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INTRODUCTION

It is not claimed that perusal of this little book will make the reader
a service engineer in any sense of the word, though it is hoped that the
service engineer, experienced though he may be, will find something of
interest in these pages. On the other hand, it is the author’s hope that
by following the directions here given the radio amateur, and particularly
the beginner, will avoid some of the snags and pitfalls in his path so that he
may rectify at first simple, and then more abstruse, radio faults without
leaving for the service engineer a practically ruined receiver, as is so often
the case.

® The discerning amateur should know when a particular fault is beyond
his scope, and call in the trained man, but when this is decided upon, the
receiver should be left as it stands, so that the engineer can see for himself
the exact state of affairs. Most remarkable cases of misuse and mishandling
of radio gear are brought to notice time after time, the setting right of
troubles being complicated to the extreme by trial and error ‘‘ experiments ”’
which more often than not cause even. more damage to be done. To quote
only one actual case, that of a receiver where a resistor was found to have
been replaced by a length of lead pencil held in place by copper wire and
chewing gum, will show quite adequately the lengths to which some
‘“amateurs "’ are prepared to go.

The book is set out in a logical sequence. Commencing with the tool
kit and a note on general workshop practices, the author then discusses what
instruments and test gear are necessary or desirable; progressing to fault
finding, simple tests and precautions, more advanced testing and adjustment,
general repairs, valves and valve testing, television, etc. '

It should perhaps be noted here that the word ‘‘ amateur ’ is used in
the script for want of a better term. The true radio amateur is the amateur
transmitting man, but here the word is used to indicate collectively the
large body of those whose interests and part-time studies are in the realms
of all branches of electronics, and whose work has often been of wide value.






CHAPTER L.
TOOLS AND WORKSHOP PRACTICE.

Whenever possible, the service man should have two tool kits, the
various items of which are never interchanged. One kit, the larger, will be
that attached to the workshop, that is, for most readers, the home bench,
the other kit being a portable set of tools carried and kept in a substantial
bag or case.

The bench tools can hardly be enumerated, since they will, in all probability,
have been built up, as a kit, over some passage of time, but the portable
kit should certainly have, as a basis at least, the following tools and acces-
sories : 3 screwdrivers, 1 large, with a §” blade, 1 medium, with a §” blade,
and 1 small instrument driver, of the Starrett type, which has a swivelling
flat head, the blade width being v;”, or even finer, this screwdriver being
reserved for fine work and for removing grub screws, etc.

Spanners should always be at hand, preferably both flat steel and box
types. A complete set of the flat steel, double-ended spanners from 0 to 10
B.A. is almost essential, a supplementary set of box spanners being kept
for the out-of-the-way jobs, the most useful sizes probably being 0, 2, 4,
6, 8 B.A. Component fixing nuts are usually larger than 0 B.A., however,
so that a 3” and a 1” box spanner pair is often useful, especially where
variable condensers, chassis mounting electrolytics, volume controls and panel
mounting switches are to be dealt with.

A wheel brace with a set of drills is, of course, an integral part of any
tool kit, and is perhaps one article that must do double duty in the workshop
and portable kits, due to the expense of a good instrument. The chuck
especially should receive good care and attention and be of such a size that
it will take up to £” diameters, while the driving wheel and gears should
be substantially made and give good leverage. For the workshop a nest of
drills styled in numbered sizes from 1 to 60 is an excellent purchase, but
for the portable kit a separate set of drills should be kept. Two of the
most uvseful sizes, in the author’s experience, are the tapping and clearing
drills for 6 B.A. screws. The tapping drill, No. 44, as its name implies,
makes a hole suitable for tapping with a 6 B.A. tap, the clearing drill,
No. 32, making a hole which a 6 B.A. screw will enter without fouling.
To these may be added tapping and clearing drills for Nos. 4, 5 and 8 B.A.,
respectively drill sizes 33 and 26, 39 and 29, and 51 and 42.

A small set of taps, made to fit into a bar head, is a most useful asset.
A set of dies is not so necessary. The taps should be in the following sizes,
4, 5, 6 and 8 B.A. for portable kits, a more comprehensive set being
obtained for the bench if required. Taps are made in three styles for each
size, tpese styles being known as taper, second and bottom, but for radio
purposes a taper is all that is really necessary. The tap is centred in the
drilled hole and the head rotated in half turns, gently, a slight fraction of
a turn back being given after each forward cut to remove the swarf—that
is, the threads of metal which are cut from the walls of the drill hole. Even
pressure with gentle, but firm, turning must be used, since taps are extremely
brittle. If a blind hole is being tapped a second and possibly a
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bottom tap, too, will be required, but since most holes are drilled and
tapped through panels or chassis, the taper tap will give a perfectly adequate
thread. Theoretically, the length of the tapped hole should be at least equal
to the screw diameter, for good strength and holding qualities, but in practice
most chassis thicknesses will take a 6 B.A. tapping with ease.

Most tool kits contain a variety of pliers, some of  which include
cutlers. Separate cutters are far better, however, 6” side cutters being
capable of most radio work, 33" broadheaded cutters are very useful for small
wiring jobs and 5” 'square nosed pliers will be found a very adaptable tool.
Long nosed and round nosed pliers for forming wiring loops are also useful.

Many pliers and screwdrivers are sold as ‘‘ insulated ’’ tools, but the
writer does not advocate their use. It may lead, especially in the case of
the beginner, to carelessness in working with live apparatus, since a false
sense of security may be engendered, and whenever possible apparatus should
not be touched till the supply power has been cut off. This refers especially
to the first inspection of apparatus—there are occasions, of course, when
work must be carried out with the apparatus in operation, but this should
never be done until an inspection has been made and any danger points
noted.

Reliance should never be placed on insulated tools, except where, as in
the case of trimming screwdrivers, etc., the apparatus would be put out of
gear by the use of a conductor. A kit of such trimming tools in a small
wallet should be obtained.

Files are not often found in the portable kit, although one or two fairly
large smoothing files are useful on the bench. If a set of small files can
be obtained, however, they are well worth while carrying. The 6” type,
flat, triangular, half round, rcund or rat tail, take up very little space, but
are capable of excellent work.

Too often the tang of a file is used for enlarging holes in panels or
chassis. One or two reamers of the taper varlety are valuable tools for
enlarging or cleaning holes.

The choice of a soldering iron must rest with the purchaser, since the
size and wattage rating of the iron depend on the type of work to be done.
For wiring purposes a 60 watt iron is perfectly adequate, a pencil bit giving
excellent direction of heat to the tag or wire to be soldered, but where the
iron is to perform both wire and sheet metal or other heavy soldering work
a 90 or 100 watt iron is to be preferred. The shape of bit is also controlled
by the work, a broad, heavy bit being necessary for sweating or sheet metal
work, and it is possible to obtain irons with a range of interchangeable bits.
Such irons should be very carefully inspected when buying, however, and
care be taken to see that the bits form a very good junction with the main
hot member or element, and are steady and firm in their holder.

The process of forming a soldered joint is to alloy the solder with the metal
on which the work is proceeding, the two alloyed surfaces thus adhering
firmly through a common bond. For this reason soldering can only take place
on really clean metal, or on metals ready coated with solder, that is,
‘“ tinned.”’

For really safe work, however, a resin-cored solder should be used in con-
junction where necessary with a resin flux, since this flux does not corrode
and, forming round the joint in a hard coating when the metal cools, it
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provides a protective layer which will resist moisture and other corrosive
agents. Whilst corrosive or slightly corrosive fluxes clean the metal ready
for soldering, resin has little cleaning power and the metal therefore should be
scraped before jointing. The chief function of a flux is to prevent the metal,
when hot, from combining *with the oxygen of the atmosphere and thus
forming an oxide layer which would prevent the proper forming of the
solder alloy. The oxide coat present on practically all metals is removed in
the cleaning or scraping process before jointing, and the flux prevents its
reforming. Grease, however, will also make a good soldered joint almost
impossible to obtain, and a resin flux made by dissolving powdered resin
in methylated spirit will help to remove this impurity. The best resin should
be used, and dissolved in the spirit to make a slightly viscous fluid. The
amounts of resin to spirit are not critical, and a thick, dark brown paste
should be avoided. A clear amber solution (using uncoloured spirit) gives
perfectly good protection. The resin cored solder should be melted directly
on to the joint, not first on to the iron and then transferred. Only sufficient
solder to run over the joint should be used, and the resin will be seen to
melt and run just before the solder itself. A joint over which the solder
does not run, but from which it drops off or collects in blobs, is not suffici-
ently clean.

The solder should not be relied upon for mechanical strength. All joints
should first be made strong, the wire being hooked through the holes pro-
vided in soldering tags, valve-holder legs, etc., the solder then being applied
to make the electrical joint good. No attempt should be made to solder
plated metals. Some platings are said to take solder well, but almost
invariably an unsatisfactory joint results. All plating should be scraped off,
exposing clean metal underneath, for proper soldering to take place. Tinned
coatings solder well when new, but old coatings should also be scraped off.

The same remarks apply also to the bit of a new soldering iron. On its first
heating file one face of the tip of the bit down to bright copper and immedi-
ately tin this face before it has time to oxidise by rubbing it on a sheet of
tin or copper on which have been melted down some scraps of resin-cored
solder, so that a coating of solder and resin flows over the bit. Repeat with
each side of the bit, cleaning the metal as the work proceeds and only im-
mediately before tinning, since the hot copper oxidises rapidly. The use of
resin flux keeps the tinning of the bit in good condition, for, although a
coating of dark scale forms over the bit as work proceeds, it will be found
that this burnt resin will wipe off on a cloth, leaving the tinning below it
bright and clean. g

If the bit becomes misshapen or has hollows forming in one or more of
the sides, it should be refiled to shape before the wear proceeds too far and
retinned in the same way.

Whenever possible it is a good plan to provide both the workshop and
portable kits with their individual electric soldering irons, a large iron being
kept on the bench and a small wiring iron being carried in the kit. The
bench iron is best kept in a cage of perforated zinc bent into U shape and
screwed below the bench, so that the iron rests in the hollow of the U. In
this way the iron is out of danger, there is no risk of burns and the tempera-
ture of the iron is kept at the correct level.

A stand should also be provided for the portable iron, and may be made
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of sheet brass with a vertical projecting end. In this end piece a V shaped
cut will hold the iron safely. A sheect of asbestos fastened to the bottom
of the brass sheet will protect the surface on whlch the whole arrangement
is set down.

GENERAL WORKSHOP PRACTICE.

The quality of the worker at the bench may generally be assessed by
studying the manner in which he uses tools. The correct tool for the job
should always be selected, screwdrivers, for example, being chosen to fit the
head of the screw to be turned, the blade being neither longer nor shorter
than the screw slot. Nuts should always be turned with the aid of spanners,
the pliers never being used for this purpose since correct gripping cannot be
obtained and the nut is marked, the work possibly'scored, and a poor fixing
result. In the same way all the electrical accessories on the bench should be
in good working order, and the plugs and sockets feeding the iron, lights, etc.,
properly wired and insulated. In particular, inspect plugs for complete
entry into sockets, since incomplete entry, due to poor fittings or bent pins
leaves a gap between plug and socket into which wire or sheet metal scrap
might easily fall, causing a fuse. Wherever sheet metal is to be worked,
as in the making of chassis, etc., a vice should be fitted to the bench, pre-
ferably as a fixture. A large parallel jawed metal vice will accommodate
most types of work, although a carpenter’s vice, built into the bench itself
is extremely useful. To use the vice for bending the sides of chassis, cut
two hardwood battens to the length of the inside of the chassis, which should
be ready cut and marked to shape, and two further hardwood battens cut
to the inside width of the chassis. The sheet metal is then gripped in the
vice between these battens, the bending edge coinciding with the batten
edges. The metal is then bent over in degrees, by light tapping with a
smooth headed hammer.

When drilling aluminium speed should be kept down so that the swarf
clears easily. For the workbench a set of chassis punches is a real asset for
making holes to take valveholders in one clean operation, or if a set is not
obtainable, a 14” diameter punch will suit practically all types of valve
holders. The punches are of two kinds, the drawbar type, where a cutting
head is drawn through the sheet metal by a screw action, and the true punch
type where the punch is driven through into the die by a hammer blow.

Another tool for making large holes is the tank cutter, obtainable from
hardware stores. The adjustable cutter has a wide range of sizes from about
1” up to holes as large as 23”, which will take meters, etc., and is made
to fit the ordinary square chucked wood-brace. The tank cutter revolves
about a centre pin of %” or 1” steel, so that a hole must first be drilled of
the correct size to take this centrepin.

A small cabinet with a supply of screws and nuts of assorted sizes is
also a great help. Compartments for components such as soldering tags can
be provided. A supply of cheese-headed brass screws of 6 B.A. gauge is
useful, with nuts to suit, whilst it will be found that 5 B.A. screws are used
by many manufacturers, especially in studding lengths supporting terminal
boards, etc., so that 5 B.A. nuts should also be to hand. In larger com-
ponents, such as loudspeakers, fixing bolts and nuts are commonly of the
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2 and 4 B.A. gauges. There seems to be no common size of grubscrew,
and no broken or damaged knob should be discarded until its grubscrew has
been salvaged for further use.

‘There will scarcely be room or need for saws in the portable tool kit,
aithough a hacksaw blade has many uses and takes up no room. On the
bench, however, beside the woodsaw, there should also be a fretsaw, since
the ordinary fretsaw blade, handled with care and worked slowly without
dragging, will cut practically any sheet metal. The writer has frequently
worked &” aluminium and +%” brass sheet with a 12" fretsaw with ease,
and a neat finish is easily obtainable. The fretsaw, naturally, should be
brought into play only for shaped or circular holes, the hacksaw being used
for straight cuts. Lubricants should always be used, of ceurse, turpentine
for aluminium and an oil for brass. Tools should be k:pt lubricated,
especiaily the saws which are best kept hanging on a peg over the bench,
and, therefore, have not the protection against damp of the toolbox.

It should be remembered that with the hacksaw the cut takes place on
the forward or push stroke, and the sawblade must be inserted accordingly.

The workbench should always be kept clean, especially with regard to
swarf from drilling and metal dust, which can cause havoc in the radio
chassis. When possible a separate bench should be kept for the radio work
proper, though this would probably be a luxury for most amateurs. One
end of tire bench, therefore, should be reserved for receivers and chassis,
and a felt mat should be kept for protection to cabinets and polished surfaces.
Apart from this mat, a rubber pad for actual work on chassis is of great
help when it can be obtained. A sheet of white rubber two feet square
greatly aids visibility and also keeps tools in place, whilst giving perfect in-
sulation and freedom from leakage effects. Where high voltage circuits are
being worked on, or where it is necessary to keep the apparatus switched
on as work proceeds, a further precaution is a tough rubber mat on the floor
in front of the bench, particularly where the floor is of concrete. Failing a
rubber mat a wooden duckboard gives a good measure of protection.

The bench should be adequately lit both by overhead lamps fitted with
plain white shades and also by at least one adjustable lamp of the flexible
neck type, in order that light can be directed as required. Above the bench,
in a corner of the room, should be a ioudspeaker mounted on a baffie, the
accompanying transformer being at bench level with several ratios brought
out to a connecting board. The ratios should, of course, include a centre
tapped primary winding for push-puil or paraphase output circuits.

A self-contained power pack giving at least 100 ma. at 350 volts of
smoothed D.C. and low voltage A.C. outputs at 4 and 6.3 volts for heater
circuits is a desirable unit in any workshop, not only for receiver testing but
also for working auxiliary apparatus and experimental purposes. The out-
puts should be terminated in terminals, also in a 4-pin socket for 4-volt
apparatus, and in an octal socket for 6.3-volt units, this enables auxiliary
apparatus to be plugged in directly by having their power leads terminating
in suitable plugs made from old valve bases.

A self-contained power pack, giving at least 100 ma. at 350 volts of
smoothed D.C. and low voltage A.C. outputs at 4 and 6.3 volts for heater
circuits is a desirable unit in any workshop, not only for receiver testing
but also for working auxiliary apparatus and experimental purposes. The
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outputs should be terminated in terminals also in a 4-pin socket for 4-volt
apparatus and in an octal socket for 6.3-volt units, this enables auxiliary
apparatus to be plugged in directly by havihg their power leads terminating
in suitable plugs made from old valve bases.

A turntable and pickup provide an’excellent test signal source for all
amplifiers and radiogram amplifier sections, and the tests can be made of
real value if a set of frequency recordings is obtained. Such recordings, used
with a level response pickup and a good output meter, or, better, a small
oscilloscope, can give a searching test to any amplifying gear.

One small point, often overlooked, is the provision of test leads. A
hook at the test end of the bench can carry a large number of such leads,
which should be of rubber covered flexible wire, provided with various ter-
minating devices such as clips, prods, spade ends and plugs, there being a
variety of lengths for convenience. At least one length of shielded two-core
cable should also be provided, clips at one end and plugs at the other
being found a useful combination, the screen at either end being brought
out by & few inches of flex to a clip.

A nest of drawers holding tools and spare components, with at least
one stout shelf for the instruments and gear to be described will provide
the outline of what can be built up, to suit individual taste, into an excellent
workroom. It may seem that a very ambitious layout has been described,
but work under the correct conditions is so much more pleasant, as well as
efficient, that an effort in making the workroom a tidy, shipshape place is
never wasted.

One important point, that of mains power supply, has been left till last.
The manner in which the cable carrying the main supply is brought to the
bench must naturally depend on the exact location of the workroom, and
very often it will not be possible to bring the cable from the house fusebox.
The best alternative is to run a line from the nearest power point in lead
covered cable, maintaining good earth connections throughout, the power
being fed into a small iron clad switch and fuse box at the more accessible
end of the bench. The fuses should be made to take the estimated bench
load and no more (remembering that if the power is brought from a point
that the maximum permissible load is 15 amps.) and the bench should be
disconnected from the supplies whenever work is not in progress.

All wiring must conform to the rules of the local authority, whether
carried out by their officials or privately.

CHAPTER 2.
INSTRUMENTS AND TEST-GEAR.

Probably very few radio amateurs or engineers are satisfied with their
collections of test gear, and it is certain that a good kit of instruments
takes time to acquire. The beginner, indeed, should make do, at first, with
restricted testing facilities in order that he may gain experience in the use
of simple instruments before progressing to more complicated equipment.
A circuit analyser or multiple test gear is essentially simple, although expen-
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sive to buy and, in some cases, easy to damage, but there is no reason why
a quite good anaylser should not be built by any amateur who knows the
rudiments of electrical -theory—and considerably more than the rudiments
should be learnt by anyone aspiring to the title of amateur.

4 The basis of all measuring test gear is the milliameter, and whilst full
details regarding the construction of analysers are to be found in others of
Bernards’ publications, the outline details are here repeated.

Firstl;, any instrument measuring either voltage or current must be
considered as a current measuring device, the measuring of voltage being
accomplished by inserting a large series resistance into the circuit and dis-
covering what current is forced by the applied potential through both resis-
tance and instrument. The measuring of larger currents than those for
which the instrument was designed is accomplished by passing the bulk of the
current through a very low resistance ‘‘shunt,”” leaving only a definite pro-
portion to pass through the instrument, the whole current being gauged
by knowledge of the proportions of the resistances of the shunt and the
instrument. :

The circuit of a simple D.C. analyser is shown in Fig. 1. It will be
seen that provision is not made in the diagram for taking A.C. readings
although most commercially made analysers include A.C. scales. It is pre-
sumed, however, that an ordinary D.C. milliameter will be used in the
analyser, with the linear scale common to such instruments—that'is a scale

MILLIAMETER
O=-1 mA,

ANAAN/

O-100v.

N

Fi1c. 1.—Simple D.C. Analyser.
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with equal divisions throughout its length, from O to the top mark of say
1 or 5 milliamps. When an instrument rectifier is placed in circuit with
such an instrument and the combination is used for.reading A.C. these linear
markings unfortunately no longer hold good on the lower voltage ranges,
which, to the service man, are the more important ranges, the linear scale
being only approximately true at voltages of at least 100 or 200. The
service man, however, requires an A.C. range of from 0 to 10 volts in order
that heater voltages, transformer windings, etc., might be tested,and here
the instrument would require to be recalibrated before anything like accuracy
is obtained.

Accordingly, it is advised that at least a two-range, and if possible a
multi-range, A.C. voltmeter be obtained as a separate unit.

So far as the D.C. analyser is concerned there are two methods of
adjusting the shunts for the various current ranges. If the internal resis-
tance of the milliameter is known, the shunt resistance for any higher
current range is given by the formula

R+'S

s
where X is the factor by which the range of the instrument is to be multi-
plied, R is the resistance of the milliameter and S is the required shunt
resistance. It is wise to step up the current ranges by factors of 10 so
that a 1 milliamp. instrument should be made to read, besides 0-1, 0-10,
0-100 and 0-1,000 mA.

Taking the first case, where the range factor is 10, and an imaginary
instrument with a range of 0-1 mA. and an internal resistance of 100 ohms,
the formula then becomes

100+ S
10 = ———— and transposing
10S-S = 100 or
9S = 100 g

100
Therefore S = —— or 11.11 ohms.

Connecting a resistance of 11.11 ohms across the instrument terminals,
therefore, allows the milliameter to read to a new value of 0-10 mA.

This requires the use of an accurate bridge, however, if such a resistance
is to be measured, and a more simple method of making the shunt is to put
the milliameter in series with a battery and variable resistance, in the case
of the instrument already mentioned the battery being capable of supplying
a steady 4 volts and the variable resistance having a value of 5,000 ohms,
the component being a wirewound potentiometer. The instrument is now
set to top mark, 1 mA., and after ensuring that the-circuit is steady a length
of resistance wire is connected across the instrument terminals. The instru-
ment reading will naturally fall and it only remains to bring the pointer to
a position of one tenth of full scale, that is to the reading of 0.1 mA. on
the 0-1 mA. scale, by adjusting the length of the resistance wire to make
the 0-10 mA. shunt. The shunt is used to divide the existing reading by
ten, which means that it has also multiplied the instrument range by ten.
The process is best carried out by roughly adjusting the wire to length,
spooling it, or winding it on a paxolin sheet, and finally adjusting when this
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has been done. It should always be remembered that if resistance wire is
wound or spooled after adjustment the stretching which will occur will change
the resistance value. The 100 factor shunt will be made by adjusting the
instrument to full scale with the 10 mA. shunt in place, reshunting with a
- further piece of resistance wire to again reduce the reading to one tenth
of full scale. It will be seen, therefore, that in using this method any error
in one of the shunts will be multiplied up in the other shunts, so that very
careful work is required.

The calculation of the series resistors for the volts ranges is simple,
since it merely depends on the current range of the unshunted instrument.
An 0-1 milliameter is best for voltage work, since the higher the current
required by the voltmeter the greater will be the effect on any circuit whose
voltages are being measured. An 0-1 mA. instrument is said to be a 1,000
ohms per volt instrument, since passing 1 mA. through 1,000 ohms sets
up a potential difference across the ends of the circuit of 1 volt.

Similarly a 0-5 mA. instrument is a 200 ohms per volt instrument.
Taking the 0-1 mA. instrument, then, it may be seen that to measure 1 volt
its resistance must be increased to 1,000 ohms. The instrument resistance
has already been supposed to be 100 ohms, and thus to measure 1 volt
900 ohms must be added in series with the instrument. Again, to measure
10 volts the instrument resistance must be increased to 10,000 ohms, to
measure 100 volts the resistance must be 100,000 ohms, and so on.

It is generally possible to omit the instrument resistance from the cal-
culation—for instance 100 ohms in 100,000 ohms is a very small error of
only 0.1 per cent., better than the instruments accuracy, so that resistances
of the round figures of 1,000 ohms, 10,000 ohms, 100,000 ohms and 1
megohm will enable a 0-1 milliameter to read 0-1, 0-10, 0-100 and
0-1,000 volts. These resistors are obtainable commercially to accuracies
of better than 1 per cent. at small expense.

The D.C. voltage and current instrument and the A.C. volts instrument
have now been mentioned, and the question of A.C. current readings arises.
On the commercial analyser these readings are generally provided but the
home constructor of a simple analyser cannot include them in his instrument.
It is not often that A.C. current readings are needed, but a thermo-ammeter
is very useful although it is easily burnt out, and thus must be used with
the greatest care. It is wise to shunt a thermo-ammeter through a push-
button circuit, the range of the instrument being multiplied by ten until the
button is depressed and the shunt put out of action. In this way the instru-
ment can be inspected for overload without damage being caused.

Continuity testers, consisting of a sensitive instrument in series with a
dry battery with test leads brought out to insulated prods can also be cali-
brated as resistance meters, and give very quick and simple circuit tests for
broken wiring, bad joints, shorting condensers and faulty resistors, etc.,
and further details of all these instruments are to be found in Bernards’
Modern Radio Test Gear, No. 43 in Bernards’ list, price 1s. 6d.

The same publication gives details of the construction of signal gener-
ators, audio signal generators, bridges, output meters, etc.

No service man can be without a signal generator, and if such an instru-
ment is bought it should have wide frecuency ranges, 30 per cent. modula-
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tion by a 400 c.p.s. audio signal which is also available for audio testing,
and a calibrated output in millivolts up to 1 volt. It may be mains or
battery driven in order that it may be included’ in the portable kit, so that
the power supplies chosen will depend on the district in which the work is
to be done.

It is interesting to note, however, that Messrs. Bulgins have produced
a neon oscillating L.F. liner which works at a set frequency of 465 KCs,
thus covering many receivers, a second model being available for 110 KCs.
These liners work from a 200-volt or more D.C. supply, and may be con-
nected to the H.T. supply of the set under test. A modulated L.F. signal is
fed from the liner in the ordinary way to the frequency changer and LF.
circuits of the receiver. Such a device is highly portable, and may be carried
in place of a heavy and bulky signal generator, since it is relatively simple to
trim the R.F. circuits of a superhet by ear, working on broadcast signals,
once the LF. has been adjusted. A neon output meter can also be obtained
from the same manufacturers, the list figures being VT17 for the 465 KCs.
liner, VT20 for the 110 KCs. liner and VT19 for the neon output meter.
Naturally these liners cannot take the place of a full range signal generator,
and are of value only with a set whose I.F. is exactly that of the liner.

A good valve testing set is, of course, useful for the service man, but
is really a shop inStrument. The amateur can perform tests just as searching
—indeed, often more so—by the use of one or two instruments in a tem-
porary hook-up on the bench, and whilst the valve tester saves time and
trouble in that it is always ready for action its expense is not warranted
unless a real business is being built up.

A small cathode ray oscilloscope, on the other hand, is always of use
to any amateur, experimenter or dealer, especially if it has an auxiliary
‘““‘wobbulator,”” the term given to a frequency modulated test oscillator. This
is similar to a signal generator which, instead of giving an output on one
set frequency, sweeps over a narrow band of frequencies in the L.F. range,
this sweep being applied to the L.F. transformers and circuits of the receiver
under test. The output from the L.F. circuits is taken to the oscilloscope,
whose time base is keyed in with the wobbulator, and as a result an actual
pattern of the frequency response of the receiver’s LLF. circuits is shown on
the screen, the pattern being corrected for the required response by the LF.
transformer trimmers in the usual manner.

An oscilloscope and a modulated test oscillator can be built by any
experienced experimenter or amateur, and full details are to be found in
the Cathode Ray Oscilloscope Manual, No. 51 in Bernards’ list, price 2s.

By the exercise of a little ingenuity, and by using a 1” tube when these
again become available, even an oscilloscope can be made portable in any
district where A.C. mains are common.

T For the service engineer capacity and inductance bridges are available
commercially, some of which also measure resistance, but here again these
are not really practical for the amateur, unless a home-made article is
considered, when the trouble of calibration arises. This is a very real draw-
back to the construction of much apparatus, since the calibrating of bridges,
signal generators and the like is not simple. The best method is to borrow
a similar commercial instrument and calibrate the constructed article by
direct comparison methods.
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Reviewing the situation, the portable kit will consist of the tools, a
simple D.C. analyser at least, preferably a more comprehensive instrument,
and a circuit tester, including continuity and resistance measuring capabilities.
These parts of the portable kit may be packed into the bottom of a stout
carrying case, the tools in clips and the test instruments in a covered par-
tition, the signal generator, if of any size, being carried separately. Into the
lid of the carrying case may be fitted racks or compartments for the carriage
of spare components, together with a six feet reel of resin cored solder, a
six feet reel of No. 22 tinned connecting wire and several lengths of in-
sulated sleeving, together with a coil of rubber-covered flex. A reel of in-
- sulating tape should also be carried, but its use should be avoided whenever
sleeving can perform the work, since tape is liable to dry and crack, giving
the impression of a poor job, besides making a bulky covering to a joint.

The spare components should certainly include a representative set of
valves, the district power supply again dictating the choice of types, and it is
not easy to provide a list of valves all of which are likely to be of value
on an outside job. The variety of base connections and pin arrangements
complicate the task, and only experience in the district will show what to
carry. The choice of components is simpler and the kit should contain at
least the following :—

8 mfd. Electrolytic condensers, 500 v.w.

0.1 mf{d. Non-inductive condensers, 350 v.w.

0.01 mfd. Non-inductive condensers, 350 v.\ .

0.0005 mfd. Mica condensers.

0.0001 mfd. Mica condensers.

60 mmfd. max Trimmers.

500 mmfd. max Padders.

500 ohms 1-watt resistors.

2,000 ohms 1-watt resistors.

10,000 ohms %-watt resistors.

30,000 ohms %-watt resistors.

50,000 ohms }-watt resistors.

100,000 ohms }-watt resistors.

0.5 megohm j-watt resistors.

1 megohm #-watt resistors.

0.25 megohm volume control, less switch.

0.25 megohm volumne control, with switch,

American type top grid clips, shielded.

American type top grid clips, unshielded.

British type top grid clips, shielded.

British type top grid clips, unshielded.

Valveholders, chosen to suit the valves carried.

2 short paxolin group boards, fitted with tags.

1 range of small tuning coils, such as the Wearite P type, including
oscillator coils. Naturally any faulty coil should be replaced by a
maker’s replacement type, since the substitution of a different coil
will upset the receiver’s ganging and may, indeed, prevent it from
operating at all, but on many occasions it may be possible to keep a
set working, at least on the local stations, by fitting a temporary
coil whilst awaiting replacements.

17

CO L0 0O CO Mt i DD DO Wb b B o DO DO DD 00 N DD B B N



2 Screened LF. transformers, 465 KCs. The same remarks apply,
although in the majority of cases the LF. transformers will have
sufficient adjustment to allow their being trimmed into line with the
receiver, thus providing a permanent repair.

1 Screened broadcast choke.

2 6.3 v. .3 amp dial lights.

2 lengths of screened, insulated sleeving, 2 m.m.

Assorted soldering tags.

Assorted nuts and bolts, 4, 6, 8 B.A. gauges.

Replacement mains transformers and chokes can hardly be carried in
the portable kit, and in any case where such a component has broken down
the receiver should be given a thorough bench test to ascertain that no
other components have been affected. An output transformer may be carried,
if there is room, but since it should be a multi-ratio instrument for tem-
porary insertion into the receiver while a replacement is being obtained, it
may be found rather bulky.

One further item of test gear still remains to be described, namely, the
signal tracer. The use of such an instrument is still not so widely known
in this country as it might be, however, and accordingly the signal tracer
is dealt with separately under the next chapter heading. The simplest
signal tracer of all, however, the ordinary pair of headphones, should be in
every portable kit, since these provide a ready test for all amplifiers and
radio audio stages, not only as a sound detector but as a dynamic micro-
phone for giving a quickly applied input speech signal.

CHAPTER 3.
FAULT FINDING AND SIGNAL TRACING.

Servicing, either on the bench or in the home, commences with a general
inspection of the faulty receiver, attention being concentrated on the power
supply side to ensure that the set can be connected to the mains without
further damage either to itself or to the house system. The owner’s report
is often of little value in tracing the trouble, but it will at least show whether
the fault was accompanied by fusing of the circuit, heating in the receiver,
etc., and naturally whenever mains circuits faults are suspected great care
should be taken to trace any shortcircuit or other dangerous condition which
might exist. In a doubtful case the continuity tester is of value, since it can
be connected- across the mains lead from the receiver. When the receiver
is switched on (the mains lead, of course, being connected only to the con-
tinuity tester, not to the mains as well), there should be a reading somewhat
below top mark, due to the D.C. resistance of the mains transformer. In an
A.C./D.C. receiver the same conditions hold, since there is now the resis-
tance of the voltage dropper and heaters in circuit with the tester. If the
continuity tester shows a top mark reading, the receiver should not be con-
nected to the mains upply until the short circuit or other faulty condition

© is rectified.

With the receiver clear, so far as the mains input side is concerned,
switch on and allow the valves to reach their operating temperature, listen-
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