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PREFACE

HAVE received in the course of the last few years many hundreds

of requests, not only from the readers of my journals, but also from

service engineers all over the country, for a book dealing entirely
with the testing of wireless receivers of all types, the tracing of faults,
methods of remedying those faults, the elimination of extraneous
noises, the tracing of interference, and the hundred and one other
matters concerned with ensuring that a receiver functions satisfac-
torily and economically. I have, therefore, produced this volume
with the idea of serving alike the needs of the service-man engaged
in the industry as well as the needs of the amateur.

Special chapters are devoted to methods of simple testing, suitable
for amateurs who do not possess elaborate meters and testing equip-
ment, whilst other chapters are designed to appeal to the professional
man.

I have endeavoured to deal with every aspect embraced by the
title of the book, and the information is drawn from a long experience
of the troubles experienced with every type of receiver.

The servicing of radio receivers has become a recognised profession,
and good salaries are paid to capable people who are able rapidly to
diagnose the faults and to apply the necessary remedies. I hope that
this volume will serve professionals and amateurs as a useful tool to be
brought into regular use in the course of their work. I have pre-
sumed that readers will be aware of the elementary principles of
receiver design, although the instructions are designed to enable faults
to be located and cured w{thout such knowledge.

F. ]J. Camy.
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ABBREVIATIONS

A.—Anode, or plate.

A.A.—Artificial aerial.

A.C.—Alternating current.

AE.—Aerial.

A.F.—Audio frequency.

A F.C.—Automatic  frequency
control.

A.G.C.—Automatic gain control.

A.M.—Amplitude modulation.

A.T.C.—Aerial tuning condenser.

A.T.1.—Aerial tuning inductance.

A.V.C.—Automatic volume con-
trol.

A.V.E.—Automatic volume ex-
pansion.

B.A.—British Association.

B.C.L.—Broadcast listener.

B.E.M.F.—Back Electromotive
Force.

B.F.0.—Beat frequency oscil-
lator.

B.0.T. Unit.—Board of Trade
unit = 1,000 watt-hours, or
1 kilowatt hour.

B.T.U.—British thermal unit.

B.W.G. — Birmingham wire
gauge.

C.C.C.—Closed circuit or second-
ary condenser or S.T.C.
C.C.I.—Closed circuit inductance

or secondary tuning induc-
tance or S.T.I.
C.G.S.—Centimetre - gramme -
second system of units.
cm.—centimetre.
C.P.—Candle power.
C.W.—Continuous waves,
D.A.V.C.—Delayed A.V.C.
db.—decibel.
D.C.—Direct current.
D.C.C.—Double cotton covered.
D.E.—Dull emitter.
Det.—Detector.
D.F.—Direction finding, or direc-
tion finder.

ix

D.P.—Difference of potential.
D.P.D.T.—Double pole double
throw.

D.P.S.T.—Double pole
throw.
D.S.C.—Double silk covered.
D.X.—Long distance.
E.—Earth.
E.M.F.—Electro-motive force.
F.—Filament.
F.M.—Frequency modulation.
F.P.8.—Foot-Pound-Second.
G.—Grid.
G.B.—Grid battery or grid bias.
G.C.—Grid condenser.
G.L.—Grid leak.
H.F.—High frequency (same as
radio frequency).
H.F.C.—High-frequency choke.
H.P.—Horse power.
H.R.—High resistance.
H.T.—High tension.
I.C.—Intermittent current.
I.C.W.—Interrupted continuous
waves.
LF.—Intermediate frequency.
LP.—In primary (of trans-
former) ; start of primary.
I.8.—In secondary (of trans-
former) ; start of secondary.
kw.—Kilowatt = 1,000 watts.
L.F.—Low frequency.
L.F.C.—Low-frequency choke, or
low-frequency coupling.
L.R.—Low resistance.
L.S.—Loudspeaker.
L.T.—Low tension.
mA.—milliampere.
M.C.—Moving.coil.
mfd.—micro-farad.
mhy.—microhenry.
mm.—millimetre.
mmfd.—micro-micro-farad.
0.F.—Outside foil.
0.L.—Output load.

single
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THEORETICAL SYMBOLS
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SYMBOLS

0.P.—Out primary (of trans-
former) ; end of primary.
Also output.

0.8.—Out secondary (of trans-
former) ; end of secondary.

P.—Plate, or anode.

P.A.—Public address.

P.D.—Potential difference, same
as D.P.

P.M.—Permanent magnet.

Pot.—Potentiometer.

P.V.—Power valve.

Q.A.V.C. — Quiet
volume control.

Q.M.B.—Quick make and break.

Q.P.-P.—Quiescent Push-pull.

R.F.—Radio frequency (same as
high frequency).

R.M.S. Value. — Root - mean -
square value.

Rx.—Receiver.

8.C.C.—Single cotton covered

automatic

8.I.C.—Specific inductive capa-
city.
S.P.—Series parallel.
S.P.D.T.—Single - pole double
throw.
S.P.S.T.—Single-polesingle throw.
S.R.—Specific resistance.
8.8.C.—Single silk covered.
8.T.C.—Secondary tuning con-
denser.
8.T.I.—Secondary
ductance.
S.W.G.—Standard wire gauge.
S.W.L.—Short-wave listener.
T.R.F.—Tuned radio frequency.
T.S.F. (French abbreviation for

tuning in-

Wireless — ** Télégraphie
sans Fils *’ (telegraphy with-
out wires).

T.T.—Tonic train.
Tx.—Transmitter.
U.H.F.—Ultra high frequency.

S8.HM. — Simple harmonic

motion.

SYMBOLS
Admittance . a Y Magnetic Flux Density B
Amplitication Factor ® Magnetic Field .. H
Capacity C Power . P
Current .. I Period Tlme T
Conductance .. G Permittivity "
Dielectic Constant .. K Phase Angle P
Efticiency n Quantity .. Q
Energy 00 W Reluctance .. S
E.M.F. (voltage) .. E Resistance R
Electrostatic Flux Densxty D Resistivity )
Frequency .. f Reactance X
Impedance .. VA Self-inductance L
Magnetic Flux (]
UNITS

Ampere o A Joule J
Ampere-hour Ah Kllovolt-ampere kVA
Board of Trade Umt =1, 000 Ohm (9}

watt-hours or 1 kilo- Volt . \Y

watt-hour B.T. Unit Volt-ampere. . VA
Coulomb .. o .. C Watt w
Farad .. .. .. F Watt-hour Wh
Henry 50 00 .. H

PREFIXES

Kilo .. . .. .. k Micro ®
Mega. . o o6 .. M Milli .. m
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CHAPTER 1
CHOICE AND TYPES OF INSTRUMENTS

LTHOUGH a qualified service-man may carry out all his work
with the aid of a single instrument, this involves considerable
calculation for various types of test and consequently leaves

room for errors to creep in which may nullify the results of his tests.
A properly equipped service workshop, on the other hand, will contain
a fair number of instruments, each of which is designed for a specific
task and thus servicing a modern receiver is not only simplified, but it is
a simple matter instantly to test any component, and replacements are
thus made only where essential. In addition to time-saving, the acqui-
sition of a complete set of test equipment will result in money-saving,
and the work will be more efficiently carried out—and a customer’s
satisfaction will mean more work. A good service-man should build
up a business in which goodwill plays a most considerable factor, and
recommendations from one customer to another will soon enable the
initial cost of equipment to be covered and thus greater profits will
accrue.

ADJUST OMMI
"
/ o \\\.

\

F16. 1.—The Taylor Model 81A
74-range (Universal Meter).
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Fic. 2.—The Ther-
mionic or Valve-
Voltmeter has very
wide uses. This is a
Cambridge instru-
ment of this type.

F16. 3.—A Ferranti
Multi-meter, with
accessories.

There are many firms now
specialising in the production
of test equipment, and the illus-
trations in this chapter show a
representative collection of vari-
ous types. For complete servic-
ing there are various ranges of
apparatus from the simple gal-
vanometer to the cathode-ray
apparatus by means of which
the performance of any receiver
may be demonstrated, not only
for your benefit, but for the benefit




CHOICE AND TYPES OF INSTRUMENTS

of the customer. The
galvanometer is merely
an indication of current
and as such may form
the basis of various
instruments. A milliam-
meter also gives a
reading of current and
forms the basis of vari-
ous test instruments.
By a simple application
of the familiar Ohms
Law this instrument
may measure voltages,
or resistance in ohms,
and a single instrument
may thus be built round
it as described in later
chapters. In addition
to these simple pieces
of apparatus there are
bridges by means of
which condensers, coils
or resistances may be
accurately balanced
against known stand-
ards and their values
accurately ascertained.
Valves may be tested
and in addition to the

Fig. s.—This is a Valve-Voltmeter for battery operation.
The General Electric Company supply this model.

‘ TAYLOR wooe. 90, 15 ovms mer vouT ac 8 0.C. ;

" g

Fig. 4.—Taylor Model go Multi-range Universal
Meter (38 ranges).

lodation of faults in
the mechanical side
it is possible by
means of modern
valve testersto ascer-
tain the characteris-
tics and compare
these with the pub-
lished figures and
thusto judge whether
replacement is nec-
essary. A modern
superhet receiver
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depends for its efficiency upon the accurate lining-up of many tuned
circuits—some receivers perhaps having as many as twenty such
circuits and the slightest maladjustment in one of these may make
all the difference in its performance. A modern signal generator
enables every tuncd stage to be properly adjusted, and all guess-work
is avoided. It would be quite true tosay thata superheterodyne receiver
could not be properly adjusted without the use of an instrument of this
type, and the work involved in endeavouring to make such adjustments
would take many hours.

The charge which a service-man makes for his work must be cal-
culated on an hourly basis ’
plus the cost of replace-
ments, and thus it is essen-
tial, if a good trade is to
be built up, that the work
should be carried out
expeditiously. The man-
in-the-street does not fully
understand the work in-
volved and if you keep a
receiver for a week or more
he doubts your ability to
carry out the work irres-
pective of any argument
you may put forward. On
the other hand, if you can
deliver the set properly
working in a day or two he
immediately places your
ability on a high plane and
is not slow to talk about
it to his friends and ac-
quaintances. Cases have

'E:msiﬂ,'ii VAL INSTRUMENT o

eurg ENGLang
DCAar

been recorded where a s | M
receiver has been serviced o /

20
and after such work has R

given a better performance
than when it was new—
simply because the initial
installation was carried out
by an inexperienced man
and the set wasnot working

at its best when installed.

It should therefore be the Fi6. 6.—This is a typical set analyser, taken trom
. N the range of equipment supplied by the Weston
aim of every service-man lectrical Instrument Company.

16




CHOICE AND TYPES OF INSTRUMENTS

to turn out the very best work and for this purpose he must have the
proper equipment. Let us deal briefly with each type which he is likely
to need for this purpose.

Meters.—Meters may be obtained to read current or voltage, and
for those who do not wish to build up complete apparatus on the lines
indicated in later chapters, a good multi-purpose meter should be the
first item to be obtained. The Avometer is a good example of this type
of instrument. A single open dial carries all the markings needed for

Fig. 2.—Taylor Model 60A All-Wave
ign

al Generator (6 to 300 metres).

this instrument and no calculations are necessary. Selector switches
enable the single pair of testing leads to be connected to any part of a
circuit and the current or voltage to be ascertained at a glance. Resis-
tances or components in which the resistance value is of importance may
also be tested with this instrument, and it may be used on any type of
apparatus. Models are made for D.C. or A.C. use, or for use with
Universal (A.C.-D.C.) apparatus. There are, of course, many similar
instruments available, but this particular one is taken merely as an
example. In some cases the meter movement is supplied as a separate
piece of apparatus, and the additional equipment necessary to convert
it into a device of the nature mentioned is supplied as separate units, so
that they may be acquired from time to time and eventually all con-
! nected together,

S 17
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Bridges.—Modern coils are wound to definite inductance values, and
it is possible for turns to become short-circuited with a consequent
modification in the inductance value. This may not affect the working
of the receiver but may make it impossible to obtain an accurate tuning
indication or introduce some other difficulty. The inductance of a coil,
or of a choke or similar component may instantly be read by connecting
it to an inductance
bridge. In its sim-
plest form this will
consist of a galvano-
meter and some fixed
components. The coil
to be tested is merely
joined to a pair of
terminals and a knob
turned until the
pointer shows the
inductance value. In
other  instruments
coils of known value
have to be joined to
another pair of ter-
minals. In some
cases a loudspeaker
or pair of headphones
are connected to the
apparatus and the
control is adjusted
until a hum or buzz
in the speaker ceases, .
when the value is
read off. Similar
" - types of apparatus
! ; are employed for

F1c. 8.—This Cossor Oscillograph is a useful example measuring the capa-

of the cathode-ray test apparatus. city of condensers or

the value of resistances, and with the aid of such apparatus unmarked

or unknown components may easily be identified without waiting to
communicate with the makers of the receiver.

Oscillographs.—Miniature cathode-ray tubes, housed in a neat
cabinet are employed for adjusting delicate apparatus such as modern
television receivers as well as for checking the performance of either
receivers or amplifying apparatus. Contrary to common belief these are
not difficult to operate and the makers supply very complete text-books
with them. They enable one to calculate accurately the stage gain of a

18
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receiver and to see instantly whether any distortion is present. Peculiar
faults not revealed by ordinary tests may easily be observed by the aid
of this apparatus and leaky transformers, wrong values of by-pass

Fic. 9.—An all-wave oscil-
lator. This is a Radiolab

roduct that mav be used
or testing down to 10
metres. he batteries are
in the small case

components and similar details are revealed in a moment. The fre-
quency-changing stage in a superhet is the most important part of the

F1G. 10.—For trimming re-
ceivers this Ganging Oscilla-
tor by Cossor will prove very valuable.

19

apparatus and a
slight fault exist-
ing here can result
in a falling-off in
the performance,
perhaps only over
a very short por-
tion of the scale.
The oscillograph
will enable this
to be ascertained
and the necessary
adjustmentsmade
to give an equal
performance
throughout the
entire scale.
Where a customer
is interested, you
can show him the

-
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difference when a certain
change is made in the
circuit, and where a ques-
tion of expense is involved
this demonstration may be
most convincing.

Signal Generators. —
Testing has often to be
carried out when no suit-
able programme is on the
air, and a local signal is
then essential. The service-
man who is not provided
with a signal generator has
to make use of a gramo-
phone record or some other
device and generally is not

Fic. 12.—To test for insulation,

etc., this Wee-Megger, by Ever-

shed and Vignoles, will prove
very popular.

F1G. 11.—Above is one of the popu-
lar Avometers, designed for A.C.
or D.C. use.

able to adjust the receiver
on any wavelength. A gen-
erator may be used to provide
a local signal on any wave-
length from the highest now in
use down to the shortest. The
value of such a device needs
no emphasis and this is pro-
bably one of the most valuable
items of the complete service
workshop.
Analysers.—Another type
of instrument, which to a
certain extent embodies cer-
tain of those already men-
tioned, is the circuit or set
analyser. This enables many
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s "TLfasEammmL

Fic. 12a.—Two further types of instrument. Above : The Pye * Life Test ™ instru-
ment (mains operated) for locating intermittent faults, etc. Below : The Mullard
Service Signal Generator {mains operated).

21
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component tests to be made without removing the set from the
cabinet. By the use of adaptors, plugs or prods it is possible to
ascertain the working of any individual part of the receiver, valve
stage or other arrangement. Some of these analysers are most ingenious
pieces of apparatus and often enable a fault to be located more rapidly
than by any other means.

Valve Testers.—These are made in various forms, but the principle
is the same. The valve is plugged in, either in a holder arranged on the
panel to accommodate the particular pin combination employed, or in a
special separate adaptor, and it indicates the condition of the valve.
In some cases a dial is calibrated * Good,” * Bad,” or ** Medium " and
thus you can show your customer instantly whether or not the valve is
in need of replacement. Other analysers of this type indicate the
resistance between elements, show anode current, filament or heater
current, and all other essential details regarding the valve.

In addition to the specific instruments so far described there are
numerous accessories. One or two firms, for instance, make a speciality
of replacements for any type of receiver. Such items as condensers,
for instance, are available in the form of replacement kits for any type
of set, whilst special types of transformer may be obtained for use as
substitutes or replacements.

Portable Apparatus.—The majority of the equipment so far described
is of a type suitable for installation in a workshop and should be fitted
as permanent gear, but there are in addition special portable instru-
ments which may be taken out by the service-man so that a receiver
may be tested in the customer’s house, This will often save considerable
time by revealing a small defect which may be rectified on the spot.
Special portable aerials, for instance, by being connected to a set may
reveal that the aerial is at fault and thus save the trouble of having the
receiver collected or delivered for tests which would prove that every-
thing was in order. Mains-testing equipment should, of course, form
part of portable equipment as many cases of breakdown may be traced
to faulty mains sockets, and obstinate cases of interference may also
prove to be arriving via the mains. Various types of interference
suppressor should therefore be found in the portable test equipment,
and a suitable device will then soon be found for the particular trouble
being investigated. Although hardly part of the apparatus of the
average service-man, interference-tracing equipment is a definite
service device, and by its aid the source of some local apparatus giving
rise to interference may be traced. As explained later in this book, a
small portable may be employed for this ‘purpose if desired.

The illustrations in this chapter are merely representative and must
not be taken as indicating the only suitable types of equipment. It would
obviously be impossible in the small space available to illustrate every
manufacturer’s products and therefore items which may be regarded

22
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as illustrating a particular type of instrument have been selected, but
firms specialising in this type of equipment will be very pleased to
render the service-man assistance in making a selection for his own parti-
cular requirements.

Multi-Purpose Instruments.—There is no doubt that a multi-
purpose instrument, reading milliamperes, amperes, volts and ohms
is desirable; but it is far better to purchase a high-grade milli-
ammeter than a cheap and unbranded multi-range affair. If accuracy
is the first essential—and it is when anything in the nature of research
work is proposed—and when the outlay must be severely limited,
a high-grade milliammeter cannot be bettered. It will be of the moving-
coil type and will be accurate to within about 2 per cent. This
instrument, although actually a milliammeter only, can be used with
the addition of shunt and series resistances to read amperes, volts
and ohms simply by buying or making suitable resistance units and
connecting them as described later on in this volume.

Generally, it will be found best to obtain a meter with a full-scale
deflection of 5 mA., and with a large-diameter scale which is easy to
read.

If still greater accuracy is required, it will be necessary to buy an
expensive instrument with which a degree of accuracy within
approximately 1 per cent is to be expected.

D.C. or Universal.—The above details assume that the meter
is required for measurements of D.C. only, since if it is necessary to
measure A.C. as well a more expensive article must be obtained. This
is because the two-purpose instrument must contain a rectifier which
can be brought into circuit when dealing with A.C., and also a resis-
tance device for compensating for the difference between A.C.and D.C.
readings. In consequence, a first-grade instrument will prove quite
expensive but is a necessary investment. In general, however, universal
current meters are made only in ‘‘multiple” types; that is, the meters
are designed to include a switching system whereby various current and
voltage readings canbe taken. One of the best known of these multiple-
range universal meters for measuring current, voltage and resistance is the
Universal Avometer, illustrated on an earlier page, and there is another
universal instrument by the same makers, known as the Universal
Avominor. The latter is extremely good, and is sufficiently accurate
for nearly every purpose, but has fewer ranges than the larger instru-
ment.

There are two other reasonably-priced popular multi-range meters
made by the same firm, these being for D.C. only, and known as
the Avometer and Avominor; they are made to the same degrees
of accuracy as the others mentioned above, and will give efficient service.
The smaller instrument is to be particularly recommended to the

23
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amateur, whilst the larger is recognised as a standard part of the
equipment of the radio test-engineer.

All of the Avo instruments are made to read current, voltage and
resistance by the rotation of a switch, or by the use of alternative
socket connectors.

Inexpensive Eight-Range Instrument.—Other combination
instruments which are satisfactory for either experimenter or service-
man are the Pifco Rotameter and Radiometer, the various Ferranti
models at fairly reasonable prices, the Wearite (several types) and
the Sifam. This short list is by no means comprehensive, and there
are several other makers of high-grade meters. Of those mentioned,
the Pifco Rotameter is of particular interest in view of the rather
unusual and ingenious method incorporated for changing from one
range to another. There are eight scales mounted on a rotor of octa-
gonal section, and by turning this so that the appropriate scale is ex-
posed the correct shunt or series resistance is automatically brought
into circuit. The instrument incorporated is of the moving-coil type,
whilst readings from 5 to 400 volts and from 10 to 250 mA. can be
taken, in addition to which there is provision for inserting a valve and
testing its filament for continuity. There is a cheaper model of the
unit with moving-iron meter.

Another Useful Universal Meter.—In the Ferranti range the
A.C./D.C. Circuit Tester is worthy of special mention, since it
can be used to cover fifteen ranges of voltage and current. It is
guaranteed within 2 per cent at full-scale deflection, and is provided
with test cords and crocodile clips as well as necessary shunts ;
additionally it is complete with neat protectin pocket case.

Choice of Meters.—In the Wearite range particular interest at-
taches to the Multimeter, which is suitable for either A.C. or D.C, has
ten ranges and reads current, voltage and resistances from 100 to
2,600 ohms and 200 to 500,000 ohms. Like other meters designed for
resistance measurement, it is fitted with a self-contained dry cell which
has a very long life. Additionally, and this applies to all of the higher-
priced instruments, it is fitted with a safety fuse which safeguards the
meter against short-circuits which may occur due to applying the
terminals to a high-voltage source without first setting the rotary
switch to the correct position. It has a scale which is 2} in. in diameter,
and, which is therefore very easy to read.

The Sifam unit mentioned above is for D.C. only, and covers nine
ranges with commendable accuracy. It is a useful meter and is fitted
in a compact case with lid. The full scale milliampere readings are
from 2.5 to 250, and there is in addition a range up to 1 amp. and four
voltage ranges from 10 to 500. This instrument is not designed for
resistance measurements, but can be used for this purpose in conjunc-
tion with an external battery.
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Fig. 12b. (Above) The Pye “ Trimeasy ** Signal Generator.
(Below) The Pye “ Toolkit.”
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8ingle-Range Meters.—With regard to meters of the single-
range type there is an extremely wide range of reliable instruments
at a low price. In one make there are moving-coil milliammeters
reading from 1 to 200 mA., and having resistance values from 100 to
.53 ohms respectively. The 1 mA. meter will be found to cost slightly
more than those reading between 20 and 200 mA. For those who require
a lower-priced instrument there is a number of moving-iron instru-
ments which can be used for A.C. or D.C. at will,and which are guaranteed
accurate to within plus or minus 5 per cent. The price of these meters
is quite moderate. Incidentally, there are several voltmeters and am-
meters in the same range and at the same price. For those who require
a still cheaper job there are some miniature panel-mounting instru-
ments—for volts, amperes or milliamperes. These are not as accurate
as the others, of course, but are nevertheless reasonably good when it
is required only to make normal tests.

Other instruments of similar types are made by Ward and Golstone
and Sifam, amongst others, whilst Ferranti are also makers of a very
wide range of single-purpose meters of all kinds. These are generally
of the more expensive pattern, and they are made to fine limits of
accuracy.

A Few Hints.—It is obviously impossible to give even brief
details of all the meters which are on the market, so we will give a few
simple rules which should be observed in choosing a suitable meter.
The first is that the instrument should be of well-known make—that
is a valuable safeguard and ensures a degree of accuracy compatible
with the price charged. Buy a moving-coil meter if you can afford it,
and if D.C. only is to be measured. If price is an important considera-
tion, and you have to measure both D.C.and A.C., a moving-iron meter
must be obtained. In buying a milliammeter get one with a low
resistance, but when buying a voltmeter see that it has a high resis-
tance—1,000 ohms per volt is the ideal, but 250 ohms per volt is fairly
satisfactory for ordinary test purposes. It is better to buy areally good
single-purpose meter than a mediocre multi-range instrument.

Resistance of Meters.—There are many different types of
meter upon the market, but I will first explain why the cheap double-
reading meter may prove misleading unless used only for particular
purposes. On some of these meters it will be found that one voitage
range (generally from O to 12) is marked in black figures, whilst the
high range (generally from 0 to 120) is marked in red figures, and upon
the face of the instrument will appear the letter ““ R,” followed by a
figure, on one side of the dial in black, and on the other in red. These
figures indicate the resistance of the meter on both ranges, and a typical
cheap meter will probably be found to have values of 200 ohms on the
low-voltage range and 2,000 ohms on the high-voltage range, and to
many amateurs these figures may appear to be unimportant.
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However, from the familiar Ohms Law we know that current is
relative to voltage and resistance, and, therefore, if we have a meter
reading 120 volts with a resistance of 2,000 ohms, we can see that the
current passing through that resistance (the meter) will be 120 divided
by 2,000, or 60 mA. How many small battery receivers have an H.T.
consumption approaching that value ? Yet, this means that if the
meter is joined across the H.T. battery sockets in order to test the
voltage of it, a current of 60 mA. will be drawn, and so in a very short

Fig. 12c. A Mullard Master Valve Tester (mains operated). Primarily
designed for the testing of all types of valves; it has, however,
numerous other applications.

time you will be taking as much from the battery as your receiver
would take in many hours of listening. Apart from this, however, you
will not get a true idea of the state of the battery for the following
reason. Suppose that the battery has been in use for some long time
and is therefore in rather a poor state. Your receiver may consume,
say, 10 or 15 mA., and the battery may be in such a state that it can
just maintain this load for another week or so without the voltage
dropping unduly. It is presumed, of course, that the reader is aware
that current and voltage are related, and that as the current drain rises
the voltage supplied will fall off, and vice versa. Well then, when the
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meter is applied across such a battery, owing to the much higher current
which is taken to drive the meter needle across the dial the voltage
which is indicated will be much less than the actual voltage of the
battery. It may be argued that this will result in the user throwing
away a battery which in any case is nearly exhausted and is thus likely
to give rise to trouble, but the main point is that the user is deprived
of some hours of good listening due to the sudden load which has been
imposed on the battery.

The Grid Battery.—In the case of the grid bias battery it must
be remembered that no current is normally taken, and, therefore,
if the cheap meter is used at frequent intervals an unnecessary drain
is imposed and the life proportionately shortened. In the actual receiver
circuit even more misleading results will be obtained, as in many cases
the current taken by the meter will be added to that already taken in
that part of the circuit, and thus will give either a lower voltage reading
than is required, or will fail to give a reading at all. The latter trouble,
will occur if the voltage to the detector stage is measured, as in this
stage the normal current is only of the order of 1 mA. or so, and there-
fore the addition of a further drain of 80 mA. will show its effect in the
voltage dropped across the resistance in the anode circuit, in addition
to which the detector valve may have a resistance of such a low value
that it will also modify the current taken and so add to the trouble.

Suppose that it is required to know the anode current taken
by the output valve. This may be about 9 or 10 mA. for a good power
valve, and normally included in the anode circuit will be a loudspeaker
transformer primary having a D.C. resistance of perhaps 1,000 ohms,
across which a drop of 10 volts would occur. If now a further resistance
of 2,000 ohms is included in series (as it would be to read the anode
current), a further drop of 20 volts would occur, and this will naturally
result in a wrong reading being shown.

The type of meter just referred to will only be suitable for instan-
taneous readings of voltage as delivered by the L.T. and H.T. batteries,
and must therefore be placed in circuit and removed as quickly as
possible, and beyond this they have no further application. On the
other hand, if the service-man obtains one of the better class of meters,
having a resistance of 1,000 ohms per volt, this may be used to test the
batteries or to take actual readings whilst the receiver is working, and
will give a true indication of the state of affairs. A better scheme, of
course, is to obtain only a very low-reading milliammeter and to use
this in conjunction with various resistances in order to take readings
of voltage, current, and other things, and this will give the purchaser
not only much better service, but will provide him with a device which
will give many hours of interesting study in the way of showing how
various components function, the effect of different methods of coupling
and so on. Practically all the large service testing devices have as their

28




CHOICE AND TYPES OF INSTRUMENTS

basis a meter such as this, and the money required for such an item is
well repaid.

Later chapters explain the purpose and use, as well as (in some
cases) the making, of other instruments, such as oscillators, resistance
bridges, multi-purpose instruments, etc.

STANDARD UNITS

Ampere.—Unit of current. A pressure of 1-volt will pass a current
of 1-ampere through a resistance of 1-ohm (see Ohms Law). It repre-
sents a flow of 1 coulomb per second.

Ampere-hour.—Unit of quantity of electricity, equal to 8,600
coulombs. One unit is represented by a current of one ampere flowing
for one hour.

Board of Trade Unit (B.0.T.).—The Board of Trade Unit is 1,000 watt
hours, and is equal to 8,415 British Thermal units.

Coulomb.—Unit of quantity of electricity. It is equal to one-tenth
of an absolute electromagnetic unit.

Dyne.—C.G.S. unit of force. The force which when acting on a mass
of 1 gramme imparts to it an acceleration of 1 centimetre per second
per second.

Erg.—C.G.S. unit of work. Equal to 1 dyne-centimetre.

Farad.—Unit of capacity. A condenser has a capacity of 1 farad
when a charge of 1 coulomb raises the potential 1 volt. In wireless the
practical unit is the microfarad (-000001 farad); sub-division is the
micro-micro-farad = -000,000,000,001 farad, or picafarad.

Henry.—Unit of inductance. 1t is the unit of mutual inductance or
self-inductance in the electromagnetic system. The henry is equal to
10° C.G.S. electromagnetic units. It represents the inductance of a
circuit in which an induced clectromotive force of 1 international volt is
created when the current in it varies at the rate of 1 international
ampere per second.

International Ampere.—The practical unit of electric current repre-
senting the unvarying current which when passed through a ncutral
solution of nitrate of silver deposits silver at the rate of 0-:001118 of a
gramme per second.

International Coulomb.—Practical unit of electric quantity, repre-
senting the quantity of electricity transferred in 1 second by a current
equal to the international ampere.

International Farad.—The practical unit of capacity representing
the capacity of a condenser which is charged to a potential of 1 inter-
national volt by imparting to it a quantity of 1 international coulomb.

International Ohm.—Practical unit of resistance, representing the
resistance offered to an unvarying current of electricity by a column of
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pure mercury at the temperature of melting ice having a mass of
14-4521 grammes, a constant cross-section, and a length of 106-3
centimetres.

International volt.—Practical unit of electromotive force, representing
that E.M.F. which when steadily applied to a conductor having a
resistance of 1 international ohm creates in it a current of 1 international
ampere.

International watt.—The energy used in 1 second by an international
ampere when flowing at a pressure of 1 international volt.

Joule.—Unit of energy. One joule equals 107 ergs. It represents the
work expended per second on a circuit in which there is a current of
1 international ampere, and between the ends of which there is a differ-
ence of potential of 1 international volt.

Kilovolt-Ampere.—1,000-volt amperes.

Kilowatt.—1,000-watts or 1-84 horse-power.

Kilowatt-hour.—1,000-watt hours.

Light, Speed of. —Light waves travel at 186,000 miles per second.
This is the speed also of wireless waves.

Line.—The practical method of measuring a magnetic field is in lines
or kilolines. The line is identical with 1 electromagnetic unit of magnetic
flux ; kiloline equals 1,000 lines.

Mho.—Unit of Conductance (‘* ohm "’ reversed). It is the reciprocal
of the ohm. Thus, a body having a resistance of 4 ohms would have a
conductance of -25 mhos.

Ohm.—Unit of Resistance. The resistance which will permit the
flow of 1 ampere when a pressure of 1 volt is applied.

Sound, Speed of.—Sound waves travel at 1,142 feet per second.

Unit Electrostatic Charge.—The charge which in a vacuum at a dis-
tance of 1 centimetre from an equal charge will produce a force of repul-
sion of 1 dyne. '

Unit Elecfrostatic Flux.—The electrostatic flux existent in a unit
electrostatic tube of force.

Unit Magnetic Flux.—The magnetic flux existent in a unit magnetic
tube of force. Unit is the Maxwell. N

Unit Magnetic Pole.—That pole which located in a vacuum at a
distance of 1 centimetre from a like pole produces a mechanical force of
repulsion of 1 dyne. The total number of lines of force which passes
through a unit magnetic pole equals 4.

Volt.—Unit of potential. It is the pressure required to pass a current
of 1 ampere through a resistance of 1 ohm.

Volt-Ampere.—The product of the root mean square volts, and root
mean square amperes.

Watt.—Practical unit of power equivalent to a rate of working of
1 joule per second or 10,000,000 ergs per second. Volts times amps
equals watts.
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CHAPTER 11

FAULT TRACING WITHOUT INSTRUMENTS

of preliminary tests without using it—even the experienced

service-engineer does not take measurements until he has formed
some kind of idea regarding the fault which exists. Moreover, all of
the preliminary tests depend more upon common sense and a general
knowledge of how the receiver operates than upon advanced technical
knowledge. Even the beginner can find out a considerable amount by
making simple and logical tests.

When the Set is ¢“ Dead.”’—In the first place, let it be assumed
that a battery set which had previously behaved normally suddenly
refuses to * work.” This must be due to a broken circhit at some point
in the receiver : a valve filament might have burned out ; a wire might
have come adrift ; one of the aerial, earth, or speaker leads might have
broken or slipped away from its terminal ; or a component might have
developed a sudden fault. It is obvious that a start must be made by
carefully examining the connections, preferably by gently * prodding "
each wire with a pencil while the set is switched on. If that does not
yield any result, the effect of switching the set on and off should be
observed. There should be a click in the speaker when this is done ;
if not, the battery connections should be suspected, whilst the eflect
of removing and replacing the H.T_ wander plugs should be tried. The
accumulator terminals and ’
connections should also re- :vlb'(l;t - Tnzl?:ck‘;;'gg
ceive attention, and any dirt short-circuiting the ter-
or corrosion should be scraped Einaki The 'inetv‘:?tdhf‘;‘s'
away. See that the speaker ree s{mohe,s.,.' ¢
leads are properly connected
to the receiver and to the
speaker, and try the effect of
short-circuiting the terminals
of the on-off switch with a
short piece of wire, as shown
in Fig. 13. If the latter
causes signals to return it
will be evident that the
switch is faulty, and should
be repaired by bending the
spring contacts, or else
replaced.

EVEN when a meter is available it is often better to make a number
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Ftc.x’;a.—Many
gs:fl:n ;";t: %a; Start with the Last Valve.—
touching the Should mnone of these tests
grid terminal of give any indication of where
eachho‘l'gle‘ﬁ; the fault lies, and if there are
turn with a no sounds from the speaker
Y ﬁ";‘;':‘fe’t’:’: when the H.T. wander plugs are
- pushed into the battery sockets, it
z will be fairly safe to assume
that the trouble lies with the
last valve or with the loud-
speaker itself. It is, of course,
assumed that it is known that
0)O] the H.T. and L.T. batteries are
in fair condition—if they were
= not it is unlikely that the set
would become * dead ** suddenly.

In order to test the valve properly meters are required, but a good
indication can be obtained by replacing it with one of the other valves
in the set. Should it be found that the speaker then makes even a
slight clicking noise when switching the set on and off, the valve can
be suspected. Try the effect of substituting a new valve in the
output stage so that a final check can be made. Assuming that there
is still no response, the speaker will come under suspicion, and can be
tested by connecting one lead to the positive terminal of the accumu-
lator and touching the other lead against the negative terminal. If the
speaker is in order there will be a fairly loud click, both as the contact
is made and broken; absence of sound suggests that the speaker is
defective. A further test might be made, however, by replacing the
accumulator with a 9-volt G.B. battery. +

Systematic Grid Tests.—Despite the absence of signals, it will
be often found that a click is heard in the speaker when the set is
switched on, or when the positive H.T. wander plug is inserted. It
will then be evident that the fault is somewhere in the set prior to the
anode circuit of the last valve. Moisten the finger-tip and touch the
grid terminal of the output valve (see Fig. 18a). A noise should be heard
in the speaker when this is done, but if not, the transformer or grid
condenser and leak connected to the grid (according to whether trans-
former or R.C. coupling is used) is probably at fault. Repeat this test
by touching the grid terminals of preceding valves one at a time until
a point is reached at which no sound whatever can be heard in the
speaker. As soon as this valve is reached it will be known that the
fault lies in, the circuit of that valve; the valve or one of the com-
ponents connected to it must be defective. The grid-circuit components
can be eliminated from the test by removing the wire joined to the
grid terminal and repeating the test. If it is found that a sound
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can then be heard the grid-circuit components are known to be
the cause of trouble.

The tests described should make it possible to locate the faulty part
of the set, so that assistance can be asked, or so that the suspected
components can be tested separately or replaced one at a time. The
necessary tests will be explained in a later chapter.

Crackling Noises.—Instead of the set being completely ‘‘ dead,”
we might now consider the procedure when trouble is experienced due
to crackling noises. Actually, most of the tests described can be
applied in the first place, but others are necessary. The first should
be to disconnect the aerial and earth leads and see whether the trouble
ceases ; if it does the cause must have been interference from outside
the set, when more thorough tests must be instituted. But should it

> GE~

Fic. 13b.—Progressive tests can be made by short-circuiting the grid
circuits of different valves. Methods are shown for transformer and
R.C. couplings. ,

be found that the disconnection has no marked effect the set should
again be examined for bad or loose connections. See that the valves
are fitting tightly in their holders; gently press each from side to
side to see if the valves are loose, or if the holders are damaged. Tighten
up the terminals on all components, and clean any that appear dirty.
Make sure that the H.T. wander plugs are clean and fitting tightly,
and look for partial short-circuits between any two wires, between a
wire and a screen, or between the metallised coating of a valve and a
lead running close to it. )

The next test should be to connect the grid terminal of the holder
for the output valve to its G.B. lead, as shown in Fig. 13b. That the
fault was in the output valve or the speaker would be indicated by the
fact that the crackling continued, whilst silence would mean that
the cause of the trouble was in a preceding stage. Repeat this test on
other valve holders, working ‘* backward ** towards the first valve until
the location of the fault is determined. That done, it remains to test
individual components and valves, as before. When this method of
procedure does not produce any definite result, a fairly good test can
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be applied to the speaker by connecting it to a battery, as mentioned
above, but this time leaving both leads permanently connected for a
few seconds; crackling would at once point to the speaker as being
at fault.

Poor Signal Strength.—Weak signals call for altogether different
tests, although some assistance might bes gained by trying some
of those already described. In this case, however, instruments
become practically essential, and it might be impossible to gain any
real indication of the fault without taking measurements of voltages at
the various valve-holder filament and anode terminals. At the' same
time it might be helpful to try replacing any resistances in the anode
circuits—coupling and decoupling resistances—with others of similar
or not widely differing values, since one of these might have developed
a partial open circuit, so reducing the H.T. voltage. Also observe the
etfect of short-circuiting the H.F. choke, especially if it is found that
the reaction condenser has little or no effect. .

Tracing a Fault.—As an example of what can be done without
the use of any instrument, the author had occasion to test a set which
had been built to one of his designs. The constructor complained that
all he could get was slight oscillation and weak signals with the reaction
condenser advanced. The first conclusion to be drawn, therefore, was
that the L.F. stages were at least working, if not efficiently. The fact
that oscillation was obtained showed that the detector valve was in
order, so it was assumed that the fault was somewhere in the H.F,
stage. Since the coils and valves were new, it was thought that they
could not be the cause of the trouble, although it was possible. On
transferring the aerial to the anode of the H.F. valve, no improvement
was obtained, so it was concluded that the aerial coil, and H.F. valve,
were in order. The only components between the H.F. and detector
valves were an H.F. choke, and a small fixed condenser. The aerial
was next tried on the actual grid of the detector valve, and good signal
strength was obtained. Working backwards from the grid of the
detector valve to the anode of the H.F. valve via the feed condenser
and the H.F. choke, it was'found that signals could be obtained “on
either side of the condenser, and on the H.T. side of the choke, but not
on the actual anode of the valve. Now the purpose of an H.F. choke
being to stop H.T. currents from getting into the H.T. system and to
block them so that they will be by-passed by the feed condenser to the
grid of the following valve, it followed that the feed condenser had
been connected on to the H.T. and not the anode side of the H.F. choke.
The choke in question was of the screened type with a pigtail con-
nection for the anode, and a common terminal at the base for the feed
condenser, and, on examination of the wiring, it was found to be as
suspected, viz., that the terminal common to the pigtail had been
connected to H.T. so that the H.F. currents wanted for feeding the
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grid coil of the detector circuit were blocked by means of the H.F.
choke. This accounted for the weak reaction and signals. On con-
necting the choke in the correct manner, signal strength, reaction, etc.,
were all that could be desired and the set worked perfectly. Fig. 14
shows the set as it was wrongly connected and Fig. 15 the correct
connections.

Checking Connections.—First, therefore, when testing a set with-
out the aid of any instruments, see that all connections are correct
and tight, that battery voltages arc correct, that wander plugs and
spade terniinals make good connections, that valves make good contact

o
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Fic. 14 (left).—Showing how
H.F. choke connected the wrong
way round stopped signals from
reaching the detector valve.
When the aerial was connected
to points marked a signals were
not obtained, but signals were
received when the aerial was
connected to points marked b.

Y I
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Fic. 16 (right).—Showing how
the choke should have been
connected. The H.F. choke
blocks the H.F. currents and
a condenser by-passes them to
the detector valve in the di-
rection of the arrows.

v

in their holders (clean the valve pins with emery cloth or a fine file
and open them a little with a pen-knife), and that aerial and earth are
connected. 1f the fuse blows when the set is switched on, look carefully
for short circuits between terminals, see that the metal ends of resis-
tances do not touch the chassis, that the H.T. is connected to the anode
circuits, and not the filaments.

After giving the set a thorough examination in this way, remove
the H.T. wander plug. A click heard in the loudspeaker would indicate
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that the output valve at least was working. Advancing the reaction
control suddenly should cause the set to oscillate, indicating that the
detector anode and the L.F. stages were at least in working order.
Now touch the grid terminal of the detector valve holder. If the set
howls, you may assume that the detector valve is in order. Similarly,
by touching the anode and grid terminals of the H.F. valve in turn,
a * plop " heard in the loudspeaker would indicate that these circuits
were also working., Also, when touching the aerial terminal,
a * plop " should be heard if the set is working. When testing in this
manner, better results will be obtained if the finger is moistened.

The H.F. Stage.—If the H.F. stage seems to be at fault, connect
the aerial to the anode cap of the screen-grid valve. If signals can
now be heard, the fault lies either in the S.G. valve itself, the aerial
coil and/or its associated condenser, or in one of the other components
in the H.F. stage. If no signals are heard, then the fault must be after
the H.F. stage, and the aerial should be transferred to the detector
grid terminals as described above.

To test for emission needs instruments, but one can always find out
to a certain extent whether the valve is functioning properly in this
respect by inserting a pair of 'phones in between the H.T. feed to the
suspected valve and the anode terminal of the valve. There should
be a sharp click in the 'phones on connecting them if the valve is in
order (Fig. 18).

The blowing of fuses obviously indicates a short circuit or excessive
current, due to a leaky condenser, etc. To test for a short circuit
remove all valves and, with the H.T. and L.T. batteries connected and
the switch in the ‘“ on ** position, connect a flash-lamp across the fila-
ment terminals of each valve-holder in turn. A short circuit of this
nature is guarded against in most modern circuits by the fuse. See
that you use one of the correct current rating.

Perhaps a better way of testing for H.T. shorts, and one which it
is always wise to carry out before inserting the valves in a newly
constructed receiver, is to remove the H.T. battery, and leave the
accumulator connected. With one pole of the flash-lamp connected to
L.T. plus of the accumulator, touch each anode terminal in turn. If
the bulb is illuminated in any case, then that particular H.T. circuit
is faulty and should be examined.

The voltages across the filament sockets of the valve-holders can
also be tested by connecting a flash-lamp across them. If no illumina
tion at all is obtained, then the on/off switch may be faulty, or the
accumulator discharged. If illumination is obtained at one or more of
the valve-holders, it is a simple matter to check the remainder of the
L.T. wiring.

Testing Components.—If after careful thought and systematic
examination of a set as described above, results are still poor or
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unobtainable, the next step must be to test the components. Having
isolated the fault to some extent, the number of components which
require to be tested should not be many.

Under the heading of ** coils,”” we will consider not only tuning
coils, but also H.F. chokes, transformers, and any component which
utilises a coil of wire, for the purpose of our very elementary tests
without instruments cannot do more than establish whether or not
there is continuity throughout the winding. For such a test, the usual
pair of headphones and a dry battery provides a ready means, but
unless one is rather careful, misleading results may be obtained. For
example, when testing the windings of an L.F. transformer, a break in
the wiring would not stop a click being heard in the 'phones when they
were connected up as shown in Fig. 19, simply because the two windings
on either side of the break act as a sort of condenser and charge up,
thus producing the click. If, however, the click is quite substantial,
and occurs not only when the ‘phones are connected, but also when
they are disconnected, then it is safe to assume that the winding is not
broken. The total absence of a click would indicate that the winding
had either broken away from one of its terminals, or else that the break
was very near one end of the winding.

With Flash-Lamp and Battery.—A better plan is to revert to
the flash-lamp and battery. Due to the resistance of the wire, it
will be necessary to increase the applied voltage and for this purpose
a grid-bias battery can be used, stepping the voltage up gradually until
the lamp is illuminated. The
bulb may not light at all,
owing to the high resistance
of the winding, which causes
a large voltage drop across it.
Look for a small spark as the
circuit is made and broken.
When the resistance is com-
paratively low, such as in

Fic. 17.—Testing a volume control for con-
F1c. 16.—Testing for H.T. shorts. tinuity, good contact, and noise.
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tuning coils or LF. transformers, the flash-lamp bulb and battery also
offers a highly effective and reliable means of checking continuity.

H.F. chokes can be further tested after checking continuity by
connecting them in the aerial lead to the set. If signals are cut down
considerably in strength, then the choke is in order. This test can be
amplified by connecting the choke across the tuning condenser in a
receiver. The circuit should be retuned to the station being received
and the volume compared. A good H.F. choke will not cause much
loss in strength.

Other high-resistance components such as volume controls and fixed
resistances can also be tested by the ’‘phones and battery method.
With volume controls, the 'phones and battery should be connected
first across the two outer terminals, and then between the centre and

NT

Fic. 18 (above). —
Connect ’‘phones, as
shown, in each anode
circuit to test valves.

Fic. 19 (n'i_lu). —_—
Testing an L.F. trans-
former or other high
resistance winding.

each outer terminal in turn. Then connect up as snown in Fig. 17, and
gradually rotate the sliding contact, at the same time tapping the free
tag of the 'phones on to the centre terminal. Then with the *phones
joined to the centre and one outer terminal, gradually rotate the
control. A slight scraping noise should be heard in the 'phones, but if
crackles are present, then the slider is not making good contact with
the resistance proper. Carefully take out the slider and bend it a little.
Smear the element with vaseline and try out again, until no crackles
are heard as it is rotated. It may be that, due to continual use, it is
not possible to get the slider to make good contact at all positions of
its travel. In such a case it is possible, at least where the control is
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used to vary the bias applied to an H.F. valve, to connect a 2 mid.
condenser across the sliding contact and the top end 4 that is, the
. terminal of the control connected to the voltage dropping resistances
(not the end connected to earth) of the control to stop the crackles.
Testing Condensers.—The most common component in a receiver
is a condenser. Variable condensers may be tested for shorts and
noises by using the ‘phones and battery, disconnecting associated coils.
Gradually rotate the condenser vanes, and, when a short occurs, a loud
noise will be heard in the 'phones. Thé remedy is either to bend the
offending vane, or to adjust the position of the moving vanes in respect
to the fixed vanes by means of the usual bolt fixed at the back of the con-
denser. If the faulty condenser happens to be part of a ganged unit,
nre
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Fic.20.—A simple three-valve battery circuit in its essentials. Touching
the lettered points (beginning at a) in the order shown should result
in * plops " being heard in the speaker if the circuit is in order.

however, bending the vanes will affect ganging, and if the fault does
pot disappear after thoroughly cleaning with a pipe-cleaner, the
condenser should be returned to the makers.

Fixed condensers are easily tested by simply connecting them across
an H.T. battery for a moment or two, and leaving them for three or
four minutes. Then short the terminals by means of a pen-knife or a
piece of stout copper wire. If the condenser is good and will hold its
charge, a spark, depending on the capacity of the condenser, should be
obtained. Quite a large spark, for example, can be obtained from a
2 mfd. condenser which has been charged with a voltage of as low as
50. Small condensers of about ‘0003 mfd. may be tested by 'phones
and battery. A loud click should be obtained, but on touching the
condenser with the free end of the ‘phones once more, no click should
be heard, Before carrying out such a test, however, the condenser
terminals must always be shorted to remove any charge. Small fixed
condensers may further be tested by connecting them across the ter-
minals of a charged 2 mfd. condenser and leaving for a few minutes.
Having disconnected the small condenser, a spark should be obtained
on shorting the terminals of the larger condenser, indicating that the
small condenser was not leaky as the larger one had not lost its charge.
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CHAPTER III
D.C. MULTI-RANGE MILLIAMMETER

HE unit described in this chapter is intended as a nucleus,

around which it will be possible through the medium of sub-

sequent chapters to form a complete laboratory equipment of
test apparatus. Moreover, the construction is not outside the capability
of the average mechanic, or service-engineer, as access to precision
instruments for calibration purposes is not required. In short, the
necessary series resistances and shunts can be chosen, or made at home
with the aid of the instrument with which they are to be used, and the
simple calibrating apparatus shown. I would add, moreover, that this
calibrating apparatus will be used as part of the instrument later
to extend further its usefulness.

The parts required are :—

One Moving-Coil Milliammeter—full-scale reading 0-1 mA. (internal
resistance approx. 100 ohms).

One Three-way switch, with low resistance contacts,

One Ebonite Panel, 7 in. by 5 in. by } in.

One Box with hinged lid (see Fig. 21).

Seven Terminals.

One Resistance (fixed), 10,000 ohms (1 watt).

One Resistance (fixed), 100,000 ohms (1 watt).

One Resistance (fixed), 500,000 ochms (1 watt).

All the above resistances to be of the composition type, and to be

selected as described in the text.

Two yards 80 gauge * Eureka ”* D.S.C. wire.

Two yards 20 gauge * Eureka ** D.S.C. wire.

Two small wooden spools or lengths of }-in. ebonite rod.
One Resistance (variable), 5,000 ohms (wire-wound).
One “ On-off ** Switch.

One 4}-volt Flash-lamp Battery.

Calibrating Apparatus.—The first step is to set up the cali-
brating apparatus, and make the shunt resistances for extending
the milliamp scale to 10 mA. and 100 mA. First, connect up the meter,
dry battery, switch, and 5,000 ohms variable resistance, as shown in
Fig. 22, taking care that the resistance is set so that all the element is
in circuit. The meter will then be found to give, with the switch in
the ““ on " position, a deflection somewhat less than full scale. Decrease
the variable resistance until 1 mA. is accurately indicated on the scale,
then bare the ends ot the 2 yards of 80 gauge D.S.C. ‘* Eureka *’ wire
and attach these two bared ends across the clips. The reading of the
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D.C. MULTI-RANGE MILLIAMMETER

milliammeter will then drop to avalue just above 0°'1mA. The‘ Eureka”
wire must then gradually be shortened, testing across the clips every
inch or so, until 0-1 mA. is indicated accurately, It is the wisest plan
to check that the meter still reads 1 mA., when the wire is removed from
the clips; if it does not, readjust the variable resistance.

When the correct length of wire has been found, double it back on
itself and wind it on one of the small wooden spools or ebonite rods,
securing the ends with a binding of thread. The whole shunt may then
be given a coat of shellac or immersed in hot paraffin wax, and allowed
to drain and dry, If the internal resistance of the meter is exactly
100 ohms, the value of the shunt just described will be 11-1 ohms.

A little extra care must be taken when calibrating the 100 mA. range,
and the switch must be opened every time the resistance wirc is removed
from the clips for
adjustment. The pro-
cedure is as follows:
connect the resistance
we have just made to
the clips, then decrease
the variable resistance
until the meter indicates
1 mA., open the switch
and remove this resist-
ance from the clips and
replace it with 2 yards
STING of No. 20 SW.G.
AR "*“ Eureka " wire, switch
on and the reading of

’ . the meter should be

X g;;?pl‘;‘t‘;‘é justabout 0-1 mA. Now

multi-range switch off and shorten

meter. the wire, testing inch

by inch, taking care to

switch off every time

the wire is removed for adjustment, until 0-1 mA. is accurately

indicated. Finish off the resistance as previously, and you will have

the two shunts extending the milliampere ranges to 10 mA. for the first
shunt and 100 mA. for the second.

Now rearrange the calibration circuit as shown in Fig. 28, and
short-circuit the clips, set the variable resistance ‘‘ all-in,”’ close the
switch, and reduce the variable resistance until the meter reads 1 mA.
Now open the clips and insert the 10,000 ohms composition resistance ;
the reading should now be -1 mA. If it is not, you will probably be
able to find amongst your stock a resistance of a nominal value of
10,000 ohms, which is sufficiently low to make the meter give an accurate
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FiG, 22.—Calibration apparatus for making milliampere shunts.
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D.C. MULTI-RANGE MILLIAMMETER

000 deflection of 0°'1 mA. Alittle
experiment is required to de-
termine the correct value, so
80000 VARMBLE 15y through your stock of
resistances to find one which
will give the desired result.
As an alternative, you may
find it possible to remove
the outer enamel of the
resistance with a pen-knife
at one end, and carefully
scrape the resistance coating
itself until the desired de-
flection is obtained. This
will be the series resistance
for the 10-volt range which
Fic. 23.—How to calibrate the is used to calibrate the re-

meter for voltage ramges.  maining two voltage ranges.

Final Ranges.—To obtain the next range, connect the 10,000
ohms resistance you have obtained in series with the milliammeter
and across a source of voltage, say 9 volts, from a high-tension battery.
If the battery is in a good condition, and it should be for calibration
purposes, the meter will read ‘9 mA. Disconnect the 10,000 ohms
resistance and substitute the 100,000 ohms resistance. The reading of
milliammeter should now fall to -09 mA., or one-tenth of the jzevious
reading, whatever that may have been. If it does not, find a 1uy,000
ohms resistance, which will give the necessary’fall in current.

For the final 500-volt range, leave the 100,000 ohms resistance
connected, but increase the voltage applied until a reading of, say,
9 mA. is again obtained, i.e., 80 volts. Now substitute the 500,000 ohms
resistance and, if this is suitable, the meter will indicate 0-18 mA., or
one-fifth of the previous reading. Select a resistance which will give
this result, and this will be the correct series resistance for the 500-volt
range.

We now have all the necessary shunts and series resistances to
extend the meter ranges to 10 mA., 100 mA., 10 volts, 100 volts, and
500 volts. In addition, of course, our meter by itself will indicate 1 mA.,
and -1 volt for full-scale deflection.

Assembling and Wiring.—All that remains is to fit the meter,
switch, and associated resistances on to the panel and wire them up
as shown in Fig. 24. This should need no detailed explanation, especially
if reference is made to the theoretical circuit in Fig. 25, and'no difficulty
should be experienced in using the meter if it is remembered to set the
switch always to 1 mA. betore taking voltage readings, and to be careful
to select the correct ranges when making measurements.
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Fic. 24.—Back of panel wiring diagram.

With regard to the scale, you may be able to inscribe an actual
calibration for each range, but we have found no difficulty in reading
direct from the existing meter scale by multiplying the figures indicated
by the pointer by the full-scale reading of the range in use. For
instance, when on the 10-volt range a reading of -6 mA. equals 6 volts
(i.e., -6 x10), when on the 500-volt range a reading of ‘4 mA. equals
200 volts (i.e., -4 x500), and when on the 100 mA. range a reading of
-5 mA. equals 50 mA. (i.e., -5 x100).

It should be emphasised that if the manufacture of the resistances
has been carefully carried out, the joints well soldered when wiring up,
and the contacts of the switch are of low resistance, the accuracy of
the complete instrument will be of the same order as the meter itself,
and the better the meter the higher the all-round accuracy obtainable.

In a subsequent chapter it will be explained how this instrument
may be adapted for use as
a direct-reading ohmmeter,
giving accurate measure-
ment of resistance for 500
to 50,000 ohms, by the
insertion of the battery
and variable resistance
which have already been
used to calibrate the
various ranges. Space for
this addition has been
provided in the box, and

1O A SHNT
YOO Ma ST

1MA

3-WAY
SWITCH

+ M comMmon ~ 410V 4100V +300V
Fic. 25.—Theoretical circuit diagram of the
unit.
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D.C. MULTI-RANGE MILLIAMMETER

the necessary terminals and means of access for adjusting the
variable resistance are shown. If this addition is not required,
however, the meter may be assembled as a complete unit, and will be
found a useful adjunct to any amateur’s or service-man’s equipment.

In addition to the above conversion to an ohmmeter, a unit has
been designed to attach to the instrument described herein, to enable
direct readings of alternating voltage to be made. This will be also
described later.

In its present state the meter will prove invaluable when carrying
out quite a number of tests connected with components and receivers,
and, before proceeding with the construction of the additional units
mentioned in the following chapters, it is advisable to carry out a
series of experimental tests and thus become familiar with the operation
and application of the meter.

The warning given concerning the setting of the shunt selector
switch cannot be too strongly emphasised, in fact, it would be advis-
able to take the slight extra trouble involved and fit a fuse in series
with the lead from the common negative terminal. Suitable fuses, to
blow at a current value which will protect the instrument, are now
obtainable, but on no account should use be made of an ordinary
pocket lamp bulb which might serve such purposes in other circuits.

From time to time the switch action should be examined to see that
the rotating arm is still making perfect contact with the studs, the
surfaces of which should be kept clean and free from oxidisation.

When carrying out current tests, especially in the case of H.F.
circuits, care should be taken to see that the connecting leads are not
too long and that they do not cross over or come near the L.F. portion
of the receiver. If this suggestion is not observed, it is highly probable
that instability will be produced in the receiver which, in turn, will
have the effect of producing erroneous readings. If such effects are
created when short leads are used, then it would be advisable to con-
nect across the input terminals, a fixed condenser of, say, 0°1 mfd.
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CHAPTER 1V
MEASURING RESISTANCE

OST service-men have experienced at one time or another the
M annoyance entailed by the lack of a suitable means of deter-
mining the value of a resistor which is colour-coded only, when
no copy of the standard colour code is to hand or the spot has been
rubbed off the body of the resistor. Furthermore, a great many re-
ceivers incorporate wire-wound potential dividers which cannot be
marked with their ohmic value, and although reference to the circuit
diagram or service instructions will usually give the correct value of
the resistance element, very few listeners have any means of deter-
mining whether the sections of the potential divider are intact or even
completely open-circuited.
The multi-range D.C. meter described in the previous chapter can,
by the addition of the components which have already been procured

5,000a VARIABLE
/ RESISTANCE

SAW-CUT
IN END OF
SPINDLE

18G. ALUMINIUM
BRACKET

// $000n VARIABLE RESISTANCE
F16. 26.—Fixing the 5,000 ohms vari- Fi16. 27.—The extra connections to
ahle resistance in position. convert an chmmeter.

and used to calibrate the extended ranges, be easily modified for use
as a direct reading ohmmeter, having a range of 500 to 50,000 ohms.
This range would seem to be quite suitable for diagnosis purposes, as
very few wire-wound resistances lie outside it, and great accuracy is
not required when resistances of the magnitude of megohms are to be
checked. Actually, it is possible to distinguish between 100,000 ohms
and 1 megohm by this instrument, but the scale becomes so cramped for
these high resistances that an accurate calibration is impossible.

The first step is the inclusion of the 5,000 ohms variable resistance,
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MEASURING RESISTANCE

and the 4}-volt torch battery inside the instrument case. The resistance
is supported on a bracket made from 18 gauge aluminium, bent to
shape and drilled as shown in Fig. 26, and fixed under the panel in such
a way that the spindle of the resistance comes immediately under the
hole which we have already provided through the panel to enable the
zero of the resistance range to be set. No dimensions have been indi-
cated on the sketch of this bracket as the actual size will depend on
the make of resistance used. Before mounting the resistance, a saw-cut
should be made with a fine hack-saw blade across the end of the spindle
so that it is possible to insert a small screwdriver through the hole in
the panel to adjust it. The battery can easily be accommodated in
the bottom of the instrument box, and connections made to it by means
of flexible leads sufficiently long to permit the replacement of the panel
after the battery has been slipped into the clip or strap which retains it.

Additional Connections.—The extra connections needed inside
the case are clearly shown in Fig. 27, and it will be remembered that
the terminals for the resistance meter have already been mounted.
No difficulty should be experienced in completing this part of the work,
and the actual calibrating can now be proceeded with.

Rotate the resistance until the whole of the element is in circuit,
and then short-circuit the terminals which have just been connected
up. This should be done with a short length of heavy gauge wire, and
it will be founa that the meter shows a reading somewhat less than full
scale. Now, with a fine screwdriver, engage the saw-cut in the resistance
spindle and rotate it carefully until exactly 1 mA. is indicated by
the meter. It will now be seen that if we remove the short-circuiting
wire from the terminals, and connect a resistance across them, the
reading of the meter will be decreased by an amount depending on the
value of the resistance we have inserted. Say, for instance, the battery
gives exactly 4:5 volts, and the meter has an internal resistance of
exactly 100 ohms, then by the application of Ohm’s Law we know that
the variable resistance must be set at 4,500 minus 100 ohms or 4,400
ohms to pass 1 mA. round the circuit. Now, if we include 10,000
ohms in the circuit our total resistance will be 10,000 plus 4,400 plus
100 ohms, or 14,500 ohms. Again applying Ohm's Law, we find that
4-5 volts across this resistance will drive 4-5 divided by 14,500 or 0-31 mA.
round the circuit, and this will be the reading indicated by the meter.

It can safely be assumed that a flash-iamp battery will maintain its
potential of 4-5 volts for some months when it is only required to give
1 mA. intermittently, and provided the calibration is carried out
carefully, and the battery is replaced when the variable resistance has
to be rotated an undue amount to make the meter indicate 1 mA.,
the resistance readings can be relied on for a high degree of accuracy.

Meter Readings.—The next step is to draw up a list of meter
readings which will be obtained with various values of resistance in
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circuit and, from them, plot a graph on squared paper. Witb a meter
resistance of 100 ohms the list will appear as follows :

500 ohms—0,9 mA. 1,000 ohms—0-818 mA.
2,000 ohms—0-692 mA. 8,000 ohms—0-6 mA.
5,000 ohms—0-478 mA. 8,000 ohms—0-360 mA.

10,000 ohms—0-81 mA, 15,000 ohms—0-231 mA.

20,000 ohms—0-183 mA. 30,000 ohms—0-181
50,000 ohms—0-0825 mA.

mA.

aud a graph drawn from these figures is shown in Fig. 28.

The insertion of these figures is not so difficult as it sounds, and if
reasonable care is taken when removing the scale from the instrument,
no damage will be sustained. The whole meter movement must be
withdrawn from the case before the scale can be removed, and the scale
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F16. 28.—A graph drawn to enable dual readings to be made
should be pinned down (with the heads of the drawing-pins bearing on
the edges of the scale) to some flat surface, such as a drawing-board,
while the figures are inserted. A convenient place is directly underneath
the milliampere calibration, and if this is black, a distinctive coloured
ink, such as red, should be used. It will be found that most reputable
instruments have a scale on which it is possible to write with drawing
ink, but a slight roughening of the surface may prove advantageous.
A light dusting with french chalk will be found to help in getting the
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ink to run on smoothly. Fig. 20 will show exactly how the scale
looks when the resistance calibration has been included.
Point-to-Point Testing.—The sphere of usefulness of the com-
pleted ohmmeter does not end with the measurement of resistance,
though this is its primary function. It can, of course, be used as a
point-to-point tester, and any bad joints in the wiring of a receiver will
be shown by the failure of the meter to read zero ohms. Another
application is to use the meter to indicate short circuits in condensers
or between the electrodes of valves. A fault of this nature will cause
the meter to give a full-scale deflection when the resistance terminals
are connected across the suspected component. A quick method of
checking for an internal disconnection inside a smoothing condenser is
to connect the resistance terminals to the suspected condenser and
watch the needle of the meter closely while the connection is being
made (Fig. 80). Provided the condenser has a capacity of 1 mfd. or
greater the meter will kick, and thex return to zero, showing that the
internal battery has charged up the condenser. If the condenser is
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Fic. 29.—Showing the resistance Fi16. 30.—The ohmmeter in use testing a fixed
calibrated readings added to the condenser.

scale of a milliammeter.
perfect, no further kick should be apparent until the connections to
the condenser are reversed, when there should be a further kick owing
to this reversed polarity. Care should be taken when testing electrolytic
condensers by this method, as these condensers are polarised, and must
be connected in the correct way. The positive pole must always be
connected to the positive terminal of the meter (see Fig. 27), and should
not be reversed. When attempting to test high-voltage electrolytic
condensers by this method do not be led into thinking that the con-
denser is faulty if the meter reads zero ohms because these condensers
sometimes require a somewhat higher polarising voltage than the
4-5 volts which are available from our meter.
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CHAPTER V

MEASURING A.C. VOLTAGES

D.C. measurement met with in radio receiving testing, but there

are many occasions when it is wished to ascertain the A.C.
voltages existing in all-mains receivers in order to check such things
as mains transformer windings, filament voltages, and the voltage of
supply mains. Our meter will not, at present, give any deflection when
connected to an A.C. supply, and some means of turning the A.C. into
D.C. and then measuring it will be required.

Metal Rectifier Unit.—The most convenient method of doing
this is by the well-known metal rectifier unit, and the Westinghouse
Brake and Signal Co., of 82 York Road, King’s Cross, London, N.1,
market a special rectifier suitable for meter work. This little rectifier
is supplied in various styles, but the one most suitable for our purpose
is the M.B.S.1.

Now it would seem a simple matter to connect this rectifier to our
meter and connect series resistances to the A.C. side to extend the
range as we did when constructing the D.C. meter, but unfortunately,
there are several peculiarities about metal rectifiers and moving-coil

JF-ooemo(m-sn)
TYPE MBS1 RECTIFIER

COMMON O —II;“‘FD'
“ ~25MFD
M

THE universal meter now covers all the most useful ranges of

TO WA
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ON METER

Fi16. 32.—The theoretical circuit dia- Fi1c. 81.—The Westinghouse recti-
gram of the A.C. unit. fier. Type M.B.S.1.

&0



MEASURING A.C. VOLTAGES

meters when we wish to read rectified voltages which prevent so easy
a procedure. .

To explain briefly, the metal rectifier, when connected to a moving-
coil meter, presents a resistance to an external circuit which varies
with the amount of current passed through the rectifier. It is not
necessary, however, to measure this variation for each individual recti-
fier and meter, as the manufacturers publish curves showing the
variation likely to be experienced with meters of various internal
resistances, and these curves can be relied on to an accuracy greater
than that which we require. The general appearance of the rectifier
is illustrated in Fig. 81.

The second difficulty met with is the fact that 4« moving-coil meter,
instead of réading * R.M.S.” values of A.C. voltage (which are what
we require), is sufficiently sensitive to read average values which are
lower than “ RM.S.” values by 1-11 times. This will, of course,
necessitate series resistances of a value 1-11 times lower than those we
used for our D.C. meter.

The difficulties mentioned are not insuperable, and fortunately the
use of a condenser for a series resistance on the lower voltage range
will correct the non-linear characteristic of our rectifier and meter.
Most readers will be aware that when a condenser is connected in an
A.C. circuit a current will flow round that circuit, the amount of current
being dependent upon the frequency of the supply, the voltage across
the condenser, and its capacity. Thus, a condenser will behave in a
precisely similar manner to a resistance, except that, whereas a non-
inductive resistance will not vary its value with changes of frequency,
a condenser of given capacity will pass more current at 100 cycles than
at 50 cycles. To use a condenser as a ‘‘ series resistance " for our A.C.
meter, therefore, means that the meter will only read accurately when
A.C. at one frequency is applied across its terminals. The standard
frequency of A.C. mains in this country is 50 cycles, and so our meter
has been designed to reaa correctly at this frequency.

Now, having decided that our meter shall be designed to indicate
correctly A.C. voltages of 50 cycles periodity, the next step is to
calculate the value of condenser necessary to give a full-scale deflection
of our meter when 10-volts A.C. are applied across the circuit.

Condenser Values.—As we have now to pass 1-11 times the
current round the circuit to produce the deflection we require, the

q e cre . 10,000
impedance of the total circuit will be equivalent to ETEba 9,010 ohms.

This value will be made up of the resistance of the meter and rectifier
and the reactance of the condenser in series. The resistance of the
meter and rectifier is obtained from the maker’s curves, and is found
to be approximately 870 ohms for the rectifier we have chosen, and a
meter with an internal resistance of 100 ohms. The voltage passed by
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the condenser will be 90 degrees out of phase with the current passed
by the combined resistance of the meter and the rectifier, so it is neces-
sary to use the formula: X =+/Z3 — R? where X equals the reactance
required, Z equals the impedance of the total circuit and R equals the
resistance. Inserting the values we have obtained we find that
X =+/(9,010)*—(870)%, or 8,969 ohms. We have now to find a con-
denser which will have a reactance of this value at a frequency of
50 cycles, and this is obtained from the formula
1,000,000

€ =2 %814 x50 x8,969 * 0’355 mfd.,
but we are unable to obtain a condenser of this capacity, so we must,
therefore, connect several condensers in parallel to build up the value
we require. On referring to Fig. 82 you will see that the condensers

25 MFD. -006 MFD. PRE-SET
7

WESTINGHOUSE
RECTIFIER

Fic. 33.—Back of
QO v, panel wiring diagrain
* ?or the A.C. unit.

*5 M’ /wy

used are one of 0-25 mfd., one of 0-1 mfd., and a pre-set condenser witn
a maximum capacity of 0-006 mfd., this latter being included to enable
a final adjustment to be made if it is possible to compare our meter
with a meter of known accuracy. Should this not be possible, it will
be found that this condenser should be screwed right home and then
slacked off about one-quarter of a turn.

We can now turn our attention to the resistances which are used
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to extend the range of the meter to read 100 volts and 500 volts maxi-
mum. Remembering that we already have an impedance of 9,010 ohms
in circuit, and that a current round the circuit greater than that required
to give full-scale deflection, on D.C. by 1-11 times will be required, we
can start our calculations from a basis of 100,000 ohms, which would
be the correct resistance if D.C. were to be passed through the circuit.
Dividing 100,000 by 1-11, we get 90,090 ohms, and subtracting 9,010
ohms from this figure we are left with 81,080 ohms, which is the resis-
tance we require. This, again, is a non-standard value, so two re-
sistances are used in parallel, one of 100,000 ohms and one of 0-5 megohm.
These do not give precisely
the value required, but are
sufficiently near for our
purpose.

The resistances required
for the 500-volt range are
calculated in a similar
manner and are found to
be 0-5 megohms and 4
megohms, connected in
parallel.

Wiring Connections.—
The actual construction
and wiring of the unit
is clearly shown in Fig. 33,
and should present no
difficulty, the only point to
be stressed being that the
connections to the rectifier

. unit should be made in

Fic. 84 (lf)-—The compieto A.C. unit i 5 accordance with the  in-

structions contained in

the maker’s leaflet which will accompany the rectifier, as the latest

type differs slightly from the type actually used by myself in mechanical

construction, though the electrical characteristics are similar. The

rectifier, fixed condensers, and resistances are supported by the wiring,

which should be of at least 18-gauge tinned copper wire to give the
necessary rigidity.

The appearance of the A.C. section when connected to the multi-
range meter is shown in Fig. 84.

The useof a condenser in thecircuitensures that the rectifiercannot be
damaged if D.C. is accidentally applied to the terminals of the A.C.
section, and also allows the complete meter to be used as an output
meter without extra safety devices.

When using the meter for the latter purpose it should be noted that
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the correct range to use will be dependent on the output of the
receiver and the strength of the signal being received. It will be
advisable to connect the 500-volt range to the speaker terminals if
these are brought out for the purpose of an extension speaker con-
nection, and if an insufficient deflection is then given by the meter, the
100-volt range may be tried. Should the extension speaker terminals
be arranged for a low impedance speaker, the 10-volt range should be
used and the strength of the signal adjusted until the desired deflection

EARTHED SCREW ON
METALLISED CHASSIS

Fic. 35.—Using the complete apparatus as an output meter.

is obtained. Obviously a steady reading of the meter will only be
obtained when a signal such as the B.B.C. tuning note, is being received
as the reading of the meter will fluctuate rapidly if music or speech is
being reproduced. Also the actual voltage developed at the loud-
speaker terminals will not be indicated unless a 50-cycle note is being
received, but the meter can be used with every success to indicate the
efficiency of the receiver when ganging adjustments are being made, if
the B.B.C. tuning note or a steady heterodyne note produced by two
interfering stations is used for adjustment purposes. In a subsequent
chapter a suitable oscillator for producing locally a steady signal of this
type will be described.

Should no extension speaker terminals be available, connection
should be made by means of crocodile clips to the anode of the output
valve and an earthed portion of the receiver (Fig. 35).
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CHAPTER VI
MEASURING CAPACITY

HE previous chapter gave all the necessary information to
I enable readers to construct a rectifier unit for use with the
Universal D.C. Test Meter and also outlined some of the uses to
which the completed instrument might be put. In this connection it
should be noted that the switch on the panel of the D.C. meter should
always be placed in the 1 mA. position before the A.C. unit is connected
and used. If the switch is in any other position, no damage will be
done either to the meter or to the rectifier but erroneous readings will
be obtained. Also, make certain that the correct range is used for A.C.
measurements, as the rectifier unit may easily be damaged by overload
and, in this respect, is not so robust as the meter movement.

Where A.C. mains of known voltage are available we have at hand a
very convenient method of checking the 500 volt range of the A.C. meter
and the 4 megohm parallel resistance on this range may be reduced
to give the correct deflection when the mains voltage is measured. In

. some instances a reduction

r - o TTT =% of this resistance to a value

O of 8 or 2-5 megohms has been

found to be necessary, though

LUl the reason for this is not
200-250v 50~

readily apparent. Of course,

[}

'

|

1

]

1

: care must be taken to discon-
) nect the mains from the
: instrument while adjustments
I
1
!
)
1
]
1
|

20,000a

are made.

The voltages are indicated
on the 0 to 1 mA., scale in
precisely the same way as
when the meter is used for
D.C. measurements, i.e.,, on

5000

" COMMON, the 10-volt range all readings

iniaatninb N R =" should be multiplied by 10,

\ on the 100-volt range by 100,

\ and on the 500-volt range by

\ \ 500, For example, using

T P the _500-volt A.C. range a

Fic. 88.—The megri.{xcd}t?rlc)usxt of the reading of 0-2 mA. will equal
capacity bridge. 0-2 % 500, or 100 volts.
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There is no easy method of extending the current ranges of our A.C.
instrument and the construction of suitable transformers for this
purpose is rather beyond the capabilities of the reader. However,
the occasions on which A.C. current measurements need to be taken for
receiver diagnosis are fortunately rare, and the omission of extended
current ranges need not be considered a very great drawback or one
which unduly restricts the scope of our meter.

Measurement of Capacity.—There is, however, one very useful
type of measurement which can be made with our A.C. unit, and

INSULATED TEST PRODS

g. \\vwm_:"

20,0000 -5watt.

Fic. 87.—The circuit of the capacity
bridge in pictorial form.

that is the measurement of capacity. For this purpose it is necessary
that a source of A.C. is available and A.C. mains will usually be acces-
sible to those readers who have constructed the rectifier unit. In this
connection it is assumed that the mains to be used are 200-250 volts,
50 cycles, but any other voltage or periodicity can equally well be
accommodated, by suitable modifications to the meter. Electrolytic
condensers cannot be measured with this type of instrument, as it
operates on A.C.

It will be seen from the circuit diagram (shown diagrammatically
in Fig. 36, and pictorially in Fig. 37) of the additions to be made to the
unit, that the A.C. mains are fed to a voltage divider formed by 20,000
ohm fixed resistor, and a wire-wound potentiometer of 5,000 ohms,
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across which the 10-volt range of the A.C. unit is connected and the
condenser under test. The switch is included in the leads to the meter
to serve the double purpose of disconnecting the capacity measur-
ing circuit and thus prevent damage to the meter when adjusting
for full-scale deflection before taking capacity measurements. From
the foregoing it will be clear that although the illustrations to
this part show the capacity unit as a separate piece of apparatus, the
inclusion of the extra components can conveniently be made in the
same box as the A.C. unit described in Chapter V. If made up as a
separate unit, providing the switch is in the “ off ’ position after
capacity measurements have been taken, there is no necessity to dis-
connect the unit in order to use the remainder of the apparatus.

9
©

©

L5

0 o© , 000

CIAPACITY UNIT A.C.UNIT MULTI-RANGE DC. METER

Fi16. 38.—The unit connected to the universal meter.

The inclusion of insulated test prods is another very necessary pre-
caution because unless these are connected together or bridged across
a condenser, fairly high A.C. voltages are present and there is a possi-
bility of an unpleasant shock being sustained if bare test prods are
carelessly handled. The type of test prod in which the connecting
plunger is spring-controlled will be found to be the most suitable as
there are no exposed metal parts unless readings are being taken.

A condenser, it has been explained, will permit a flow of alternating
current and the amount of current passed will depend on the capacity of
the condenser, the voltage applied to it and the periodicity of the
supply. This is the principle governing the capacity measurements
which we propose to make.

Mounting the Components.—No difficulty should be experienced
in mounting the components in the box and the wiring is quite
straightforward and may be followed easily from the drawings,
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with special reference to Fig. 88. Make sure that the 5,000 ohm
potentiometer and switch are constructed in such a manner that the
switch is ‘‘ off "’ when the knob is rotated fully in an anti-clockwise
direction and that all joints in the wiring are sound. The potentio-
meter shown in the illustrations is the Bulgin, Type No. V.S5.44, and
which will be found to be eminently suitable.

Now connect the units together as shown in Fig. 89, short-circuit
the test prods by extending their points, locking and clamping
them together in a crocodile clip and rotate the 5,000 ohm potentio-
meter until the switch is * off *. Plug into the A.C. mains and rotate
the potentiometer until the switch *“ makes . The meter should now
show a small deflection and further rotation of the potentiometer will
increase this until a full-scale deflection is obtained. We are now
ready to commence calibration.

Those readers who have a large assortment of fixed condensers of
known capacity will be able to calibrate their meter directly by discon-
necting the mains, removing the short-circuit from the test prods, re-
connecting the mains and then touching the test prods to the terminals
of the condensers and noting the deflection given by the meter.

The larger the capacity of the condenser the higher will be the
reading given by the meter and with the circuit as shown capacities
between 001 mfd. and 1-0 mfd. will give readable deflections of the
meter. A chart showing the deflections for various capacities can then
be prepared on the lines of the one illustrated in Fig. 40 and cut out
and pasted inside the lid of the D.C. meter for ready reference.

Calibration
Chart.—This pro-
cedure, however,
will not assist the
reader who has not
ready access to
suitable condensers,
but a calibration
chart may be pre-
pared by calculation
by the following
method.

The formula for
calculating the re-
actance of a con-
denser is React-

108 b
ance = where
S 2rfC,
F1c. 39.—The completed unit ready for calibration. n = 814, f = fre-

58



MEASURING CAPACITY

quency of the supply and C = the capacity of the condenser in
micro-farads. If we select, for example, a condenser of 0-1 mfd.
capacity we find, on inserting the values in the above formula, that
10¢

2 x 314 x 50 x 01 At first we
should be led to assume that we had merely to add this value
to the 25,000 ohms already across our mains supply, which we
will assume is 250 volts and apply Ohm’s Law to give us the current
flowing round the circuit. We should, however, be wrong, because we
bad forgotten that the current flowing through a condenser is 90° out of
phase with the voltage passing through a resistance connected in series
with it and therefore we must use a further formula to enable us to add
the reactance to the resistance. This formula we have already used
when constructing the 10-volt range
of our A.C. meter and, you will
remember, is Impedance =
s +/(Reactance)? + (Resistance)?. Re-
writing  this with our values
inserted we find that Impedance =
ic +/(82,000)* + (25,000)? or 41,000 chms
approximately. Now we can apply
Ohm’s Law and find that the
current flowing round the circuit =
Mains Voltage x 1,000

41,000

We know that we have set our meter
to read 1 mA. with 10 mA. flowing
round the external circuit, so that
our meter will read 0-61 mA. and this
is actually the reading obtained when
a condenser of 0-1 mfd. capacity is
connected to our test prods.

Reactance = or 32,000 ohms.

or 6-1 mA.

O
mluulnnl

METER READING (MA)
PO . .

@

Reactance Values.—The calcula-
tion of reactances and the trans-
ference of the values obtained
2 to the scale of the meter is rather a
006 laborious process, so for the guidance
:; of constructors the following list

)

Fic.

chart showing meter readings

40.—The calibration

and condenser capacities.

has been compiled of the more
usual capacities showing the meter
reading obtained and though these
values may vary slightly with
different mains voltages they may
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be relied on for the purpose of reference and will be found sufficiently
accurate for all normal uses :

Reactance
CAPACITY Reactance 235,00 chms Meter
{mfd.) at 50 cycles. summed at go°. Reading.
1-00 3,200 ohms 25,200 ohms ‘99 mA.
75 4,300 ,, 25,360 ,, -985 ,,
-50 6,500 ,, 25,800 ,, 965 ,,
25 13,000 ,, 28,200 ,, -89,
<20 16,500 ,, 29,900 ,, -835 ,,
‘15 22,000 ,, 34,800 ,, 718 ,,
-10 32,000 ,, 41,000 ,, -61
09 35,000 ,, 43,000 ,, -58 ,,
-08 40,000 ,, 47,180 ,, 58,
07 45,000 ,, 51,400 ,, -485 ,,
-06 54,000 ,, 59,500 ,, 42,
-05 65,000 ,, 69,600 36 ,,
04 80,000 ,, 83,700 ,, -30 o0
‘03 110,000 ,, 112,800 ,, 22,
<02 160,000 ,, 161,800 ,, ‘155 ,,
01 320,000 ,, 320,700 ,, 078 ,,
-009 354,000 ,, 354,100 ,, 07,
-008 398 000 ,, 398 000 ,, 063 ,,
007 455,000 ,, 455,000 ,, 055 ,,
.006 531,000 ,, 531,000 ,, 047 ,,
‘005 637,000 ,, 637,000 ,, 039 ,,
‘004 797,000 ,, 797,000 ,, 031 ,,
<003 1,061,000 ,, 1,061,000 ,, <0236 ,,
‘002 1,580,000 ,, 1,580,000 ,, ‘0157 ,,
‘001 3,200,000 ,, 3,200,000 ,, ‘008 ,,

The range of capacities covered by our unit is necessarily restricted
and some readers may wish to extend this range to suit their own needs.
The methods by which the range described has been prepared are per-
fectly suitable for calculating different ranges and the main point to be
noted is this. If measurement of larger capacities is to be made the
current through the circuit must be increased and if a smaller capacity
range is required the current must be reduced. This is most easily
done by variation in the value of the fixed resistor .and potentiometer.
The present range covers the most useful values of condensers and
will prove a valuable adjunct to the listeners or serviceman’s equipment.



CHAPTER VII
USING THE UNIVERSAL METER

having calibrated the universal test meter will, no doubt, soon

begin to find many uses for it. At this juncture it may not be

out of place to outline some of the different measurements which can be

made, and mention the means which the reader can take to ensure

that the indications given by the meter are accurate indications of the

currents and voltages which he requires to measure. .

It will no doubt occur to the reader that the universal meter cannot

be used to take some of the measurements which are necessary for

accurate diagnosis in a radio receiver, but these chapters include de-

scriptions of all necessary apparatus to form a complete testing equipment
for the laboratory. '

Fig. 41 gives the simplified circuit of a 8-valve A.C. mains receiver

.which will be used as a basis for the explanations which are to follow.

THE reader having now completed the constructional work, and

AMAAA

Bl

-

Fic. 41.—A simplified 8-valve circuit used w
as a basis for the tests mentioned in this

e NG e
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Commencing from the entry of the mains, the first component which
may require to be checked is the mains transformer. 1f any doubt
exists as to whether this component has been wired correctly or that
the various leads have been identified correctly, the easiest method of
checking the wiring is to connect the leads marked A and B, which are
easily identifiable because they are much heavier in gauge than the other
leads, to a 4 volt A.C. supply obtained from the filament sockets of a
valve-holder in an A.C. receiver (Fig. 42). This will energise the other
windings of the transformer and the voltages developed across other
pairs of leads from the transformer can be measured, using the A.C.
adaptor. Although these voltages may be slightly higher than
normal owing to the tranformer being unloaded, they will serve to
indicate the leads which are connected to the various windings
internally.

Fic. 42.—Energising the
windings of a mains trans.
former to enable tests to be
carried out.

Smoothing Condensers.—The next components to come under
suspicion might be the smoothing condensers C and D if the hum in
the receiver were excessive, and though the capacities used for smooth-
ing are usually higher than can be indicated on the scale of our capacity
meter, a very useful indication of the capacity available can be
obtained by utilising the method outlined in the second article of this
series whereby the resistance terminals are connected to the condenser,
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F16. 43.—Circuit diagram of diode detector.
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and the ‘‘kick ' given by the meter on connection noted. The
resistance meter will also indicate the presence of a short-circuit in
a condenser by giving a full-scale deflection when connected to the
suspected component, although the precautions to be taken when
testing electrolytic condensers must be observed.

The smoothing choke has usually a comparatively low resistance
to D.C, and although the resistance meter will indicate a complete
disconnection it is rather difficult to ascertain whether a short-circuit
between individual turns exists. However, if the hum in the receiver
is excessive, and the smoothing condensers are perfect, it can safely be
assumed that the inductance of the choke is inadequate and im-
proved results will be obtained if this component is replaced. Care
must of course be taken to ensure that the choke is firmly fixed and
the clamping bolts holding the core lamination are adequately tightened.

Connecting the resistance meter between the anode of the output
valve and the filament circuit of the rectifier valve will indicate that
a circuit exists in the smoothing choke, and the primary of the output
transformer, and the current flowing in this circuit will usually be suffi-
ciently large to enable us to measure the voltage at the anode of the
output valve with adequate accuracy by connecting the appropriate
range of the D.C. voltmeter across points E and F.

Current Taken by Output Valve.—The next measurement to
be made will usually be the current taken by the output valve, and
the correct position to insert the 100 mA. range of the D.C. milliammeter
will be at G in the diagram. Should the current indicated be excessive
it will be necessary to adjust the value of the bias resistance (H) which
is in the common negative return lead. To adjust this resistance it
will be necessary to measure the current flowing through it and then
calculate the correct value of resistance by using Ohm’s Law which
states that Resistance = Voltage
Current,
grid-bias voltage needed by the valve in question, and the current is
the current flowing through the circuit, expressed in amperes.

The decoupling resistance (J) and the secondary of the intervalve
transformer can be checked by using the resistance meter, and the
anode circuit of the detector valve will be the next circuit which will
require checking.

If we attempt to measure the voltage at the anode of the detector
valve by connecting the 100 volt range of the D.C. voltmeter across
points K and L we shall obtain an erroneous value because our meter
will absorb a certain amount of current and will add to the voltage
drop across the components in the anode circuit. A more correct
value will be obtained by first measuring the resistance in circuit
between H.T. positive and point K. Then break the circuit at point M

where the voltage required is the
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and measure the current flowing. Applying Ohm’s Law again we find
that the voltage at the anode of the detector valve equals the maximum
H.T voltage minus the current in circuit expressed in amperes multi-
plied by resistance in circuit.

Checking the H.F. Circuit.—The H.F. circuit of the receiver can
be checked by similar methods, and the only other point at which
erroneous readings are likely to be obtained is the screening-grid con-
nection of this valve, At this point the voltage is obtained from a
potentiometer across the H.T. supply and connecting our D.C. volt-
meter across points N and O will increase the current flowing through
the potentiometer and lower the voltage at N. The correct voltage
can only be ascertained by measuring the resistances forming the
potentiometer, adding them together and then finding the current
flowing through the circuit by dividing the voltage across the potenti-
ometer by the value of the resistance so obtained. Now we must
measure the current taken A WL+
by the screening grid of the *) ="
valve by connecting our WESTECTOR
milliammeter between the B
junction of our potentio- +
meter resistance and the AY.C. CONNECTION—"]
actual S.G. connection to
the valve and add this to _4
the current flowing through 3
the potentiometer. Now if &= 7
the value of the resistance
forming the limb of the
potentiometer between the
valve and H.T. positive is
multiplied by the total cur- ’
rent flowing through it, the _ e o
volts dropped by the resis-  Fic. 44.—Circuit of a detector stage using a
tance will be obtained, and * Westector.”
subtracting this voltage from the voltage across the potentiometer,
the actual voltage at point N will be available.

The foregoing procedure may sound rather more complicated than
it actually is, so perhaps a concrete example may be useful as an
illustration. Suppose that the resistances forming our potentiometer
have values of 20,000 ohms and 30,000 ohms, the latter resistance
being connected to H.T. positive, our measured screen consumption
is 0.5 mA, and our H.T. supply is 250 volts. The current flowing
through the potentiometer when the screening grid is disconnected will

&

>

i

EARTH LINE

0
53i00= 005 amps or 5 mA, Add 0-5 mA to this figure which gives
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us 5-5 mA passing through our 80,000 ohm branch. The volts dropped
in this branch will now be equal to 80,000 X 0055, or 165 volts. Sub-
tracting this from 250 (our total voltage) we find that the actual
potential at our screen-grid connection is 85 volts.

Measurement of Grid-Bias Voltage.—The final use of the
universal meter dealt with now is one which many readers find
difficulty in measuring. It is the measurement of voltage of the grid
bias supplied by a Diode Detector or ‘* Westector ** when used in an
A.V.C. system. Reference to Fig. 48 will show that this is merely
a skeletonised diagram of a diode detector supplying A.V.C. to
a variable-mu H.F. valve, while Fig. 44 shows an appropriate
circuit utilising a Westector. Inserting our milliammeter at point A
in the circuit will enable us to read the current taken by the H.F.
valve, and on tuning in a strong signal we shall note, if our A.V.C.
system is working properly, that this current decreases and we can use
our meter as a tuning indicator. However, if we attempt to find out
how much extra bias has been introduced by the signal, by connecting
our voltmeter across points B and C, i.e., across the diode load resis-
tance, the current flowing in this circuit will be found insufficient to
give a deflection of the needle. We must therefore resort to other
means to find this bias voltage and the easiest method is by com-
parison.

Tune in a strong signal and with the milliammeter connected at
point A, note the lowest current reading that can be obtained by
careful tuning, now disconnect the-aerial from the receiver, switch
off and disconnect the A.V.C. connection from the diode load resis-
tance at B. Connect this lead to the 8-volt negative socket of a grid
bias battery whose positive
terminal is connected to the
earth socket of the receiver.
Now, with the aerial still
disconnected from the set,
switch on and vary the
negative voltage applied to
the A.V.C. connection by
moving the , plug in the
sockets of the grid bias
battery, until the same read-
ing is obtained on our milli-
ammeter as was previously
noted. The socket on the
battery into which the A.V.C.
connection is now plugged
will then be equal to the

. 45.—The recesver must be slowly tunet:l . ¢
Fxtchmugh th: sigcl?al when checking A.V.C. voltage which had previously
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been supplied by the diode. By measuring the voltage in this
way it will be possible to estimate the efficacy of the A.V.C. system
to deal with incoming signals of varying strengths and useful data can
be compiled on thé comparative strength of transmissions received
by noting the amount of grid-bias voltage produced by the diode on
different stations.

Checking A.V.C.—Perhaps, while on the subject of A.V.C, it
may not be out of place to indicate an easy way of checking the effi-
ciency of any receiver in this respect. Connect our universal meter
as an output meter to the speaker terminals of a set incorporating
A.V.C., in the manner outlined earlier. Then tune in a powerful signal
(your local station when radiating its tuning note will do—a steady-
signal being necessary), and watch the output meter. Now, although
we know that as we tune across the powerful signal the voltage applied
to the input of the receiver will vary censiderably and continuously,
yet if the A.V.C. system is functioning properly the reading of our
meter should rise quickly as we approach the station and then remain
almost steady until we have passed through the exact tuning point of the
station to which we are listening and then quickly fall away again.
If the reading of our output meter rises to a peak with a sharply defined
maximum we may be practically certain that our A.V.C. system is not
doing all that it should. It must be emphasised however that the
receiver must be slowly tuned through the signal (Fig. 45) or the flat-
topped response due to the A.V.C. will be missed.

It will be obvious to readers that the chief drawback to the
universal meter so far described is its inability to measure voltages
without extracting a maximum of 1 mA of current from any circuit to
which it may be connected in order to energise its own movement.
There is only one type of meter which will read voltages, either A.C.
or D.C., without extracting current for itself and that is the valve-
voltmeter.




CHAPTER VIII
A VALVE-VOLTMETER

ANY readers regard the valve-voltmeter as a highly complicated

M piece of apparatus, so difficult to calibrate and operate that it

would be quite out of the question to construct one, farless use it.

This chapter touches lightly on the theory governing the operation of the

type of valve-voltmeter which is to be constructed, in order that this

impression may be dispelled and a very useful instrument added to the
equipment of every keen reader.

The grid of a valve used as an anode-bend detector is biased negatively
until no current flows in its anode circuit. Now, if a voltage be applied
to the grid circuit in opposition to the grid-bias voltage, i.e., positive to
grid and negative to filament circuit, a certain percentage of the negative
bias will be cancelled out and current will commence to flow in the anode
circuit. The magnitude of this current will be governed by the reversed
voltage applied and if we connect an appropriate D.C. milliampere range
of our universal meter in the anode circuit of the valve we shall be able
to measure this voltage by calibrating the milliammeter in terms of the
applied voltage.

Alternating Voltage.—When an alternating voltage is applied
to the grid of an anode bend detector valve the negative half-
cycles are suppressed because the valve is so heavily biased that no
further change in anode current can take place with an increase of
negative volts, but the positive half-cycles reduce the negative bias in
precisely the same way as a steady positive direct voltage and the anode
current of the valve will rise in sympathy.

It will thus be seen that it is quite easy to connect up a suitable
valve in such a way that the application of positive voltages to its grid
will produce visible indications of current through a meter connected
in its anode circuit. When a given alternating voltage is applied to the
grid, exactly identical indications will be obtained on the anode milli-
ammeter, no matter whether the frequency of the applied voltage is 50
cycles from the mains or an extremely high frequency generated by a
wireless transmitter. Of course, there are limitations to the frequency
accuracy of a valve-voltmeter but as the limitations are set by the grid
filament capacity of the valve used, the shortness of the wiring to it
and similar factors, an ordinary receiving valve will operate quite
satisfactorily in this respect over a range of frequencies from 50 to
1,500,000 cycles per second, a range more than sufficient to meet the
needs of the majority of my readers.
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The valve chosen for this valve-voltmeter is the Marconi or Osram
P2, because with an anode voltage of 50 volts and 9 volts on the grid
the characteristics will allow us to measure 5 volts D.C. or A.C.,
without running into positive grid current. It may seem unnecessary
to provide a ‘* grid-base "’ of 9 volts in order to measure a change of
only 5 volts but my readers will remember that a R.M.S. voltage of
5 volts A.C. has peaks which are 1-404 times the magnitude of the R.M.S.
volts which we are to measure, and the voltage will actually rise
to 7 volts peak. Therefore, by allowing a grid base of 9 volts we
effectively prevent the flow of grid current within the range of our
instrument.

If we wished to measure, say, 50 volts directly, we should require
a valve which needed at least 70 volts grid-bias to stop anode current
flowing and a correspondingly higher anode voltage. This would
obviously be impracticable with any battery-driven valve and so we
must incorporate some form of potential divider to multiply the initial
voltage range of our instrument. Reference to Fig. 46 will show that
the voltage we wish to measure is applied across a 1 megohm potenti-
ometer, the slider of which is connected to the grid of the valve. It will
be seen that if the slider is turned to the end of the potentiometer which
is connected to input terminal G, the whole of the external voltage
applied is received by the grid of the P2 valve and therefore our cali-
bration will be direct, but if we set the slider half-way down the
resistance element only half the applied voltage will be received by the
grid of the valve and our calibration will be doubled. This is extremely
convenient and it has been found possible to extend the range of the
instrument to read 50 volts quite easily by this means.

Setting the Zero.—The next point of interest in the circuit is
the method adopted for setting the *‘ zero’ of the valve-voltmeter.

It will be appreciated that as

5&'?,8&_.'"”.—-04- we increase the grid-bias on

our P2 valve its anode current

will fall, and as it will be very

4 T30 difficult to read on the milli-

01 fa ammeter in its anode circuit
- the exact point when the
current falls to zero it will be
(12v more convenient to select an
f./ - arbitrary point on the scale,

say, the first small division,
or ‘01 mA and set the meter

OS—Hih

L

SEReENN to read this value before we
PR commence to take readings.
Fi6.40.—The theoretical circuit of the  LFOr this purpose we must
valve-voltmeter. use a grid-bias battery and
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select a negative tapping which will reduce the anode current to
approximately the value we require and then make our final adjust-
ment by rotating the 25 ohm potentiometer across the filament circuit
of the valve which gives us a final control over a range of 1 volt
positive to 1 volt negative. Fortunately a P2 valve with 50 volts on
its anode and 9 volts negative on its grid is almost biased to * cut-off "’
and the’' filament potential divider will be found to give ample
adjustment. )

Coming next to the anode circuit of the valve we see that a variable
resistance of 20,000 ohms is connected in series with the milliammeter

Fic. 47.—The completed instrument in its screened box showing the -
space left for the calibration chart.

to 50 volts positive H.T. This resistance provides a means of limit-
ing the current taken by the valve when grid-bias is removed or
neutralised by an applied voltage. If we look at the characteristic
curves of a P2 valve we shall find that with no volts on the grid and
50 volts positive on the anode, the anode current will rise to approxi-
mately 12 mA. This would obviously be greater than we could read on
the 0 to 1 mA scale of our universal meter and furthermore would be a
fairly heavy load on the small capacity H.T. battery we intend to use.
If, however, we include a resistance in the anode circuit of the valve
we can cut down the anode current which will flow for low values of
grid-bias without effecting the grid circuit or the maximum range of
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our meter in any way. Also, by making this resistance variable we
have an easy method of arranging that our milliammeter shall read
exactly 1 mA. when the maximum voltage we wish to measure is
applied to the grid circuit of the P2. As will be seen from Fig. 48
the 20,000 ohm resistance is mounted on a bracket on the baseboard
as it is unnecessary to adjust this continually and provided it is
set at the commencement of calibration or measurement, all further
adjustment is carried out by the external controls.
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F1G. 48.—The full wiring plan for the valve-voltmeter.

Constructional Details.—The foregoing explanation deals with all
the major technical details of the meter and we can proceed with t{he
constructional details.

The whole apparatus is mounted on a metal panel and wooden
baseboard which should be inserted, as shown in Fig. 47, into a metal
screening box in order that the readings obtained on the meter are
unaffected by stray H.F. fields. The size of the screening-box is
governed by the size of the H.T. battery and unspillable accumulator
which the reader wishes to incorporate, and hard and fast dimen-
sions are therefore not given. At tbis juncture it may as well be
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mentioned that the valve-voltmeter will work quite satisfactorily
without the complete screening box provided that extremely high
accuracy is not required, but in all cases the metal panel should be
retained. This introduces slight complications because three of the
terminals to be mounted on this panel are not at earth potential, and
it will therefore be necessary to insulate their stems by suitable insul-
ating bushes. Also the 1 megohm and 25 ohm potentiometers should
be of the type whose spindles are not connected to the rotating contact.
Alternatively, the spindles could also be insulated by suitable bushes,
but this system is not quite so satisfactory, as the screening is impaired
by bringing *‘ live *’ spindles through the panel.

The remainder of the constructional work and wiring is straight-
forward, and if the explanatory drawings are followed carefully, no
difficulty should be experienced in constructing the valve-voltmeter. 4

List of Parts Required for Valve-Voltmeter

1 — Screening Box (see text).

1 — Panel (metal) and baseboard to fit above.

1 — 60-volt H.T. Battery.

1 — 9-volt G.B. Battery.

1 — 2-volt unspillable Accumulator.

1 — 1 megohm Potentiometer (ungraded and with insulated spindle).

1 — 20,000 ohm. Wire-wound Variable Resistance (with insulated
spindle).

1 — Mounting Bracket for last above.

1 — 25 ohm. Filament Rheostat.

1 — 4-pin baseboard-mounting Valve Holder.

2 — 0:01 mfd. Fixed Condensers.

1

4

— ** On-off " Switch.
— Terminals (three with insulating bushes for metal panel).
Connecting Wire, Screws, etc.



CHAPTER IX

CALIBRATING AND USING THE
VALVE-VOLTMETER

T will be observed a space is provided on the front panel of the
I instrument for a calibration scale to be gummed on, and that a
circular white paper scale is to be gummed to the panel under the
knob of the 1 megohm multiplier potentiometer. Alternatively, if the
surface of the panel is matt finished aluminium, it is quite possible to
omit these paper scales and draw the calibration points on the metal
itself in Indian ink, afterwards covering the markings with a coat of
colourless cellulose lacquer.

Before we commence calibration it will be necessary to procure a
6-volt accumulator, and a 250 ohm variable potentiometer. If it is
inconvenient to get a 6-volt accumulator, four large-capacity dry
cells may be used to supply the calibration voltage, as their voltage
will remain reasonably constant with a current drain of 24 mA, over
the short period which we shall use to make measurements. The
accumulator or dry cells and the 250 ohm potentiometer should
be connected up as shown in Fig. 49, but the actual connection to one
terminal of the voltage supply should only be made when calibration
is in progress in order to limit the current drain imposed and thus main-
tain the voltage as stable as possible.

Connections and Adjustments.—Now connect the H.T., L.T.,
and G.B., batteries to the valve-voltmeter, making sure that the
switch is ** off ** before doing so, and connect the milliampere terminals
of the universal meter to the
‘ meter ’ terminals of the
valve-voltmeter. The positive
terminal of the universal meter
should be connected to the
‘“ meter "’ terminal of the valve-
voltmeter, which is connected 6v
internally to the H.T. positive ACC'T*
plug, and the switch should be

set at 1 mA. The multiplier INPUT OF
potentiometer is then rotated V/VOLTMETER
in a fully anti-clockwise direc-

tion, i.e., to ratio 1, and the | »E
20,000 ohm variable anode Fic. 40.—Theoretical curcuit of the cali-

resistance mounted on the bration apparatus.
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baseboard set until the whole of the resistance element is in circuit.
Now switch on the valve-voltmeter, and it will be noticed that the
pointer of the universal meter gives a little ** kick " and then returns
to a very low reading on the scale. It might be thought that the
25 ohm zero-adjusting potentiometer on the front panel should now
be set so that zero was actually indicated on the milliammeter, but
this is not the case owing to difficulty in ascertaining the exact
setting at which the milliammeter reads zero. A much more satis-
factory method, and the one adopted in this case, is to adjust the
25-ohm potentiometer until the pointer of the milliammeter reads
*02 mA. This point will now become the zero point for the voltage
scale of the valve-voltmeter, and the meter should always be checked
before making measurements to ensure that, under the foregoing con-
ditions, a true zero is indicated.
The valve-voltmeter should now be switched off, the multi-range
meter disconnected, and its 10-volt D.C. range connected across the
VALVE r=¥ -
VOLTMETER

e

MULTI - RANGE
METER

F16. §0..—Adjusting the zero reading,

leads from our calibrating voltage supply marked G and E, and the

250-ohm potentiometer varied until exactly 5 volts (or half-scale
deflection) is registered. Then re-connect the universal meter to the
‘* meter " terminals of the valve-voltmeter and the calibration leads
G and E to their appropriate imput terminals as shown in Fig. 50.
Switch on the valve-voltmeter, and it will be found that the pointer
of the universal meter will now give a reading somewhat higher than
the zero reading which we previously selected. By rotating the
20,000 ohm resistance on the baseboard until the universal meter reads
exactly 1 mA, the scale will be set to read 5 volts between .02 mA and
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1 mA. It may be advisable now to disconnect the calibration voltage
by removing one of the leads from the accumulator, or dry batteries,
and to note that the pointer of the milliammeter falls immediately to
our previously selected zero position. If it does not do so, a slight
readjustment of the zero-adjusting potentiometer will be necessary.
The internal 20,000 ohm resistance will not need re-setting unless the
characteristics of the P2 valve change considerably, and with the limited
periods of use which we are likely to give the instrument, the life of the
valve should be almost indefinite. It has also been found that the
replacement of the valve has very little effect on the calibration of the
instrument, provided the instrument is re-set for zero and maximum
readings whenever it is necessary to make this replacement.

Checking the Deflections.,—All that remains now is to make a
note of the deflections given by the milliammeter for various voltages

Y

]

mfd.

= ' _
§ #= r 0! : .‘

Lg
[0 valve-

_ o VOLIMETER

= £

F1c. 51.—Method of measuring the voltage
developed across a tuned circuit.

between 0 and 5 volts applied to the input terminals, and to obtain these
readings the required voltage is selected by adjustment of the 250-ohm
potentiometer with the 10-volt range of the universal meter connected
across leads G and E and then noting the deflection given by the
milliammeter when this voltage is applied to the valve-voltmeter.
Some readers may care to plot a graph of these readings, and so be able
to measure intermediate values directly, but the valve-voltmeter
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calibration is nearly linear, and a chart is prepared in the same way
- as the capacity chart described earlier.

Having prepared the graph or chart it only remains to calibrate
the multiplier potentiometer. This is quite a simple matter, and should
present no difficulty. First apply 5 volts to the input terminals of the
valve-voltmeter so that a full-scale deflection is given by the milli-
ammeter, then rotate the multiplier knob in a clockwise direction until
the milliammeter indicates 2-5 volts in accordance with our calibration
chart. Mark the position of the multiplier pointer and call it X2, then
if the pointer is left in this position all the readings obtained on the
valve-voltmeter will be multiplied by two, and we have extended our
range to 10 volts maximum. Again rotate the multiplier knob until
0-83 volts is indicated and mark this point X8, This extends the range
to 30 volts maximum, and all readings obtained with the multiplier
knob in this position must be multiplied by 6. Finally, carefully
rotate the multiplier until 0-5 volts are indicated, and mark this point
X10. We shall now have extended the scale to 50 volts ma.xix'num, and
all readings must be multiplied by 10.

Using the Valve Voltmeter.—The calibration is now complete,
and we can start to make use of the valve-voltmeter. It will find its
major application in the measurement of voltages in circuits where the
current flowing is too small to actuate any other type of voltmeter ;
for instance, it will measure the voltage developed by a steady signal
across the load resistance of a diode detector—a very useful guide to

i.F. TRANSFORMER A V.C, efficiency. Alsoit will
measure accurately the volt-

O, /—\ age developed by a signal of
=" l any frequency across the

( pLL secondary circuit of an output
\ DETECTOR | :ransformer.

To measure the radio-
frequency voltages across
tuned circuits it will be
necessary to prevent the H.T.
voltages from reaching the
grid of the P2 valve, and
mica condensers of -01 mfd.
capacity should always be
connected in series with the
input terminals before mak-
ing measuremnents in any
circuit where D.C. currents
are also flowing, When

Fic. 52.—Tbehmeter is dconnecfte% to[tl;_e points measuring A.C, voltages exist-
XX, across the secondary of the L.F. trans-
former nearest the second detector. ing across, say, the anode
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resistance of an L.F. amplifier, the capacity of the condensers should
be increased to as large a value as possible, though care should be
taken to see that the insulation of the condensers chosen is high.
Fig. 51 will show the connections to the valve-voltmeter when
measuring the H.F. voltage developed across a tuned circuit, in
this case the tuned-grid coil of an H.F. amplifier, and it will
be noticed that the *“ G * terminal is connected to the high
potential end of circuit and the “ E * terminal to earth. This
procedure should always be followed wherever possible, because
it is advisable to keep the metal case of the valve-voltmeter
at earth potential to eliminate stray pick-up effects. The valve-volt-
meter connected as shown in Fig. 51, will actually measure the H.F.
voltage presented to the grid of the detector valve if the set is tuned to
a powerful local station, and by experimenting with the voltages applied
to the H.F, valve and, incidentally, by making any modifications to the
aerial coupling coils, etc., it is possible to see the result of such experi-
ments as a gain or loss in voltage. The LF. and frequency-changer
circuit of a superheterodyne could also be experimented with using the
meter connected across the secondary of the I.F. transformer nearest
to the second detector (Fig. 52) and, if the magnification is not too great,
it is possible to measure the amplification of a valve, and its coupling
components, by first adjusting the voltage across its grid circuit by an
H.F. volume control to 0-5 volts, then transferring the valve-voltmeter
to the coil in the anode circuit of the same valve and again measuring
the voltage. If the reading given is, say, 43 volts, then the stage gain

45
is — or 90.
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CHAPTER X
AN L.F. OSCILLATOR

ARTICULARS are given here of an instrument which will fulfil

P the needs of both the service-man and the listener when investi-

gating problems connected with L.F. amplifiers ; the apparatus is
quite simple if the principles governing its working are understood.

All my readers have, no doubt, heard the weird whistles and groans
which can be produced by an oscillating detector valve when tuned to
a carrier-wave, and will remember that as a carrier-wave is tuned in the
pitch of the note varies from a high-pitched squeak to a deep bass note,
vanishing at * silent point *’ and then rises again, finally to vanish as
a high-pitch squeak again. This heterodyne note as it is called would
therefore appear to cover all the audio frequencies, and should be ideal
for loudspeaker testing as we can pick out whatever note we like from the
whole musical scale, afid reproduce it through our loudspeaker for as
long as we like while we make adjustments.

Using a Fixed ‘¢ Carrier Wave.”’—What we must do is to provide
our own fixed ‘‘ carrier wave *’ and mix it with a ‘' carrier wave ”
whose frequency can be varied to produce the heterodyne note we
require in a way which will not interfere with our neighbours. Those
readers who have constructed superheterodyne receivers will know
that when we mix in the grid circuit of a detector valve the output
from two valves oscillating at radio frequencies we produce a third
frequency, i.e., the intermediate frequency which is equal to the
difference between two separate frequencies. For instance, a
200-Kc. carrier-wave mixed with a 810-Kc. carrier-wave and then
rectified will produce a frequency of 110 Kcs., which is known as the
intermediate frequency, or LF.

Now suppose we make our two * carrier-waves” oscillate on
frequencies comparatively close together, say for instance 800 Kcs.
and 301 Kcs., we shall produce a frequency of 1 Kc. or 1000 cycles
which will, after rectification, be audible in a pair of headphones or a
loudspeaker. Suppose now we wish to alter the pitch of this note,
and increase its frequency to 2,000 cycles, we must merely re-tune one
of our * carrier waves’ so that the difference between the two is
2,000 cycles.

Hartley Oscillators.—In the instrument described in this chapter
the two ‘' carrier-waves '’ are produced by two Hartley oscillators,
one with its frequency fixed at approximately 300 Kcs., and the
other variable between 300 Kcs. and 810 Kcs., thus giving us an audible
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range of frequencies between 0 and 10,000 cycles which will cover
the band of audio-frequencies usually considered adequate for good
reproduction.

Reference to the circuit diagram (Fig. 58) will show that the Hartley
oscillators are constructed from centre-tapped plug-in coils tuned in
one case by fixed condensers of -001 mfd. and 0005 mfd. connected in
parallel, and in the other by a pre-set condenser of -002 mfd. maximum
capacity with a variable condenser of 0001 mfd. in parallel. The output
from the anodes of the two oscillators is taken via air-spaced trimming
condensers of 7 mm{d. maximum capacity to the grid circuit of a detector
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F16. 63.—Theoretical diagram of the L.F. oscillator,

valve in whose anode circuit the audio-frequency note appears. This
audio-frequency component is developed across an L.F. choke and fed
through a 2 mfd. by-pass condenser to a 25,000 ohm. potentiometer
which acts as a volume control, and enables us to adjust the audio-
frequency output to the voltage required.

The values of the components have been so selected that the range
of 0 to 10,000 cycles is covered by rotation of the -0001 mfd. variable
condenser, and any deviation from the specified coils will result in
failure to obtain the full range of the instrument. A further reason for
the choice of these coils is that their construction renders them reason-
ably free from inductance variation owing to temperature rise and fall,
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and this helps to prevent the oscillators from wandering from their
pre-selected frequency.

Screening Box.—The three-compartment screening box is not
a standard component, and must be made in accordance with the
dimensions shown in Fig. 55. The provision of a screening box exactly
as shown is an essential in order to prevent interaction between the
two radio-frequency oscillators, which would otherwise prevent ex-
tremely low frequencies from being produced, owing to the tendency
for the two oscillators to pull into step when tuned to nearly the same
frequency.

There are two other points to be watched when constructing the

Fic. 64.—The type B Fi6. 55.—The complete L.F.
coil and holder. oscillator and screening box.
apparatus, viz.: the necessity for insulating the components which
are brought out through the screening box. Suitable insulating bushes
should be procured for the spindles of the 0001 mfd. variable condenser,
the output volume control, and the output terminal which is connected
to the slider of the volume control. Actually, in the original model
both output terminals have insulating bushes, but this is purely for
the sake of uniformity of appearance. It will be seen that none of the
aforementioned points is at earth potential, and, in the case of the
0001 mfd. variable condenser, failure to insulate the spindle will
short-circuit the H.T. battery.
Checking Connections.—Reference to the drawings, and parti-
cularly to the wiring diagram in Fig. 56, should enable the construc-
tional work to be completed, and then the connections should be
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carefully checked over with the aid of the resistance meter, previously
described, to ensure that everything is in order before connecting the
batteries. Emphasis is laid on this point because the oscillator valves
are self-biased by their grid-leaks, and failure of these valves to com-
mence oscillating when switched on may cause damage to their filaments,
It is also worth while to make certain that the insulating bushes
previously mentioned are really efficient—and this can be done by
placing the filament switch in the “on ” position and joining the
terminals of the resistance meter, firstly, between the H.T. positive
lead and the screening box, and then between the junction of the 2-mfd.
output condenser and the 25,000 ohm. volume control and the screening

Ll
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Fic. 56.—The wiring diagram of the
L.F. oscillator.

box. In the first instance there should be no deflection at all, and in
the second the meter should read 25,000 ohms if the bushes are satis-
factory. Before the second test is made the volume control should be
rotated to the maximum position, or fully in a clockwise direction.

List ot Parts Required for the Low-Fréquency Oscillator,

2—Inductances, Range B

1—-0001 mfd. Variable Condenser, with slow-
motion drive

1—-002 mfd. (maximum) Pre-set Condenser N

27 mmifd. Air-dielectric Pre-set Condensers
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1—-001 mid. Fixed Condenser

1—-0005 mfd. ,, v
2—-0001 mfd. ,, 0
1—-0003 mfd. ,, m
2—2 mid. Ve 'y

1—-5 megohm Fixed Resistances

1—2 megohm . -

1—25,000 ohms Output Control

1—L.F. Choke, 40 Henries

1—Toggle * On-off ** Switch

1—Three-compartment Screening Box

3—4-pin Baseboard Mounting Valve Holders,
Wire, Baseboards, Systoflex, etc.

8—Valves, Type L210



CHAPTER XI

CALIBRATING AND USING THE L.F. OSCILLATOR

oscillators are working. As will be seen from the values of the

components chosen, the approximate wavelength of the fixed
oscillator should be somewhere near 1,000 metres. Should any reader
have incorporated centre-tapped coils other than those specified, he
can, provided the inductance of the coils is known, calculate the wave-
length of his fixed oscillator by employing the formula—Wavelength
in metres = 18854/ L C, where L is the inductance in circuit expressed in
microhenries, and C is the capacity in circuit expressed in microfarads.
In the case of the inductance coils, which have an inductance of 200
microhenries, the formula will read—Wavelength =1885 v 200 x -0015,
or 1,030 metres..

Tuning the Fixed Oscillator.—Most broadcast receivers will
tune to 1,000 metres, but it will be necessary to make the receiver
oscillate if we are to hear anything from our local oscillator. Presuming
a suitable receiver is available, tune it roughly to 1,000 metres, which
will be approximately the lowest wavelength receivable with a normal
receiver switched to * Long-Waves,” increase reaction until the receiver
oscillates, and then disconnect the aerial lead, replacing it by a short
length of wire. Now insert an appropriate valve into the valve-holder
in the left-hand compartment of the beat-frequency oscillator, switch
on and, with the cover removed from the screening box, and the short
length of wire from the acrial socket of the receiver lying across the top
of the oscillator, tune the broadcast receiver until quite a loud ** carrier-
wave ” is heard (Fig. 57). If this can be heard we can quite easily
prove that our fixed oscillator is working by switching it off and noting
the disappearance of the heterodyne note in the loudspeaker of our
receiver. Should it be impossible to tune in the fixed oscillator on the
receiver, do not jump to the conclusion that the fixed oscillator is not
working, but carefully check over all the connections, and connect the
10 mA. range of the multi-range meter in the H.T. positive lead to
the oscillator. Switch on again and a reading of 2 or 3 mA. should
be obtained which, if the valve is oscillating, will rise to 4 or 5 mA.
when the grid connection is touched with a wet finger. This test is
infallible for checking oscillation because there will be no change of
anode current unless oscillation is taking place. No difficulty has been
experienced in obtaining oscillation with this type of Hartley circuit,
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and failure of the valve to commence oscillating immediately it is
switched on has always been traced to a faulty component or a wrong
connection.

Checking the Variable Frequenmcy Oscillator.—The next step is
to check our variable frequency oscillator in a similar way, and to
do this the valve should be removed from the fixed oscillator and
inserted in the valve-holder in the right-hand compartment. Set
the vanes of the -0001 mifd. variable condenser to minimum and screw
up the -002 mfd. pre-set condenser to maximum. We should now hear
the carrier-wave from this oscillator in the receiver at a slightly higher
setting than the first oscillator gave, but if unable to locate it, satisfy
yourself that the valve is oscillating by the ** wetted finger "’ method.
Having satisfactorily proved that both our radio-frequency oscillators
are working, we can put all three valves into their sockets and try to
mix their outputs to produce the L.F. component we require. Set the
7 mmfd. trimmer condensers to minimum capacity, connect a pair of
headphones to the output terminals, turn the volume control to maxi-
mum, switch on and slowly unscrew the -002 mid, pre-set condenser.
Now, if all is in order, we should hear quite a strong whistle in the

*BEAT FREQUENCY*
OSCILLATOR 5

OSCILLATING RECEIVER
TUNED TO LOOO METRES

Fic. 57.—Connect a length of wire to the aerial terminal of an oscillating
Teceiver, and lay it across the open top of the oscillator.

'phones, commencing with an extremely high-pitched tone and coming
down the scale till a silent point is reached. What we want to do is to
set the pre-set condenser at the silent point and then replace the lid
on our screening box. When this has been achieved we shall find that
rotating the dial of the -0001 mfd. variable condenser (which has been
in its minimum position until now) causes the note to reappear and rise
gradually in pitch over the whole scale.
: 84
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The components incorporated in the beat-frequency oscillator have
been so selected that the rotation of the variable condenser produces
an audible note which rises from 0 to approximately 12,000 cycles per
second, and, if we find during our checking operations that the wave-
length of our fixed oscillator is not reasonably close to 1,000 metres we
may expect to find that the range of audible frequencies is restricted,
owing to our parallel condenser being low in capacity value. That is
why it is advisable to check the wavelength of the oscillators rather
than rely entirely on the * wetted finger”” method of checking for
oscillation.

Setting the Trimmers.—The next step is to set the 7 mmfd. trimmer
condensers for maximum audio-frequency output. In this con-
nection it has been ascertained that the maximum output will be
delivered when the radio-frequency output from the oscillators is mixed
at the detector grid in the ratio of 10 to 1. In order to achieve this

I | | IQ.
PONSG-nO - =N e DD NONDNONNOLT=ANTODOU IO LOO Y -4
RARRTIIAIINITIZINIINATIAARARTITNICRANLIRRARAIRINAY
MippLecd 0 STEToeS N
FREQUENCY

Fic. 68.—The piano keyboard, showing corresponding frequencies,

result the valve-voltmeter should be connected across the output
terminals of the beat-frequency oscillator in parallel with our head-
phones and, with the -0001 mfd. variable condenser set so that an
easily audible note is produced, the trimmer condensers should be
adjusted until the valve-voltmeter gives the highest reading. A word
of warning is necessary here, however, and is briefly this. Although it
may be possible to boost up the audio-frequency note by setting the
trimmers to maximum capacity, we shall find that our lower frequencies
will have vanished owing to the oscillators having affected each other
and pulled into step. The procedure recommended is as follows : Leave
the trimmer condenser in the right-hand compartment set at minimum
and rotate the trimmer in the left-hand compartment until ‘maximum
output, as indicated on the valve-voltmeter, is obtained. Then turn
the 0001 mid. condenser to minimum, set the -002 mfd. pre-set con-
denser to silent point and ascertain, by swinging the variable condenser,
that the lower audio-frequencies are still audible. Then increase the
capacity of the right-hand trimmer a little and repeat the routine.
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Continue increasing the capacity until the output is greatest, and the
low-frequencies are still present. Careful adjustment of my own
instrument has enabled me to get nearly 8 volts of audio-frequency
output while still producing notes as low as 20 cycles per second.
Calibrating the Dial—Having made the best possible adjust-
ment to our instrument, we can proceed to calibrate the dial of the
variable condenser in frequencies. Very few people have access to a
calibrated L.F. oscillator or series of tuning forks, but all my readers
will undoubtedly be able to find a piano which has recently been tuned,
against which to compare their oscillator. Fig. 58 shows which notes
on the piano correspond to various frequencies, and if the output from

T0
VALVE-
VOLTMETER LDUDSPEAKER
" RECEIVER
UNDER TFST

HE
F16. 59.—Disconnect the speaker from the set and substitute a
resistance equal to the optimum joad of the output valve in

parallel with an L.F. choke.

the beat-frequency oscillator is connected to the pick-up terminals of

a receiver, an appropriate note struck on the piano and the variable

condenser rotated until a similar note is heard in the loudspeaker, the

dial setting can be noted down to correspond with the frequency
selected. By repeating this process with various notes on the piano,

a graph may be drawn showing frequencies against dial settings. As

will be seen, the notes on the piano do not reach such high frequencies

as our oscillator will produce, but by listening carefully it is possible
to tell when the oscillator is producing a note an octave above the
note struck on the piano, and if it is remembered that this will correspond
to a frequency twice that of the note struck, a calibration of the whole
scale will be possible. Readers who are not musical may think it
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advisable to enlist the services of a musician (a violinist for preference)
to assist them in plotting these higher frequencies.

While rotating the variable condenser two things may be noticed :
(1) The appearance at several points on the scale of subsidiary ‘* chirps,”
and (2) the valve-voltmeter will give different readings for different
frequencies. In the case of (1), the ** chirps "’ are caused by harmonics
beating with the fundamental to produce further audible frequencies,
but as they are relatively weak, they may be disregarded rather than
that elaborate filter circuits to eliminate them shall be included. Case
(2) explains the necessity for an output volume control, because when
it is desired to take the response curve of the L.F. portion of a receiver
or amplifier it is necessary to make the voltage input equal at all
frequencies in order that variations in the output at the speaker
terminals may be measured.

The L.F. Response Curve.—To take the L.F. response curve of
a receiver or amplifier, connect the output of the beat-frequency
oscillator to the input or pick-up terminals of the receiver under test,
and connect the valve-voltmeter across these terminals as well, now
rotate the variable condenser and select the lowest voltage obtained as
a basis for comparison. Quite a low voltage, say, -5 volt, will be quite
suitable if the amplifier has —-

a high gain. Now disconnect HI.:

the speaker from the set and S S

substitute an output choke =3 3

with a resistance equal to == - £

the optimum load of the out- g 3 g £ INPUT

put valve, as shown in the °s S 1nmfd OF VALVE-
o b} VOLTMETER

manufacturer’s valve data
charts, in parallel (see Fig.59).
Set the beat-frequency oscil-
lator at 50 cycles, adjust its
output with the valve-volt-
meter to the pre-determined
level, and then transfer the
valve-voltmeter to the output
end of the amplifier by connecting it across the load resistance
which we have just inserted. Measure the output volts at this frequency
and repeat the procedure at a number of points in the range of audible
frequencies. Then plot a graph showing the variation of these voltages
with different frequencies and the response curve of the amplifier will
be available. We can, of course, if we want to be more technical, reduce
these voltage ratios to decibels, and plot the result on logaritbmic graph
paper. This has the effect of telling us more exactly what our amplifier
will sound like to the ear, because quite large differences in output
voltage may be inaudible to the ear which is itself logarithmic in its

response to sound intensity variations.
817

—|—o¢

split optimum load
resistance and the
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However, if we suspect that our amplifier has a pronounced resonance
at 5,000 cycles the figures obtained will soon prove our suspicions, and
we can safely assume that, if our amplifier shows a reasonably flat
response, then our loudspeaker is providing the resonance.

When testing amplifiers with a high gain our output voltages may
lie outside the range of our valve-voltmeter, even with the smallest
input we can measure. This, however, is not important, because we
can quite easily split our load resistance into two halves, and double
the voltage readings obtained on our valve-voltmeter across one-half
of the resistance. Fig. 60 will show how to do this.

Apart from the uses of the instrument as a speaker-rattle locator,
etc., it provides a source of low-frequency voltage for modulation
purposes, and in Chapter XII a radio-frequency oscillator will be
described, which can be made into a modulated signal-generator by
attaching it to the beat-frequency oscillator,
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CHAPTER XII

. . A SIGNAL GENERATOR
HE instrument about to be described produces, in conjunction

I with the beat-frequency oscillator already dealt with, a steady
signal over the whole range of approximately 150 metres to

3,500 metres, which can be modulated to produce an audible note in
headphones or loud-speaker of any frequency within the range of the
beat-frequency oscillator. Not only can it be used to check alignment
of circuits, but an idea of the selectivity and sensitivity of any receiver
can be gained, and comparisons made between individual receivers.
This will, of course, be invaluable to a service-man, for he can compare
the performance of a receiver which he knows is up to standard with
one which he suspects is failing, and carry out adjustments to render
the poorer receiver equal in performance to the standard model. Fur-
thermore, he can settle, once and for all, the relative merits of any two
receivers by taking readings of their performance and comparing them.

Fic. 61.—The complete
instrument in screening box.

The Hartley Circuit.—On examining the
circuit used, shown in Fig. 62, readers will see
at once that it is the familiar Hartley oscillator
using centre-tapped coils of the plug-in variety to
cover the wave-range required, and tuned by a
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0005 mfd. variable condenser. As neither set of vanes of this con-
denser is at earth potential, it is necessary to insulate them from the
panel and, for this purpose, the condenser is mounted on a
‘ universal " bracket screwed to the baseboard, and provided with
an insulated extension spindle which passes through the panel, and
engages with the vernier dial which is mounted externally.

In order to modulate the oscillator, terminals are provided on the
panel which are to be connected to corresponding terminals on the
beat-frequency L.F. oscillator, and the voltages available from the latter
source are injected into the grid of the H.F. oscillator. Grid
circuit modulation is not always suitable, but in this case we are not
dealing with a power oscillator, and the output from the beat-frequency
L.F. oscillator would not be large enough to modulate the H.F. oscillator
if anode modulation were used. A switch mounted just above the
modulator terminals serves to short-circuit them when not in use and
the -001 mfd. condenser acts as an effective by-pass for the high.
frequency component when the modulator is in circuit.

Turning now to the anode circuit of the valve, it will be seen that
this is connected via an H.F. choke to H.T. positive, and the plug-in
coil is parallel-fed through a 0008 mfd. pre-set condenser. The reason
for this is that when a Hartley circuit is set up with a direct drive the
grid of the valve is sometimes overrun and ‘‘ squegging '* commences.
By varying the feed by means of the pre-set condenser we can control
the oscillation of the valve and arrive at a setting which will give smooth
oscillation over the whole wave-band.

Output.—The output from the oscillator is taken from the anode
end of the plug-in coil, and fed to a 5,000 ohm potentiometer through
a ‘0001 mfd. condenser. This form of feed is open to criticism, as the
condenser does not allow a constant load on the oscillator at all settings
of the potentiometer, and will be found to exercise some control over
the wavelength emitted by the oscillator. This is not serious, however,
and, provided the pofentiometer is set at a fixed point while making
a wavelength calibration, no trouble should be experienced. From the
slider of the potentiometer a screened lead is run through the side of
the screening box, and care should be taken to make a good connection
between the screening braid on this lead and the case. It is suggested
that a 4 BA clearance hole is drilled close to the hole through which
the screened lead passes and a soldering tag secured by a bolt and nut
fixed in place. The screened lead should then be bound with some thin
tinned copper wire and soldered to the tag. At the other end of the
screened lead two crocodile clips should be attached, one to the central
wire itself and one to a wire soldered to the screening braid. The
length of screened lead outside the box should be sufficient to enable
connection to be made to components inside a receiver, but not so long
that undue losses are introduced. About 2 feet should be ample.
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Fic. 62.—Theoretical circuit diagram of the signal generator.
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The size of the screening box will be governed by the sizes of the
accumulator and H.T. battery which readers select, and, therefore, no
hard-and-fast dimensions are laid down. The panel and lid should be
a good fit, and all the joints should preferably be made with brass
angles or welded throughout, if possible.

Choice of Coils.—One point regarding the coils is worthy of men-
tion. No doubt readers will have suitable plug-in coils, but care
should be exercised in the selection of these, as the whole frequency,
stability, and calibration of the oscillator is dependent upon the coils
used, and it may be impossible to cover the whole wavelength range
with but three coils of other make. Nevertheless, before buying special
coils it may be as well to try those which are available, and the nearest
sizes in ordinary plug-in coils are Nos. 50, 150, and 500. Readers may
wonder why it is considered necessary to cover the whole wave-band
between 150 metres and 8,500 metres, when broadcast receivers usually
tune between 200-550 metres and 1,000-2,000 metres. The reason is
that superheterodyne receivers have intermediate frequency stages
which often require adjustment, and are tuned to 465 Kcs. (645 metres)
or 110 Kcs. (2,727 metres). Also, when testing very sensitive receivers .
it may not be possible to reduce the output from the signal generator
sufficiently when working on its fundamental, and the second harmonic,
equal to half the wavelength, may be selected and used for adjustment,
as it will be much weaker.

The construction of the apparatus should not be difficult if Figs. 62
and 63 are studied closely. Fig. 61 illustrates clearly the screened lead
passing through the side of the box.

Final Adjustments.—First of all check through all the circuits
with the resistance meter of the multi-range tester, and pay particular
attention to the insulation of the anode circuit of the oscillator valve.
With no batteries or valves in circuit there should be no deflection
apart from an initial ** kick ”* of the needle, due to the charging of the
2 mfd. condenser when the resistance terminals are joined between
anode and negative L.T. If all is in order connect up the batteries to
their appropriate leads, and insert the valve in its socket. Unscrew
the pre-set condenser to minimum capacity, and close the switch short-
circuiting the modulator terminals. Then, with the B coil in the coil
holder, and the -0005 tuning condenser at minimum capacity, connect
the 10 mA. range of the D.C. meter between the 30-volt tapping on the
H.T. battery and the H.T. positive lead. If the oscillator is now
switched on a current of 8 to 5 mA. will be indicated, and no change
in the current should be noted when the grid terminal of the valve is
touched with a wet finger.

Now commence to screw up the -0008 mfd. pre-set condenser, and
it will be noticed that at one point the anode current falls to a lower
value, which rises again when the wet finger is applied to the grid.
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The instrument is now oscillating and the 0005 mfd. variable condenser
should be rotated over the whole of the scale to ensure that oscillation
is maintained. If oscillation ceases at any point the 0003 mfd. pre-set
condenser should be screwed up until oscillation commences again.

List ot Parts Required for the Signal Generator

8—Centre-tapped plug-in Coils (Sizes B, E1,
and G)

1—Coil-holder (with provision for centre-tap
terminal connection)

1—Potentiometer, 5,000 ohms (ungraded) with
insulated spindle

1—4-pin Valve-holder

2—0001 mfd. Fixed Condensers

1—001 mfd. ,, "

1— 2 mfd. " "
1—100,000 ohm }-watt Resistance
1—H.F. Choke

1—00038 mfd. (max.) Pre-set Condenser
1—-0005 mfd. Variable Condenser
1—Micro-vernier Dial

2—* On-off '’ Switches

2—Terminals (one with insulating bush)
1—Screening Box (see Text)

1—2-volt Unspillable Accumulator
1—30-volt H.T. Battery

1—L210 Valve

Sleeving, Wander Plugs, Screened Lead, 2 Crocodile Clips, Insulated
Spindle, and Universal Bracket.

The easiest method of carrying out calibration is to press into service
a heterodyne wavemeter of known accuracy, but this method is not
suitable. We shall, therefore, have to fall back on broadcast trans-
mitting stations whose wavelengths we know, in order to do the necessary
calibration.

Having ascertained that our signal generator is oscillating satis-
factorily, we must now select the conditions under which our wavelength
calibration is to be made, and the instrument should be calibrated
with the modulation terminals short-circuited and the output potentio-
meter set about half-way in. With most receivers this will provide a
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useful signal, and if the
potentiometer is always set

to the position we select we *ON- OFF*
shall be able to rely on the 220 SWITCH
accuracy of our calibration. | ||'-
Using a Broadcast
Signal.—N t th MODULATOR
ign ow connec e SWITCH

output leads from the signal
generator to the aerial and
earth terminals of your broad-
cast receiver via a -0002 mfd.
condenser, as shown in
Fig. 65, leaving the normal
aerial and earth connections
in place. Then tune the
broadcast receiver accurately
to a station whose wave-
length is known, say, London
National (261-1 metres), then
switch on the signal gener-
ator and with Coil B in the
socket, and the lid of the F1G. 64.—Details of the wiring connections
screening box firmly closed, to the switches of the H.F. oscillator.
slowly rotate the dial of the tuning condenser from minimum
to maximum. Now, if the signal generator is oscillating satisfac-
torily, we shall hear at one point on the scale a beat note in the
loudspeaker of our receiver very similar to that which is produced if
we make our set oscillate and then tune in to a station. This beat note
always commences as a high-pitched whistle, which falls in pitch to a
silent point and then rises again and vanishes as the tuning controls
are rotated. The beat note produced by our signal generator will behave
in a precisely similar way, and all we have to do is to set the signal
generator at the silent point midway between the two audible notes
and jot down the dial reading. Now re-tune the broadcast receiver to
another station and repeat the process until a reasonable number of
points have been logged down corresponding to wavelengths between
200 and 450 metres. The E1 coil should then be inserted in the ceil
socket, and the process repeated with stations whose wavelengths lie
between 400 and 550 metres, also tuning the receiver to 900 metres
which is usually easily identifiable as the wavelength used by com-
mercial aircraft stations, and taking a reading of the dial setting for
this wavelength. Finally, insert the G coil and take readings against
broadcasting stations whose wavelengths are known between 1,000 and
2,000 metres.
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Calibrating Graphs.—This will give us a nucleus for drawing cali-
bration graphs on each of the three coils, but it will be noticed that
there is a gap in the graphs between 550 metres and 900 metres, and
that no readings have been obtained above 2,000 metres. However,
these are quite easy to fill in if it is remembered that our signal generator
not only produces a fundamental frequency, but also a number of
harmonics, the loudest of these being the second harmonic corresponding
to a frequency twice that of the frequency to which the generator is
tuned. If readers are not used to thinking in frequencies, the second
harmonic will be found at a point equal to half the wavelength of the
setting of the generator.

This makes it easy to fill in the gaps in our calibration chart, for
if, for instance, we tune our broadcast receiver to London Regional
(842-1 metres) and rotate the dial of our signal generator from minimum

10 TO SIGNAL
AERIAL  GENERATOR

BROADCAST RECEIVER.

Fic. 85.—Connecting the signal generator to the receiver with a .002 mfd.
condenser in the aerial lead.

to maximum we shall hear a beat note when it is tuned to 342-1 metres,
and if we continue to rotate the dial, a second beat note of slightly
smaller strength, when it is tuned to twice this wavelength or 684-2
metres. Thus, by selecting known stations between 300 and 450 metres
and putting down the dial settings obtained on the signal generator
when its second harmonic beats with these stations we can fill in the
gap between 700 and 900 metres, thereby making known the settings
for 645 metres which is equivalent to 485 Kcs. intermcdiate frequency.

Turning now to the wavelengths above 2,000 metres, we can take
readings in precisely the same way. For instance, tune the broadcast
receiver to Droitwich (1,500 metres) and rotate the dial of the signal
generator with the G coil in circuit until the beat note produced by its

96




A SIGNAL GENERATOR

second harmonic is heard. The dial setting will then correspond to
3,000 metres. Similarly Radio-Paris, on 1,648 metres, will give us the
setting for 8,296 metres, and so when we have plotted our graph we
shall be able to locate 2,727 metres, which is equivalent to 110 Kcs.
intermediate frequency.

Beat Note Audibility.—So far so good, but there is one point
on which we have yet to touch. If our broadcast receiver cannot be
made to oscillate, we shall not hear a beat note from our signal generator
unless the receiver is tuned to a station, so we must find some means
of superimposing an audible note on the output of our signal generator
if we are to use it for adjustment purposes. This is the purpose of the
modulation terminals, and we shall find that if we connect the output

¥2* EBONITE ROD WOUND
WITH 39 TURNS OF 366
YEUREKA” WIRE.

T0 BRAID

——
oy - T0 SIGNAL

SMAlL TIN BOX WITH
WELL - FITTING LID.

F1G. 66.—The componeats for a ** dummy aerial ** mounted in a small tin box.

terminals of the beat frequency oscillator to the modulation terminals
of the signal generator and open the modulation switch we shall hear
the audible note produced by the L.F. oscillator in the loudspeaker of
a broadcast receiver which is connected and tuned in to the signal
generator. We shall be able to vary the pitch of the note produced by
varying the setting of the dial on the L.F. oscillator and also vary the
strength of the note by adjustment of the output potentiometer on this
instrument. A word of warning may be necessary here, viz., the output
from the L.F. oscillator should never be increased to a point where
the beat note produced by the signal generator and a broadcasting
station when listened to on a receiver, sounds harsh. If insufficient
volume is produced in the loudspeaker of the set, always increase the
output fromn the signal generator, not the L.F. oscillator, otherwise
the signal generator may be over-modulated.
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Using a  Dummy * Aerial.—The simple -0002 mfd. coupling
condenser used for calibration purposes will usually be found a satis-
factory means of connecting the output from the signal generator to a
receiver under test, but some readers may wish to construct a more
complete *“ dummy aerial.”” As will be seen on reference to Fig. 66, it
consists of a small brass or tin box, into which the output lead from the
signal generator is led at one end, and the shielding braid connected to
the box to earth it. Inside the box are mounted a -0002 mid. fixed con-
denser, and a small inductance wound with 86 gauge “ Eureka " wire.
These are connected in series, and brought out to a further short length
of screened lead, the screening of which is again secured to the box.
The short length of lead is terminated by crocodile clips in the manner
shown. This little accessory serves to reproduce more or less accurately
the conditions to be expected when a broadcast receiver is connected
to an outside aerial, and if the signal generator is used to calibrate a
receiver for wavelength it will be found that the readings obtained will
be maintained when the receiver is actually used on a normal aerial
and earth system.

Some readers may be interested to know exactly what the sen-
sitivity of their receivers is in actual terms of microvolts, etc.,
fed into the aerial circuit. I must make it clear that this equipment
will not do this. Measurements of this description require very
costly and complicated apparatus, quite beyond the capabilities
of most amateurs to construct, but these instruments will provide
a means of tracking all the trouble which an amateur or service-
man is confronted with, and if used intelligently are capable of giving
eminently satisfactory results within the sphere of their capabilities.
It should be understood that although each of the instruments which
have been described will operate separately, and, indeed, have been
designed with that end in view, yet their major usefulness will be
achieved if they are used in conjunction with one another.
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CHAPTER XIII
TRACING FAULTS IN A SUPERHET

N principle, the location of faults in a superheterodyne receiver is

the same as with a ** straight '’ receiver, but there are many addi-

tional actual tests which should be applied. When a multi-range
meter is available it is, of course, a fairly simple matter to check the
various components ; but before doing this it often saves time to trace
the fault to the particular portion of the circuit in which it exists.
For example, if it is first ascertained that it lies in the intermediate-
frequency amplifier, comparatively few components have to be tested
to find the defective one; but if it is simply known that the fault is
in a part of the circuit previous to the L.F. amplifier, a good deal of
time might be wasted in testing every individual component in that
part of the set. 0 .

Process of Elimination.—It is fairly common knowledge that a
** straight ”’ receiver, employing both high and low frequency stages,
can be tested stage by stage by connecting the loud-speaker, or a pair
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F16. 67.—This skeleton circuit shows how the frequency-changer of a typical

superheterodyne can be cut out of circuit, so converting the set into a

‘* straight " arrangement. Broken lines indicate original connections, and
heavy lines the new connections.
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of 'phones, in the anode circuit of each of the L.F. valves and the
detector, and by transferring the aerial lead from the first valve to each
consequent H.F. valve, and then to the grid circuit of the detector.
Up to a point, the same idea holds good with a superhet, but it is
obviously impossible to eliminate H.F. stages, because there probably
arenone. The LF. valves correspond to the H.F. valvesin a ** straight "’
arrangement, but they are not tuned to the signal frequency, but to
another frequency outside the range of broadcast wavelengths. For
this reason it would be useless to transfer the aerial lead-in to the grid
terminal of one of the L.F. valves.

Converting to a ‘¢ Straight >’ Circuit.—The simplest procedure in a
case like this is to transfer the lead which normally goes from the grid
terminal of the aerial tuning circuit to the grid of the first detector or
frequency-changer to the grid of the I.F. valve, and to break the
connection from the latter to the I.F. transformer. This is shown in
Fig. 67, where the original connections are indicated by broken lines and
the new ones by heavy lines. When this has been done it is evident
that the I.F. valve is used as an ordinary H.F. amplifier, its input circuit
being tuned to the frequency of the signals to be received.

This is not sufficient to provide reception though, because the anode
circuit of the I.F. valve is still tuned to the intermediate frequency,
and so nothing—or very little—in the way of signals would be passed
on to the detector. The next step, therefore, is to modify the anode
circuit arrangement so that it will respond to the frequency of the
received signals. One method would be to replace the primary winding
of the L.F. transformer with an H.F. choke; but a simpler idea is
merely to transfer the grid-condenser connection from the secondary
winding of the transformer to the anode terminal of the primary
winding ; this also is indicated in Fig. 67.

After making the simple alterations described—they may be made
very roughly, and without disturbing the rest of the set—the receiver
becomes a simple ‘* straight '’ three-valver, comprising an H.F. ampli-
fier, choke coupled to a leaky-grid detector, and L.F. amplifier. As
such, it should be capable of providing good reception from at least
half a dozen stations, assuming that the o¢riginal fault was in the
frequency changer, as had been assumed. Super-selectivity should not
be expected, nor should long range, because there are only two tuning
circuits (the original band-pass tuner) and reaction is not employed.
Nevertheless, should it be found that a new component or valve is
required, and this cannot be obtained immediately, the receiver can be
used as a reasonably efficient three-valver for an indefinite period.

A Precaution with Mains Sets.—In making the above suggestions,
it has been assumed that the receiver was a four-valve battery-operated
instrument of the simplest type, embodying a pentagrid frequency-
changer, followed by a single I.F. amplifier, a leaky-grid detector, and
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a pentode output valve. The general idea_holds good, however, for
most other types of set, but in the case of a mains receiver it is better,
after changing the connection from the band-pass filter, to connect the
grid of the first valve direct to the lower end of the tuning circuit, so
that it receives its usual bias voltage. If this were not done the valve
would pass more than its normal H.T. current, and if the valve were
removed from its holder the H.T. and L.T. voltages applied to the other
valves might become too high. The method of ‘* earthing the grid
is shown in Fig. 68, where it will be seen that the grid must be connected
to the A.V.C. line (where provided), to the variable bias supply, or
directly to the earth line.

When there are two I.F. valves the anode circuits of both must be
modified, whilst a -0002 mfd. grid condenser and a 2-megohm leak should
be included in the grid circuit of the second, as shown in Fig. 69. The
object of these components is to prevent the grid from being biased
positively by the H.T. voltage, and to ensure that the bias voltage
remains as before.

If the set still refuses to function after making these minor altera-
tions to the wiring, it can be treated in a similar manner to a ** straight "
arrangement by taking the lead from the grid terminal of the band-pass
tuner to the grid of the second 1.F. valve, and then to the grid condenser
of the detector. Even with the latter connection the set should operate,
although signals will naturally
be rather weak ; nevertheless,
it is possible in this way to
check the I.F. valves and their
corresponding circuits.

Checking Diode  Second
Detector.—The position is not 3
quite so straightforward when
a double-diode-triode or similar
valve is used as second detector,
but even then the main principles
may be applied, as shown in Fig.
70. In this case one end of each
winding of the L.F. transformer .L q
which feeds into the diode is dis-

s L
connected and replaced by a T % % T
double-wound coil and a 0005 £_ HT=
mifd. variable condenser. The | -
coil may be of any type having Fic. 68.—In the Bisor
3 e case of a mains- AV.C.
primary and secondary windings, operated set the detector grid of the

one of the type used for aerial frequency-changer should be connected so

. . . : : ia. as to receive the normal bias, as shown,
circuit tuning being quite sa.i':ls when using the modified connections shown
factory. The  corresponding in Fig. 67,
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tuning condenser has to be operated at the same time as the original
gang condenser, of course—but no difficulty should be found in
obtaining some sort of reception.

Gang-condenser Connections.—The tuning circuit is the part which
probably causes more difficulty than any other ; this is to be expected
in view of the fact that it is this which differs most from the correspond-
ing part of the older types of receiving set. Sometimes it is found, for
instance, that nothing but the local stations can be heard, the signals
from these being much weaker than they should be, and the dial reading
being entirely different from what would be anticipated. Such a fault
generally points to the fact that the gang condenser has been wrongly
connected, the oscillator portion being joined to one of the signal-
frequency coils instead of to the oscillator coil. This mistake can easily
be made because there is no standard position for the oscillator section
(which has quite a different capacity and a different ‘* law ”’ from the
others), and it is sometimes placed at the end nearest to the operating
spindle, and sometimes at the other end. Very often the condenser is
marked in some way, but this is not universal.

The Oscillator.—Should there be any doubt concerning which is the
oscillator section it is easy to check up by removing the screening cover
and examining the vanes. In most cases the moving vanes are of
different shape, whilst the fixed vanes are cut away more in the centre
where the spindle passes them. When the condenser is of the three-gang
type it is easy to find one section which is different from the other two,
but this is not possible when using a two-gang component. Fig. 71,
however, shows the general shapes of the vanes in both sections, and
this should clear the difficulty.

Incorrect Intermediate Frequency.—Another trouble which is ex-
perienced by those who do not follow any published design, or who
do not employ the specified components, is similar to that just described,
but normally less severe. This is due to using a condenser designed
for an intermediate frequency of one figure with coils designed to work
at a different I.LF. This is a trap which is very easily fallen into by
those who build from ** junk " parts picked up at a cheap store! Yet
another similar trouble is due to using I.F. transformers of the wrong
frequency calibration ; in this case the dial readings will be approxi-
mately correct, but all signals will be very weak—if received at all,

When tuning is not perfectly sharp—as it should be with a superhet
—it is generally indicated that the trimmers on the intermediate-
frequency transformers have not been correctly adjusted, although
attention should also be directed to the trimmers on the gang condenser.
But the latter rarely cause flat tuning ; they are more likely to reduce
signal strength, because the tuning nearly always ‘* follows ** the tuning
of the oscillator condenser.

Interterence.—When long-wave interference is in evidence, however,
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the setting of the gang-condenser trimmers should be checked, whilst
it should also be seen that the I.F. transformers and their connecting
leads are properly screened, especially if any of the connecting wires
are more than a few inches long. Another possible reason for this
interference, or for so-called second channel interference, is due to
signals leaking across the capacity between the electrodes of the
frequency-changing valve. The amount of leakage is nearly always of
very small proportions, but it might be sufficient to allow signals from
the local stations to pass.
l.l:‘TluNSFoRMsR{mscm":crzo}) = il And when this does occur
2 b whistles will be heard at
TvaR 0005 1A various parts of the tuning
I scale, which cannot be
/ v > eliminated properly by alter-
ing the settings of the L.F.

% 4 4 transformer trimmers.

1'—' One simple modification

which is often successful in
removing the trouble con-
sists of inserting an H.F.
choke of low inductance
between the anode of the
frequency changer and the
“ow  anode terminal of the first
bDer  1F. transformer, as shown

in Fig. 78. A small, in-
£ HT— expensive and unscreened

Fic. 70.—Wh T d‘éd triode ¢ ; ‘‘ reaction ’ choke can often

16. 70.—When a double-diode- e type o ;

valve is used as second detector the I.F. trans- De used, but the inductance

former whic!:l feeds it sl:lould b5e re (;aced b){) la of a better-class component

double-wound tuner and .0005 mitd. variable : : :
condenser as shown here. is so high that it will

probably silence the set,
or otherwise cut down signal strength. A choke can be made by
winding about 200 turns of 36-gauge enamelled wire on a bobbin of
1 in. internal diameter. It is not essential to split up the winding,
because the small self-capacity which results from pile-winding is not
sufficient to have any serious effect. The bobbin can be made by
screwing two cardboard end cheeks 1 in. in diameter to the ends of a
wooden rod about 1 in. long, as shown in Fig. 74¢. The rod and cheeks
should be given a couple of coats of shellac or cellulose varnish, and
connections can be made by soldering short lengths of flex to the ends
of the winding.

Instability.—The same cure is often satisfactory in the case of
instability or persistent oscillation, which renders reproduction poor
and causes the set to ‘“ howl " at each side of the tuning point of a
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signal. Another reason for this instability is too close a coupling
between the primary and secondary windings of the I.F. transformers.
When the positions of the windings are variable it is an easy matter to
effect a remedy by moving them farther apart. When they are fixed,
a similar result can be obtained by connecting a fixed resistance of
between 200 and 1,000 ohms between the ends of the primary winding

OSCILLATOR

Fics. 71 and 72.—The general shape of the Fi16. 74.—Details of the spool
vanes in a plain and oscillator section of a for the special choke indicated
superhet-type gang condenser. in Fig. 73.

W
Al
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LET
Fic. 75. — Instability
¥ Fic. 73. — Interference <D which occurs on long
G.Band certain forms of in- waves only or on the
stability can be cured by G.B. localstation, can often be
connecting a small choke cured by connecting a
as shown here. resistance as shown here

of one or both of the transformers. In most cases it will be sufficient
to join a 500-ohm resistance in parallel with the primary of the first
1.F., as shown in Fig. 75.

It is very often found that the instability is experienced on long
waves only, or when receiving one or two powerful transmissions. When
this is the case it is a good plan to connect an on-off switch in series
with the resistance, as in Fig. 75, because the resistance does actually
reduce the sensitivity of the receiver to a certain extent, and thus
impairs the reception of weaker signals. Leads to the switch should
be short and screened.
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CHAPTER XIV
TRIMMING AND ALIGNING RECEIVERS

‘JC’HEN two or more circuits are tuned by the use of a ganged
condenser, it is necessary to trim each section of the condenser
to counteract the effect of the different stray capacities across

each section caused by the added capacity of the aerial, wiring, valve-

holders, etc. This is actomplished by adding a small adjustable amount
of capacity to each of the tuned circuits, and is usually carried out by
means of a trimmer for each section of the ganged condenser.

A properly ganged receiver is one in which the ganging holds good
over the whole of both wave-bands. The first essential is that the coils
shall be accurately matched, that is, the inductance of each must not
vary by more than 0-5 per cent. The second requirement is that the
matching of the various sections of the ganged condenser shall be
accurate at all settings. Actually, of course, this is not possible as a
commercial proposition, and it is sufficient for the capacity of each
section of the condenser to be exactly the same at about six points on
the tuning dial.

Ganging Straight Receivers.—The procedure of ganging a straight
receiver is to arrange the trimmer of the tuned circuit with the greatest
capacity due to wiring, etc., at a low value, and then to adjust the
trimming condensers of the other tuned circuits until the capacities
across the coils are the same in all cases. This is shown by the receiver
being more selective and tuning sharply. The tuner is now correctly
adjusted and the circuits should, if coils and condensers are accurately
matched, remain in tune with each other over the whole of both
wave-bands.

Before dealing with actual ganging, it will, perbaps, be as well to
consider the causes of the added capacity and how to reduce it to a
minimum. An aerial, for instance, has a large capacity to earth, which
must be compensated for by ‘the action of a trimmer on the section of
the condenser which tunes the aerial circuit. This capacity is greatly
reduced, however, by the use of an H.F. transformer in the aerial
circuit, but it is always as well to re-trim the circuit when the receiver
is used with a different aerial.

The position of the reaction condenser affects the tuning of the
detector circuit. The capacity across this circuit varies with the by-pass
capacity in the anode circuit of the detector valve, but this effect can
be obviated by the use of a differential reaction condenser. When using
an ordinary reaction condenser, however, it is best to gang with the
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detector circuit just on the point of oscillation, since the receiver will
then be accurately ganged when the transferred capacity in the grid
circuit of the detector valve corresponds to the most selective condition
of the tuned circuits.

A screen grid-valve or an H.F. pentode acting as a detector transfers
but little capacity to its grid circuit, but, nevertheless, it is still advisable
to gang the receiver with the detector just short of oscillating point,
as the set is then in its most selective position.

Modern ganged condensers are fitted with trimmers which are
controlled either by a screw or star wheel situated at the side or on top
of the condenser cover. The latter is more convenient, since it is very
accessible. To gang a straight receiver, first set the trimmers to about
their midway position and then tune in a weak station of as low a wave-
length as possible. Always gang on a weak station, since the ear is
very much more sensitive to small changes involume when the total
volume is small than it is when the total volume is large. Now adjust
the trimmer of the detector tuned circuit for maximum volume by
moving it slightly in or out. At the same time ‘‘ rock "’ the main tuning
condenser, and gradually bring the dial reading to the correct setting
for the'station being received. The detector trimmer should be gradually
rotated to keep step with the movement of the main tuning condenser,
and, when the correct setting of the latter is obtained, a final adjustment
should be given to the trimmer to bring the station up to maximum
volume.

Band-pass Tuners.—When a band-pass circuit precedes the H.F.
valve, attention should next be turned to the circuit of the band-pass
tuner, which feeds the grid of the H.F. valve, i.e., the second band-pass
circuit. Adjust the trimmer of the condenser section which tunes this
circuit for maximum volume, and then carry on with the aerial circuit.
Always commence at the detector stage and work backwards, no matter
how many tuned circuits are incorporated in your receiver.

If one of the trimming condensers has to be screwed right in, the
other trimmers should be unscrewed a little and the whole procedure of
ganging recommenced. Similarly, if one of the trimmers has to be set
at its minimum value, then the other trimmers should be increased a
little and the receiver re-ganged. If this is not done, it is impossible
to tune the receiver correctly. If one of the trimmers has to be fully
out it indicates that the stray capacities associated with that particular
circuit are too great and the capacities of the other sections of the
condenser must be increased. If one of the trimmers has to be screwed
right down tight, then the stray capacities-across that circuit are lower
than those associated with the other circuits, and the latter must be
lowered by unscrewing the trimmers a little. If it is impossible to gang
the receiver without one of tbe trimmers being either all-in or all-out,
then the fault is, assuming the coils and condensers to be correctly
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matched, due to excessive capacities across one or more of the other
tuned circuits, and these should be examined, as explained later.

When ganging, try to arrange matters so that the capacity of the
trimming condensers is at a low value, so as to avoid restricting the
tuning range of the receiver. If the trimmers are set at a high value,
then, when the tuning condenser is near its minimum position, the
capacity across each coil will be large and the receiver will not tune
to a low wavelength. Similarly, the increase of wave range at
the upper end of the scale will be small, since the capacity of the
trimmers will then be only a very small percentage of the capacity
of the condenser.

Having ganged the receiver at the lower end of the medium wave-
band, a weak station at the upper end of the tuning scale should be
tuned in, and the trimmers varied to see if any improvement can be
obtained. If the coils and condensers are in good order, there should
be no necessity to alter the values of the trimmers.

Now return to the lower end of the wave-band and finally, and
accurately, gang the receiver on a very weak station of as low a wave-
length as possible. Ganging should now hold good over the whole of
both wave-bands.

Using a Meter.—The use of a meter greatly simplifies ganging, since
it is now possible to see what is happening, and to obtain far greater
accuracy than by ear.

The meter should be inserted in the detector anode circuit, and, in
order that the meter shall not cause instability, it should be inserted
in a position as far from the actual anode of the valve as possible.
Between the decoupling resistance and the H.T. supply is a good place,
but where the valve is of the indirectly heated type, the meter may be
inserted in series with the cathode lead.

Where a diode is used as a detector, and A.V.C. is employed, the
meter should be inserted in the anode circuit of one of the controlled
valves.

With a receiver using a leaky-grid detector, a station is tuned in
and the trimmers adjusted for minimum reading on the milliammeter.
Gang on a fairly powerful station, as otherwise the effect of trimming
will not be noticeable, but take care that there is no overloading of the
detector, as this will result in * double hump ** tuning and fictitious
results will be obtained. If the detector works on the anode bend
principle, maximum signal strength is indicated by a maximum reading
of the milliammeter.

Never be satisfied until you can obtain a definite decrease in signal
strength on either side of the optimum point. This should be indicated
by the reading of the milliammeter increasing greatly immediately the
station being received is slightly off-tune, that is, directly the tuning
condenser is rotated slightly.
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When using a meter in the anode circuit of a valve controlled by
an A.V.C. system, accurate ganging is obtained when the deflection is
at a minimum.

Where a milliammeter is not available, a voltmeter may be connected
across a voltage dropping resistance in the anode circuit, and the
receiver ganged by adjusting the trimmers for minimum voltage drop
across the resistance.

Uneven Ganging.—It may happen that a receiver gangs perfectly
well at the bottom end of the scale, but not at the top. This is bound
to occur to a slight extent in all sets, but may be overcome if the
condenser is fitted with a concentric trimmer which can be operated
from the front of the panel. If the ganging becomes more and more
out of step as the condenser is advanced, then the fault is definitely in
the coils. On the other hand, the condenser is at fault if ‘the ganging
is uneven, that is, the set is properly ganged at the bottom of the scale,
is out of gang at the middle, and then falls into gang again at the top.
A condenser may be corrected by bending one of the segments, but this
is not a job which the average constructor can carry out, and the
condenser should either be returned to the manufacturers or the work
entrusted to a skilled service-engineer:

If the ganging is out only at one particular point, it is in all proba-
bility due to the resonance effect of the reaction choke, or an H.F.
choke used for parallel feeding in one of the anode circuits. This effect
is not so important, however, as it will only upset ganging at one
definite point, and can usually be remedied by substituting a different
choke.

A change in the position of the reaction condenser alters the stray
capacity across the detector circuit, and it is not possible, therefore, to
gang a receiver so that the matching is accurate for all positions of the
reaction condenser. It will be appreciated that ganging must be most
critical when trying to receive a foreign station, and that in such a case
use will have to be made of the reaction control. As explained above,
it is important, therefore, to gang a receiver with the reaction condenser
advanced so that the receiver is just short of oscillation.

Affect of Trimming on the Wave-range.—It will be appreciated that,
by altering the trimmers, a station can be received at several points
on the tuning scale. For example, it would be possible accurately to
gang a receiver so that Home Service, instead of being received at
a dial reading of 342 metres, was received either at 330 or 350 metres,
depending on the setting of the trimmers. But, in the former case, it
would not be possible to receive stations which would normally come
in at the 200-210 metres mark, and, in the latter case, the top end of
the wave-range would be curtailed. Therefore, having trimmed a
receiver correctly, all trimmers should be screwed out and the receiver
re-ganged with the minimum capacity across each circuit. Any slight
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divergence in the position of stations as determined by the tuning dial
can generally be put right by altering the position of the dial.

Ganging on the Long Wave-band.—A receiver which is correctly
ganged on the medium waves should also be correctly ganged when the
receiver is switched over to long waves. With modern coils, arrange-
ments are made so that the stray capacity due to the aerial is constant
on both wave-bands. Most of the individual stray capacities are bound
to be the same whatever wave-band the set is switched for, but, on the
other hand, some, notably switches, self-capacity of the long wave
windings of the coil, leads, etc., may greatly differ. Assuming that the
coils are correctly matched for the long wave-band as well
as the medium wave-band, the most usual cause of mis-ganging
on the long waves is due to the self-capacity of the switches.
It is important, therefore, always to use switches of as low a self-
capacity as possible.

Reducing Stray Capacities.—Stray capacities include the grid to
filament capacity of valves, the anode capacity of valves, the capacity
of the valve-holders, the capacity of screened H.F. leads, the capacity of
chokes and condensers, reaction ‘coils, etc.

Every effort should be made to keep these stray capacities as low
as possible, in order to increase the wave-range of the receiver. When
using screened wire in H.F. leads, always use sleeving of large diameter
with as thin a connecting wire as possible, so that there is a good space
between the metal braiding and the wire.

Iron-cored H.F. chokes have a much higher capacity than air-cored,
while A.V.C. or grid bias decoupling condensers must be made as large
as possible to avoid their having too great an eﬂect on the tuning of
the circuit in which they are used.

Similarly, the wiring can introduce quite a large capacity, and it is
advisable to keep all wires carrying high frequency currents as short
as possible. Another mistake which is commonly made, especially in
mains receivers, is to use a screened wire for connection to the grid of
the detector valve. This should always be avoided as the capacity of
such a lead is bound to affect ganging.

Ganging Superheterodyne Receivers.—Ganging a superhet is slightly
different, but is no harder than ganging a simple straight receiver with
only two tuned circuits, provided the following procedure is carefully
followed.

First, adjust the trimmers of the I.F. transformers to about their
midway position, and unscrew the trimmer controlling the condenser
tuning the oscillator coil. The remaining trimmers should be set to
their midway positions. Now tune in a weak station at the bottom end
of the medium wave-band and adjust the trimmers of the I.F. trans-
formers, beginning with the anode trimmer of the first I.F. coil and
working backwards to the grid trimmer of the last I.F. coil, for
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maximum signal strength. Now adjust the trimmers of the aerial coil, or
band. pass coils, if the latter are used, and endeavour to tune in a station
at the top end of the scale, and adjust the trimmer of the oscillator
tuning condenser for maximum volume, at the same time gently
‘“ rocking "’ the ganged condenser. Now adjust the I.F. trimmers for
maximum volume and return again to the bottom end of the scale.
The I.F. trimmers are again adjusted for maximum signal strength, and
a return made to the top of the scale, where the I.F. trimmers are again
adjusted. This procedure is carried out until a position is found for
the I.F, trimmers which is constant for both ends of the scale. The
trimmer of the aerial circuit, or band-pass circuit, is then adjusted for
maximum signal strength. It will be appreciated that it is possible to
set the trimmers of the I.F. coils so that all the I.F. circuits are accur-
ately in tune, but at a frequency of 100 or 120 Kcs. instead of the
110 Kcs. required. If the stations are received at their correct wave-
length as determined by the dial, then it is safe to assume that the
intermediate frequency is correct. Otbearwise, the intermediate fre-
quency is not operating at its correct wavelength, and the whole
procedure must be repeated.

Having ganged correctly for the medium wave-band, attention
should now be turned to the long waves. A separate padding condenser
in the oscillator circuit is included for this purpose. Tune in a station
and adjust this condenser, which is usually of the pre-set type and
mounted on the baseboard, for maximum signal strength, gradually
rotating the main tuning condenser until the station is received at its
correct wavelength, The receiver is now correctly ganged for both
wave-ranges.

In carrying out the operation of ganging a receiver it is essential
to tune in a station which is not subject to fading. The performance
of the operations in daylight will ensure that no fading is occurring,
and it is better to use a station transmitting speech, since music varies
so in volume.

A good plan is roughly to gang the receiver during the evening, and
then to carry out the final ganging in daylight. If it is not possible to
find a weak station at first, especially in the case of a superhet where
there is no manual pre-detector control, the local station may be used
for ganging by cutting down the signal strength by using a very short
indoor aerial. Gang up roughly on this and then connect up your
outdoor aerial. You should now be able to find a weak foreign station on
which to carry out ganging. With a straight receiver using variable-mu
valves, the signal strength of the local station can, of course, be cut
down by increasing the bias, but even then it is better to turn the
volume full on and endeavour to find a weak foreign station.

The use of a meter greatly facilitates ganging a superheterodyne
receiver. A milliammeter isinserted in the anode circuit of the I.F. valve
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which is, of course, controlled by A.V.C., and the foregoing adjustments
are made until a minimum reading is 6btained on the meter.

The operation of ganging a receiver may perhaps appear a little
formidable from the foregoing, but it is in practice quite simple and
interesting if the work is carried out systematically. To start off with
a receiver on which it is just possible to receive the local station, and
then to * hot it up ** by ganging, so that upwards of fifty stations may
be received, is work which is well worth doing, and amply repays all
the time and trouble spent on it.

Once the ganging and aligning has been accurately and carefully
carried out, leave well alone. It is practically an impossibility for the
settings to alter, and therefore only harm can result from further adjust-
ment.

A good plan is to run a couple of drops of sealing wax over the
trimming screws to prevent them from turning due to vibration. If
adjustment is required at a later date—because a new valve is fitted,
for example—the wax can easily be chipped away with the blade of the
screwdriver.
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CHAPTER XV
TESTING VALVES

HE standard of performance and consistency reached by modern

I valves is very high, and the troubles which occur are mainly
the result of using old valves which are past their prime, although,

of course, there are instances in which the valves are definitely faulty.

This suggests that the first stage in testing out a receiver for the
elimination of faults should be to examine each valve separately, and
that amateurs should be acquainted with the methods of conducting
such tests. There is a quite mistaken notion that valve testing always
involves the use of a large quantity of expensive equipment. While it
is true that certain types of test can only be performed with the use of
a considerable amount of very accurate gear, it is possible to carry out
all the essential tests required by the amateur with quite simple equip-
ment such as may be rigged up at home for a very modest expenditure
of time and money.

Two Distinct Types.—It should be remembered that there are two
distinct types of tests on valves. The first are on the valves outside
the set, and are intended to indicate their condition and efficiency.
The other tests are those conducted on the valves under the operating
conditions obtaining in the receiver, and are, therefore, of more con-
sequence in affording a check on the working conditions which may or
may not be affected by circuit faults or valve faults. The advantage
gained by carrying out the initial type of tests is that, once the valves
have been proved to be in good order, any abnormalities discovered
during the course of the second series of tests will indicate that the
trouble, whatever it may be, is due to the circuit and not to the valves.
Moreover, if the first tests reveal that one or more valves are faulty,
replacement will, in most cases, effect a complete cure, and much
valuable time will have been saved.

In examining valves independently of the receiver, there are two
alternatives. One is to conduct a complete series of tests which approxi-
mate to those adopted by valve-makers during and after manufacture,
and the other is the application of a simpler series of tests calculated
to determine whether the valves are in reasonable serviceable condition.

The simpler testing technique to be described is quite adequate for
the amateur and, indeed, for the service departments of dealers.

Inter-electrode Insulation.—The first test is a check on inter-electrode
insulation. Sub-normal insulation between electrodes is one of the most
common defects found in valves, and a source of many troubles which,
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without some means of checking, may appear very obscure. For
example, low insulation between the heater and the cathode of an
indirectly heated valve is a frequent source of hum, and is more likely
to occur in valves of the * universal *’ type, although by no means
unknown in A.C. valves. Grid-to-cathode shorts or partial shorts are
also not infrequent and, in general, the risk of poor insulation between
electrodes is more likely to occur in the more complex types of valves,
such as frequency-changers, and the various types of multi-function
valves such as double-diode-triodes.

The second essential test is on the emission of the valve, and will”
show whether a valve which will pass the first test is serviceable or
whether, by reason of age or mishandling, it has lost its emission and
requires to be replaced. There are several ways in which such tests
can be conducted, and numerous types of suitable equipment are dealt
with in earlier chapters. This explains methods to be adopted when
such apparatus is not available. For the tests on insulation be-
tween electrodes quite simple apparatus will suffice. The simplest
is to connect a suitable voltage and a neon lamp in series between each
pair of electrodes in turn. A high tension battery or the output of a
mains unit, a neon tube of the type used in tuning indicators with
a suitable series resistance, and a pair of test prods are all that are
really essential (see Fig. 76), and will suffice when only very occasional
tests are required. But for those who are likely to be doing a fairly
large amount of testing, or who take a pride in the appearance of their
equipment, it may be worth while constructing a more impressive
apparatus consisting of a panel with a line of valve-holders of different
types—4 and 5-pin, 7-pin,
9-pin, and side contact—with
the neon lamp fitted behind a
neat escutcheon, and a switch-
ing device to permit the
various pairs of electrodes to
be selected for testing.

A Suggested. Tester.—It
will be found that two rotary
switches connected in accord-
ance with the diagram shown
in Fig. 77 will achieve this
object, and if ten-way switches
which are standard products,
are used, any combination of
two electrodes in any standard
type of valve can be tested.
It is advisable to number the
switch positions from 1 to 10

Fi16. 76.—A al method for testing inter- .
° “é'éﬁimde insulation. & consecutively, and to connect
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I

them to the sockets of the valve-holders bearing the same numbers
according to the standard B.V.A. convention, reserving No. 10 for
the top cap. A list of the standard connections for various types of
valves should also be obtained, and mounted on a card for ready
reference.
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. F16. 77.—A layout tor a tester of inter-electrode insulation.

As an alternative to using two switches, an arrangement of numbered
sockets may be used, and for this purpose a single 9-pin valve-holder
of the chassis-mounting type is particularly handy, each socket being
connected permanently to the socket bearing the same number in every
other holder, and the test connections being made by means of two
plugs attached to short flexible leads. In this test low insulation is, of
course, indicated by full illumination of the neon tube, and it will be
necessary first to adjust the value of the safety resistance to a value
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suitable for the test voltage used. Valves should be tested when hot,
i.e., after the heater or filament has been in circuit for some time, as
poor insulation is often the result of expansion, and is only revealed
after the valve has warmed up. When testing between grid and
cathode, with grid positive, a low resistance will be indicated due to
grid current flowing.

Checking Emission.—Next for consideration is the means for taking
the emission test. The simplest, and possibly the most convenient, is
to test the anode current when the valve is operated at its correct
filament or heater voltage, and the voltages at the other electrodes are
maintained at some standard values such as anode volts 100, and grid
volts zero, or such other values as are indicated in the maker’s catalogue
or characteristic curves. Care should be taken that if the test conditions
are such that the anode current is likely to be substantially greater
than the normal anode current under working conditions, the valve is
not in circuit for longer than is necessary to take the readings. In the
case of output valves it is generally advisable to select testing conditions
in which the anode voltage is less than the normal rated anode voltage
of the valve, or in which a negative bias is applied to the grid to limit
the anode current to a safe value, otherwise there is risk that even in
testing the emission of the valve will be impaired. But whatever the test
conditions are, they should be values for which adequate data as to the
approximate anode current for a normal valve is available. Even so,
it should be remembered that valve-makers allow a fairly wide margin
of working ** tolerances,” that is to say, a valve may be passed as
satisfactory if the anode current is somewhat less or greater than the
average value. If, therefore, a variation from the expected test value
to as much as 50 per cent is observed, it does not necessarily signify
that the valve is unfit for service, more particularly if it is a fairly old
valve. The normal emission of modern valves is on a very generous
scale, and quite good results may often be obtained in practice with
valves which appear to be considerably sub-normal with respect to
emission. Nevertheless, if a valve is found to be of low emission it
should be deemed a possible suspect if other tests on the receiver as
a whole reveal no other faults,

Test equipment for checking emission can vary between the most
simple, and the very elaborate. A panel with a range of valve-holders
and a selection of split-circuit adaptors is adequate for occasional
testing, or for still less frequent use a row of different valve-holders of
the baseboard type with short leads and wander plugs connected to
each terminal can be used in conjunction with a row of sockets connected
to sources of high tension, low tension, and grid bias. There are, of
course, many ingenious adaptors of the universal type which permit
every type of valve to be tested in this way, or the ingenious reader
may like to spend an hour or two devising switching arrangements
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which will simplify operation, and minimise the number of loose leads
and connections.

If tests on inter-electrode insulation and emission indicate that the
valve is in reasonably good condition, no further tests on the valve, as
a valve, are necessary. It is, of course, quite an easy matter to check
the mutual conductance of the valve by noting the anode current under
two different conditions of grid voltage (the difference should be small,
say 1} volts), and then dividing the change of anode current by the

Fi1G. 78.—An interesting commercial all-valve test panel. This is a
most useful accessory for the keen experimenter and service engineer.

difference in grid voltage, but the value of such a determination, being
the ‘‘static’ characteristic and not the ‘*slope’” under working
conditions, is very problematic.

But when the valves have proved to be good or reasonably good,
it is advisable to make further tests of the valves in position in the set,
checking voltages to each electrode and currents in each circuit. Since
the valves are above suspicion, any abnormalities must be due to circuit
defects, and the nature of the irregularities usually furnishes some clue
to the actual trouble.
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CHAPTER XVI
VALVE REPLACEMENT

T is in some respects unfortunate that present-day valves continue
I to function for such a great length of time before burning out. The
reason is that in many instances listeners ‘* make-do '’ with reception
which is not nearly as good as it should be, due to the valves being
well past their prime. A difficulty arises because it is not always an
easy matter to tell whether or not the valves are *“ up to standard.’”
This can be done quite easily, of course, by means of a tester of the
type which enables the mutual conductance to be checked, or even by
taking anode-current readings at various bias voltages and comparing
these with the figures given by the makers for new valves,
Lost Efficiency.—
TRIOOE OR The main point to bear
“ri‘" L3 in mind, however, is
that valves do fre-
quently become less
efficient after they have
been in use for some
time ; often there is no
sign of a falling-off in
performance for a few
years, but in other
instances the emission
begins to get less after

Fic. 79.—
Methods of
,checking anode
3 current of di
ferent types
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a year or so. It is wise to try the effect of replacing the valves by
new ones or by others which are known to be in perfectly good
condition.

A prelimary test of the ** integrity " of the circuit should be made
before inserting the new valves.

Anode Current Tests.—I1f, for any reason, this procedure is incon-
venient, the next best thing when a valve tester is not available is to
measure the anode current of each valve in turn at intervals of a few
months and compare the readings. A drop in current will immediately
indicate that the particular valve is becoming less efficient, provided,
of course, that the H.T. voltage is the same as when the previous test
was made. The method of testing is perfectly simple and is as shown
in Fig. 79 ; a milliammeter is connected between the anode terminal of
the valve and the lead to high-tension positive. The position of the
anode connection varies according to the type of valve and holder
employed, but connections for the simpler types are shown in Fig. 79.

Using Higher Grade Valves.—After it has been decided that it would
be worth while to replace a valve, the question. of the type of valve to
be used in its place anses. It might be considered an obvious procedure
to use a new valve exactly like that which has become faulty, but in
many cases this would not be the ideal method, and in a few instances
it would even be impossible. Valves have been improved very con-
siderably during the past few years, and it would be foolish to buy an
obsolete type of valve simply because it happened to be like the old
one. As an example of this, suppose it were intended to replace a small
power valve in an S.G., det., P. receiver. The power valve originally
used would probably be of a type which provides a low amplification,
and, consequently, only a modest volume for a given input. That being
the case, it would definitely be worth while replacing it by either a
pentode of the high-efficiency, low anode-current type, or by a high-
amplification triode, such as the Cossor 220 P.A., Osram L.P.2, and
Mullard P.M.2A, to mention a few. These valves give a greater degree
of amplification than ordinary small triodes, and are intended for use
when only a single L.F. stage is used and when it is not desired to
employ a pentode ; their consumption of L.T. and H.T. current is no
more than that of ordinary triodes.

Substituting Pentodes for Triodes.—In using valves of this type for
replacement purposes, no alterations need normally be made, unless to
the G.B. voltage. The valves are provided with 4-pin bases of standard
type. Rather more care must be exercised when replacing a triode by
a pentode, however, for the connections must slightly be modified, and
if a valve of incorrect type is chosen, the high-tension current may be
a good deal greater than the supply unit can satisfactorily supply. The
following are a few of the pentodes which can normally be used to
replace small power valves without any difficulty arising : Cossor 220
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H.P.T., Tungsram P.P.222, Hivac T.220, Osram P.T.2 and P.T.2-K.,
Mazda Pen. 220, and Mullard P.M.22A. Each of these valves has a
maximum undistorted output in the neighbourhood of 500 milliwatts,
and the combined anode and screening-grid current does not exceed
about 10 mA. at 120 volts H.T. In other words, although they provide
a greater output than a small triode, they are equally economical of
current.

In using a valve of this type it is necessary to replace the existing
4-pin valve-holder by one of the 5-pin type; the connections are as
before, with the exception that an additional lead must be taken from
the screening grid socket (centre) to a tapping on the H.T. battery (see

ANODE
\

W,ﬁa ANODE

SUPPRESSOR

CONTROL.
GRYO

Fic. 80.—When replacing a small Fic. 81.,—These two valve-holder
gower valve by a pentode, a G-Ein illustrations clearly show the dltered
older must be used, a lead being taken connections required when replacing a
from the centre socket to H.T.+ as 4-pin H.F. valve by a 7-pin H.F.

shown, and a fixed condenser joined pentode.
between the anode socket and earth.

Fig. 80). There is another point to remember, which is that the opti-
mum load of the pentode will be much higher than that of the triode
which it replaces. This means that for the best results different tappings
on the speaker transformer must be used. If the speaker is not of the
* universal "’ type it might be worth while to have the transformer
changed by the makers, but if this expense is objected to it will be better
to use a high-amplification triode, as mentioned above.

Tone Correction.—A pentode has a tendency to give emphasis to
the higher musical frequencies, and it is generally recommended that
a tone-correction device be used. But despite this, many listeners
prefer the tone provided by the pentode, so that in practice the extra
fitting is not always required. Details of the condenser and resistance
required are given on the makers’ instruction sheet, but it will very
often be found quite sufficient to connect a fixed condenser between
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the anode of the valve and earth, as shown in Fig. 80. The value of
the condenser can be varied to suit individual requirements, but
‘002 mfd. frequently provides adequate correction.

The H.F. Stage.—When replacing a high-frequency valve of the
S.G. or variable-mu type it is worth while to use a variable-mu pentode
in its place. This type of valve can be used either with or without the
variable-mu control, and the latter can be added later on if desired.
Modern variable-mu H.F. pentodes can be obtained with 4-pin or 7-pin
bases, but it might sometimes be found easier to obtain a 7-pin valve
when a replacement becomes necessary. This will involve the replace-
ment of the existing valve-holder, and the connections must be changed
as indicated in Fig. 81. Where
chassis-mounting valve-
holders are used it will be
necessary slightly to enlarge
the hole in the chassis, and
this can be done with a rasp
or coarse file. Representative
variable-mu H.F. pentodes
are : Cossor 210 V.P.T., Hivac
V.P.215,0sram V.P.21, Mazda
V.P.215, and Mullard V.P.2.

Loss of Stability.—It is
possible that the change may

S0 at first cause the set to become
00N2PFO  192-3 VOLTS unstable—this is because of
Fic. 82.—Fixed bias can be applied toan H.F.  the higher efficiency of the
pentode by ususxgo wtrgeheil:lple connections .., ‘valve—but a few sligl_lt

modifications should clearthis
difficulty and make the set more sensitive than it ever was before. When
the set originally had a variable-mu control, stability should be secured
by working with a lower setting of the potentiometer and by varying the
screening-grid potential. Where such a control was not provided, it
might be added, or a fixed bias may be applied, as shown in Fig. 82,
by inserting a 0002 mfd. fixed condenser in the lead between the tuning
coil and the grid, and taking a lead from the grid through a 1 megohm
grid leak to the 14 or 8-volt tapping on the G.B. battery. Even when
using this fixed bias the new valve will nearly always give better results
in the way of increased range and greater selectivity than the old one.

The Detector.—With regard to the detector valve, it will rarely be
desirable to change to a type different from that previously employed,
unless it is considered worth while to modify the circuit to take an
H.F. pentode. The modification is comparatively simple, and has been
dealt with at length in these pages before.

When it is not proposed to make any circuit modifications the best
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type of valve is nearly always one of the super-detector class, which is
represented by the Cossor 210 Det., Hivac D.210, and Mullard P.M.2
D.X. These valves have a comparatively low amplification factor, but
they are very stable and provide a very smooth reaction control. They
are very suitable for use with transformer or parallel-fed transformer
coupling, especially when the coupling component has a step-up ratio
of 1-5 or more. When greater amplification is required of the valve—
for example, when a low-ratio transformer or resistance-capacity
coupling is used—somewhat better results can be obtained by using
areplacement valve of the H. or H.L. class ; these have an amplification
factor of about 25, compared with one of about 15 for the super detectors.

Care with Mains Sets.—The same general rules as those outlined
above apply also to mains sets, but greater care must be taken with
those because the power-supply unit is invariably designed to give an
output which is just right for the valves originally used. Additionally,
valves of different type will gradually call for different bias resistances,
and so on.
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CHAPTER XVII
REACTION FAULTS

RACTICALLY every °‘‘straight’ receiver employs variable
P reaction. Before dealing with reaction faults, it may be as well
to consider what reaction is, how it is obtained, and why it

is used.

A simple reaction circuit, devoid of all but the bare essentials, is
shown in Fig. 83. When signals are received by a radio set, they are
first of all amplified and selected by the high-frequency stage and then
passed on to the grid of the detector valve via the tuned circuit, L.1 C.1,
in Fig. 88, where they are rectified (or detected) and passed on as
amplified signals to the L.F. stages of the receiver. These rectified
currents appear at the anode of the detector valve, but despite the
detecting properties of the valve, and its associated grid leak R.1 and
condenser C.2, high frequency potentials are also superimposed on the
grid, and appear at the anode to be passed on to the L.F. stages with
the amplified rectified signals. Now these high-frequency currents are
of no use to us in the L.F. stages. In fact, they can do a great deal of
harm, but if we include a reaction coil, L.2, in the anode circuit, we can
arrange for at least the greater percentage of these H.F. currents to
return to earth through the coil. If this coil is brought close to the
tuning coil, L.1, the H.F. currents flowing through it will induce further
H.F. currents into coil L.1, so that the original H.F. currents appearing
at the grid of the detector valve will be greatly strengthened.: The
closer the two coils are brought together, the greater the induced
currents in coil L.1, and thus the greater the signals will be increased.

. If brought too close together, how-

NF I ever, the valve will oscillate of its

”““‘-l " own accord, independent of the in-
coming signals. In current practice,
the reaction coil is fixed in relation to
its closeness to the tuning coil L.1,

ca
—l h@ and the degree of feed-back of the
7,

H.F. currents for reaction purposes
is controlled by a variable condenser
in series with coil L.2, but, what-
ever method is used, one thing is
common to all, that is, the H.F.

] currents appearing at the anode of the
Fma' E?an—d:rh;o ,?a'éf?.fnd’c?,‘::.-‘:‘. of valve, and which would otherwise
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be wasted, are fed back to the grid circuit so that the currents already
there are strengthened.

Advantages of Reaction.—The benefits of reaction are not merely
confined to increasing volume, for its effect is the same as reducing the
resistance, and thus damping, of the circuit. However good modern
tuning coils and their associated condensers may be, a certain amount
of loss is bound to exist. Since reaction helps to reduce the resistance
of the circuit, it follows that the efficiency of the circuit is improved by
its use, and therefore it is made more selective and efficient.

Reaction may be obtained from a detector valve or an H.F. valve,
and, in some extreme cases, even a separate valve may be employed ;
a moving coil or a fixed coil may be used, and, in the latter case, the
degree of reaction obtained may be altered by means of a variable
condenser or a variable resistance, and the coil may be in series or in
parallel with the anode circuit of the valve.

For the purpose of dealing with reaction faults, we will consider the
most popular method in use to-day, i.e., the choke-fed system, with
fixed coil and variable condenser in parallel with the anode circuit.

A typical reaction circuit is shown in Fig. 84, with indications
showing why reaction may be faulty. In this particular circuit, the
H.F. currents appearing at the anode of the valve are prevented from
getting into the low frequency circuits by means of the H.F. choke,
H.F.C.1, and they are by-passed to earth via the reaction coil, L.2, and
condenser, C.2, the latter controlling the degree of reaction obtained.
A small fixed condenser, C.4, is also connected in parallel with the anode
circuit, the purpose of this being to by-pass any H.F. currents not
wanted for reaction purposes, and to prevent ** Miller effect '’ when
reaction is at zero.

The following are the faults most commonly met with in reaction
circuits :— \

. Reaction not sufficient.

. Reaction too fierce.

. Reaction only effective on one wave-band.

. Reaction only effective over one part of a wave-band.
. Reaction flattens tuning and reduces volume.

. Hand-capacity effects.

There are, of course, many other reaction difficulties, but they are
supplementary to, and will be dealt with, under one of the above
headings.

Insufticient Reaction.—Every set should, if working properly, be
capable of being made to oscillate at all settings of the tuning condenser
by means of increasing reaction. If this is not so, there are a variety
of reasons and remedies. There may be a loose or dry joint in one of
the connections, the grid leak and/or condenser may be of the wrong
value, or the valve may not make good contact in its valve-holder.
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We will presume that all connections have been examined and that,
except for reaction, the set is working efficiently. Probably the greatest
cause of inadequate reaction, presuming the valve is good, the coils
efficient, and the right value of reaction condenser is being used, is low
H.T. on the anode of the valve, or a wrong value of by-pass condenser
(C.4, in Fig. 84). A common cause of inadequate high tension is too
high a value for the decoupling resistance, R.2, in the anode circuit.
If, say, 60 volts are recommended, the constructor should not try a
drastic increase, even if this does seem to improve reaction, as this is
more than likely not the real cause of failure, the large increase in high
tension merely enabling reaction to be obtained while hiding the true
fault. A small increase of about 10 volts can only be of benefit, but
more should not be tried. If the high tension applied to the valve is
too low, the anode resistance, R.2, is either too high or else the de-
coupling condenser, C.5, is leaky. The voltage, both sides of the
resistance, should be measured with a high-resistance moving coil

voltmeter (a cheap moving . RESISTANCE
iron instrument is of no use Flo- g“u'r;“d::::t?g; wzd 7O

for reasons that have been shown on a standard

pointed out in these pages circuit. LeAxy
more than once). If there is R Larg

a very great difference (say, o ST A Genr
120 volts at the battery end, R &
and only 20 volts on the wRoNG V‘Luzca 200G AL E]
anode side), the resistance is ==

obviously dropping too many Erfﬁgsarlm

volts, and may be conveni- ,,
ently reduced in value. On
the other hand, if this re- c2
sistance is being used as a

3 q X
coupling resistance to the \}
next stage of the receiver, :vaﬂggaocp/r’?o
care should be taken not to reduce its value too much, as this will
cause the amplification of the stage to be lowered. In such a case, the
resistance should never be lowered in value to less than twice the
impedance of the valve.

If this slight increase in H.T. has no beneficial resuit, the by-pass
condenser, C.4, should be reduced in value. The next step should be
to increase the capacity of the reaction condenser, C.2, by fixing a small
condenser of, say, ‘0001 mfd. capacity across its terminals.

An inefficient or shorted H.F. choke will cause insufficient reaction,
as this will allow the H.F. currents required for reaction to get into
the L.F. stages. Such a state of affairs would generally be easily
traceable, as it would be accompanied by distortion due to the presence
of the H.F. currents in the L.T. stages.
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If reaction works properly when a new H.T. battery and a fully
charged accumulator are in use, then nothing can be gained, as it is
obvious that the receiver has been correctly designed, and that the
reaction fault is due to either a run-down H.T. battery or accumulator.

Reaction too Fierce.—This state of affairs is just as bad as insufficient
reaction. Probably worse, because a very slight increase in reaction
causes the set to become unstable and to burst into oscillation. Because
reaction is too fierce, it must not be assumed that the H.T. on the
anode is of too high a value. Reducing the H.T. severely is just as bad
as increasing the value of grid bias applied to an H.F. valve to prevent
instability. Both are but half-measures, and will greatly affect the
sensitivity. If a few volts reduction does not smooth out reaction, a
fixed resistance of about 250 to 500 ohms should be connected between
the anode of the valve and the reaction coil. The value of this resistance
depends a good deal on the value of the by-pass condenser and a series
of different values for both these components should be tried. Wrong
values of grid leak and /or condenser will also cause excessive reaction,
and these may conveniently be lowered.

A great deal of fierce reaction may also be caused by mstabxhty in
the high-frequency stage of the receiver. If the latter uses a variable-mu
valve, the volume should be reduced so as almost to cut out the signals.
This H.F. stage will then be biased to such a degree as to prevent any
instability in it and reaction should be tried. If it is now quite smooth, -
the fault obviously does not lie in the reaction circuit, but in the H.F.
stage, which should be tested for instability.

Reaction Only Effective on One Wave-band.—This fault may be
remedied in the same manner as described for insufficient reaction, but
it may also be due to a faulty coil, especially where a common reaction
coil is made do for both medium and long waves. At any rate, some
improvement may be obtained by treating as outlined above, but
perhaps at the expense of rather fierce reaction on the band which was
normally working satisfactorily.

With highly efficient coils, especially the modern ones using iron
cores, parasitic oscillation is likely to be generated in the detector valves.
This is shown by the set going into oscillation on the long waves with
the usual slight *‘ pop,” but without giving the usual squeal on the
received carrier, and before the full amplification from reaction has been
obtained. This is due to the detector valve going into oscillation at a
frequency determined by the combined constants of the reaction circuit
and that portion of the grid circuit between the grid, and the earth-line
of the receiver.

Parasitic oscillation is easily cured by including a stopping resistance
in the reaction circuit, as explained earlier. By making this resistance
high enough, the long-wave band may be made to work with satis-
factory reaction, but it may then be found that at the lower end of the
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medium-wave band reaction has become unsatisfactory. From our
experience we have found that the values which give the best results
are 250 ohms for the resistance, a by-pass condenser of -0002 mfd.
capacity, and a reaction condenser of -0002 mfd. capacity. These will
give satisfactory operation over the whole of both wave-bands, provided
of course, the rest of the circuit is in order.

Reaction Only Effective Over One Part of a Wave-band.—This is
another fault which may be due to a variety of reasons, and the con-
structor will have to carry out all the tests already described if he
wants to put matters right. Probably a slight increase in high tension,
and an alteration of the value of the by-pass condenser will be found
to be most beneficial, but it must always be remembered that, even in
the best of sets, there is bound to be a slight difference in the degree
of reaction obtained at the bottom and top of a wave-band.

Reaction Flattens Tuning and Reduces Volume,—This fault is
obvious—either the reaction coil is connected the wrong way round or
else the reaction condenser (if a differential condenser is being used)
has been wrongly connected. It is thus a very simple matter to put
things right.

Hand-capacity Effects.—A set that “ squeals ”’ every time a hand
is brought near the reaction condenser can never work at its best. It
usually happens that, even if the set does not actually oscillate as the
hand approaches, the volume is reduced considerably when the hand
is taken away from the reaction control after the latter has been used
to bring up the volume of a foreign station.

This fault only appears when the reaction condenser is connécted
between the coil and the anode of the detector valve itself. Some coils
have the ‘ earth  side of the reaction coil permanently joined to a
common earth terminal on the coil base. In such cases, the reaction
condenser can only be connected between the coil and anode, and the
only remedy is to fix an aluminium or copper shield behind the panel,
but in front of the reaction coil. When this shield is joined to the earth-
line of the receiver, it prevents the capacity of the hand and body from
affecting the reaction condenser. An improvement may also be made
by making sure that the fixed vanes of the condenser, and not the
moving ones, are connected to the anode.

If the coil has both ends of the reaction winding free, the reaction
condenser should be connected between the ' earth " end of the reaction
coil and the earth-line of the receiver. Here again, make sure that
the moving vanes of the reaction condenser are connected to earth, and
the fixed vanes to the coil.

Other faults which appear in reaction circuits are ‘' back-lash,”
where the set goes into oscillation at one setting of the reaction con-
denser, and comes out of oscillation at another; growling, where an
increase in reaction causes the set to ‘* growl *’ and not oscillate properly.
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and oscillation with the reaction condenser at zero. All are, however,
closely associated with one or more of the faults dealt with above, and
a cure can generally be affected by reducing H.T. slightly or by in-
creasing the value of the by-pass condenser.

Another reaction fault sometimes met with is ‘‘ crackling,’”” as
reaction is advanced. This can only be due to a dirty reaction con-
denser, or else to one or more of the plates being slightly bent and
allowing H.T. to momentarily short across them as they are rotated.

SUMMARY

Fault Remedy
Reaction insufficient .. Increase H.T. on anode slightly.
Decrease value of by-pass condenser.
Increase value of reaction condenser.
Test H.F. choke and decoupling condenser.
Alter values of grid leak and condenser.
Replace valve.
Reaction too fierce .. Decrease H.T. on anode slightly.

Increase value of by-pass condenser.

Add small fixed stopping resistance in reaction
v circuit.

Decrease value of grid condenser.

Connect grid leak to negative instead of
positive side of filament.

Reaction only effective Treat as for insufficient reaction.
on one wave-band Carry out cure for parasitic oscillation, i.e. add
stopping resistance in reaction circuit.
Reaction only effective Increase H.T.
over one part of a Try different values of by-pass condenser.
wave-band '
Reaction flattens tuning Reverse connections to reaction coil, or, if a
and reduces volume differential reaction condenser is in use,
reverse connections to the two sets of
fixed plates.
Hand-capacity effects  Connect condenser between ‘‘ earth ¥ side of
coil and earth-line of the receiver.

If condenser must be connected between coil
and anode, use larger knob and shield the
condenser.

Crackling 00 .. Clean reaction condenser.

Test for shorts between fixed and moving

vanes.
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IMPROVING OLD SETS

H.F. amplifying stage and one L.F. stage, it may have an ordinary

S.G. valve as high-frequency amplifier, with volume controlled by
means of the reaction condenser. This type of receiver is often prone
to H.F. instability, and in cases where the aerial is situated near a
transmitting station overloading of the detector valve may occur. An
improvem\ent may be effected by fitting a variable-mu pentode valve
in the first stage. The degree of amplification obtainable from this type
of valve can be reduced practically to zero by applying a bias voltage
to its control grid, and this voltage can be varied according to the
volume required by means of a variable potentiometer.

The easiest method of adding this type of control to an old receiver
is as follows : Disconnect the lead at present joining the grid terminal
of the S.G. valve-holder and connect it to one terminal of a -0005 or

Motal Coaling B
Lartr IPrm”’:'gl.

IF the set is of the commonly used three-valve type, baving one

Control Criat 72 S -
pa¥ A2 og/Bo.

ressor Cathoate, 7o Lxxs
Qrax 7o Larth Asistance
J@rrrrrrad. (ot Useat O Battery g

Sk 1t 7D L7H

LfHament 6L7- O;Amh?bd;h.;.
Or Aol erVrmateng

Fic. 85..—Standard connections for a 7-pin H.F. pentode.

-001 mfd. fixed condenser, and then connect the other terminal of this
extra condenser to the grid terminal of the valve. The centre terminal
(connected internally to the moving arm) of the variable potentiometer
should then be connected via a fixed resistance of approximately
500,000 ohms to the grid of the S.G. valve-holder, the two end terminals
of the potentiometer being joined to H.T.- and G.B.-9 respectively.
When this modification is made it is also advisable to substitute a
three-point on-off switch for the two-point type; one terminal of this
should be connected to earth and H.T. —, the second terminal to G.B.4.
and the third terminal to L.T.—. Some of the modern H.F. pentodes
bave seven pins, and if one of this type is fitted the method of connection
shown in Fig. 85 should be adopted.
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Fi1c. 88.—This method of connecting an
L.F. transformer (parallel-fed) gives im-
proved bass response,

Improving Selectivity. —
The selectivity of most old
type receivers is inadequate
for present-day requirements,
but this may be improved
without making drastic alter-
ations to the circuit arrange-
ment.

The most effective method
is to fit an extra tuned stage
between the aerial terminal,
and the existing first tuned
stage. This extra stage should
consist of a coil similar to the
ones in the receiver, and a
0005 mfd. tuning condenser.
Unless the existing gang con-
denser is replaced by a new
one having an extra section,
the addition of the extra stage
introduces the disadvantage

of an extra tuning control. The easier method of improving selectivity
by fitting a more selective coil between the H.F. valve, and the detector,
may therefore be adopted. An H.F. transformer having a step-up ratio
of approximately 3 to 1 can be relied upon to provide reasonably good
selectivity if a well-designed reaction circuit is fitted. The cap terminal
of the H.F. valve should be joined to one terminal of the primary

winding of the coil, and the
other primary terminal to
H.T. +, the secondary wind-
ing being connected to the
tuning condenser in the usual
manner.

* The L.F. Amplitier. —After
the H.F. amplifier has been
satisfactorily modified atten-
tion should be paid to the
L.F. stage or stages. The
L.F. amplifier has more effect
on quality of reproduction
than the H.F. stages and
therefore, if quality is inferior
particular attention should be
paid to the couplings and
valves used in the former. If

87.—A simple and useful L.F.
volume control.
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lack of bass is experienced the L.F. transformer should be parallel-fed as
shown in Fig. 86. With this type of coupling no direct current is passed
through the primary winding of the transformer and therefore the prim-
ary inductance is higher than it would be if the primary winding were
connected between the valve anode and H.T. 4-. Apart from improved
bass response this method of connection also obviates the possibility
of a primary burn-out.

L.F. Volume Control.—If two L.F. stages are used the addition of
an L.F. volume control is very desirable in order to prevent overloading
of the last two valves. The control should have a resistance of between
250,000 ohms and 1 megohm and should be wired as shown in Fig. 87.
This control is particularly useful if a pentode valve is used in the output
stage, as this type of valve is easily overloaded. It can also be used as
a volume control when the receiver is being used in conjunction with a
pick-up for gramophone record reproduction.

When locating the control, in a new design, it is always advisable
to select a spot as close to the grid of the associated valve as possible to
reduce the risk of an interference or interaction being introduced by a
long grid lead.

As the control is directly across the grid circuit, it is essential to
select a component of a reliable make otherwise severe crackling noises
might be set up in the outputstage by a defective resistance element or
a faulty contact between the moving arm and the element.

To obtain the most even control, it is advisable to use a component
baving a graded resistance, as this allows smooth and progressive
variation of the signal strength.

If metal panels or chassis are used, care must be taken to see that
the spindle of the control is in itself insulated from the moving arm, or
that the fixing arrangements of the components are such that contact
is not made between the arm and the chassis or panel.
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CHAPTER XIX
UNIVERSAL (A.C.-D.C.) RECEIVER FAULTS

WING to the gradual changing over of D.C. supplies to A.C.,
the demand for receivers that will work equally well when
supplied from either A.C. or D.C. mains has increased. There

is no doubt that they have met with a great measure of success, and have
overcome the difficulties which were experienced with this type of
valve when it was first introduced.

A.C./D.C. Valves.—A transformer cannot be used on a D.C. supply
to step the mains voltage down to the value required by the valve
heaters, and the current passed through the heater circuit must be
taken direct from the mains through a dropping resistance or lamp. In
the interests of economy this current must be kept low, and therefore
valve-heater resistance is made reasonably high—the actual value differs
with different makes of valve, but 60 ohms is about the average. The
average A.C. type of valve, on the other hand, has a resistance of only

H 6 Q.

i

Fic. 88.—Heaters wired in series showing points at which breakdown
can occur.

4 ohms, and therefore the A.C. valve should be more robust than the
A.C./D.C. type. In practice, however, there is little to choose between
the two types in this respect nowadays—an A.C./D.C. valve can be
relied upon to give a useful life of about eighteen months.

Insulation Breakdown.—A more common trouble than a heater
burn-out is a breakdown of the insulation between the heater and the
cathode. This sometimes happens in A.C. valves, biit is more commonly
experienced with the A.C./D.C. type, owing to the greater potential
difference which exists between cathode and heater in the latter.
Referring to Fig. 88, and assuming that the valves are of the 16-volt
type, there will be a potential difference of 82 volts between the positive
end of the heater of the centre valve and the negative line. Again,
assuming that the bias voltage obtained by means of the resistance R is

132



UNIVERSAL (A.C.-D.C.) RECEIVER FAULTS

2 volts, there will be a potential difference of 30 volts between points
A and B—the cathode and the heater. In some cases the potential
difference between these two points can be much higher, and, therefors,
it will be readily realised that a breakdown can occur at this point
unless the insulation between cathode and heater is effective. It is
in this respect that modern A.C./D.C. valves are greatly superior to the
earlier models.

Consumption.—The consumption of an A.C./D.C. receiver is higher
than that of an A.C. receiver having a similar undistorted wattage out-
put at the speaker. This is due to the higher heater circuit consumption
of the A.C./D.C. set. The average three-valve A.C. set has a heater
circuit consumption of 12 to 16 watts, whereas in a three-valve A.C./D.C.
type using -2 amp. valves, with a supply voltage of 240 volts, the con-
sumption is 48 watts. The H.T. consumption of the two receivers will
be somewhat similar—approximately 30 watts for a table model—and,
therefore, the total consumption of the A.C./D.C. receiver will be moie

T than one and a half times that
of the A.C. set. This does not
materially affect the lighting
bill, however, as the difference
is less than the consumption
of one lamp of riormal wattage.

Fi16. 89.—Showing method of checking heater circuit continuity of A.C./D.C, set.

Dropping Resistance.—When constructing an A.C./D.C. set, a
reliable component should be used for limiting the current passed through
the heater circuit. Some manufacturers use a special lamp known as a
barretter, whereas others use an ordinary resistor. Most home con-
structors will probably use a resistance, and, therefore, great care should
be taken to choose the correct type. It should have the correct resis-
tance value and must also be capable of carrying the required current
without becoming overheated. For example, if the valves used are of
the 2 amp. type, the current must be limited to this value and
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therefore, if the mains voltage is 240 volts the total resistance
in the heater circuit must be 1,200 ohms. Assuming that five
-2 amp. valves are used their total resistance will be 500 ohms, and
therefore, the dropping resistance must have a value of 1,200 ohms less
500 ohms, i.e., 700 ohms.

Pick-up and A.E. Connections.—As the H.T. —line of the A.C./D.C.
set is in direct connection with one of the mains leads, it is necessary to
connect a condenser between H.T. — and the earth socket, otherwise
there is the possibility of the mains being short-circuited when the earth
lead is joined to the set. It is also advisable to adopt the same pre-
caution with the aerial, as the aerial socket is generally connected direct
to H.T. — through the aerial coil, and, therefore, if the aerial is not well
insulated a short-circuit can occur as in the case of the earth lead. When
a pick-up is used, it is advisable to connect the leads to the grid circuit
of the first valve of the amplifier via fixed condensers, otherwise a shock
can be obtained when the pick-up is handled.

The most common trouble with A.C./D.C. receivers is a burnt-out
valve or dropping resistance. If no signals are obtainable, and the
receiver seems quite dead,.the first test should be that shown in Fig. 89.
The multi-metre should be set for measuring ohms, and its two leads
should be connected across the mains plug. If a valve or the dropping
resistance is burnt out no reading will be obtained ; in most sets a
reading of between 500 and 1,000 ohms is obtained across these two
points, but the value varies slightly with the valve types used, of
course. H.T. and H.F. tests should be conducted in the same manner
as in A.C. main sets.
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CHAPTER XX
CHECKING RECEIVER PERFORMANCE

T might be thought that it would be a perfectly easy matter to
I decide how good or how bad a receiver is simply by connecting
it to aerial and earth and listening to it. This would be a
sufficiently good method of testing when only rough comparisons are
to be drawn, but it is useless as a means of checking the results of
experiments. The alteration might be so small that it is not audible
in average conditions, in which case the time spent in experimeriting
would probably be wasted.

It is not suggested that the service-man and experimenter should
provide themselves with expensive calibrated valve-voltmeters, cathode-
ray oscillographs and the like, but he should have a small amount of
simple apparatus, most of which can be made at home quite cheaply.

Obtaining a ‘““Test” >HI+
Signal. — One of the first g
requirements is a device for
generating a steady signal ;
this is because the signals
sent out by a broadcasting
station—with the exception
of the tuning note—are quite
useless for fairly accurate
test purposes. The more 2 >LF-
usual apparatus and tests Fic. 90.—Circuit of a simple and effective
applied are dealt with in a local oscillator suitable for test purposes
previous chapter. As an and for accurate trimming of a receiver.
example of what is meant it can be explained that if an attempt were
made to measure the output of a receiver, no matter how good the
measuring instrument bappened to be, it would be impossible to gain
even a rough idea when, say, a band was playing. The reason is that
the intensity of sound at the transmitting station is constantly
varying between extremely wide limits, and corresponding variations
must occur in the sound reproduced by the speaker, or in the output
from the last valve.

A simple and reliable miniature transmitter—for that is what an
oscillator comprises—can be made by using a single valve in the circuit
shown in Fig. 90, and using the connections indicated in the wiring plan
in Fig. 91. It may be seen that a four-pin plug-in coil is used in a
standard regenerative circuit with series reaction. The valve is an
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ordinary triode of the L. or H.L. type and is connected in the same way
as a leaky-grid detector. Reaction coupling is practically * tixed,"
but slight variations can be made by means of the -002-mfd. pre-set
condenser during use.

Using the Oscillator.—In order to use the oscillator it is necessary
only to plug in the valve and a standard four-pin coil (details for con-
struction will be given later), and to connect a 2-volt accumulator and
a 60-volt H.T. Incidentally, it is sometimes possible to use the same
batteries as are used to feed the receiver, but the separate ones are to
be preferred. After connecting it is necessary only to place the oscillator
a few feet away from the aerial lead-in wire, and then to operate the

Fic. 01.—Pictorial wir-

ing plan for the circuit

shown in Fig. 90. Two

valve holders are shown,

that on the left being for
the four-pin coil.

oscillator tuning condenser until a high-pitched whistle is heard in the
speaker. This is obtained only when the set and oscillator are tuned
to the same frequency, and consequently the four-pin coil must be of
such a size that it is appropriate to the wavelength to which the set
is tuned.

When the oscillator and receiver have been adjusted in this manner
the effect of making the various alterations to the set can be noted by
comparing the strengths of the note emitted by the speaker in various
circumstances. In the same manner, experiments in selectivity can be
carried out by noting the ‘' spread '’ of the received note over the
receiver tuning scale. Incidentally. this ** spread "’ can be varied very
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considerably by altering the position of the oscillator in respect of the
aerial lead-in, or of the set, so it must remain in the same relative
position throughout the tests. It will generally be found best, however,
to move the oscillator so far away that the whistle is very sharply
tuned. When first using the oscillator, adjust the pre-set condenser
until the note is perfectly clear.

Oscillator Coils.—With regard to the coils, as mentioned above it is
possible to use standard ready-made components, but those who wish
to make their own can use commercial four-pin formers, allowing approx-
imately 75, 110 and 220 turns for
the grid winding (between pins
1 and 4), and 40, 50 and 80 turns
for reaction (between pins 2 and
5) for medium waves, 465 Kcs.

I.LF., and long waves, re-

spectively. The windings should

be about } in. apart and should  GRID,
consist of 30-gauge enamelled
wire for the two smaller coils,
and of 38-gauge enamelled for
the largest. In each case the
windings are arranged side by
side, and both windings are
wound in the same direction; the
diameter of the former is 1§ in.
Details are given in Fig. 92. If
it is wished to use the oscillator
for short waves, suitable coils
can be made, using approximate-
ly 9 and 6 turns for 30 metres;

other ranges in proportion. Fre. 02 Details of ar easily-mad .
Ganging LF.’s.—It will be 6. 92.—Detailsofan casily-made type o

appreciated that the oscillator four-pin coil. Wm(‘]tl:xgt-data is given in the
can usefully be employed for

ganging and trimming, by adjusting the trimmers until the received
whistle is at its loudest. In the case of a superhet the inter-
mediate-frequency transformers can be adjusted in a similar
manner, although some form of * artificial * coupling might be neces-
sary due to the components being fully screened. One method is to
wind a single turn of wire round the oscillator coil, and then to wind the
other end of this wire round an unscreened lead to the primary winding
of the first I.F. transformer. When this is done the oscillator must be
placed near to the set so that the coupling lead is short. For 110 and
150 Kcs. the long-wave coil should be used, whilst for 465 Kcs. the
middle coil will be suitable. In the case of the lowest frequency
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mentioned it will also be necessary to connect a -0005-mfd. fixed con-’
denser in parallel with that used for tuning the oscillater in order to
tune to the corresponding wavelength of about 2,700 metres.

Visual Output Checks.—In many cases it is not sufficient to judge the
output of the set by ear, especially when more than a few seconds must
elapse between making the necessary adjustments. The reason is that
it is impossible to ‘* remember " sounds, and therefore even large varia-
tions are not easily recognised. A better method is to use some form
of output meter, the simplest of which is an A.C. voltmeter (such are

Fi16. 98.—A simple and accurate method of comparing outputs
in various circumstances, by connecting an A.C. voltmeter and
potentiometer in place of the loudspeaker.

quite cheap) connected as shown in Fig. 93. The purpose of the
5,000-ohm potentiometer is to provide a reasonable load in the anode
circuit of the output valve, and to vary the proportion of the output
applied to the voltmeter so that a convenient portion of the scale can
be used. It must be remembered that the meter does not read actual
output volts, or output watts, but merely enables comparisons to be
made. In practice the potentiometer should first be set so that it is
short-circuited, the reading being zero. The potentiometer can then
be adjusted until about a one-quarter-scale reading is obtained. After
making a note of the exact reading the potentiometer should not be
altered during the course of the experiments.

Any adjustments which result in an increased reading will be known
to have resulted in a greater output being obtained and hence in in-
creased efficiency, whilst the opposite is also true.

This system of measurement is not ideal because the optimum load
of the output valve will probably not be provided, unless especial care
istaken in thisdirection. To a large extent this objection can be overcome
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by using a sensitive milliammeter (reading up to not more than
2 mA.) in conjunction with a -005-mfd. condenser and variable resistance,
as shown in Fig. 94. The resistance is first set to its maximum value,
and then adjusted until a convenient reading is obtained on the meter
scale. After that the procedure is the same as described above.
Another Method.—Another method, which has the advantages of
being inexpensive and rather fascinating, is where a miniature neon lamp
is used in place of the voltmeter shown in Fig. 98. In this case, in-
creased output is indicated by increased brilliance of the neon, although

F1G6. 94.—A better method of comparing out-
puts—a milliammeter and Westector are
connected between the anode of the output
valve and earth. The speaker in this case
remains in circuit.
most accurate results can be obtained by setting the potentiometer
until the light is just extinguished. Any adjustment which causes it to
glow again will be known to have resulted in greater output. After
this adjustment has been made the light can be extinguished again and
further adjustment tried.

139




CHAPTER XXI
DISTORTION—CAUSES AND CURE

HEN reproduction is not as good as it should be, and if distortion
g X/ is suspected, it is usual to lay all the blame on the low-frequency
portion of the set. In many cases this is quite wrong, for there
are many other sections of the receiver which may be responsible for
the trouble. Let us follow through a typical H.F.-Det.-L.F. circuit
with a view to considering the possible sources of distortion.
The Aerial Tuning Circuit.—It is quite safe to assume that the signals
which reach the aerial from any of the B.B.C. transmitters are as free
from distortion as is pos-
CARR/gR Wave sible, although the same
’:ﬁ’ | Beee cannot be said of two of
. 00 three of the Continental
stations. For thisreasonit
is best to make any tests
which may be necessary on
11 the nearest B.B.C. trans-
mitter, although weaker
signals from other British
stations may also be used
for purposes of certain
comparisons. The signal
striking the aerial might
possibly be ‘* mutilated **
immediately due to the
Fic.95.—Ina sharfly-tuneq circuit the higher fre- a.en'al-tun'mg @l c‘flt being
quencies may be lost as indicated here, where of inefficient design, but
broken lines indicate the amount of movement of  thig s unlikely. Never-

the tunin, inter before signals rapidly become . q a
e e w‘e’;ke,,"" Py theless, if reproduction is

low pitched the input
tuning circuit might come under suspicion. The reason is that if, for
some reason, the circuit tunes verysharply the higher musical frequencies
may be “lost”. This is best understood by considering the musical
or audible frequencies as extending on each side of the exact tuning
point of the carrier wave, as suggested diagrammatically in Fig. 95.
High-Note Cut-off.—When the tuning is exceptionally sharp it might
bappen that the input circuit will not pass on frequencies above, say,
2,000 cycles ; the result is bound to be boomy reproduction. Should the
aerial circuit be suspected of causing trouble in the manner which has
140
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been suggested it would be well to note the effect of connecting a fixed
resistance of about 2,000 ochms either between the aerial and earth
terminals, or between the ends of the aerial coil, as shown in Fig. 96.
The resistance will certainly cause a reduction in selectivity, but if
better quality is obtained it will be known that the coil is unsuitable
when good reproduction is required. An improvement would in most
cases be obtained by fitting a band-pass filter in place of the single-
circuit coil. This provides a more uniform response as indicated in
Fig. 95a.
Local-Distance Switching.—The latter test does not indisputably
prove that the original
CARRIER WaAVE. coil was in some way
unsuitable, because the
main effect of the resis-
tance might simply have
been to cause a reduction
in efficiency of the input
circuit, and thus a lower
input to the grid of the
first valve. Thus, if the
valve were previously
being overloaded it might
operate well within its
capacity with the resis-
tance in circuit. This
could be proved mosteasily
by noting whether or not
F1c. 95a. —When a band-pass tuning circuit s the resistance had any
gsed.et:l;% full range g:;gﬂdlo‘isf;eqﬂgtéﬂ:ls catntll:e effect on the quality of re-
covesed,” ince signala vanish Suddenly at the  production when listening
to weaker signals. In either
case, the fitting of a ** local-distance " switch to put the resistance in
or out of circuit at will would be justified. The simplest arrangement
is that shown in Fig. 96a, where an ordinary on-off switch is wired in
series with a fixed resistance between the aerial and earth terminals.
When the switch contacts are closed the set is most suitable for
reception of powerful signals, and when they are open distant
reception can be obtained without any loss of efficiency. The most
satisfactory value of resistance is best found by trial, but it is
often found that one of 500 ohms is just right.
Self-Oscillation.—Another common source of distortion is in the
circuit of the H.F. valve itself. Probably the valve tends to oscillate
in certain conditions ; and distortion is an inevitable result of oscillation
at either high or low frequency. Quite often the only alteration required
to produce a remedy is in respect of the H.T. voltage applied to
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the screening grid. The
optimum voltage can be
found only by trial,because
sometimes it is consider-
ably higher than that
usually suggested by the
makers, and frequently it
is lower. Suffice it to say,
however, that oscillation
can often be prevented by
making the adjustment re-
ferred to. This is easily
done in the case of a
battery set with separate
tapping, but there is a
little more difficulty where
a mains set is concerned,
or where the supply is by
means of a potentiometer
F1G. 96.—Too-sharp tuning can be modified by consisting of a pair of
connecting a fixed resistance in one of the positions fixed resistances, wired as

indicated here.
maiea ere shown in Fig. 97.

Screening-Grid Voltage.—
In the latter case, the applied
voltage can be reduced by
using a resistance of higher
value in the position marked
A, whilst it can be increased
by using a lower resistance.
The simplest and most
accurate method of checking
is to replace the two resis-
tances by a potentiometer,
wired as in Fig. 98. The
resistance rating of the
potentiometer should be g, 96a.—Showing the simplest system of
approximately equal to the local-distance switching.
combined value of the two
resistances in series. For example, if the resistances have values of
10,000 and 15,000 ohms, a 25,000-ohm potentiometer would be suitable.

Self-oscillation of the first valve can also be due to the fact that the
decoupling condenser between the screening grid and earth (or cathode
in some mains sets) is defective or of incorrect capacity. A 0-1-mfd.
condenser is generally most satisfactory, but it should be a good-quality
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non-inductive type. Condensers of higher value may possibly be less
effective due to the very small inductance (even so-called non-inductive
condensers have a slight amount of inductance) being greater than that
of the lower-capacity component.
H.F. Coupling Too Tight.—Oscillation can also be due to the use of
HT—& EARTH an unsatisfactory H.F.
choke, or to the coupling
between the windings
of an H.F. transformer
being too tight.  The
method of checking and
correcting the choke is
obvious, but there is
not much which can be
done with regard to the
coil, unless the user feels
competent to remove a
few turns from the prim-
ary winding—assuming

F16. 97.—When a fixed potentiometer is used that the secondary is
to a,gsly the screening-grid potential, the tuned. Another method
applied voltage can be increased or reduced by which sometimes yields

using a lower or higher value for the resistance . "
marked A. satisfactory results is

to shunt a fixed resistance across the primary winding, as shown
in Fig. 99. The resistance reduces efficiency to a certain extent, but if
it cures the oscillation trouble its use is justified. The value of resistance
required must be found by trial, but the highest which has the desired
effect should eventually be used. In passing, it is worth mentioning
that this idea is very often applicable to superhets, especially those in
which the I.F. transformers (which correspond with the H.F. trans-
former just mentioned) have separate windings which can be moved in
relation to one another. In more than one 