elec-
trons will divide into a number

ErLEC-
TRONS WILL FLow FRoM
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Fig, 20ao.—THE AIR CoRE TRANSFORMER.

In this picture one coil has been reversed, thus causing current induced when the circuit is com-
pleted in the first coil to flow in the opposite direction through the second coil.

of groups at the cross-roads, a number of
them travelling through each branch.
The number of electrons in each branch
will depend upon the resistance offered by
this branch. The greater the resistance
the smaller the current. It is clear that
the number of migrating electrons through
‘the main circuit, outside the branches, will
be equal to the sum of the number of
electrons passing in each branch.

Opposed Currents and E.M.F.’s

If, for some reason or other, two equal
crowds of electrons are travelling through
the same conductor, but in opposite
directions, they will stop each other from
going through and there will be no current
at all. If two unequal
crowds are migrating
in opposite directions
at the same time, the
larger crowd will pre-

final or, as we say, resultant current will
be equal to the difference of the two.
Similarly, if two E.M.F.’s are acting in the
opposite directions, 7.e., one against the
other, if they are equal in magnitude, the
net E.M.F. will be %4/, and there will be no
current flowing. If one E.M.F. is larger
than the other the resultant E.M.F. will be
the difference of the two.

Current flows from Negative to Positive

In the case when the E.M.F. is supplied
by a cell, the current in the circuit is
flowing always in the same diréction from
the plate rich in electrons (negative plate)
to the plate poor in electrons (positive
plate). Or, as it is usually stated, the
current flows from the
negative terminal of the
cell to.its positive ter-
minal. The text-books
will differ from us on

o
o
o

o
oo,
AN

9.0,

of

%,

vail, and while equal
numbers of electrons
are stopping each
other, the balance of
the larger crowd will
go through. Thus, the

5 v o 5 s e .
. 9020°%0%0%ePaPe%6%0% P00 P 60g2g0 00 P90 9060 ? P000Pe0 %0600

Fig. 22.—How CURRENT BRaNcHES OFF.

this point, but they
have been written
without taking the
electronic theory into
consideration.

Apart from the



'—M

14 WIRELESS THEORY

direction of flow it is
found that with a given
cell EM.F. and given re-
sistance the strength of the
current is always the same.
Such a current always
flowing in the same direc-
tion, and always at the
same magnitude, is known
as divect current,- abbre-
viated as D.C. in order
to distinguish it from the
so-called alternating current (A.C.).
latter will be fully explained later.
Other methods of producing an electro-

The

Fig. 23.—AN ELecTrICAL CIR-
curt LIGHTING A Lamp Fira-
MENT.

motive force by moving a
coil of wire across the poles
of a magnet, and also by
magnetising and demag-
netising an iron bar on
which a coil is mounted,
are illustrated in Figs. 12
to 19.

These will be dealt with
more fully in later articles,
but for the moment it may
be remarked that the
simple experiments here illustrated show
the principles on which the L.F. trans-
former and H.F. transformer depend.

QUESTIONS AND ANSWERS

What is an Electric Current ?

A flow of electrons along a wire or other
conductor.

What is an Electromotive Force

(E.M.F.) ?

That which produces or tends to pro-
duce a flow of current in a circuit. It is
measured in volts.

How are E.M.F. and Current Related ?

The current (amperes) in a circuit is
equal to the E.M.F. (volts) divided by the
total resistance of the circuit (ohms).

What Determines the Resistance of a
Wire ?

First the material of which it is made ;
second, the length; third, the cross-
sectional area.

Thus a copper wire has a lower resistance
than an iron wire of the same length.

A wire 20 feet long has twice the resist-
ance of a similar wire 10 ft. long.

A wire o-1 inch diameter has four times
the resistance of a similar wire which is
0-2 inches diameter.

Which Plate forms the Positive of a
Simple Cell ?

The copper plate.

Which Way do the Electrons Flow in a
Battery Circuit ?

From the negative to the positive out-
side the battery, and from positive to
negative inside the battery.

Name the Three Chief Effects of an
Electric Current.

Heating (e.g., in wvalve filaments),
magnetic (e.g., in transformers, telephones
and loud speakers), chemical (e.g., in
charging a L.T, battery).

What is the Principle of an Iron Core
Transformer ?

In its simplest form, two coils are wound
on an iron core. A varying or alternating
current supplied to one coil (the primary)
produces a varying magnetic effect in the
core. This generates or induces a varying
current in the second coil (the secondary),
although there is no electrical connection

between the two coils.

What are the Two Kinds of Electric Cur-
rent and how are they Subdivided ?

Direct Current.—Subdivided into steady
and intermittent. Alfernating Curvent.—
Subdivided into low (or mains) frequency,
audio (or speech) frequency and high (or
radio) frequency.
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Fig. 1.—SHOWING A SIMPLE WINDING MACHINE AND REEL CARRIER RIGGED UP FOR WINDING
A MAINS TRANSFORMER.

and working instructions for the con-

struction of a mains transformer cap-
able of delivering an adequate output to
meet the requirements of the average
wireless receiver. '

What the Transformer will -do.

The transformer described here has been
designed to work from 2zoo to 240-volt
mains at from 40 to 6o cycles. It will,
when used with the valve with which it
was tested, deliver an output of 260 volts
at 60 milliamps., together with an output
of 4 volts at 3 to 4 amps. for filament
supply to A.C. valves. The consumption
from the mains is of the order of 40 watts
and the efficiency is well over 8o per cent.
In Table I particulars of the windings are
given, while Table II gives particulars for
winding the primary to suit other mains
voltages than that covered by the con-
struction described herein.

MATERIALS REQUIRED FOR THE
TRANSFORMER

IN this article will be found full details

Wire
* g oz. of 28 S.W.G. double silk-covered
copper wire.

* Primary Winding Wire. This will vary
according to Mains Voltage (see Table II).

4 1b. of 38 S.W.G. double silk-covered
copper wire.

+ 1 1b. of 18 S.W.G. double silk-covered
copper wire.

t % 1b. of 16 S.W.G. double silk-covered
copper wire.

Insulation

Insulating sleeving (*‘ Systoflex ”).

2 lengths of 1 mm. sleeving.

2 lengths of 2 mm. sleeving.

4 pieces of Empire Cloth (approx. z feet
by 2% inches wide).

2 strips of oiled silk (approx. z feet by
23 inches wide).

One bobbin to take No. 4 ‘ Stalloy ”
stampings, having a core space of 1
inch by 14 inches (Sound Sales, Ltd.).

“ Stalloy ” No. 4 Stampings (0-015 inch
thick) to take a depth of 1} inches.
Approximately 100 stampings.

One set of clamps to hold core (Sound
Sales, Ltd.).

Some strong thread or fine twine.

White tape, £ inch or  inch wide,

The quantity of wire shown in this list
was that actually used on this transformer,
and the novice is advised to purchase
slightly in excess of this amount to allow
for wastage, etc.

t Good Enamelled Wire may be used.

15
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CONSTRUCT-
ING A WIND-

i-inch rod, 3}
inch long,

ING MACHINE

A simple
winding ma-
chine (Fig. 1)
can be easily
constructed by
anyone having

drilled to clear
the bolt and
countersunk at
one end to
receive the
head of the
bolt. Any suit-
able hard ma-

the necessary
tools and ma-
terials, and
consists essen-
tially of two
brass or iron angle brackets, 3} inches
high, 1 inch wide by } inch thick, having
a foot of 14 to 2 inches long drilled to
receive the bolts which secure them to the
wooden baseboard. The baseboard should
be at least §-inch thick, and a convenient
size is 16 by g inches.

The Uprights

The uprights are drilled to take }-inch
brass or steel rod of 1-foot length, threaded
either O.B.A. or }-inch Whitworth for
1} inches from one end and 4% inches from
the other end.

The threaded portion will project from
the outer sides of the brackets when
assembled, and a nut each
side with a lock-nut will
secure the spindle. The
centre of the spindle
should be at least 2§ inches | (T,
above the baseboard. T\ i

The Handle AR
Should some form of 3*
handle not be readily k

during winding.

obtainable, a home-made
one can be easily con-
structed from a piece of
brass or iron 2 inches long,
%-inch wide and %-inch
thick. A hole is drilled
in one end to clear the
spindle and it is soldered
to anhexagonal nut. The
other end is drilled and
tapped to receive an inch-
long 4 B.A. or }-inch
Whitworth bolt, and the
grip may be made from

Fig. 2—WOo0ODEN SUPPORTS FOR WINDING THE BOBBIN.

Block of wood on left fits the bobbin core.
right are the side supports of plywood for bobbin flanges

Fig. 3.—BoBBIN, SHOWING THE
DIMENSIONS

terial will do
for the grip.

The handle
is screwed on
. to the spindle
and securely held by means of a lock
nut.

The Reel Carrier

Two brackets of similar size to those
employed in the construction of the winder
are used for the reel carrier.

The rod is prevented from sliding to
and fro by means of collars having a
grub screw in them. Spindle centres
should be over 24 inches from the base-
board.

Secure the winder and reel-carrier
rigidly to the baseboard by means of nuts
and bolts, and see to it that the spindles
move freely in their bearings.

LIST OF MATERIAL
FOR WINDING
MACHINE AND REEL
CARRIER

- Baseboard. — 16 inches
by ¢ inches by % inch
(ply or hardwood).

4 Brackets.—3% inches
high by 1 inch by } inch,
having a foot 1} inches to
2 inches (brass or iron).
(Strip metal, 1T inch by
} inch by 2 feet long will
suffice for four brackets.)

1 Spindle.—1 foot long
by } inch, threaded O.B.A.
or -inch Whitworth for 43
inches from one end and
1} inches from other (brass
or iron). 1 doz. hexa-
gonal nuts (O.B.A. or
1 inch Whitworth).

On the
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TaBLE I
Particulars of Transformer described
Ords f PR : Length of Wei Resi
V‘;inginog. Description. Turns and Gauge of Wire. Windi r?ggZa p(;) rox.) (ap;lr%)!:]:) (:;lsﬁzz‘_:)e
Primary - winding, 240 | 1,440 turns, 28 D.S.C. '
First volts. ® 7l -3 h
Tapped for 220 volts at | 1,320 turns, 28 D.S.C. |[ 339 Y98 210z 40 ohms
Tapped for 200 volts at | 1,200 turns, 28 D.S.C. J
Second . | 4 secondary, 260 volts . | 1,560 turns, 38 D.S.C. da 1 286 ohms
Third |, . | § secondary, 260 volts . | 1,560 turns, 38 D.S.C. R0 7 i1b. { 296 ohms
Fourth . | Rectifier filament wind- | 25 turns, 18 D.S.C. or | 8 yds. 11b. 0'1 ohm
ing, 4 volts. enamel. il
Fifth Filament supply for 26 turns, 16 D.S.C. or 8 yds. 1 1b. 0'056 ohm
valves, 4 volts. enamel. T
i
Handle Material. — 1 FiNISH OF PRIMARY Prirary
piece brass strip, 2 inches ~ Smeros R0 LG P 7 e

by £ inch by 4 inch;
1 piece rod, § inch by
3 inch (any hard mate-
rial); 1 4 B.A. nut and
bolt, 1 in. long; 1 doz.
bolts and nuts for secur-
ing to baseboard.

1 Spindle—j% inch by
g inches (brass or iron).

2 Collars.—3} inch by
4 inch, drilled to clear
1 inch and tapped for

grub screws.

2 Grub Screws.
FECTIFIER
SECONDARY

MAKING WOODEN
SUPPORTS FOR THE
BOBBIN

Construct a block of wood of a suit-
able size (1 inch by 1} inch by 2% inches)
to fit the bobbin core and drill it-down
the centre so that it passes easily
over the threaded rod of the winder
(Fig. 2 (a)).

Cut. two pieces of 3-ply wood to the
same size as the bobbin cheeks and drill a
Jx-inch hole in the centres. Then con-
struct two slots { inch wide by £ inch deep
in opposite smallest sides in order to allow
the leads to pass freely when the bobbin
is clamped between the wooden side sup-
ports (Fig. 2 (b) ).

The object of these 'side supports is to

}v. SECONOARY

FINISH OF  RECTIFIER

2V,
SECONDARY SECONDARY SECONDARY CENTRE AP,
260V

SECONDARY

Fig. 4.—PosITIoNS OF SLoTs IN BoBBIN CHEEKS TO TAKE LEADS

FROM WINDINGS.

counteract any tendency on the part of
the bobbin to distort whilst winding is in
progress. The wood block provides a
secure means of turning the bobbin.

MAKING THE TRANSFORMER

Constructing the Bobbin

For those who are desirous of construct-
ing their own bobbins, the sizes are given
in Fig. 3, and suitable material is Paxolin
or Bakelite. Unless considerable previous
experience has been had in this direction
it 1s advised that a ready-made bobbin be
purchased.
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—
STRONG THREAD OR TWINE
HOLOING DOWN SLEEVING

N

WirRE

Fig. 5—METHOD OF SECURING START AND
FINISH OF WINDINGS.

Preparing the Bobbin for Winding

The bobbin is prepared for winding by
drilling the holes and cutting out the
slots shown in Fig. 4. After this has been
done all rough edges and projections
should be removed with sandpaper and
the bobbin smoothed down where
necessary.

The bobbin next has the wooden block
inserted in its core and the wooden end
supports placed on either side and assem-
bled on the spindle of the winder. Care
is taken to see that the slots on the
wooden end supports are opposite the
drilled cheeks of the bobbin and the whole
assembly is then locked on the spindle
by means of clamping nuts. The reel of
primary wire is fitted on its spindle and
the spindle secured by means of the collars
fitted with grub screws.

The First Layer

A piece of sleeving
is cut at an angle
and the wire
threaded through it
and allowed to pro-
ject about 6 inches

®
WHiTE TAaPE TWISTED
FRouno Wirs & TIED
ROUND BOBBIN.

Wire

Fig. 6.—METHOD OF FIXING CENTRE TAPE
ON 4-VOLT WINDING.

most suitable knot for tying the sleeving
is that known as the clove-hitch. The
leads which come out from the bobbin
should be secured and not be left free to
rotate. The most satisfactory way of
doing this is first to wind some paper
round the projecting threaded spindle,
then loosely wind the leads over it and
secure with an elastic band. Although
it is not practicable to wind the whole
winding in even layers, it is definitely
an advantage to do so with the first layer.
Should the light be bad, place a strip of
white paper beneath bobbin and between
it and the reel. This will enable the wire
to be seen more easily.

Starting the Primary Winding

The first winding, which is the primary,
is made with No. 28 D.S.C. copper
wire, and 1,200 turns are wound on.
A tapping is taken here, and this

may be done by

looping the wire or
by cuttingit. Sleev-
ing is used as before,
and the winding is
continued until 1,320

Neown L are
"Oseem* 7voe

AparTor PLuG

beyond sleeving.
The sleeving is
secured to the bob-
bin by means of
strong thread or fine
twine (Fig. 5). The

‘WINDINGS.

adjacent windings.
is faulty.

Fig. 7—NEON LAMP ARRANGEMENT
FOR TESTING INSULATION BETWEEN

Lamp connected in series with mains between
If lamp glows insulation

turns are wound on,
when the second
tapping is made and
the process repeated
until the full wind-
ing, 1,440 turns, is
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finished, care being taken to keep the
winding as even and level as possible.

Insulating the Primary from the Secon-
dary

The sleeving should be well secured
before the insulation is put on.

should be twisted round the wire and then
round the bobbin and knotted or other-
wise secured (see Fig. 6).

Do not use unnecessary force when
winding with heavy gauge wire or damage
may ensue to the under layers.

The first winding is made

Then trim the Empire cloth
to the width required. Two
layers of Empire cloth are
used for insulating the primary
from the secondary, and the
width should just exceed the
winding width. If necessary
the edge should be “frilled ”
by cutting along same so as
to make a good fit against the
cheeks. Onnoaccount should
Empire cloth of just the exact

|- with 18 D.S.C. copper wire and
twenty-five turns are wound
on, a tapping being taken from
the thirteenth turn at the mid-
point of the winding. A piece
of flexible rubber-covered wire
can be used for this tapping—
the end is bared, cleaned,
twisted round the 18 gauge
wire, which has been cleaned,
and then soldered. The re-
mainder of the winding is put

width be used as, should the
under winding be uneven, the
upper winding is almost sure
to slip past the insulation to
the lower winding with disas-
trous consequences to the
insulation. If the Empire
cloth is fairly new it will be
found to be sufficiently tacky
to hold itself — otherwise it
can be stuck down with Chatterton’s
compound.

First,

Starting the Secondary Winding

Having replaced the reel of 28 D.S.C.
with that of 38 D.S.C., the first half-
secondary may be begun, the procedure
being as for the previous winding, but in
this case 1,560 turns are wound on and
then the centre tap is brought out. After
bringing the centre tap out, two layers of
oiled silk are placed over the winding
and the second half of the secondary,
consisting of another 1,560 turns, is
wound on. Another two layers of Empire
cloth are now put on.

The Low Voltage Windings

The transformer is now ready for the
low voltage windings. As these two
windings are of fairly heavy gauge, it is
advisable to rotate the bobbin by hand
and to avoid kinks and keep the wire as
straight as possible. Owing to the heavy
gauge, tape is the most satisfactory
material for securing the ends, and this

Fig. 8 —METHOD OF IN-
SULATING JOINTS IN
THE WINDING.

each wire is
twisted round the other.
The wires are soldered,
and then a piece of
sleeving pulled over the
joint and extending be-
yond it on each side.

onand the ends secured. When
placing the Empire cloth over
thisand the subsequent wind-
ing it will be necessary to cut
a hole in the centre to permit
withdrawal of the tapping.

The Final Winding

The last winding, of No. 16
D.W.S. is then put on—the
ends are secured as previously described,
and after thirteen turns have been put
on, the wire is bent up, secured with tape
and cut. Thirteen more turns are then

TasrLE II

Showing Turns and Gauges of Wive for
different Primary Voltages

Primar .
gﬁg;ﬁi (g;;gf; ];-r‘:';];: Y| Wire Covering and Gauge.
s0 | 085 300 ‘ 22 D.S.C. or
21 enamel
75 | 056 450 | 23 D.S.C.
100 | 0°42 600 | 24 D.S.C.
110 | 0-38 660 | 25 D.S.C.
120 | 0°35 720 | 26 D.S.C. \ S W.G.
150 0-28 goo | 27 D.S.C. - copper
200 | o-215 | 1200 | 28 D.S.C. wire.
210 0°20 1260 —_
220 | 0'IQ 1320 —
230 | o185 | 1380 —
240 0-18 1440 —
250 | 0°17 1500 | 29 D.S.C

Current density at 1,200 amperes per square inch.
2—2



20 MAINS TRANSFORMER CONSTRUCTION

put on, and the starting = ~—— =y .—., should be placed in the
end is bent up with the f P . j— core alternately, care
finishing end of the first Al =""m i being taken that the
thirteen turns. These ;N . et paper-covered sides face

two constitute the centre
tapping, and a piece of
sleeving of 2 mm. or 3 mm.
is slit at one end and is.
placed over both wires
with the slit end towards

o o
Camuion 2o0v

all one way. Squeezing
these in the vice whilst
assembling will facilitate
the process. About 100
pairs of laminations are
required to fill the core.

o

<
220v z40r

thewinding. The covering
of Empire cloth will have
to be cut as previously to
permit' of the tappings
being taken through.

Taping the Whole Winding

The whole winding may then be taped,
and, after testing, the tape may be given
a coat or two of varnish to give a good
finish to the job.

How to test Insulation

Should a Neon lamp be available, the
insulation between windings may be
tested as the work proceeds. This can be
done by connecting the lamp in series
with the mains, as shown in Fig. 7. Care
should be taken not to touch the bare
ends of the wires with the fingers, as this
will pass a small current which will give a
glow in the lamp similar to that produced
by leakage between windings. Should the
insulation be good no glow should be,
noticeable when the lamp is connected
between adjacent windings.

Testing Windings
The windings

Fig. 9.—SUGGESTED LAYOUT OF
TERMINAL BOARD.

Construct from Paxolin or Bakelite
Sheet } inch or § inch thick.

Clamps

Suitable clamps can be
made from Z}-inch iron
strip, but it is more
advisable to use the commercial type of
cast clamps, which can be purchased quite
reasonably and afford a better method of
securing the laminations.

The Secret of Insulating Joints

A few remarks regarding the. making
of joints and winding will not come
amiss.

Prior to making a joint, a piece of
sleeving should be slipped over the wire.
The two ends are then cleaned, twisted
together and soldered, care being taken
to make a smooth soldered joint. After
this. the sleeving is slipped over the joint
and provides adequate insulation (see
Fig. 8). The sleeving should be cut long
enough to cover } inch past the end of
the insulation on the wire. Rosin-cored
solder is the most satisfactory for use on
joints. Killed spirits and other corrosive
fluids or fluxes
should on no

themselves should

§

account be used.

be tested for con-

§

Hints about Wind-

tinuity either with

g

the Neon lamp or

y
d

ing

with a battery and

§

The wire should

galvo.

L3
S

not be wound on

loosely neither

Constructing the

Fre.amErer WinoinG
| RrsL8 Arrow Comve

should it be kept so

D C Vours (V)

Core

taut as to cause

The core is the

Tyl

stretching. The di-

A C Vours QuraT
i)

next item, and exa-
mination of the

7T 5T
AC Amps Ourmor
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Fig. 10.—REGULATION CURVE OF, TRANSFORMER.
With Mazda U.U. 60/250 rectifying valve.

ing being piled, and
slots are shown on
the bobbin so as to
allow for different

6o 70 a0 sc
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thicknesses of covering and different ways
of winding (see Fig. 4).

When winding do not hold the wire
with the bare hand, but rather with a dry
piece of felt or chamois leather. This will
prevent any perspiration from the hands
reaching the winding and so providing a
fruitful source of eventual breakdown.
Mark every 100 turns on a strip of paper
when winding. This will often avoid
confusion as to the turns wound on.

Terminal Board

Details are given in Fig. g of a suitable
terminal board and lay-out of terminals,
and it is left to the reader’s discretion
whether he uses this arrangement or
prefers to use an arrangement of his
own.

. NOTES ON USING THE TRANSFORMER

It will be noticed that the output from
the transformer is rated at 260 volts.
This has been arranged so that if a smooth-
ing choke having a resistance of approxi-
mately 167 ohms is used, the smoothed
output at 60 milliamps will be of the
order of 250 volts, which is quite adequate
for the majority of receivers.

The low-voltage rectifier winding will
supply 2 amperes at a voltage of 4 volts,
which is quite adequate for all rectifying
valves suitable for use with the trans-
former.

Lowering the Secondary Output

Should it be desired to lower the
secondary output to suit certain rectifying
valves which will definitely not stand
more than 250 + 250 volts, this can be
done by winding each half-secondary with
1,500 instead of 1,560 turns. The voltage
may be reduced to any desired value.
Multiplying the voltage required by 6,
which is the turns per volt, will give the
required turns.

The valve used in the tests was the
Mazda U.U. 60/250 rectifying valve, and
the makers state definitely that this valve
will work satisfactorily with up to 300
volts per anode. The majority of rectify-
ing valves will definitely stand the 260-
volt output.

THE USE OF THE REGULATION
CURVE

The curve shown is one of the trans-
former with valve and not of the trans-
former alone. This curve is the most
useful one, as it shows what voltage we
may reasonably expect to receive if we
take a certain number of milliamps and
conversely, that is provided we use the
same kind of rectifying valve as that with
which the curve was taken—in this case
a Mazda U.U. 60/250 Rectifying Valve
‘'was used.

For example, a certain receiver will
require 40 milliamps at 200 volts. From
an inspection of the curve it will be seen
that 280 volts (approx.) are delivered at
this output. We will assume that a
smoothing choke having a resistance of
250 ohms is used. Then, by Ohm’s law,
the voltage lost in the choke will be
250 X 0-04, which is 10 volts. This brings
the voltage to 280 — 10 = 270 volts. We
have to drop this 70 volts and can do so
by means of a resistance whose value can
again be calculated by Ohm’s law.

We have to drop 70 volts. Now the
resistance required to do this will be equal
to 70 divided by 0-04 ohms, which is 1,750
ohms. This could be added in series with
the choke before the last smoothing con-
denser or after the choke with an addi-
tional smoothing condenser. The smaller
curve shows the low-voltage alternating-
current output.

Table of Various Windings

In conclusion the reader’s attention is
drawn to the table showing the various
windings to suit various primary voltages
(Table II) = These windings will all
occupy approximately the same space as
the one described in this article, and the
length of wire required can be calculated
from the fact that the average length of a
primary turn is 84 inches.

The writer would like to take this
opportunity of thanking Messrs. Sound
Sales Ltd., of Tremlett Grove, Junction

‘Road, Highgate, N.19, who provided the

bobbin and clamps used in the present
construction, and from whom the
stampings, wire and other material may
be obtained.
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A SCREEN-GRID
By HERBERT

HE set described in the following

article has been designed to satisfy

the really critical listener, its
outstanding features being: (1) Ample
volume with a reasonable current con-
sumption ; (2) Adjustable selectivity,
giving complete freedom from interference;
(3) Tone correction of the pentode out-
put valve, giving clear and mellow results
with even the cheapest forms of loud
speaker.

A glance at the accompanying illus-
trations and circuit will show that the
set is quite a simple one to construct, and
anyone should be able to build it entirely

PENTODE TWO

H. DOWSETT

over to long waves. Intervalve coupling
is by means of a 3-I ratio L.F. trans-
former, and automatic grid-bias eliminates
the necessity of a separate battery.

The pentode output valve ensures ample
loud speaker volume and the double tone
correction cuts out any tendency to shrill-
ness, a fault so frequently found when this
type of valve is used.

Constructional Hints

Drill the front panel from the dimen-
sions given in Fig. 1. The actual dimen-
sions of the holes are not given, as in many

in one evening.

The Circuit

This two - valve
arrangement gives
exceptionally good
results on both the
long and medium
waves. The -0003
variable condenser,
with shorting posi-
tion, in series with
the aerial, gives a
fine degree of
selectivity on the
medium waves, and
in the shorted
position,  directly
couples the aerial
to the coil, when
the set is to be
used on the long
wave-band. The
0003 mfd. fixed
condenser across
terminals 4 and 7 of
the coil serves to
remove interference
from the more
powerful short-
wave stations when
the set is switched

List of Components

1 Panel, 10 inches by 6 inches. .

i Terminal Strip, 1o inches by 14 inches.

1 Baseboard, 10 inches by 8 inches.

1 -0005 mfd. Tuning Condenser, with slow
motion drive.

1 Dual Range H.F. Coil. Colvern.

1 -0003 mifd. Solid Dielectric Condenser

with shorting position. Ready-Radio.
1 0003 mfd. Differential Reaction Con-
denser.

1 Three-point Switch. Polar.
1 Two-point Switch.
i L.F. Transformer. Ratio 3-1.
1 Five-pin Valve Holder.
1 Four-pin Valve Holder.
1 Fuse and Holder.
7500 hm Spaghetti Resistance. Lewcos.
0003 mfd. Fixed Condenser.
-0002 mfd. Fixed Condenser.
-002 mfd. Fixed Condenser. Dubilier.
o1 mfd. Fixed Condenser. Dubilier.
1 mfd. Non-inductive type Condenser.
1 megohm Resistance.
-1 megohm Resistance.
1 75,000 ohm Resistance.
10 Terminals.
1 Valve Screen. Six-Sixty.
Wire, Flex, Screws, Plugs, etc.
2-volt Accumulator, 120- to 150-volt H.T.
Battery. Cossor Metallised Screen
Grid Valve. Type 220 SG. Mazda
Pentode Valve, Type Pen. 220.
Cabinet.

Dubilier.
Dubilier.

b b b b b

10,000 ohm Spaghetti Resistance. Lewcos.

cases it was unneces-
sary to specify a
particular make of
component, and the
diameters of
bushes of different
makes vary con-
siderably. For this
reason, too, no
definite layout of
the components on
the baseboard is
given, it being more
convenient to place
the components in
the approximate
positions shown in
the wiring diagram,
so that they can
be moved about if
necessary.

Fit the switches
and condensers in
their respective
positions, then
screw the pane
to the baseboard
by means of the
three holes in the
lower edge, as
shown in the dia-
gram.
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L

1% Selectivity Control

Wave Change
Switch

panel, * imme-
diately under the
tuning condenser.
When this is
screwed into posi-
tion, set out the
remainder of the
components, with

X
On-OfF Switch l]_"
the exception of
the resistances, in

\ ! "
|
1 ~
1 the pcsitions in-
dicated on the
7

o wiring  diagram.
Carefully space
% | them to give

£

/Peact/'qn

~
< oWy

Condr 1
V1 I easy access to all
o connections for

Fig. 1—SHOWING THE LAYOUT OF THE FRONT PANEL.

The Terminal Strip

Drill the terminal strip to accommodate
the ten terminals, and also three holes
along the lower edge, similar to those in
the front panel, by means of which the
strip will. be screwed to the back of the
baseboard. The first terminal should be
4 inch from one end, and the remainder
at 1 inch intervals throughout the length
of thestrip. If the terminals to be used are
fairly large, it is a good plan tostagger them,
putting the first, third,

wiring. The two
fixed condensers
shown on top of
the coil are held in position by their
connecting wires, and it is unnecessary to
fix them in any other way providing they
rest on top of the coil and are not sus-
pended in the air.

Wiring

The wiring can be carried out with any
of the covered connecting wires sold for
that purpose, or with bare tinned copper

wire in conjunction with a suitable sized
insulating sleeving. The former method

fifth, seventh and ninth
on a line } inch from the
upper edge of the strip,
and the second, fourth,
sixth, eighth and tenth
on a line £ inch {rom
the upper edge. This
will allow more room for
wiring. Having mounted
the terminals, fix the
strip along the back edge
of the baseboard.

Mounting the Compo-
nents

The first component
to be fixed is the 1 mfd.
fixed condenser, which

lies flat down on the Corn

DuvAar RANGE

I

baseboard, close
up to the front

Fig. 2—LayvouT oF COMPONENTS ON THE BASEBOARD.
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usually results in a neater finish, and is

therefore recommended.

What to Do if a Screen-Grid Valve is
Not Used

It will be noticed that no terminal is
used for the H.T. + 1 connection, but that

A SCREEN-GRID PENTODE TWO

H.T. + 1 lead altogether, and connect the
flexible lead which normally goes to the
anode of the screen-grid, to the anode
terminal of the valve holder.

Coil and Condenser Leads
All coil and condenser leads should be

HT+1
A LI- E HI- HI+Z HI+3 HI+4 [T+ LS LS
—l ® O Q Q )
Vi
O
2 \
o o
: o)
g V.2
B
N P ) —
V0002
: — N 75.000
- O/ - /F—yl ohms
‘0003 -
X ) ‘ g A
1 mfd. S

Fig. 3—COMPLETE. WIRING DIAGRAM.

a flexible lead is brought direct from the
valve holder to the H.T. battery. This
arrangement is to permit the use of an
ordinary three-electrode detector valve
(which gives quite good results), in place
of the screen-grid. To effect this altera-
tion, it is only necessary to remove the

reasonably well spaced when running
parallel, but the general arrangement of
the remainder of the wiring is unimpor-
tant.

Fitting the Screen
Directions for correctly fitting the screen
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to the screen-grid. valve are supplied by
the makers, and the following point should
be specially noted : The metallised sur-
face of the valve is earthed to one of the
filament legs (usually marked E), and this
leg is the one which must pass through the
tag on the screen before the set screw is
tightened on to the valve cap.

HI+T

HT+2

0T0TVH00
> (n

H. 7.'4 HT+3
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The first figures in each case relate to a
120-volt battery, and the second figures to
a-150-volt battery.
Screw in the fuse and insert the valves.
Test the set on the medium waves
(wave change switch pulled out). Tune
in the ““local”’ station, and then adjust
the selectivity control until reason-
ably fine tuning
is obtained. When
tuning on the long
waveband this
10,000 ohms control should be
o turned to the
extreme right in
order to short
the condenser, but
this position on
the medium waves
will give broad
tuning.

75000 ohms

002

V1)

€ ~—OHT~= An ordinary

power output
valve may be
used instead of the
pentode  without

— m
5L’I 0003 :

alteration of the
wiring, but per-
formance and

S -0 LT~

Fig. 4.—CircuiT DIAGRAM.

Operating the Set
The H.T. -+ leads should be taken to the
following tappings :—
H.T. 4 1 to 60-80 volts.
H.T. 4 2 to 9o-100 volts.
H.T. 4 3 to 100~-120 volts.
H.T. 4+ 4 to 120-150 volts.

LT+ volume will suffer

a good deal.

When Using a Mains Eliminator

If it is desired to use a mains eliminator
which does not provide for four H.T. +
tappings, the H.T. 4 leads 3 and 4 may
be joined together into one plug, and must
be taken to the maximum tapping up to
150 volts.

HOW CAN ACCUMULATOR ACID BE TESTED FOR IMPURITIES?

The purity of sulphuric acid suitable for
use in accumulators is determined by—

(a) The concentrated acid should be-

colourless, with a specific gravity of 1-84.

(b) The absence of copper impurities.
Test—neutralise a quantity (100 cubic
centimetres) of the acid with ammonium
hydrate and add a 10 per cent. solution of
ammonium nitrate. If the acid contains
copper impurities, a reddish brown tint
will be given to the prepared solution
when a drop of potassium ferro-cyanide is
added.

(¢) The absence of arsenic impurities.
Test—place a small amount of zinc
{arsenic free) in a flask provided with a
two-holed stopper, fitted with a thistle
funnel, and a right-angle glass tube, which
is connected to a wide hand glass tube.
Drop some of the acid through the funnel
into the flask and close the tap. Arsene
gas will be generated if the acid contains
arsenic impurities. The gas is detected by
heating the wide hand glass tube through
which it passes, when a mirror of metallic
arsenic will be produced inside the tube.
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MODERNISING OLD-STYLE WIRELESS
SETS

By E. W. HOBBS

| amperage, or. b
-OHTH perage, y

SSUMING
that the
set under

consideration is
in working
order, the ideal
method when the
necessary instru-
ments and facili-

0003 MFD

i
i ém

woy| reducing losses
in the set, or by
increasing the

sensitivity of the
detector and the
efficiency of the
tuning coils, or
by a combina-

ties are to hand, 47+ | tion of these and
is to construct a ‘f';_ other contribu-
circuit diagram - wr-| torycauses. The
by tracing the = ! loud speaker
actual  wiring, Fig. 1.—Two-VALVE RECEIVER. itself must, of

utting on it g - course, be cap-
ghe g e An elementary and much-used circuit. able of handling

values of the-components, and then testing
to ascertain the remaining values.

Next, follow the usual principles of set
designing and make such alterations to the
circuit and to the values of components as
may be deemed necessary to attain the
desired results.

This done, it is a simple matter to alter
the set accordingly, treating it in much
the same way as if making a new receiver.

Unfortunately, it is not always possible
to work in this scientific manner and in
practice direct experiment is the only
practical course to fol-

the maximum load, otherwise it must
either have attention or be replaced.
The use of a power valve or the addition
of an extra stage of low-frequency amplifi-
cation are obvious aids in the desired
direction.

How these principles can best be
applied in practice is described later on in
this article.

Increasing the Sensitivity

Increase of sensitivity implies an ability
to receive a larger number of stations

low, owing to the pres-
ence of so many unknown

values in the set.

A few general princi-
ples can be enunciated
and may form the basis
of practical work..

Increasing the Volume
of Sound

Toincrease the volume

-
~

of sound the set must
be made to pass to the
loud speaker a larger

Grib Bias OV.

amount of current,
either by voltage in-
crease or by greater

Fig. 2.—THE IMPROVED Two-VALVE CIRCUIT.

The circuit seen in Fig. 1 is here shown with additions that
increase the volume of sound.
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themselves and

are very difficult
to deal with in
general terms,
} although the ap-
' plication of one
or more of the
following hints
will usually prove

—

to be beneficial.

!
-v:- , ~

Lo-ga—

At the outset

=

Fig. 3.—THREE-VALVE RECEIVER.
A simple circuit with two stages of transformer coupled L.F. amplification.

transmitting on wavelengths within the
tuning limits of the set.

Improvements in sensitivity are often
difficult to realise, but in general can be
attained by concentrating on the detector
valve and associated components, when
the detector is the first valve. Other
general causes of improvement are in-
creased efficiency of the aerial tuning
circuit, reduction of high-frequency losses
in the aerial circuits, reduction of resistance
in the earth circuit.

Contributory aids include the correct
adjustment of detector anode voltage,
correct adjustment of detector grid con-
denser, and particularly the value of the
grid leak resistance. Very often a marked
improvement is attained by the provision
of a really efficient means of controlling
the reaction. The addition of a stage of
high-frequency amplification is an effective
aid whenever it can be applied.

Improving the Selectivity
Problems of selectivity are in a class by

it is desirable to
discriminate
between sets with
a single tuning
circuit and those with multiple tuned
circuits. In the first case the best im-
provement is to use an aperiodic (untuned)
coupled aerial coil, or to separate the
aerial circuit into two distinct portions,
the first consisting of the aerial input
with a coil having one or two turns loose
coupled to a secondary circuit consisting
of the original tuning coil and condenser.

Variations of this principle include the
addition of a tuning condenser in the
primary aerial circuit ; the provision of
means for varying the degree of coupling
between the primary and secondary coils
either independently of, or in conjunction
with, the tuning condenser. A much
recommended device to increase selectivity
is to provide a low value fixed condenser
in series with the aerial circuit.

Another effective plan is the provision
of a complete tuning unit arranged in
series with the aerial input and the set.

What to Do with Multi-tuned Circuits

In the case of multi-tuned circuits the
foregoing sugges-

20,000 OHMS

tions can be

adopted so far as
they apply, but
generally an im-
provement must
be sought by a
comprehensive re-

( L. < * o+ | vision of the
s . ikl

4 —0=! | entire circuit and

‘0005 - s ca 1—_»;‘? #7=1 its components

Fig. 4 —THREE-VALVE CIRCUIT MODIFIED FOR INCREASED SENSITIVITY.

The circuit shown in Fig. 3 is improved by adding re-action, and an aperiodic
coupling in the aerial circuit and a separate H.T. lead to the detector valve.

from the aerial

input to the grid

of the detector.
The substitu-
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tion of modern high efficiency coils for
those of earlier pattern, will be found
very beneficial, and is probably the most
satisfactory and practical proceeding,
particularly when the original coils were
wound on cardboard formers and heavily
coated with shellac.

Tonal Qualities

Appreciation of the niusical qualities of
a receiver and its associated loud speaker
depend greatly upon the musical sensi-
bility of the individual, consequently it is
sometimes difficult to attain the desired
end in a satisfactory manner, because one
listener prefers a * shrill ”’ or high-pitched
quality, whereas others may prefer an
accentuated bass and
imagine it to impart a
greater measure of sonority.

The Loud Speaker

Assuming the set under
consideration is functioning
in a reasonable manner,
attention can be focussed
on the output stage of the
receiver and the loud speaker
itself. The latter can be
tested, whenever possible, on
another receiver known to
have good tonal qualities.
If satisfactory, any loss in
quality must be looked for
in the receiver. If an old-
fashioned type of horn loud speaker is
still being used, it should be replaced by
a latest type cone speaker, preferably of
the moving coil variety.

The

tuning coil.

Methods of Improving the Quality

Methods of improving the quality
include the judicious introduction of by-
passing condensers, the provision of ade-
quate power—say as a minimum of 150
to 200 milliwatts—f{rom the last valve.

Using Modern Transformers

The substitution of modern trans-
formers for those of earlier pattern or the
introduction of an output transformer in
the anode circuit of the last valve. The
latter course enables the impedance of the
loud speaker to be matched up with that
of the output valve.

Fig. 5,—ARRANGEMENT
oF Reaction CoIL.

coil
around an ebonite former
inserted partly into the

Fixed condensers shunted across the
loud speaker terminals often have the
effect of lowering the pitch. Correct. grid
bias voltage is most important.

Tone control units, as well as an efficient
volume control unit, are frequently found
of practical value. ‘

The first essential, however, is to locate
the seat of the main trouble, and this can
best be done by the use of a milliampere
meter, as will be explained later.

Specific Examples

The following examples of alterations to
receiving sets will serve in some measure
to point out some practical ways in which
the older types of battery operated sets
can be improved in perform-
ance.

INCREASING VOLUME
FROM TWO-VALVE SET

The circuit diagram, Fig. 1,
shows a plain z-valve set
consisting of detector and
transformer coupled L.F.
amplifier ; it was required
to increase the volume of
sound to the maximum ;
reception from local station
only being desired.

Examination of the com-
ponents showed that the
chief loss of volume was
due to poorly chosen valves and a lack
of H.T. voltage to the anode of the L.F.
valve.

The First Alterations

First a few turns of No. 22 gauge
enamelled wire were wound around the
aerial coil and connected into the anode
circuit of the detector valve to act as a
reaction coil—as indicated in the circuit
diagram, Fig. z, which shows the same set
as modified.

is wound

Inserting a Separate High-tension Lead

A separate high-tension lead was wired
up and consisted of a flexible between the
H.T. terminal of the L.F. transformer and
a wander plug for the H.T. battery tap.
The anode terminal of the L.F. trans-
former was wired to one end of the
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reaction coil ; a
connection from the
other end of the
reaction coil was
taken to the anode
of the detector.

Reducing the Value

turn from the
bottom of the aerial
coil, a reaction coil
was specially wound
on a circular former
and arranged to

' : tapping on the third
slide inside the

5—4
=

of the Grid Leak tuning  coil — as
The grid leak was ";., shown in Fig. 5—
reduced in value —0 =" the reaction coil
from 2z megohms to being held in place
14 megohms, and a by three wooden
grid bias Dbattery Fig. 6.—EaRrLy TuNING CIRCUIT. pegs. The degree
connected in the This simple circuit tunes very broadly. of coupling was

usual way to the

secondary of the L.F. transformer. A
small power valve with 120 volts H.T. on
the anode was used in the last valve-holder,
and this, in conjunction with a good
detector valve, almost doubled the audible
sound from the loud speaker, which under
these conditions was then operating at
maximum load. The tone was somewhat
improved by correct biassing of the L.F.
valve.

GETTING MORE STATIONS

The next example is a 3-valve set, a
conventional detector and 2 L.F. circuit as
given in Fig. 3, which it was desired to
convert to an
with loud speaker or headphones.

Examination showed that the last two
stages were adequate and no alterations
were needed, all the work being concen-
trated on the detec-

‘“ ether searcher ”’ for use

determined by ex-
periment, the pegs being fixed finally by
means of glue.

Adding a High-frequency Choke

A high-frequency choke was added to
the detector anode circuit together with a
20,000 ohm resistance in series, a 2 micro-
farad decoupling condenser, and a by-pass
condenser.

Arranged in this way, the set under
consideration was greatly improved in
sensitivity, selectivity was sufficient for
the purpose, while the signal strength was
sufficient to enable a loud speaker to be
used on many distant stations. Subse-
quently a -0005 mfd. tuning condenser was
used in the aerial circuit partly to increase
selectivity, but chiefly as a crude form of
volume control.

INCREASING THE SELECTIVITY

tor stage and the I Several methods
aerial tuning. 4 of improving the
i selectivity of early
Alterations in the -00005 MFD sets have already
Tuning System T @ been mentioned,
—'7'F‘”i and some are illus-
The alterations trated here in circuit
can readily be ap- A form.
preciated by com- p =~ | The first, shown
paring Fig. 4, show- ’ in Fig. 6, had a
! D o+ . .
ing the circuit as c <7 plain coil wound
modified, and Fig. 3, Sy °©-1 on a cylindrical
showing the old == former, and was a
circuit. The main - very broad tuner,
alterations were Fig. 7.—IMPROVED TUNING CIRCUIT. quite inadequate
that the aerial in- The aerial is coupled to the tuning coil by a er modern  condi-
PUt was taken to a single turn and tuned by a series condenser. tions.
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Adding a Neutrodyne IMPROVING TONE
Tl(llondenlser ) “00005 MFD. i Much time and
he a teratlgns ] oA annoyance can be
consisted of making 1 saved by the use of a
a single turn of milliammeter. With
No. 16 gauge bell =£ this meter the fluc-
e oonsus Coacmey Bl D
nﬁcting cl)ne end to ok through thelast valve
the aerial input ter- can be observed.
minal, the other end = Connect the meter
was connected to a l

in series in the anode

0005 mfd. tuning SEah & Tuniid Wi circuit of the last.

condenser in series This unit is used in series between the yg]ye only, then
i aerial and the receiving set; it largely o

with the earth lead, eliminates interference and sharpens the when the set =

asshownin Fig.7,and
a neutrodyne type of
variable condenser with a value of about
-00005 mfd. added to the grid lead of the
secondary circuit. Extremely sharp tun-
ing is possible by careful independent
adjustment of the two tuning condensers.
Normally the neutrodyne condenser is
used at maximum, and only altered
to give a final sharpness to the tuning.
Often it is the means of cutting out
unwanted background noises.

tuning.

Constructing a complete ‘‘ pre-Receiver *’
Tuning Unit

Another effective plan is to construct a
complete ‘‘ pre-receiver "’ tuning unit as
shown in Fig. 8, consisting of a single turn
in the aerial circuit, closely coupled to the
secondary coil. The secondary coil is
tuned by a -coo5 mfd. variable condenser
and a neutrodyne condenser in series in the
output lead to the terminal A. To use
the unit, connect the output terminals to
the aerial and earth terminals on the set.
Connect the unit to aerial and earth as
usual. To tune, set the neutrodyne con-
denser to maximum capacity, then turn
slowly the tuning condensers on the unit
and on the set until a station is heard.
Adjust each condenser separately until
maximum results are attained, noting
the dial readings for future reference.
It should be appreciated that dual
range coils can be used in any of the
previously mentioned circuits provided

the wave change switch is added - as
usual.

switched on, but not

receiving signals, the
meter reading should indicate a steady
current within a few milliamps. of the
figures indicated in the valve makers’
pamphlets.

If there is any marked discrepancy,
check the voltages.

How Distortion is Indicated

When the valve is in order, the current
flowing, and the meter reading is steady,
tune in a powerful station and gradually
increase the volume. Watch the meter and
note how it vibrates, at first only slightly
and more or less steadily, but with increased
volume it generally kicks or vibrates in
jerks, thus indicating that the set is over-
loaded and distortion is taking place.
A Test for the Loud Speaker

This indicates that the trouble is in the
set, but if distortion and loss of musical
quality—or the worse trouble commonly
called “ blasting ' is heard from the loud
speaker while the meter reading remains
fairly steady, the loud speaker is at fault.

Testing for correct Grid Bias

Still another indication of the causes of
trouble can be obtained from the meter
readings. Tune in a station and adjust
the volume so that the meter needle kicks
are not too pronounced, then carefully
increase the volume, and if the kicks then
predominate on the upwards, or increased
current side, it indicates that H.T. voltage
is too low or the grid bias voltage is too
high. If the kicks are mainly in the
reverse direction, the grid bias voltage is
probably too low.
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SIMPLIFIED TESTING OF WIRELESS
COMPONENTS

By H. E. J. BUTLER

Fig. 1—THIs sHOWS THE SIMPLE APPARATUS REQUIRED FOR THE TESTS DESCRIBED IN THE
FOLLOWING ARTICLE.

The moving coil meter is essential only for testing high resistance components.

HE tests described here do not

involve the wuse of expensive

apparatus or the accurate deter-
mination of values. Where possible a
method of finding approximate values is
given when it can be accomplished by
simple methods. These tests are made
before constructing a set to find out
whether the com-
ponents have any
radical faults likely
to result in absolute
failure of the assem-
bled set or to cause

damage to other ., "nies

ever, necessary for checking high resist-
ances and grid leaks.
Fixed Resistances
The continuity of fixed resistances may
be tested with a pocket voltmeter of the
moving iron type. The range of the meter
and the voltage of the testing battery
decide the limit of the resistance which 1t
is possible to test.
The moving iron
type of voltmeter is
not very sensitive,
the worst types
X generally take some
150 milliamperes for

parts of the receiver. AL full-scale deflection,

Most of the tests are {||||||||‘: so that this kind of

made with the aid of ' e meter is suitable

a cheap moving iron ~ £7%- 2.—THE CIRCUIT USED FoR TESTING  gnly for testing low
RESISTANCES.

voltmeter and
battery. A high re-
sistance moving coil
voltmeter is, how-

X is the resistance under test, and R is a
protecting resistance. When a voltmeter is
used instead of a milliammeter, the resistance
R is part of the instrument.

resistances and re-
sistances which are
rated to carry
25 milliamperes and
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Fig. 3—TESTING A SMOOTHING CHOKE FOR CONTINUITY AND RESISTANCE BY MEANS OF A
VOLTMETER AND GRID Bias BATTERY.

over. The resistances in this class are
self-bias resistances and D.C. mains
resistances.

When to Use a Moving Coil Voltmeter

High resistances, which are used for
decoupling and as voltage dropping re-
sistances in anode circuits may be tested
with a moving coil voltmeter of 200 ohms
or 1,000 ochms per volt. The 200 ohms per
volt class of voltmeter gives a full-scale
deflection at 5 milliamperes, while the
more sensitive type of 1,000 ohms per volt
gives a full-scale deflection at 1 milli-
ampere.

A voltmeter is used for testing con-
tinuity and resistance because it is more
convenient and safer than wusing a
milliammeter. If a

the value of the resistance is possible from
the reading.

How to Make the Test with a Voltmeter

Fig. 2 shows the circuit for testing
resistances with a voltmeter or milli-
ammeter. X is the resistance on test
and R is the series resistance of the
voltmeter or the protecting resistance of
the milliammeter. Suppose a 75 volt
moving coil voltmeter of 200 ohms per volt
1s being used, with a 75 volt battery
tapping. With A and B short circuited,
the meter gives a deflection of 7 volts.
This is the real voltage of the battery.
With resistance X in circuit the voltmeter
now reads -5 volt. This is equivalent to a
current reading of } milliampere, since a

reading of 7-5 volts

milliammeter is used
it is necessary to
insert a resistance in
circuit to limit the
current in the event
of a short circuit

©

VOLT|METER

1s equivalent to
5 milliamperes; -5
= volts is equivalent to
P _EBATTERY L'; -

= = X -5 milliampere.

The total resistance

across the component
being tested. A
milliammeter has
the advantage that

Fig. 4.—THE Circuit USED FOR TESTING
A POTENTIOMETER.

of the circuit, from
Ohm’s formula :—

The object of this test is not only to verify E x 1,000
_ . the continuity of the potentiometer, but to ="
direct calculation of test the arm for bad contact at any point.

I == I s
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where I is expressed in milliamperes.
RLX— 7 X 1,000

1
R 4 X = 21,000 ohms.

The resistance of X is, therefore, the
total resistance of 21,000 ohms minus the
meter resistance, which is 1,500 ohms. X
therefore equals 19,500 ohms.

Testing with a Milliammeter

Consider an example using a milli-
ammeter of full-scale deflection of r milli-
ampere. This is to be used for checking
a high resistance, so that a 100-volt
battery is used. To limit the deflec-
tion of the in-
strument to I
milliampere, in
the event of a
short circuit
across A and B,
a resistance of
‘I megohm
(100,000 ohms)
is used in series
for R (see Fig.

2). The value
of the protect-
ing resistance

is found from
the formula
R — ?")IOO E
where E is the
battery volts
and I the full-
scale current of
the meter in milliamperes. The resistance
X to be tested is now connected to A
and B, which gives a current reading of
-05 milliamperes. The total resistance
of the circuit is therefore :—

1,000 X I00
.05
2 megohms (2,000,000 ohms):

2 — -1 megohms.
1-9 megohms.

X (R~

X

i

The accuracy of this result depends on
the exact values of the protecting resist-
ance and the voltage of the testing
battery. The meter resistance is
negligible.
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The accurate measurement of resist-
ances is dealt with in a separate article on
the use of the Wheatstone Bridge.

Testing the Resistance of a Choke

Fig. 3 shows a test being made on a
smoothing choke." The voltmeter scale is
being used with a 7-5 volt tapping on the
dry battery, which gives a full-scale deflec-
tion with the choke short-circuited. With
the choke in circuit the meter reads 5 volts,
which is equivalent to a current of 3-3
milliamperes, because the instrument
resistance is 1,500 ohms. The total

resistance of the meter and the choke is
therefore :—

Fig. 5.—A PRACTICAL ILLUSTRATION oF THE CIRCUIT SHOWN IN Fia. 4.

7°5 X 1,000
33
= 2,280 ohms.

The resistance of the choke is therefore
2,280 — 1,500 = 780 ohms.

X+ R=

Variable Resistances and Potentiometers

The total resistance of a variable resist-
ance or potentiometer is tested in the
same way as for a fixed resistance just
described.

The chief test of a potentiometer is for
smoothness of action and perfect contact
of the moving arm in all positions. Fig. 4
shows a circuit for doing this, and Fig. 5
shows the apparatusin use. Itisnecessary

3
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to limit the voltage
AQ-

SIMPLIFIED TESTING OF WIRELESS. COMPONENTS

of moving iron

of the battery to
the maximum
which may be
applied to the
potentiometer.

Making the Test

8O-

a
.

VOLTMETER

voltmeter. Low
resistance con-
tinuity testing is
satisfactorily
accomplished by
using one of the

BATTERY

Il

The test is made
by rotating the arm
slowly over the re-
sistance track. If

needle flickers at

any point it indicates a bad contact. This
test can be used to indicate the maximum
and minimum values of the potentiometer.
The voltmeter used must be a 1,000 chms
per volt type for testing high-resistance
potentiometers, while a moving iron volt-
meter can be utilised
for potentiometers @

of low resistance, a0

Fig. 6.—THE CIRCUIT OF A SIMPLE CONTINUITY
TEST SET.

The component to be tested is connected across
A and B. The battery voltage is adjusted to give
the voltmeter a fullscale deflection with A and B short-circuited.

inexpensive pocket
voltmeters with a
self-contained 3-volt
battery. It is not
possible to measure
the inductance of a
choke with simple
measuring instruments.

A Simple Continuity Tester

A circuit for continuity testing is shown
in Fig. 6. The battery voltage should be
adjusted to give a full-scale deflection, so

that the test may
be as sensitive as

which are used for
bridging the fila-
ments of indirectly
heated valves and
the heater windings

of mains trans- BC

possible. For low-
resistance circuits,
such as switches and
tuning coils, a lamp
of the same voltage
as the battery may
be substituted for

— BATTERY

==

formers, to obtain
the electrical
centre.

When testing re-
sistances by any
method which necessitates passing an
appreciable current through them, care
must be taken not to exceed the specified
current rating of the resistance. The
maximum voltage that may be applied
across a potentiometer is given by E =
A/W x R, where W is the watts rating
of the resistance
R ohms.

Chokes

Smoothing and
output chokes are
tested for con-
tinuity. The D.C.

Fig. 7.—A ConTINUITY TESTER USING A BULB
IN PLACE OoF THE VOLTMETER IN FIG. 6.

This circuit is suitable for testing low-resistance
circuits such as tuning coils and switches.

N

the voltmeter, as
shown in Fig. 7.

Tuning Coils

The matching of
tuning coils and the measurement of their
inductance will form the subject of separate
sections. It is assumed here that the
inductance is correct. The coils are tested
for continuity with either of the tests
shown in Figs. 6 and 7. It is advisable
to test the coils not only across the entire

winding but also
5 across one end and
each of the ter-
minals connected to
the tapping points.
If a low-resistance
voltmeter is used in

resistance of chokes
seldom exceeds
1,000 ohms, so that
this continuity test
can be made with a
less sensitive type

<

LF. TRANSFORMER

Fig. 8.—THE CIircult FOR TESTING A Low-
FREQUENCY TRANSFORMER WITHOUT MEASURING
INSTRUMENTS.

The bulb is a 25-watt size, and the potentio-
meter 30 ohms.

the test (shown in
Fig. 6) the self-con-
tained switches of
the coils may also
be tried for in-
different  contact.
The extremities of
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the coil are connected to the test points A
and B (Fig. 6), and the switch then
operated. With the long wave winding
short-circuited, the reading on the volt-
meter should rise due to the lower circuit
resistance, and remain steady if the switch
is good. A high-resistance voltmeter is
unsuitable for this test because the
resistance of a tuning coil is too low in
comparison and the shorting of the long
wave winding would not therefore give any
appreciable difference in the voltmeter
readings.

Intervalve Low-frequency Transformers

Unless a high-resistance voltmeter or
low-reading milliammeter is available it
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indicated by a mains hum in the phones
which are connected to the secondary
terminals of the transformer. The low
potential A.C. may be derived from the
filament winding of any available mains
transformer. If a suitable transformer is
not at hand another method of obtaining
the low voltage A.C. can be used. This is
shown in Fig. 8. A 25-watt lamp is con-
nected in series with a resistance of 2o to
30 ohms, such as might be provided by an
obsolete filament rheostat or potentio-
meter suitably adjusted. The low volts
A.C. is then tapped off the potentiometer.

Fixed Condensers
It is not possible to test, with any degree

Fig. 9.—TESTING A LOW-FREQUENCY TRANSFORMER WITH THE CIRCUIT SHOWN IN Fia. 8.

is not possible to test the continuity of
intervalve transformer windings with the
testing circuit shown in Fig. 6 because the
secondary winding is of very high resist-
ance and will not safely pass any appre-
ciable D.C. such as would be required to
give a readable indication on a moving
iron instrument.

A Useful Circuit

A circuit for readily proving the sound-
ness of low frequency transformers is
shown in Figs. 8 and 9. An A.C. voltage
of 2—4 volts is connected to the primary
winding of the transformer, and a con-
tinuous circuit in both windings is

of certainty, condensers which have a
capacity of less than -5 microfarad. The
testing of small condensers, apart from a
simple insulation test, is possible only with
more expensive and elaborate apparatus.
The tests on condensers of -5 microfarad
and over, which are given here, are to
prove the insulation and ability to hold a
charge.

The test consists of charging the con-
denser with a voltage not appreciably
lower than the rated working voltage of
the condenser, leaving it for about five
minutes, and then discharging to discover
whether the charge has been satisfactorily
retained.

3—2
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Voltage Required
for the Test

A high D.C. volt-
age is necessary for

What the Spark
Indicates

The size of the
spark will depend

this test. Thismay
be obtained from
D.C. mains, a high
tension dry battery,
or the unsmoothed
D.C. of the elimi-
nator for which the
condensers may be

CONDENSER

on the capacity of
the condenser and
on its insulation.

oc. If no spark is ob-
mains  tained on shorting
the charged con-
denser, low insula-
tion or internal

intended. The high
tension D.C. is con-
nected directly
across the condenser
terminals, and as a
protecting device a bulb must be put in
series to protect the supply should there be
an internal short circuit in the condenser.
The circuit is shown in Fig. 10. If there is
an internal short-circuit in the condenser
the lamp will light continuously. When
the testing voltage has been applied for
about half a minute the mains are switched
off and the condenser allowed to stand for
about five minutes. The condenser ter-
minals are then short-circuited with a
screwdriver or short wire. If the charge
has been held a spark is obtained.

tecting device.

Fig. 10—THE CIRCUIT ARRANGEMENT FOR
CHARGING SMOOTHING CONDENSERS.

The lamp is inserted in the circuit as a pro-

O disconnection is in-
dicated. On no
account handle the
charged condenser,
because the voltage
across its terminals may be dangerous.
Alternating current mains are not suit-
able for testing condensers in this way.
Do not be tempted to apply a voltage
equal to the manufacturer’s test pres-
sure. The test voltage, often stated on
the condenser case, is applied for a few
seconds only, and a further test at this
voltage is not good for paper con-
densers, for while they may not be
actually punctured, permanent injury can
result which may lead to premature
failure.

Fig. 11.—TESTING THE OUTPUT WINDINGS OF A MAINS TRANSFORMER.

The high voltage secondaries are tested with mains bulbs, and the 4-volt windings with a moving
iron voltmeter or a small bulb.
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Mains Transformers

The object of making a simple test on
mains transformers is to prove the sound-
ness of the various windings and to check
the terminal connections of the different
voltages.

The usual transformer for an all-mains
set has one or more 4-volt windings and a
high tension secondary of 135 volts
upwards.

How to Test a Mains Transformer

To test a transformer first connect the
‘primary to the correct mains voltage and
leave the transformer without any load on
the secondary windings for about fifteen
minutes. If the transformer remains cold
after this time it may be assumed that
there are no short-circuited turns in any
of the windings.

If the first test is satisfactory test the
4-volt windings with a miniature 3-5 or 4-
volt bulb. A moving iron voltmeter may
be used to test the 4-volt windings, as
shown in Fig. 11. This class of instru-
ment does not give an accurate indication
of the secondary voltage, but gives a fair
idea of the voltage on open circuit. The
meter will probably indicate 4-25-4'5
volts.

Testing High Tension Secondary Windings

The high tension secondary windings
are tested with a mains bulb of suitable
voltage. Care must be taken to use a
bulb which will not pass a current much in
excess of the rated capacity of the winding
under test. Usually a 25-watt 250 volt or
15-watt 100-volt bulb will be safe for all
but the smallest sizes of transformers.
This test is only momentary, not con-
tinuous, so that considerable latitude is
possible in the voltage of the testing lamp.
If the voltage of the secondary winding
exceeds 250 volts on each side of the high
tension secondary centre tapping, two
bulbs are connected in series.

Centre-tap Test

Suppose a transformer has a secondary
winding of 500 plus 500 volts for a valve
rectifier, each half of this winding is
separately tested with two 230-250 bulbs
of the same wattage connected in series.
It is possible that one-half of a centre-
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tapped winding may be connected the
wrong way round, which results in zero
voltage across the outer terminals. To
check this, sufficient bulbs of the same
wattage are connected in series across the
outer terminals. Fig. 11 shows one-half of
a centre tapped high tension secondary
being tested with a 25-watt bulb.

Do not attempt to test with a lamp the
secondary winding of a small grid bias
rectifier transformer. These transformers
are designed to pass only a very small
potentiometer current of 5 milliamperes
or so. In theabsence of an A.C. voltmeter
of high resistance the only way to test this
type of winding is by a continuity test
shown in Fig. 6.

A Useful Voltmeter

Voltmeters of the moving iron type
are now available which read with the
same degree of accuracy both on direct
current and alternating current. They
cost no more than a good class moving
coil instrument. The wireless enthusiast
is therefore advised to buy one of these
double purpose instruments in preference
to one of the moving coil type, which is
suitable for direct current measurements
only. '

Testing Wired Components

When a fault has developed in a set, it
is necessary to test the components in
order to locate the defective one. Although
it is advisable to disconnect the parts to
be tested, it is not always necessary to do
so.
When the batteries or mains are dis-
connected and the valves are removed, a
number of parts, such as fixed resistances
and transformers, can be tested without
unwiring them,

It is possible to test a wired part only
when there is nothing in parallel with it,
which is likely to affect the test. Thus,
when a high resistance is connected across
a condenser, the condenser cannot be
tested for insulation, although the resist-
ance of the leak can be found, if the con-
denser is good.

When a number of condensers are in
parallel they can be first tested exn bloc to
see if any of them are faulty, and discon-
nected only if a fault exists.



DESIGN CHART FOR THE ‘ COMPLETE WIRELESS” DOUBLE CONE PORTABLE
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2nd Stage.
’ Cover the square part of
Ist Stage. each frame with plywood,
Build two frames, 20 in. one with a 17 in. diameter
wide, 26 in. high, with hole, the other with a 13 in.

diameter hole, each in the
centre of the plywood.

halved or dowelled joints.

9th Stage.

Prepare baseboards, fix temporarily to
rough piece of wood, drill holes for battery
]e_‘ads and terminals, countersink them each
side, and sandpaper smooth.

L’ | 4th Stage.
Dope the linen
SEll iSEage. with celluloid cement,
Cover the outer faces of the ply- and stretch the
wood with linen, connect the frames frames apart by tightening
with four brass extension rods; the nuts 1n the inside of the 10th Stage.
fasten the linen together in the centre frames. Give three separate i )
with the L.S. washers and spindle, coats of dope and stretch the Fit terminals to baseboard and screw com-
as shown. frames until they measure ponents in place, following the arrangement shown
53 in. wide from back to front. . below on the full-size Diagram.
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I, M ! &‘\j II‘ ‘| /7 11th Stage. / ({Q N
. 5th Stage. ] 3 “ N’ Fix the tuning and reaction :
| . {! T ' condensers and the combined 12th Stage.
b Fll)t bfla.re: . forfrgrl;' & i wave-change and on-off switch ge ,
aseboard 4z 1n. 6th Stage. . to the front of the case above ‘ Form neat eyes on the ends of all wire-

connecting links. then wire up the set as

‘ top, and fit a shelf for
shown in the Uni-view Diagram.

the L.T. battery 13 in. from the Build the aerial frame as shown, 20 in.

top, and screw a board to the wide, 20 in. high, and 2} in. between the

bottom framework. inner faces of the parallel battens. Add a
cross-piece for the L.S. unit. Use halved
joints glued and screwed together.

the brasebourd.

gil

;
=
=

Components on Baseboard.

Here are seen the various components in
place on the detachable baseboard, which
facilitates the wiring.

\

\

N
; 7 8th Stage.
A . Screw aerial frame to back of

7th Stage.

- cw
z '\
e e — e =

cones, bolt L.S. unit in place and

Make 17 inward inclined saw- adjust. Screw on top and side piece,
cuts across each frame batten, com- hinge the door, and screw an orna-
mencing } in. from ends and spaced mental fret to the face side. Wind
% in. apart. the frame aerial.

components and batteries are housed in the space between
the cones, as can be seen in the Uni-view Wiring Diagram.
Progressive stages of construction are clearly illustrated
in the sketches, which show the whole process in 12 stages.
The Uni-view Wiring Diagram shows clearly the path of
every wire in the set, eliminating all trouble in construction. -

Completely self-contained, this original design has been
evolved and tested by the technical staff of Cemplete Wircless.
It will receive numerous British and Continental stations at
full loud-speaker strength, has a pleasant clear musical tone,
1s easy to tune, and inexpensive to make. The loud-speaker
framework takes the place of the usual cabinet, and all

b oM e ww e e s
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Uni-View Wiring Diagram.
This unique feature presented by Complete Wireless enables

every wire to be seen at a glance and its path easily followed.
When wiring up, follow this Diagram, and troubles cannot arise.

Order of Wiring. The best order of wiring is stated below.

1. Run L.T. 4 to 5 valve holders and to by-
pass condenser.

2. Run L. T.— to 5 holders and for switch.

3. 1st H.F, choke to plate 1st valve and by-
pass condenser.

4. Condenser to grid of 2nd valve.

5. Fit "25 M@ resistance to grid and L.T.+ on
2nd valve holder.

6. Connect plate of znd valve to choke and
grid-leak condenser.

7. Grid condenser to grid of 3rd valve.

8. Float in 2 MQ grid leak between L.T.+ and
grid side of condenser.

9. Plate of detector valve to 2 Ml resistance on
R.C. unit condenser and to by-pass condenser.

10. R.C. uait 25,000 ohms resistance to con-
denser to grid of 4th valve.

11. 20,000 ohms spaghetti resistance from
R.C. unit to HT.+ terminal on board.

12. Grid bias No. 1 to R.C. unit resistance.

13. Grid bias 4+ to L.T.— on 1st valve.

14. Grid bias — No. 2 to “ G.B.” on L.F.
transformer.

15. Plate of 4th valve to “ P.”” on L.F. trans-
former.

16. Grid of 5th valve to ““ G.” to L.F. trans-
former.

17. HT.+ up through hole in board to 1st
H.F. choke.

18. H.T.+ terminal. 20,000 ohms spaghetti
resistance to “ H.T.”” on L.F. transformer.

19. Connect 2 H.F. chokes.

20. Insert in case and screw base to bearers.

21. Centre of differential condenser to plate
side of 1st H.F. choke.

22. Differential condenser to L.T. +.

23. Differential condenser to tuning con-
denser.

Components on Back of Upper Part of Case.

24. Tuning condenser to No. 1 on switch.

25. Tuning condenser to No. 6 on switch.

26. Connect I..T. — from terminal on base to
L.T.— and H.T.— batteries and to No. 8 on
switch.

27. No. 7 on switch to L.T.— of 5th valve.

28. Connect switch to frame aerial : No. 1 to
start of first coil, No. 3 to start 2nd coil, No. 5 to
start third coil. Connect No. 2 to end first coil,
No. 4 to end second coil, No. 6 to end of third coil.

29. Connect centre tap on aerial coil to L.T. +
on 4th valve holder.

30. Connect loud-speaker leads, one to terminal
on base, one to plate of 5th valve holder.

31. Connect L.T.+battery to terminal on base.

32. Connect ‘H.T. batteries in series, H.T. —
to HT.+, and to terminals on baseboard as
requisite.

Check and test all circuits.

;
!

'BACK VIEW OF CONTROL MOUNTING

|

r —
‘ ‘005 ‘
Tuning Condenser. | r
Combined ) 0001 )
Wave Change Differential
and Reaction
On-Off Switch. { Condenser.
i
) 1
\_ J

OTerminal. I | B 1 T Terminal.O
1st HF. o . LF ©

e o o

@ ‘001 . H.F. Choke. [

H.F.
2 Choke.

‘0003

| T

1]

R.C. Unit.

Components on Baseboard, Full Size.

—

Terminal.Q

Components for the Speaker. Components for the Receiver.

t Lewcos 41 L.F. Transformer. 4 Telephone Terminals.

i

ect 1-i sqnare Deal or Oak. 2 dozen Wood Screws (assorted). J 2 Ever-Ready 6o-volt IL.T. Batteries. 1 Wates R.C.C. Unit. ) 2 coils Glazite Wire. |
;6p€m;sxj.r;:i2' '?: h:ch‘; square. 1 Wood Fret, 20 im:hé sqnare.) 1 Young Nmz-slg_in Accarmulator, 2 volts, 1 ].B. Precision "00o5 Tuning Condenser. 1 P.M. 202 Mullard Valve. I
2 pieces Unbleached Calico, 24 inches squarze, 1 square foot Gauze. 1 Lissen g-valt Grid Bias Battery. 2 Climax H.F. Chokes. 2z P.M. 1 HF. Mullard Valve.
4 pieces 6-inch Brass Rods 2 B.A, 7 feet §-inch Moulding. ~ 2 20,000 ) Spaghetti' R {Lewcos) 5 A;hley Valve Holders. . 1 P.M. 1 H.L. Mullard Valve.
16 No. 2 B.A. Nuts and Washers. 3 pieces oak-faced Plywood, 21 in. X 6} in. X g in. { 3 Spade Terminals. 1 Lissen f{» meg.) Grid Leak (wire ends). 2 P.M. 1 L. F. Mullard Valve. . X
1 tin Ceiluloid Cement (1s.). 1 pair Cabinet Hinges. 8 Wander Pilugs. 1 Lissen (2 meg.) Grid Leak (wire ends). 1 Baseboard, 19} inches long, 3} inchg; wide, 1 inch thick.
1 small bottle of Amyl Acetate. 2 spring Ball Fasténers. { t Fuse Bulb. 2 T.C.C. ‘001 Fixed Condensers. 1 Bottom Board, 20 inches long, 5} if:hes wide, § inch thick.
1 Ormond or Lissen L.S. Unit. t carrying Handle. 1 Fuse Bulk Holder. 1 T.C.C. ‘0003 Fixed Condenser. 1 Shelf, 6 inches lon.g, 4 inches wide, inch thick.
1 L.S. Extension Spindle and large Cone Washerg 2 pieces 14 inch by 1} inch oak, 20 inches long. 1 Ormond S.M. l?ial. - 100 feet Lewcos Frame Aerial Wire. 2 Shelf S_upgorts, } inch dlqmcter, 6 igches long.
1 tube of Seccotine. 1 piece 1} inch by 1} inch, 6 inches long. 1 Telsen ‘o001 Differential Condenser. 4 ounces 30 DS.C. Wire. 5 feet J-inch square Moulding. .

1 Junit Multi-Switch. 12 feet Tnsulated Flexible Wire. 5 Bearers, 1 inch wide, } inch thick, §:4 inches long.
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A DOUBLE CONE TRANSPORTABLE

RECEIVER

By A. PINK

DOUBLE 1 Small bottle

Ac one of Amyl
linen Acetate.

diaphragm loud 1 Ormond or
speaker is well Lissen L.S.
known to give Unit.
excellent 1 L.S. Exten-

quality and will
well pay for the
extra trouble
in constructing

sion Spindle
and large
C o n e

' Washers.
this type of 1 Tube of Sec-
loud speaker. cotine.

The set de- 2 doz. wood

scribed below is
built  between

screws  (as-

sorted).
the two cones, T
so that it may T
be used as a o
firescreen or q .
transportable, 1 square foot

easily carried
from room to

gauze.
feet %-inch

room or to Mouldmg.
thegarden. Itis 3 pieces oak-
easy to operate, faced ply-
neat in appear- wood, zo
ance, and will inches X 6
bring in a num- lthgs. .
ber of foreign 1 pﬁ}r Cabinet
ggﬂi?;iséirz)s;: Fig. 1.—THE COMPLETED RECEIVER. 2 S;I;Igrfgs Ball
stations. fasteners.

1 Carrying handle.

MAKING THE LOUD SPEAKER 4 pieces 14 inch X } inch oak 2o inches

AND CASE WORK

. . long.
Apparatus Required for the Cabinet and I piece 1} inches x % inch oak 6 inches
Speaker long.

16 feet 1-inch square deal or oak.

2 pieces 3-ply 20 inches square. First Make the Frames

2 pieces unbleached calico 24 inches First construct the two frames to hold
square. the plywood. Half slot the crosspieces

4 pieces 6-inch brass rods z B.A. to the legs with a tenon saw and screw

16 No. z B.A. nuts and washers. together. Dowe'led joints may be used.

1 Tin Celluloid Cement (xs.): Cut out two circles in the centre of the
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plywood, 8% inches
radius and 64 inches
radius réspectively.
Screw the plywood
to the frames.

/

Attaching the Calico
for Cones

Completely cover
the outside surface
of the plywood with
liquid glue and lay
the calico squarely
over the centres so
that the overlap
round the sides is 2
inches ; this overlap
can now be stuck
down round the
frames. When
thoroughly dry place
the two frames back Fig.
to back and drill the
holes through the
top and bottom
frames for the exten-
sion rods, 2 inches in
from the sides. The
centre holes for the
spindle should be ““ buttonhole "’ stitched
before fixing the washers to prevent
tearing through

N
SN
\\\\4

N\

2.—THE DOUBLE
CoNE LouD SPEAKER
BEFORE THE SET IS
BuiLt INTO IT.

Fig. 5 shows the method
of shaping the cones.

made with a tenon
a slanting direction

when the cones are

I

stretched apart.
The washers can now
be fixed in position
and the calico given
its first coat of ‘dope.

Coating Calico with
Dope
Thin the celluloid
cement with the
amyl acetate and
paint the calico with
this solution evenly

to 4 inch beyond L

the circles.

Forming the Cones
While still wet,
join the cone washers
and carefully stretch
the frames apart as

Fig. 3.—DETAILS OF THE FRAME.
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far as the calico
will allow. When

thoroughly dry the
cones may be given
a second coat of

.dope, at the same

time the frames
again stretched
apart another inch
or more.

After the third
coat the distance
between the frames
should be stretched
to 3% inches, and
between the ply-
wood 5% inches.

Mounting Loud
Speaker Unit

Battens, } inch
thick, should be pre-
pared to take the
speaker unit and the
frame aerial wire,
seventeen slots, -
inch apart, com-
mencing } inch from
the extreme edge.
The slots can be
saw } inch deep in
towards the centre.
Mount the unit to
these battens so that
the centre is true
with the extension
spindle. (See Fig.
10.)

Test for Final Ad-
justments

This should com-
plete the loud
speaker part of the
apparatus, and if a
friend’s wireless set
is available, a test
for final adjustments
can be given.

A distinct “plop”
should be heard as
the armature falls
in position by turn-
ing the adjusting
knob.
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. — 20”

-= 20" ———

20" 20 !

Fig. 4—FRONT AND Back oF LoUD SPEAKER.
The plywood square is secured to each of the wooden frames with $-inch gimp pins.

CONSTRUCTING THE RECEIVER Materials Required

A straightforward five-valve Hartley The list of apparatus required is as
circuit is chosen for its general results and follows : ,
low cost in construction. 2 Ever-Ready 60-volt H.T. Batteries.

0 ' ) 'f =e}é7¢ S

"
%l sTUDS

et . " i u

| ) }'.:J

0)
_r§

///S 4
Fig. 5.—How THE FRAMES R
ARE FITTED TOGETHER. ‘ i
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i Young Non-Spil Accumulator. 2
volts.

1 Lissen g volt Grid Bias Battery.

2 20,000 megohms Spaghetti Resist-
ances.

2 Spade Terminals.

8 Wander Plugs.

1 Fuse-bulb.

1 Fuse-bulb Holder.

1 Ormond S.M. Dial.

1 Telsen -0oo1 Differential Con-
denser.

1 Junit Multi Switch.

1 Telsen 3:1 L.F. Trans-
former.

1 Wates R.C.C. Unit.

1 J.B. Precision -0005 Tuning
Condenser.

2 Climax H.F. Chokes.

5 Ashley Valve Holders.

I Lissen (3 meg.) Grid Leak.
Wire ends.

1 Lissen (2 meg.) Grid Leak.
Wire ends.

2 Lissen -o001
densers.

1 Lissen -0003 Fixed Con-
densers.

100 feet Lewcos Frame Aerial
Wire.

4 ozs. 30 S.W.G. Wire.

12 feet Insulated Flexible

Wire.

4 Telephone Terminals.

2 coils Glazite wire.

Fixed Con-

1 Baseboard 1934 inches long,
3+ inches wide, % inch
thick.

1 Bottom board, 20 inches
long, 5% inches wide, %
inch thick.

1 Shelf 6 inches long, 4 inches
‘wide, ¢ inch thick.

2 Shelf Supports, } inch diameter, 6
inches long.

5 feet § inch square moulding.

4 Bearers 1 inch wide, } inch thick,
5% inches long.

The Baseboard
A baseboard, 194 by 3% by 1 inches, is

Valves should be 1, P.M. 202 ; 2, PM.I.H.F.

(all Mullard).

necessary and should be made to rest on
bearers fixed so that the top surface is as
low as possible (at least 44 inches) from the
top without touching the cones. This
baseboard is screwed to the bearers and
can be fixed after the components are

Fig. 6—How THE FRaAME AERIAL 1S WOUND.

The long wave winding lies underneath the medium
winding.

wired. It is drilled at the ends for the
battery leads.

Mounting Components on Baseboard

Mount the components as shown in the
diagrams. The -0005 tuning condenser and
the -ooo1r differential reaction condenser

1, PM.LHL.; 1, PM.LLF.
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I ' \\\‘

Fig. 7—F1xiné THE Loup SPEAKER UNIT To THE CONE.

should not be mounted until most of the
wiring is completed. These two con-
densers and the wave-change switch are
assembled on the 3-ply front which forms
the panel.

Wiring

Commence wiring the
first. Flexible leads are
baseboard to the L.T.
enough to allow

filament leads
used from the
battery long

Winding the Frame Aerial

The frame aerial may now be wound.
Commence from the centre and wind in a
clockwise direction seventeen turns of
No. 30 silk-covered wire, leaving sufficient
lengths each end to run to the change-over
switch. Wind a second layer No. 30 in
the same direction over the first. These
two windings are shown in the diagram as
Nos. 1 and 2z, 5 and 6. They should be

the accumulator
to be removed
easily for re-
charging.

If these flexible
leads are lettered
or numbered it
will certainly save
time hunting for
the various leads
when the receiver
is nearing comple-
tion.

The complete
wiring may be

N

carried out with
Glazite, in which

[ L

case soldering
woulcl be unneces-
sary.

(
L4 &

o
GB8+ G,

Fig. 8.—THE CIRCUIT EMPLOYED FOR THE DOUBLE CONE TRANSPORTABLE.



numbered with
small slips of
paper to prevent
getting them
mixed when at-
taching to the
wave-change
switch.

The thick frame
aerial wire can
now be wound on
the top of these
windings and in
the same direc-
tion, thatis, clock-
wise. This wind-
ing is number 3
and 4 in the
diagram. The
centre of this
winding  should
be tapped and a
lead run to con-
nection No. 7 on
the switch. The
Nos. 7 and 8 con-
nections act as a
filament switch in
the L.T. — lead.

"

By #

2 v o ; ”
e 7" ety Vo 7"
<] [ : — o |

17 Saw Curs
Tie " AnarT

1°'Souare

Sine View OF BATTEN
Swowing Saw CUTS FOR
FRAME AERIAL WIRES

Fig. 10.—THE PosITiION oF THE UNIT.
Showing how battens are secured to the frame.

A DOUBLE CONE TRANSPORTABLE RECEIVER 43

] -

Fig. 9—FIXING THE ACCUMULATOR PLATFORM
IN PosIiTION.

Showing also the lower high tension battery shelf.

Shelf for Batteries

A piece of board can be fixed at the
bottom of the speaker to take the two
60-volt high tension batteries. A small
platform to house the accumulator is built
just above the H.T. batteries, and two
small uprights will hold this in position.

Completing the Casing of Set
When everything has been tested out
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Fig. 11.—F1xinc THE HINGED SIDE OF THE CABINET.

and satisfactory, the top and side pieces
should be made. The side where the
accumulator is placed should be hinged
with two small hinges, and two small
fasteners, preferably of the ball-and-socket
type.

The top should be screwed down and
the carrying handle fastened in the centre.

A fretted front with a moulding around
the edge will give the whole apparatus a
neat appearance, and this may be stained
or otherwise according to taste.

Tuning

In tuning this
type of receiver
the most should
be made of its
directional pro-
perties, and 5 or
6 inches one
way or the other
may make all
the difference in
the strength of
the incoming
signal.

Careful adjust-
ment of the
reaction con-
denser is neces-
sary when
tuning-in distant
stations, keep
the set just on
the oscillation
point but do
not let it howl.
Adjust the
values of H.T.
current to
secure the best
results. If the
set becomes un-
stable, reduce
the H.T. on the
first two valves.

What the Set will
do

The  special
points about this
novel set are,
first, that it gives
very fine repro-
duction owing to
the fact that the large cone responds to
the bass notes and the smaller cone to the
treble. The selectivity is extremely good
owing to the special form of frame aerial
employed. In addition, the set, unlike
many home-built sets, forms a handsome
piece of furniture. It can be easily carried
from room to room or out of doors. During
the day Radio Paris and Daventry are
easily received on long wave and most of
the British stations on short wave. Many
foreign stations can be received.
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BATTERIES AND ACCUMULATORS

PRACTICAL NOTES ON THEIR CARE AND MAINTENANCE

The High Tension
Battery

HE working
life of a dry
battery may

befrom six to three
months, depending
on the demand made
upon it when using
a suitable size of
battery for the ap-
paratus to be sup-
plied with current.
If the battery fails
under three months,
then either the bat-
tery was old stock
when bought, or the
sal-ammoniac paste
used in it -has dried
up, causing the
internal resistance
to be very high and
the chemical activity
of the cells to be
greatly reduced.

What to do with
Single Cells that
are Faulty

Indications that
the wuseful life of
the battery is over

may be obtained by -

testing the voltage
of the battery with
a high - resistance
voltmeter when it
is actually in use
with a set. Indi-
vidual cells of
the battery which
give little or no
reading on the volt-

By H. W. JOHNSON

Fig. 1.—WHAT 1S THE STATE OF THE
ACCUMULATOR ?
You can find out in a minute whether your
accumulator is becoming exhausted by using the

hydrometer. Insert the spout into the acid,
suck some acid into the hydrometer, and then
take the reading. By correctly acting on the
readings obtained, a long life for the accumulator
will be ensured.

meter should be
short - circuited, as
their presence in the
circuit only adds to
the resistance of the
battery, and may
produce  crackling
noises in the loud
speaker or phones
of a radio receiver
supplied by the
battery, due to bad
internal connections
in the faulty cells.

ACCUMULATORS

If an accumulator
is properly looked
after and its working
conditions are satis-
factory, it will give
no trouble during its
working life. Accu-
mulators which are
used for working
radio apparatus are
often neglected,
especially those used
for H.T. supply, and
consequently their
life is shortened and
their ampere hour
capacity is reduced.

Charging a New
Accumulator

The accumulator,
when sent from
battery makers," is
usually without
acid, and before it
can be placed into
service acid of the
correct  specific
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gravity must be added and
the accumulator given its
initial charge. Various
methods are recommended by
battery makers of giving the
initial charge, and their direc-
tions given should be faithfully
carried out.

Making up the Electrolyte

The electrolyte is a solution
of pure brimstone sulphuric
acid and distilled water made
to a specific gravity of 1-2 to
I-25.

Acid must be Pure

The purity of the acid and
the water is essential to the
efficient working of the cell.
The common impurities of
commercial sulphuric acid
are, copper, iron, arsenic,
and nitrous compounds, and
each of these attack the
active material and the lead
frames of the battery plates
very strongly and very soon
cause their destruction.

Pouring in the Solution

When making up the
solution always add acid to
water, as great heat is
developed during the mixing
process. The specific gravity
of the solutionis tested when
cool and should be the exact
figure given on the direction
label on the accumulator.
The electrolyte is then
poured into the accumu-
lator and should completely
cover the plates. The plates
will absorb some of the
solution, and it will be
necessary to add more to
maintain the level. On no
account should the top of
the plates be allowed to
become dry.

The Initial Charge

The charging current is
adjusted to the correct

RUBBER
BuLs.

T
GLASS TUBE~_|

THE CORRECLT
READING IS AT
THE 8OTTOM OF

‘THE MEMISCUS _ [

HYDROMETER —

Fig. 2—THE SYRINGE
TyPE HYDROMETER

Fig. 3.—A USEFUL APPLI-

value, making sure the positive
pole of the supply is con-
nected to the positive pole of
the accumulator. The correct
polarity may be ascertained
by testing the supply ter-
minals with pole-finding paper,
the negative testing wire will
give a stain on the paper. The
initial charge should continue
uninterrupted for the full
period stated, and the accumu-
lator is gassing freely. The
voltage should be 2:6 when
the charging current is passing.
The voltage test when taken
with the accumulator on open
circuit is of little value.

A later article will deal
fully with the various methods

used for charging batteries

commercially.

Colour of the Plates

The colour of the positive
plates will be a deep choco-
late and the colour of the
negatives a blue grey when
the accumulator is charged.
The specific gravity of the
electrolyte will have in-
creased by about o-5 per
cent. during the charging
process. Some battery
makers recommend that the
electrolyte be poured away
after the initial charge and
immediately refilled with
new solution of the correct
specific gravity. The accu-
mulator is now ready for
service.

ANCE FOR THE WIRELESS

Man.

The syphon shown above
will be found extremely use-
ful for ‘‘ topping up’ bat-
teries with distilled water,
and is very simple to con-
struct. Three pieces of $-inch
glass tubing, some soft
rubber tubing, a rubber
stopper, and a strong paper
clip are needed. To start the
liquid flowing, blow gently
through the small tube in the
stopper, at the same time
releasing the clip.

The Limit to which an
Accumulator should be
Discharged

During the discharge of
an accumulator the chemical
activity of the plates is
gradually reduced, and the
specific gravity of the elec-
trolyte falls. The plates
now become covered with a
film of lead sulphate which
will be difficult to remove



by the next charge
if the discharge is
taken too far, When
the voltage of the
accumulator has
fallen to 1-8 the
discharge should be
stopped and imme-
diately afterwards
the re-charge should
be commenced.

Effect of Neglecting
to Charge a
Discharged Ac-
cumulator

The electrolyte
will attack the plates
and produce a thick
film of lead sulphate,
and the specific
gravity of the acid
will be reduced.
This film of sulphate
cannot be removed
by ordinary charging
methods, and the
ampere hour
capacity of the accu-
mulator will be per-
manently reduced.
These remarks
should be borne in
mind with H.T.
accumulators which
are very often left
in a discharged state
and owing to the
small amount of
electrolyte in this
type of accumulator,
the electrolyte soon
disappears, due to
its chemical action
on the plates and
evaporation of the
water in the elec-
trolyte, causing the
interior of the cells

to be completely
choked with lead
sulphate.

BATTERIES. AND ACCUMULATORS

Fig. 4—UsING VOLTMETER TO TEST
ACCUMULATOR.

Fig. 5.—KEEP PLATES COVERED WITH
ELECTROLYTE.

Topping up with distilled water.
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ACCUMULATOR
TROUBLES

The most frequent
causes of accumu-
lators giving trouble
and the effects re-
sulting from these

| causes are :—

(1) Want of atten-
tion and Failure to
carry out the Makers’
Instructions. — The
effect of this neglect
will cause unsatis-
factory working of
the accumulator,
weak cells will not
be detected when
they first occur, and
in time the plates of
these cells will be
ruined.

(2) Excessive
Overcharging.— This
produces  positive
active material in
excess, leading to
abnormal deposit of
sediment, which in
time will build up
from the bottom of
the accumulator
container and short-
circuit the plates.
This incurs waste in
using  unnecessary
charging  current,
and dissipates the
electrolyte in the
form of a spray
which is lost if there
is an opening in the
top of the cell, and
leads to a falling off
in specific gravity
when water is added
to make up the
deficiency. It also
forms spongy lead
on the negatives,
leading to treeing
across the plates
and producing weak
cells.
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— NEGATIVE MAIN.
J— Sy
p—
~
CHARGING Y EARTH
MAINS
TEST LAMP %;G-E
T .
s TEST LAMP OF
MAINS YOLTAGE / J
GLASS VESSEL CONTAINING
ACIDULATED WATER
Eigepoo ENDitiG e DR giiron Fig. 7.—FINDING THE POLARITY OF THE
THE BATTERY CHARGING MAINS. e

If one of the charging mains is earthed, it The polarity of D.C. or rectified A.C. mains
is best to connect the battery ontoit. Atest may be tested by dipping the ends of the charg-
lamp of the mains voltage is connected between  ing wires into a glass vessel containing water to
each main and earth alternately. If thelamp which a teaspoonful of acid has been added.
lights brilliantly when connected to one main  Bubbles of gas will be liberated from the nega-
and not on the other, the main on which it tive charglng wire. A test lamp of mains volt-
does not light is the one which is earthed. age should be connected in series with the

circuit to prevent a short circuit.

CHARGING MAINS

CHARGING
Lamp aomaol MAINS CLP BOR""DQ
o] e
T - . + o'd yareu
b o [ d) s p—io I f ¥ s 5 —f 4
Fig. 8. —CONNECTIONS FOR CHARGING AccUMU- Fig. 9.—CONNECTIONS FOR CHARGING ACCUMU-
LATOR WHEN THE NEGATIVE SIDE OF THE LATOR WHEN THE POSITIVE SIDE OF THE
CHARGING MAINS 1s EARTHED. CHARGING MAINs Is EARTHED.
HEAVY WEIGHT ‘HEQVY WEIGHT
PREPARED
NEGATIVE PIECES
PLATE LUG. OF WOoD.

AN
PREPARED
PIECES OF
‘!VOOD

; /
POSITIVE

5 FLATE
S SYSTEM

Fig. 10—HOW TO TREAT SWOLLEN AND Fig. 11.—How T0 TREAT SWOLLEN AND
BUCKLED ACCUMULATOR PLATES. . BUCKLED ACCUMULATOR PLATES.

Side view. End view.
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(3) Running
the Battery too
Low on Discharge.
—The positive
plates sulphate
dangerously, the
source from which
buckling may
arise. Makes the
active material of
the negative
plates  contract
and so per-
manently lose
capacity.

(4) Under-
charging. — The
electrolyte gradu-
ally decreases in
specific gravity,
and the plates
sulphate, which,
if neglected, it
will be impossible
to reduce.

(5) Using Im-
pure Acid or Un-
suitable Water for
Toppingup.—The
impurities will
attack the plates, leading to their dis-
integration, or the impurities will com-
bine with the electrolyte, producing a
precipitate and cause the specific gravity
of the electrolyte to be lowered. The
precipitate will fill up the space below the
plates which is ordinarily required for
normal deposit of sediment, thereby
causing more frequent cleaning out than
would be otherwise necessary.

Removal of Sediment from Accumulator
Boxes

Carefully pour out the electrolyte into
a suitable container and remove the
cover of the accumulator box.

Removing the Cover

If the cover is made of bitumen it may
be softened by passing steam from a
kettle into the box. If made of cellu-
loid, the joint between the cover and the
sides is broken by inserting a thin-bladed
knife.

Fig. 12—~How T0 CURE A LEAKY CELLULOID
CONTAINER.

First empty the cell and carefully clean round the
leak with the blade of a pocket knife or scraper knife.

The cover and
the plates are
carefully removed
so as to prevent
the plates short-
ing with each
other.

Replacing the
Cover

The box is now
flushed out with
clean water and
dried, and the
separators from
between the accu-
mulator plates
taken out and
cleaned. The
separators are re-
placed and the
plates and cover
are fixed again in
the box. The
joint between the
box and cover is
remade. A bitu-
men joint is made
by softening the
bitumen again
and kneading it to the sides of the box ;
a celluloid joint is made by running into
the joint a solution of amyl acetate, ace-
tone, and small pieces of celluloid which
has been made to the consistency of
syrup. Whilst the cover is removed,
examine the terminal connections of the
plates, and the condition of the insulating
rubber bushes. These should be renewed
if found faulty.

The electrolyte should be filtered and
its specific gravity tested for correct
strength before replacing it in the accumu-
lator. The accumulator is now put on
charge until it is gassing freely.

Treatment of Swollen and Buckled Plates

Prepare pieces of wood, 4 inch longer
and % inch wider than the plates. The
number required will be two more than
the number of separators used in the
accumulator, and their thickness equal
to that of a separator. The prepared wood
should be planed and perfectly flat. Pour
off the electrolyte from the accumulator

4
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box and remove the plates. The separators
are taken out from between the plates,
and a prepared piece of wood placed
between adjacent plates. A piece is also
placed over the outside face of the first
and one on the outside face of the last
plate. The whole of the plates arc now
sandwiched between the prepared pieces
of wood.

Placing a Weight on the Plates

The composite block of plates and wood
is now placed on a flat surface and a heavy
weight put on the upper piece of wood and
left there for two or three hours. Great

ACCUMULATORS

80°F. At higher temperatures the wear
on the plates is excessive and their life will
be considerably reduced. Working an
accumulator at low temperatures reduces
its capacity, but beyond this no harm will
be done.

Treatment of Dry Plates

If the negative plates have for any
reason become dry they will oxidise, and
a long time will have to be allowed for
re-charging. The positive plates will only
require a comparatively short time for
re-charging. The negatives should have
part of their charge given with a dummy

Fig. 13 —CURING LEAKY CELLULOID CONTAINER
Next apply a few drops of amyl acetate or acetone on the celluloid round the leak.

care should be taken not to dislodge the
active material on the surface of the plates
when removing the separators and insert-
ing the prepared pieces of wood between
the plates.

- Remove the wecight from the upper
piece of wood and replace the pieces of
wood between the plates with the separa-
tors. The plates and cover are fixed in
position in the accumulator box, the
electrolyte poured into the box, and the
accumulator charged up until it,is gassing
freely.

Effect of Temperature on the Life and
Capacity of an Accumulator

The maximum temperature at which an
accumulator will work satisfactorily is

set of positives, and the remainder com-
pleted with the positives which will
normally work with them.

Putting an Accumulator out of Com-
mission

Fully charge and then discharge the
accumulator at the normal rate until the
voltage of each cell has fallen to 1-84.
The electrolyte is then poured out and
replaced with pure water. Recommence
the discharge, gradually reducing the
resistance of the circuit until the accumu-
lator voltage has fallen to zero. Now
short-circuit the terminals of the accumu-
lator and leave it twenty-four hours.
Pour off the water and the plates will now
take no harm for an indefinite period.



The wooden
separators
should be re-
moved Dbefore
finally storing
the plates, and
immersed in
water until re-
quired again.

Putting the
Accumulator
into Commis-
sion again
Replace the

scparators
between the
plates and fit
the plates and
cover to the
container. Pre-
pare new elec-
trolyte to the
correct specific
gravity and fill
up the con-
tainer with it
to the working
level. The
charge should
now be begun
at the normal
rate and con-
tinued without
interruption
until the accu-
mulator is fully
charged. This
charge will take
the same time
as an initial
charge.

£4 Toppin g.‘!!
up the Ac-
cumulator

This is restor-
ing the level of
the electrolyte
to the correct
height with dis-
tilled water.
The water ob-
tained from
rain-water cis-

BATTERIES AND ACCUMULATORS

Fig. 14.—PATcHING LEAKY CELLULOID CONTAINER.
Also drop a little of the celluloid solution on to a patch
of celluloid, with a piece of rag. The solution causes the
“celluloid to become sticky, in which condition the patch is
placed in position and held until the liquid has set.

Fig. 15.—FINISHING OFF REPAIR TO LEAKY CONTAINER.

After fixing, paint the outside and the edges of the patch
with some more of the celluloid sealing solution,
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terns, engine
drains, peaty
soil, and from
hard water
mains  supply
should not be
used. Electro-
lyte should
never be used
to restore the
level unless
some has been
spilled out of
the accumu-
lator.

‘A little vase-
line smeared on

the terminals
will prevent
any tendency

to corrosion.

Jelly Acid Ac-
cumulators

The electro-
lyte in this type
of accumulator
is made in jelly
form and should
be kept thor-
oughly  moist
by the addition
of a little dis-
tilled water
before the com-
mencement of
each charge.

The electro-
lyte should be
completely re-
newed every
twelve months,
and is done
when the cells
are in a fully
charged con-.
dition. Atten-
tion to this will
prevent “ froth-
ing,” which
often occurs
with celluloid
box accumula-
tors after seve-
ral months’ use.
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SERVICING

THE “EKCO” R.S.3, RS.2, A.C., R.S.2, D.C.,, and S.H.25
RECEIVERS ‘

=

Fig. 1.—How 10 REMOVE THE R.S.3 RECEIVER FROM THE CABINET, FIRST OPERATION,

s

e

Turn the receiver upon its side and unscrew and remove the six cheese-head screws.

General Notes on all Models
N order to locate faults quickly, search-
Iing must proceed in a systematic
manner, and for the guidance of the
reader we would suggest the following
order of test.

(1) Examineeverything EXTERNALtothe
receiver, such as aerial and earth
wires, mains lead, wall socket, etc.

(2) Test to see if the detector and out-
put valves are working by insert-
ing a gramophone pick-up in the
“ pick-up ™ sockets and flicking
the needle. ‘

(3) Try changing each valve in the set
inturn. Turn loud speaker adjust-
ment knob (if there is one) to
ascertain if loud speaker is working

properly.

(4) Remove base-plate beneath the set
and check all voltages with HicH
RESISTANCE VOLTMETER HAVING
A RESISTANCE OF I,000 OHMS PER
VoLr.

(5) Examine all soldered joints for loose
or bad connections. In case of
doubt check wiring from blue-
print.

(6) Test all ““ wound "’ components for
continuity, and all condensers for
shorts. The best test for fixed
condensers is a ““ neon "’ lamp con-
nected to a D.C. supply. Use a
“ Megger ” if available.

This systematic search should reveal the
cause of the trouble, and it may not be
necessary to go through all the tests out-
lingd above before the fault is located.
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Fig. 2.—SECOND OPERATION.

Stand the receiver upright again and remove
the control knobs and the back.

In ninety-nine cases out of a hundred
system will locate the defect in a quarter
of the time which would otherwise be
taken.

INSTRUMENTS REQUIRED FOR
TESTING

Very few meters are required, but they
must be of first-class quality.

D.C. Voltmeter

The first instrument necessary is a multi-
range voltmeter giving readings as fol-
lows :—

0-10 volts.

0-50 Vvolts.

0-250 volts.
The meter should have a resistance of 1,000
ohms per volt. Any meter having a lower
resistance than this may seriously damage
the receiver.

A.C. Voltmeter

Secondly, a good quality A.C. volt-
meter also of the three-range type. Thisis
required for measuring mains input to
receiver, A.C. voltages across the secon-
dary of the mains transformer before
rectification, heater voltages to indirectly
heated valves, etc.

Fig. 3.—THIRD OPERATION.

Undo the hexagon nut holding the mains
switch and push the switch back into chassis.

Tools

It is suggested that this list cannot be
improved upon.

1 Universal electric soldering iron.

1 Ratchet screwdriver (6 inches).

1 Small screwdriver (4 inches).

1 Long screwdriver (1o0-inch thin bit).

1 Pair nut pliers.

1 Pair flat-nosed pliers.

1 Pair round-nosed pliers.

1 Pair side cutters.

1 Pair bolt cutters.

1 Set box spanners (o B.A. to 8 B.A))

1 Tap wrench.

1 Set taps (0 B.A. to 8 B.A.).

1 Small hand-brace.

1 Set drills o B.A. clearing to 8 B.A.

tapping.

1 Dusting brush, 1 inch.

1 Duster.

I 4-inch smooth file.

1 Small reamer.

1 1 lb. small hammer.

1 {-inch cold chisel.

1 Knife.

Instruments for Measuring Resistance

Thirdly, some instrument for measuring
resistance, such as a milliameter con-
nected in series with a battery, and an
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Fig. 4 (Right). —FoUuRTH OPERATION.

Undo the four dome headed bolts
holding the .metal grille in position.
The grille can then be easily removed.

Fig. 5 (Left).—F1rTH OPERATION.

Remove the four countersunk bolts
which hold the loud speaker, baffle in
position

Fzg. 6 (Right).—FI1NAL OPERATION.

The cabinet can be withdrawn by
standing in front of the receiver and
pulling it towards you, as the chassis
stands upon four rubber feet which lift
it well clear of the surface.



Ohmmeter,
“Avometer,”
e

Headphones for
Tracing
Continuity

Fourthly, a
pair of head-
phones. These
are most use-
ful for tracing
continuity in

SERVICING

Fig. 7.—How TO REMOVE THE RIVETS.

A hammer and cold chisel should be used. Place the
receiver chassis in a firm position and hold the chisel with
the blade against the head of the rivet, and give the
hammer a smart tap. Another method is to use a very
flattened pair of side cutters and nip the head of the rivet.
All rivets for securing components may be replaced with
4 B.A. nuts and bolts, and a small -split (lock) washer
should be placed over the bolt before the nut is tightened
down. This is useful to remember when reassembling.

55

circuits, and
when used for
this purpose a
14-volt cell
should be per-
manently con-
nected in series
with one ear-
piece. When
the phones are
in use for test-
ing continuity,
as soon as the
circuit is com-
pleted a click
will be heard,
due to the cur-
rent from the
battery passing
through the
component
being tested
and also
through the
earpieces them-
selves. If no
click is heard,

Fig. 8.—TaeE UNITS BPEING DISSEMBLED.

The chassis consists of four main component units, the H.F. section, the detector section, the
power pack and the loud speaker and dial assembly. Should it be necessary to remove any one
section the scale and pointer mounting must be removed first and then the loud speaker and baffle:
The H.F. panel or power pack may then be removed, but it is impossible to remove the detector
panel before the H.F. panel has been removed. Time will be saved if thisis borne in mind.
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Fig. 9.—METHOD OF WITHDRAWING VALVES.

These should be inserted or removed without *‘ wriggling.”” Microphonic reaction is often caused
by one of the screened grid valves. The moulded anode connectors of the screened grid valves should
be examined to see that not only does the metal insert make good contact with the flex but also
that no bare wire is exposed. It is equally important that leads taken to the small plugs which
are inserted in the back of the receiver are securely fixed into these plugs by being tightened with

pliers.

W e I ‘ e}
Fig. 10.—How TO TIGHTEN VALVE SoCKETS WITH CURVED PLIERS.

The best tool for squeezing the sockets is a pair of long round-nosed pliers with the ends bent at
right angles. If the socket is gripped with these and slight pressure employed, then contact can be
restored. It is essential, however, that the valve holders should not be subjected to amny more

wear than is absolutely necessary.
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IMPORTANT NOTICE TO READERS

personally and directly interested in the practical side of wireless reception. We

THE fact that you have purchased Part I. of this publication shows that you are

will go further and say that a more intimate knowledge of modern wireless practice
has a definite cash value to you. In purchasing this first part you have secured the
opportunity of obtaining for a trifling cost a complete and up-to-date work on this impor-

tant and expanding industry.

We can say with confidence that you will find it well worth while to purchase the
complete set of parts as they are issued. Read through the list of contributors below,
and you will get a very good idea as to the standard of excellence of this work.

Remember that the aim throughout has been to keep the treatment simple and

practical, as well as technically sound.

These three handsome

volumes coniaining

more than 1,000 illus-

trations and many

useful charts and

tables can be obtained
at trifling cost.
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If you wish to secure
this valuable work,
which may be worth
pounds to you, fill in
the order form on
page lv. and hand it
to your Newsagent
to-day.
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QA Fine Suweolnand’

ARE YOU A WIRELESS ENTHUSIAST ?

"We realise that it would not be an easy task to satisfy the
very high standard which you expect in a wireless publica-
tion. We believe, however, you will find that this new work
is exactly the kind of wireless publication for which you have
been looking. It will deal with the whole theory of wireless
from the very simplest principles up to the most advanced
stage (but please do not expect to find advanced theory in
the early numbers). It will show you the most up-to-date
practice as exemplified in the fine commercial sets which
have been placed on the market recently. It will show you
the possibilities of short-
wave work, and will
contain many useful
designs for constructing
experimental apparatus
of all kinds.

FIVE REASONS WHY YOU

1. Because it explains the theory and principles
2. Because it contains many new designs by the
3. Because it is authoritative and yet easy to ur
4. Because it gives you the expert advice of ove
5. Because when completed it will be worth mu

ARE YOU ON THE DISTRIBUTION SIDE?

If so, you will find this work invaluable. It contains
authoritative servicing instructions for all the sets now on
the market—His Master's Voice, Pye, Ekco, Columbia,
Marconiphone, are just a few of the outstanding names.
Full circuit details and data are given, and in nearly every
case we have obtained splendid photographs, showing how
the servicing should be carried out.

The man in the industry will have no difficully in
realising the value of a simple exposition of the underlying
principles embodied in present-day receiving sets. These
principles have been dealt with thoroughly by Ralph
Stranger, in such a way that they can be readily under-
stood by the practical man.

FILL IN THE ORDER FORM OVERLEAF TO-DAY AND MAK
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ARE YOU ON THE MANUFACTURING SIDE?

Every year many thousands of new broadcast licences are
taken up. Over 5,000,000 receiving sets are already in use.
The scope for progress on the manufacturing side of the
industry is likely to increase. In no other industry is
manufacture influenced so readily by advances in theory and
new inventions and discoveries. No one can hope to hold his
own for long on the manufacturing side unless he has a thorough
grounding in fundamental theory. The well-read man will
be able to visualise the possibilities of a new discovery
much more accurately than the man who has only a rule-of-
thumb knowledge of wire-
less practice. Thisis why
the new *“ Complete Wire-
less ’ will be indispensable
to everyone engaged on
this side of the industry.

SHOULD BUY THIS WORK

of wirecless in a way that you can understand.
est designers.

twenty wireless specialists. )
. more than it has cost you to purchase it.

SET BUILDING

No doubt you have already built several sets for yourself
and for your friends or customers. In the ‘‘ Complete
Wireless ** we shall show you many novel ideas in this direc-
tion. The keynote of the constructional articles is ““ Sets
that are Different.” We have also evolved a particularly
convenient method of showing the wiring details and layout
of the components in one diagram.

A Portable Set Giving Moving-Coil Quality Reproduction,
a Pre-Tuned Wireless Set which will enable the lady of the
house to switch on any four stations at will, a Screen-Grid
Pentode-Two giving maximum performance for a 2-valve
battery-driven set, are a few typical examples of the items
which will be included.

SURE OF OBTAINING YOUR COPIES OF THIS FINE WORK




OUTLINE OF THE WORK
Wireless Theory Made Plain

Current Electricity—How it is Produced and What it
Wwill Do.

Static Electricity—How it is Produced and Some
Effects.

Current Voltage and Resistances in Wireless Circuits.

The Meaning of Inductance, Capacity and Impedance.

Primary Batteries,

Secondary Batteries.

Aerials.

Colis and Condensers.

The Tuning Circuit.

Band Pass Tuning.

Rectification and Rectifiers.

Valve Detection—Anode Bend —Grid Leak.

Valves—Screened Grid — Pentode — Bigrid — Variable
Mu.

The Transformer and the Choke.

High Frequency Amplification.

Low Frequency Amplification.

Telep and Loudspeakers.

Modern Recelving Circuits.

Stenode Ci.cuit.

Autotone Circuit.

Superhet Circuits.

Gramophone Pick-Ups.

Wireless Diagrams.

The Mathematics of Wireless.

Transmitting Circuits.

Design, Construction and Experimental

Tools Used in Wireless Work.

Wires and Soldering.

Lay-out of Components.

Coll Winding Appliances.

Ebonite Working.

Metal Screens and Boxes.

Wiring Lay-out.

Resistances, Potentiometers and Grid Leaks.

Step-up and Step-down Transformers (L.F.).

Aerials, Earths and Counterpoises.

Colls.

High Frequency Amplifying Stages.

Low Frequency Amplifying Stages of all Types.

Teleph and Loudspeakers.

Volume Controls.

Mains Units.

Portable Recelvers.

Radio-gramophones and Pick-ups.

Shortwave and Ultra Shortwave Receivers.

H.F. and L.F. Transformers.

H.F. and L.F. Chokes.

Anode Reslstances.

Battery Charging Boards.

Lightning Arresters, Solenoid.

Condensers, Fixed and Variable (of ail types, including
the differential condenser).

Design of Tuners.

Maintenance

Tracing Faults.

Service Man’s Kit.

Locating Valve Faults.
Loudspeaker Faults and Remedies.
Charging of Accumulators.

Mains Supply Units.
Atmospherics and Interference.

Cut along this line.

The Detector (Grid Leak Rectification, Anode Bend and
Push Pull).

The Output Circuit.

Loudspeaker Extension Systems and Plug and Jack
Control.

Method of Designing a Complete Receiver with an
Example of a Four-valve Receiver.

The Wave Meter.

Wireleass Cabinets.

Superheterodyne Receivers.

Frequency Controls.

Building a Superheterodyne Seven-valve Receiver.

Shortwave Work.

Television Apparatus.

Radio Controlled Models.

Home Recording, the Blattnerphone.

Recelving Pictures by Wireless.

Wireless Relaying.

Acoustico-electrical Control at Short Distances (robots).

Wireleas Automatic Call Device.

A Receiver for a Motor Car.

Photo-Electric Burglar Alarm.

Public Address Systems,

Radio Compasses—Direction Finding.

Electrical Data and Wireless Formulz Design Curves.

Wireless as a Career.

and Servicing

H.M.V. Recelvers and Radiograms.,
Pye Receivers and Radiograms.
Gramophones.

Columbia Radiograms.

Ekco Recelvers.

Cossor Recelvers.

Marconiphone Receivers, etc., etc.

Servicing
Servicing
Servicing
Servicing
Servicing
Servicing
Servicing

ORDER FORM

To

Newsagents.

Please reserve for me each week one copy of “ COMPLETE WIRELESS” and

Cross out which | A€liver it to my address below.
does not apply. | T yil] call for it.

Name.

Address.

PART 2 READY SEPTEMBER 23rd.

ORDER YOUR COPY TO-DAY
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e STATION FINDER

A Guide to the 100 Best
Stations: List of Wavelengths 2
Special Guide to Interval Signals :

Given with every copy of the

AUTUMN DOUBLE NUMBER
of the WIRELESS MAGAZINE

on Sale on September 21st, 1/-

There are 168 pages in this issue ‘and the
contents include : Full instructions for
building a Revolutionary Screen-gnid Four,
with dial marked in wavelengths, so that
you can tune directly to the station you
want. Also details of Table Radio-Gram
operated by batteries, and a host of other
features.

Wireless
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ORDER YOUR COPY NOW
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This article on * Servicing EKCO Receivers ” is continued in Part 2.
Ready September 23rd. Order your copy to-day.
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BROADCASTING
HOUSE

AN ILLUSTRATED
DESCRIPTION

¥

Undoubtedly one of the -most fascinating buildings in
England, Broadcasting House has now been fittingly
described and illustrated in the official Description issued
by The British Broadcasting Corporation. Finely printed,
and bound in an exceedingly attractive gold-blocked
orange cloth, this book contains a Detailed Description
of thirty pages; four reproductions of photographs,
printed in colour; thirteen floor plans in colour, showing
the lay-out of the studios on each floor; and ninety-eight

monochrome illustrations. The size is 10in. by 74in.

It is one of the finest books ever issued at the price; and

it can be obtained from all booksellers, newsagents and

bookstalls, price five shillings, or direct from the B.B.C.

" (Publications Dept.), Broadcasting House, London, W1,
Bs. 9d. post paid.

Printed in Great Britain for the Proprietors, 'GEORGE NEWNES LTD., 8-11 Southampton Street, Strand, W.C.2,
by THE WHITEFRIARS PRESS LTD., London and Tonbridge. Sole Agents— Australasia: GORDON & GOTCH
\Australasia) L1p. South Africa: ENTRAL NEWS AGENCY LTD.
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P.M. MOVING COI

Spﬁﬁlﬁﬁd for

the Pedestal 4-Valve

Receiver described
in this issue

The MoToR Minor is distinguished by its
exceptional performance and reasonable
price. Its unusual sensitivity, tonal richness,
and naturalness of speech, compel the admi-
ration of all who hear it.

Only the finest workmanship and materiais
could produce such superior results. Get
the best out of your set with the MoToR
Minor Moving Colil.

TEKADE RADIO & ELECTRIC L

147 Farringdon Road, London, E.C.1
Telephone : Clerkenwell 2486.

MoToR Minor Moving Coll complete 39/
with Transformer and Baffle Board . .

‘‘ Chester " Loudspeaker. An
impressive Walnut Cabinet
fitted with MoToR Minor
and separate baffle.

Yiws X 1%t 65/«

MoToR Minor, com-
plete in attractive Baffle

Cusotirem 45

MPONENTS
IN THIS FAMOUS RANGE

Incorporated in every leading

OVER 500 C

set. Specified by the experts.

_“TRANSCOUPLER™

The Original
Complete Unit

A L
A .16
Y 3-Point Switch

ngrslvvo. 1/9

SEND FOR NEW
80- PAGE
Catalogue.

Enclose 2d.
postage.

£960 IN SPARE TIME

One man earned this sum manufacturing
Wireless Batteries by patented simplified
method. No expensive machinery or expe-
rience required. Genuine homework scheme.
Profits guaranteed. Anyone can earn any-
thing up to £6 per week. Send 2d.
stamp only tor free instructions how to
start and indisputable Testimony. England-
Richards Co. Ltd. (251), King’s Lynn,
Norfolk.

GEO. NEWNES LTD.

New Wireless Weekly

FOR THE PRACTICAL MAN
1/- BLUE PRINT INSIDE No. 1

Practical
Wireless
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Fig. 11.—A PossiBLE FAULT WITH THE
GaNG CONDENSER.

When it is suspected that the drive is slip-
ping, first examine the switch to see that it is
greased and has a sufficiently smooth action so
as not to throw a heavy load on the condenser
drive. The photograph shows the cam being
greased. A convenient method is to use a match
stick.

Fig. 13.—TIGHTENING UP THE DRIVE
‘WASHERS.

It is essential to make sure that the nut on
the drive washers is really tight. This nut is
tightened by using two pairs of pliers in the
manner shown in the photograph.

Fig. 12—METHOD OF ADJUSTING TENSION OF
CHAIN DRIVE.

The chain tension should be adjusted by
setting the pointer and scale mounting up and
down. Care should be taken to see that the
scale mounting does not show above or below
that part of the feet marked ‘‘ gram.” If the
latter is the case, the length of the chain must be
adjusted by removing or inserting a link.

Fig. 14—ANOTHER PossIBLE CAUSE OF
SLIPPING DRIVE.

The driving washers may be out of alignment

with the driven disc. This can be remedied by
loosening the two grub screws on the driving
sprocket and allowing the disc to take up its

~correct position on the gang spindle.

5
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then the component must have a break in
the windings.

NOTES ON THE R.S.3 RECEIVER

Figs. 1 to 23 illustrate the various
operations in the servicing of this type
of receiver.

This receiver consists of two stages of
screened grid amplification, leaky grid
rectification, followed by power pentode

SERVICING

Constants of Receiver under Working
- Conditions.

Voltage across electrolytic condenser,
minimum 228.

Pentode Grid-bias . 25-35 volts.
S.G. Valve Anodes . 160-180 volts.
Screening Grids 80—go volts.

I00-I20 volts.
215 volts minimum.

Detector 3 .
Pentode Anode 2

DIAGRAMN OF CONVNECTIONS

R.ET RECEINVER (AL MOOEL)
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Fig. 14A.—THEORETICAL DIAGRAM

output stage. The H.F. stages are trans-
former coupled (tuned), and the detector
is coupled to the output valve by means of
a 5-1 ratio L.F. transformer. The out-
put from the pentode is fed to the moving
coil loud speaker through a step-down
output transformer. Full-wave rectifica-
tion is used, the rectifier being a Mullard
D.W.3. The loud speaker field winding is
employed as part of the smoothing circuit.
Wave-change and pick-up switching .is
carried out automatically by means of
special switching arrangement.

oF RR.S.3 Receiver (A.C. MoDEL).

Detector Bias when
Pick-up in use

Total consumption
of Receiver from
Mains

— 1-5 to — 2 volts.

260 milliamperes
A.C. (approx.).
D.C. Resistances of Coils, etc.

The following notes are for guidance in
checking connections, switches, etc.
Aerial Coils

The aerial coil consists of a primary of
14 turns of medium wave and 30} turns of
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Fig. 15.—BENDING THE SPLIT END CONDENSER VANES WITH A TABLE KNIFE.

Bent vanes may be a cause of shorting, which usually occurs on the slotted vanes level with the
slots.  This should be cleared by bending the vanes as little as possible, otherwise it will be necessary
to restep the receiver.

Fig. 16.—How To ADJUST THE MEDIUM WAVE TRIMMERS TO OBTAIN CORRECT GAUGING.

Choose a weak station when the volume control is at maximum. Now close slightly the front and
rear trimmers and rotate the centre trimmer for maximum volume. The same process should be
carried out with the front and rear trimmers. If one of the latter is all out it will be necessary to
close the centre trimmer slightly and restep. If it is necessary to close either the front or rear trim-
mers hard up for maximum volume it will be necessary to open the centre trimmer slightly and
restep. To open the scale, close the trimmers. To close the scale, open the trimmers.

long wave, the long wave being switched Aerial coil primary—
out for medium wave reception. Resist- Medium waves . . 4 ohms.

ances of the coils are as follows :— Long waves 7 . I3-14 ohms.
5—2
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Aerial coil secondary—
Medium waves

4 ohms.
Long waves

‘19-ohms.

‘H.F. Transformers, etc.

The H.F. transformers are similar to the
‘aerial coil except that the primaries are
wound on small paxolin tubes fixed inside
the secondaries. Resistances are as
follows :—

H.F. Transformer Primary—
Short waves 5 ohms.
Long waves . 13 ohms.

Intervalve Transformer—

Primary 750 ohms.

Secondary . . 10,000 ohms.

Potential divider. This is in three
sections, consisting of two 5,000 ohm

sections and one 2,000 ohm section.

Gramophone Bias Resist-

ance . . 250 ohms.
Loud-speaker Field. . 2,040-2,060
- ohms.

Voltage dropped across
LS. Field Winding . 120-I40 volts.

Fig. 17.—How 10 ADjUST THE LONG WAVE TRIMMERS.

On long waves an additional pair of trimmers are brought into operation.
across the long wave sections of the H.F. transformer secondary and are adjusted by screwing or

unscrewing tae 6 B.A. nut over the washers.

H.F. Transformer Secondary—
Short Waves 2 . 4 ohms.
Long waves 19 ohms.

(The two H.F. transformers are identical.)
Mains Transformer—
Common tap to 250-volt

tap. : . 40 ohms.
Common tap to 220—230
volt tap . 36 ohms.

Common tap to 2o00-

210-volt tap 32 ohms.
Output Transformer—
Primary . 800 ohms.
Tapping . I70 ohms.
H.T. Smoothing Choke . 500 ohms.
H:F. Choke . . . 130-140 ohms.

These are connected

If the long wave cahbratnn is uniformly out, ‘some
correction may be made by moving the scales together at one of the “

gram '’ positions.

Current passing through
Loud-speaker Field
‘Winding . . . 50 milliam-

peres.

Pentode Plate Currént—over 17 milliamps.

Pentode Auxiliary Grid Current—under
10 milliamps.

Notes on the Wave Change Switch

On all later models brass strips are
screwed to the gang to form a bearing for
the switch spindle. If these brass strips
are not present the switch may give
trouble after a short period of service.
Rotating the gang in an anti-clockwise
direction viewed from the front, the switch
action is as follows :—
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All-in.: Gramophone contact making,
all other contacts open, £, 4 and 1 ; medium
wave contacts making, all other contacts

open,
All-out : Gramophone contact making.
H.T. making. The ‘“gram” switch

should contact at the actual minimum and
maximum position of the gang condenser.
The H.T. switch should make on long
waves only. As will be seen from the cir-
cuit diagram this effectively puts the -oor
condenser in shunt with the first H.F.
Transformer primary and causes the small
pre-set condenser (marked as Trimmer) to
become practically inoperative.

The Circuit

As will be seen from the theoretical dia-
gram, this is a straightforward three-valve
circuit, employing one stage of screened-
grid H.F. amplification coupled to the
detector valve by means.of a tuned H.F.
transformer. The detector works on the
leaky grid principle, and is coupled to the
output pentode through a low-frequency
transformer having a ratio of 5in 1. The
loud speaker is specially wound to match
the pentode, and is wired directly in the
plate circuit of this valve. A feature of
interest is the unusual aerial circuit em-
ployed. As will be seen from Fig. 23a,

Fig. 18.—How 10 SET THE CaM.

First release the cam from the condenser shaft by loosening the grub screws.
the usual way. Now fix the pointer and scale, next move the pointer to the centre of the right-hand
gramophone position and reset the cam with the hand until a click is heard, then tighten both grub
SCrews.

The contacts on the switch commencing
at the rear are as follows :(—

() Aerial primary ‘tap.

)

) “ H.T.” contact.

} First H.F. primary tap.
(5) First H.F. secondary tap.
(6) Second H.F. primary tap.
(7) Second H.F. secondary tap.
(8) Gramophone.
THE R.S.2, A.C. RECEIVER

Many points regarding the servicing of
this receiver are similar to those described
for the R.S.3. Servicing points of the
R.S.2 type areillustrated in Figs. 24 to27.

Then calibrate in

the S.W. primary is split, and the mini-
mum capacity of the aerial series (volume
control) condenser is balanced by a small
pre-set condenser, so that no signal can
get through when the volume control is at
zero.

Constants of Receiver under Working
Conditions

Plate Potentials—
Loud speaker positive ter-

minal to chassis (earth) . 140 volts.
Detector plate to chassis 95 volts.
Screened-grid valve Plate

to chassis . 140 volts.
Ditto, Screen to chassis 95 volts.
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Fig. 19—FILING A NEw FLAT oN THE SwWITCH SPINDLE.

This may be necessary when the gramophone positions are not exactly 180 degrees apart. If bad
contact is experienced it will be necessary to loosen off the cam arm fixing screw and rotate the wave
change spindle until all the contacts can be bent conveniently to a correct position.

Fig. 20.—TEsTING 01 CONDENSERs oN H.F. Fig. 21.—THE EARTH CONNECTION ON THE |
PANEL . H.F. PaNEL.

The simplest way to make sure whether a This is accomplished by taking a wire direct
condenser is faulty is to try another condenser to the main chassis in addition to wire running
in parallel with each in turn. to the rivet head.

Pentode bias, measured be- H.F. bias across 600 ohms

tween H.T. choke tap resistance . p . 06 volt.
and chassis . . . I2volts. L.T. across valve legs : 4 volt.

Note.—All the above voltages may vary by approximately 10 per cent.
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Fig. 22—THE BUFFER CONDENSERS ACR0OSS TRANSFORMER SECONDARY ON PowER Pack.

These condensers are fitted to cure tuned-in hum and are inserted across the I.T. secondary of the
power transformer and from the mains to earth ; two 0-01 condensers in series are fitted across each
half of the secondary winding and two 0-002 condensers in series from maips to earth.

Fig. 23.—How To CurRE MEcHANICAL Buzz IN THE MAINS TRANSFORMER.

This may be overcome by tightening the clamping bolts of the power transformer, beginning at
the bolt adjacent to the mains adjustment panel. Should loud speaker resonance be present the
faults to look for are: (1) resonance of grille; (2) resonance of scales; (3) dirtin gap; (4) centring
out of adjustment ; (5) damaged cone; (6) solder on coil or coil leads; (7) loose adhesive on coil ;
(8) resonance of scale mounting.
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CARBON
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Diagram of Connections or R5.2 (A,C.) Receiver

Fig. 23A.—THEORETICAL DiacrRaM oF R.S.2 (A.C.) EkKco RECEIVER.
This is a straightforward three-valve circuit, employing one stage of screened-grid H.F.

amplification, coupled to the detector valve by means of a tuned H.F. transformer.

unusual aerial circuit employed.

THE R.S.2, D.C. RECEIVER
The Circuit

As will be seen from the theoretical dia-
gram in Fig. 23B, this is a straightforward
three-valve circuit, consisting of one stage
of screened-grid H.F. amplification,
coupled to the detector valve by means
of a tuned H.F. transformer.. The detector

Note the

valve works on the leaky grid principle,
and is coupled to the output pentode by
means of an L.F. transformer having a
ratio of 5 in 1.

The loud speaker is specially wound for
use with a pentode valve, and is wired
directly in the plate circuit of the output
valve.

The volume . control

special aerial
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DIAGRAM OF CONNECTIONS FOR R.3.2 (D.C).RECEIVER.
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3

Fig. 23B.—THEORETICAL DiagraM oF R.S.2 (D.C.) RECEIVER.
Note the special resistance lamp incorporated to guard against mains variation.
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Fig. 24—REMOVING THE R.S.2 RECEIVER FROM THE CABINET.
After removing the four cheese-head screws from the edges underneath the cabinet, remove the

screws which hold the wooden back in position.

Fig. 25.—REMOVING RECEIVER FROM CABINET.
SECOND STAGE.

The two screws at the top of the baffle board
upon which the loud speaker is mounted should
next be removed. Two further screws still hold
the cabinet in position, and they are situated
at the bottom of the baffle board near the two
brackets.

Fig. 26.—REMOVING RECEIVER FROM CABINET.
THIRD STAGE.

This shows the removal of lower screw from
loud speaker baffle. The right-hand screw can be
reached by means of a long screwdriver inserted
between the mains transformer and the bottom
of the rectifier. The remainder of the operations
are the same as for the R.S.3 receiver.



66 SERVICING

arrangement incorporated has already
been referred to in the description of the
R.S.2, A.C, and therefore no further
mention of it is needed.

Directly heated valves are employed,
and a special ‘“ Resistance lamp,” type

Constants

Screened-grid Valve Plate 170 volts.
Ditto, Screened Grid 65 volts.
Ditto, Grid Bias — I volt.

Detector Plate . . 65 volts.
Ditto, Bias . 3 + 1 volt.

Fig. 27.—REMOVING HORSESHOE WASHER ON SPINDLE OF TwWIN GANG CONDENSER.

If trouble is experienced with slipping drive on the ganged condenser the small horseshoe washer
should be straightened and removed. The spring can then be taken off the spindle and slightly

stretched.
bent over as before.

1904 (Philips), is incorporated to guard
against mains variation, with its conse-
quent damage to the filaments of the
valves. This ‘‘ Resistance lamp ™ will
take care of a fluctuation in the mains of
20 volts either way.

Aerial Volume Control

If it is impossible to obtain a true zero
on the aerial volume control, then the base
of the receiver should be removed, and the
pre-set condenser fixing collar loosened.
The receiver should then be tuned to a
powerful signal, and the small black knob
controlling the pre-set condenser turned
slightly to left or right (with the aerial
series condenser set at zero) until the local
station disappears. The fixing collar
should then be tightened down to lock
the condenser in this position.

It should then be replaced and the washer inserted to hold it in position, the ends being

L.S. Positive Terminal. . 165 volts.
Pentode Plate 130 volts.
Ditto, Bias . — 12 volts.

All voltages to be measured between
that side of ballast lampholder which is
connected to Pentode Filament and the
points shown above.

Resistances, etc.

Mains Resistance, 360 ochms, tapped at
160 chms.

Filament Resis