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Introduction

‘The greatest source of supply for amateur radio experimental apparatus
at the present time is undoubtedly the ex-service surplus market. For
relatively small sums of money it is possible to obtain large quantities of
apparatus that originally cost many times as much, and would, in any case,
be almost impossible to buy in the normal way. The surplus shops have
become the haunt of all home experimenters, arid some of the professional
Iaboratories find a use for the goods they have fo offer, so great is the value
of the apparatus available.

There is, however, a snag in this paradise. _ The components are generally
marked in service codes, which mean nothifg to the civilian. The valves
tend to be of exotic types, unfamiliar to the eye, and lacking any clear identi-
fication of their normal identity. From every chassis purchased, it is common
to find that as many parts have to be laid aside to await identification as
can be used at once.

The present notes have been compiled to help to overcome this difficulty.
They show how components may be recognised or identified, and give
detail of suitable test apparatus and other gear which can be made up from
ex-service components. An outline is also given of the type of apparatus
which can be found in various types of ex-service sets, and, which is more
to the point, of the items which are rarely encountered.

No attempt has been made to give detailed conversion data in connection
with any one type of equipment available. This would be wasted if that
particular equipment could not be obtained by the reader. Instead, the
general lines on which selection of units should be based are given, with
indications of the best type to buy for particular purposes.

Items of equipment not described are generally those for which full
information is either not available, or is still secret. It is a strange -fact
that several of the equipments available are not completely off the secret
list. In such cases the secret parts are generally removed, unless they are
of such a nature that the secret features are not discoverable by testing.

- Alast word, Iflittle is included on ordinary receivers and components
suitable for them, it is because the information is not as widely needed.
The space saved is devoted to matters of greater general interest.



Chapter One

e
CHOOSING THE APPARATUS

? “First catch the hare . . .” Mrs. Beeton was dealing with a recipe
for jugged hare when she wrote that but the remark applies equally well
to the present subject. The apparatus must first be bought. If the buying
is done wisely and well, there is a far greater prospect of success than if the
purchase is made at random, perhaps because the chassis looks .well filled
with components. :

The seleétion process is determined largely by the immediate require-
ments of the purchaser, which may be indicated by information given in
later chapters. It is unusual to be able to get all that is wanted from one
chassis, and two or more may be needed, and still some odd paris may be
lacking. Even then, the buyer will have saved a good deal on the normal
market price. To make the utmost saving possible, it will help to know
what kind of components he is likely to find on a given type of chassis.

There are many and enough different types. They fall into two main
classes: the communication set and the radar unit, both of which may be
further classified as equipment for ground use or mobile gear for use in a
tank or aircraft. Finally, the apparatus may be British or American,

The British sets are generally finished in blue or grey (R.ALF.) or khaki
(Army). The Americans are not so conservative, and use black crackle,
an olive green not unlike khaki, and other colours. Air-sea rescue equip-
ment may be recognised by its bright yellow.

Internally, the difference is most noticeable with the valves. The
American identification code is well known, and helps here, while a taste
for the black metal-enclosed type of valve is noticeable, Many British
equipments are recognisable by the presence of a.valve of the EF50 family ;
often several in a row. Another familiar British type is the VR6S and its
variants. Finally, British apparatus generally bears a recognisable A.LD.
stamp. )

Emphasis has been placed on the differences between British and
American equipment because the two do not mix. It is'not that one is better
than the other, but is mainly dye to different ideas on the way to make
things. Valve bases are different, and so on. If British apparatus is already
in use, it is best to get more of it than to try to combiné American gear with

N 9 >



10 USING EX-SERVICE RADIO APPARATUS

it. An exception arises in the ¢ase of the many types of equipment which
are of British design but American manufacture. (The reverse case is very
rare).

It is not always easy to see the difference between Radar and Com-
munication equipment. Apart from the display units, which contain, or
have contained, cathode ray tubes, the general design may be very similar,
Reference numbers help little, though in the case of R.AAF. gear, R 1 - - -
is usually a communication set (e.g., R1155) while R 3 - - - is generally a
radar set (e.g., R3136 ; Monica). .

The general rule for distinguishing mobile apparatus from ground
equipment is that the former is generally fitted with quick-release fastenings
to enable it to be changed quickly, and is more lightly built. Mobile equip-
ment is very often fitted with multi-core cable connectors of the screw-in
type, while ground equipment is more often self-contained.

So much for the visual identification. Now some notes may be given
on components to be found in each type of unit.

The radar units yield the most highly specialised components of any
type of unit, and should therefore be regarded as mainly useful where certain
specialised components are required. The resistances and condensers are
generally numerous, especially in pulse generator units, which may be
identified by their rows of identical valves with complicated resistance
capacity couplings. High voltage condensers and high value variable
resistances are the components which are peculiar to display units.

3 Another type of radar unit is the IFF set. This is often built on a
central double-sided chassis, with a motor generator assembly on one side,
and the set proper on the other. The main value is in the motor generator
unit and the valves. The components are relatively few in number and not
of widely usable values. )

The communication sets may in many cases be used for their original
purpose without extensive alteration. This applies mainly to the so-called
¢ Medium and High Frequency ’ sets such as the R1155. The VHF sets
can bé recognised by the small dimensions of the tuning components, and are
usually equipped for pre-set remote controlled tuning, which makes them
unsuitable for direct adaptation. They yield large quantities of useful
components, however, and are often good value.

The greatest disadvantage of mobile equipment, which forms the bulk
of the apparatus available, is that any power transformers used are almost
invariably designed to operate on an 80 volt 2,000 ¢/s input. Such trans-
formers cannot be rewound to operate in the same circuit at 200v. 50 c¢/s
mput, as their core area is far too small. Again, if a suitable replacement
transformer is available, it cannot be fitted in place of the original, as there
is no room for it. In addition to this, the smoothing circuits are designed
for operation at the higher frequency, and have to be modified before they
can function properly at the normal mains frequency.

This difficulty is best overcome by using a separate power pack. Some
sultable designs will be described in chapter three. As far as selection of
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apparatus is concerned, the point to remember is that mobile gear rarely
contains any power pack equipment which is of direct use. The transformers
can be used in certain audio frequency applications with some success, but
that does not provide alternative transformers to fill the gap.

One of the most important points in selecting gear is the number of
valves in the unit. Some dealers fix their prices on a basis of so much per
valve, the unit being generally about 5/-. There are several reasons for this.
The valves are difficult to obtain, and are * consumable » items, and there-
fore.are in constant demand. _The retail prlces of valves vary between 7/6
and 25/-, plus purchase tax. As the valves in surplus gear can be removed
from their sockets without damage, whereas most other components are
liable to deteriorate in the °stripping’ process, their value is not much
below that of equivalent new valves.

Especial notice should therefore be taken of the numbers and types
of the valves when choosing equipment. From the data given on valves
at a later stage, it will be seen that the most useful general purpose types
are the EF50, the VR65 and the 6SN7. In some equipments there are as
many as fifteen or more of one of these, and such units are good valye at
£4 odd, even if the rest of the parts are not readily usable. :

A final warning should be given regarding microwave gear. ‘This is
generally identifiable by the waveguide * plumbing’, in the form of small
rectangular tubes. There is usually a magnetron or klystron type of valve
in the assembly. The former may be identified by the powerful magnet
used with it, the valve being a flat disc with cooling fins mounted between
the poles of the magnet. The klystron consists of a metal centre unit mouynted
in a tunable resonance chamber, with glass tubes on each side. The glass
tubes are some two inches in length, one terminating in an anode cap con-~
nector and the other in an octal base.

Where any of these appear in a unit, the value to the average experi-
menter of the components and apparatus in that unit is probably low. It
is unlikely that many amateurs are interested in microwave apparatus as
such, and there is no point in collecting a mass of components which are
only useful as museum pieces.

To summarise, the points to watch are the valves (number, type, and
condition), country of origin, class of equipment ahd general type of circuit
used. The value marked on.the price ticket does not always bear a sensible
relation to the value to the buyer, and some of the most useful equipments
are strangely low in price.

Choose well, with your requu'ements in mind, and you will get value
for your money. Random buying rarely pays.



. Chapter Two

STRIPPING DOWN

Having selected, purchased, and brought home a suitable unit, the
unwanted parts must be removed so that the parts that are required can
be made available for their intended use. This process, usually called
¢ stripping,” should be carried out with considerably more care and attention
than its name implies. It is possible to do a tremendous amount of damage
to components by removing them carelessly, and it is, in fact, by no means
easy to remove them without any damage at all,

It is well worth while to consider the matter in detail before starting.
In very few cases can the chassis be used without considerable modification,
but that is no reason for taking everything off it in order to start with a
clean sweep. The planning of the final layout should be deferred until the
chassis is available, so that as much advantage as possible can be taken of
the existing arrangements. This will save time, and reduce component
damage considerably.

Having decided on the parts that must be removed, the soldering iron
may be switched on and the cutters and screwdrivers put ready. Another
tool of considerable value in this work is a pair of thin-nosed pliers, which
can be used to untwist ‘ cleated ° joints. These are the bane of everyone
who has had to strip or repair service equipment. The standard speci-
fications lay down, with wisdom, that all soldered joints shall be electrically
and mechanically sound. In order to ensure that this requirement is met,
the wire is twisted round and éven through the tag before soldering. When
the wire has to be removed, it is impossible to-reverse the process, and the
wire has to be disentangled while the solder is hot.

The fact that this is a difficult process is no excuse for cutting the leads
away from the tag, which is often the solution chosen. The distance between
the component and the tag is gencrally very small, and it is very awkward
to try to solder the resulting short wire to a tag when the time comes to use
the component again.

The process requires patience, and it is best to remove tag-boards as
complete units, taking off the single components as they are required,

It is in stripping down that the difficulty of identifying components
begins to arise. This can be overcome to some extent by careful point-to-

12
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point testing, coupled with a certain amount of radie common sense. Another

_ useful indication is the colour code and it must not be forgotten that this is
used for condensers as well as resistances, the capacity in uufd. being given
in the same way as the resistance in ohms.

Mysterious boxes with no markings are generally blocks of cond=nsers
or transformers. If several condensers are combined in this way, the
common lead generally goes to earth, and should be marked before removal
from the chassis. It is easy enough to find out whether the component is
a condenser block or a transformer by continuity testing when the leads have
been removed, and the precnse component values may be found with the test
instruments described in later chapters.

A point worthy of note is the habit of making RF chokes in VHF gear
by winding a layer of wire on a high value resistance. )

Certain components may be discarded without detailed consideration,
and it is as well to remove these first. The power transformers in all mobile
equipments, together with the smoothing circuits, are a good example, and
the plugs and sockets run a close second. Some connectors can be used,
but it is not often possible to buy equipment fitted with both plugs and
sockets, and such fittings must therefore be discarded, or laid aside until
they can be matched by, plugs and sockets from connection harness sets,
which are sometimes available.

A fact that causes a good deal of trouble is that the length of the control

spindles on ex-service gear are only suitable for the thin metal panels on

which the controls are fitted. It is likely that these will join the transformers
and the connectors in the junk box if any other type of panel is to be used.
It is therefore advisable to sacrifice appearance for economy where panels
are concerned.

Carefnl sclection of components and careful stripping will be well
repaid by the increased value obtained from the apparatus. The value is
in the parts, not the whole, and if the parts are not used fully, money is
wasted,



. Chapter Three

POWER SUPPLY UNITS

Before any experlmental work can begin, the necessary power supplies
must be available. It has been noted that these are not generally obtainable
in the form of ex-service gear, though some parts may be obtained thus,
and the units which will be described are therefore based on commonly
available components. The cost of building these units is not great, and all
possible simpliﬁcations consistent with good performance are included.

In general, it is not advisable to run the valve heaters ofcexperimcmal
apparatus in senes, as is done in an AC/DC receiving set, and the minimum
requirement is therefore a heater transformer. This can be made by re-
winding a transformer of the 2,000 c/s type, though it must be noted that
such rewinding needs heroic patience if it is to be carried out properly without
.a winding machine. If the reader doubts his own patience, he would be
well advised to either get the transformer rewound by a firm specialising in
the work, gr buy a new transformer for the purpose. There are some
excellent heater transformers on the market, giving alternative outputs of
4, 5 or 6.3 volts and costing about 35/-.

For the braver ones, the following data will help to ease their difficulties.
The rewinding process is begun by removing all the original windings. The
heavy low tension windings may be discarded in most cases, as they will
be far too short to be used for 50 c/s low tension windings. The input
and high tension windings may be used again if they can be removed without
many breaks, which will be unusual, because they are interleaved with paper,
which catches on the wire as it is taken off.

On the whole, it is better to assume that the wire cannot be salvaged,
and remove it by cutting with a hack-saw. This will make removal of the
stampings easier. They are very difficult to extract when the winding is
complete because of the varnish impregnation. When removed, they
should be measured to determine the maximum possible wattage. With
average lamindtions, the maximum wattage 1s about 30 times the square
of the cross sectional area of the centre limb (in square inches). A cross
section of 1.4 square inches will therefore be adequate for 60 watts, while
100 watts needs about 1.85 square inches.

The cross sectional area of a 2,000 c/s transformer is generally of the

4
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order of 1.25 square inch, which allows a maximum of about 47 watts.
This will be adequate for most purposes, allowing one output of 5 volts
at 2 amps, and two of 4 or 6.3 volts at 2 amps each, In this case the primary
for 200 volts 50 c/s should be wound in 28 S.W.G. wire, preferably enamelled,
and should consist of 1,400 turns. The 5 volt secondary will require 36 turns
of 18 S.W.G. and the other output windings 45 tusns of 18 §:W.G. wire each,
with tappings at the 29th turn.

The primary winding should be put on first, starting with a former
made to fit the centre limb of the core. This should be covered with a layer
of very thin paper, and a single layer of wire wound on, making sure that the
turns do not cross each other at any point. This Jayer should be covered
with another layer of paper, and the process repeated until the winding 1s
complete. The ends may be brought out to a tag board, or, better, may be
soldered to leads which are securely anchored to the winding, thus removing
all strain from the winding jtself when the leads are being connected up
(see Fig. 1). The paper used for interleaving should be thin but tough.
A suitable source of supply may be found in any house, generally in the form
of a perforated roll.

When the primary is complete, the top layer should be covered with
impregnated tape, such as empire cloth or insulating tape. The secondaries
may now be added, the ends being anchored in the manner shown in Fig. 2.
These heavy wires should be brought out to a tag board or connected directly
into the circuit.

When the winding is complete, it may be coated with hot wax. Paraffin
wax may be used, though it is not ideal. It.may be poured over the trans-
former, or the transformer may be dipped ihto molten wax. In the latter
case it is better to insert and clamp the laminations first, so that_they also
get the benefit of the sealing action of the wax. This process protects the
transformer from damp to some extent. More important, it reduces the
chances of the windings moving out of place. If the dipping process 1s
used, precautions should be taken against the wax becoming ignited, and
the temperature should be as low as possible.

The lamipations should be inserted in pairs, the alternate pairs being
inserted in opposite directions; to reduce the effect .of the gaps between
opposite irons. They should be securely clamped to avoid lamination
buzz and consequent power wastage. The original transformer will probably
be fitted with clamps suitable for this purpose.

When complete, the transformer may be tested, the cautious experi-
menter including a fuse in the primary circuit. The primary current with no
load should not be greater than abont 30-40 mA. If it s greater, check the
tightness for the laminations. In some cases the wron used is of such a
quality that the no-load current is greater, but it should be as small as possible,
since the wattage consumed with no load 1s lost, and the primary has to take
this wattage in addition to the power drawn from the secondaries.
> The secondaries should be tested under full load conditions. On open
circuit, with only a voltmeter across them, the output will be slightly high,
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while the full load voltage should be on the low side, so that the nominal
voltage is obtained on about half load.

The transformer thus described may be varied to suit individual require-
ments. The following rules will assist the design of other transformers.
If the core area is greater or smaller than 1.25 square inches, the wattage will
vary accordingly, being proportional to the square of the area. The number
of turns will also vary being inversely proportional to the area. The design
given is-based on a figure of 7 turns per volt. If the core has a cross section
of 1.5 square inches, the figure may be reduced to six, while a core of 1
square inch requires 9 turns per volt. The secondary wire gauges depend
on the output current required, and the primary gauge depends on the total
wattage. The proper sizes can be found from wire tables.

The heater transformer described will supply a rectifier, from the 5
volt winding, and two 4 volt or from four to six 6.3 volt valves from each
of the other windings. It may be built into a power pack to provide HT,
so that the one power unit may be used with a number of different pieces of
apparatus as required.

The HT supply circuit may be fed directly from the mains, as shown in
Fig. 3, but it is better to use a proper feed transformer. This may be built
up from another 2,000 ¢/s transformer, or a suitable transformer purchased.
If the latter course is taken, it will be best to buy a transformer with com-
bined BT and LT supplies, as the cost of this is less than the cost of separate
transformers. It is often convenient to have separate HT and LT trans-
formers, however, especially in high voltage equipment, where the insulation
between windings has to be particularly high. It also permits independent
primary switching of the two supplies, so that the HT may be removed for
adjustments withont allowing the heaters to cool off,

Using a similar core to the one assumed for the LT transformer, a
suitable HT design is as follows. The primary should be wound with 1,400
turns of 32 S.W.G. enamel with paper interleaving as before, and the secondary
should be wound with 4,000 turns of 34 S.W.G. tapped at 2,000 turns. This
will give a nominal 280 volts at about 70 mA.

The circuit using this transformer is shown in Fig. 4. It is the normal
full wave circuit, and no comment is necessary.

A power unit built up from these transformers, with suitable rectifier
and smoothing circuit, will be adequate for practically any type of experi-
mental gear, with the exception of cathode ray tubes. Some notes will
therefore be added on power units suitable for HT supply of the types of
tube encountered in ex-service equipment.

The HT required varies between 800 volts and 6,000 volts. The current
drain is small, being of the order of a milliamp in most cases. These figures
suggest the use of the cascade doubler, a circuit of considerable value in
such cases, which has been strangely neglected in text book expositions.

The circuit was developed by Cockcroft and Walton from the half
wave rectifier shown in Fig. 3. The first stage in the development is shown
in Fig. 5a, where two half wave rectifiers are arranged so that their output
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Fig. 3. Half-wave rectifier Fig. 4. Full-wave rectifier

voltages are added. The lower rectifier is fed from the transformer in the
normal way via Ci. The upper rectifier is fed via Cl and C2. The next
stage in the development is shown in Fig. 5b. Here a second doubler circuit
has been added, so that twice the voltage may be developed with the same
mnput. The principle was extended in a similar way by the originators so
that the ultimate output was 600,000 volts.

There is no need to go to these lengths for cathode ray tube supplies.
The value in this case lies in the fact that the final output is many times the
input voltage. 1n the quadrupler of Fig. 5b, the ontput with low current
drain is four times the péak voltage of the applied AC. With an input of
350 v R.M.S., an output of nearly 2,000 voits may be obtained. The output
will fall off rapidly with increasing current, however, and the drain should be
kept as low as possible.

The rectifiers should be of the barrier, or “dry ™ type, since heater
supplies would give rise to some difficulty. A quadrupler circuit has been
built up with valves of the 6H6 type, and this gave 1,000 volts from an input
of 180 volts R.M.S. but the practice is not recommended. The feed con-
densers should be as large as possible, and should be rated well above the
peak volts they are required to stand. This gives a measure of protection
to the rest of the circuit in event of a partial breakdown. It is just as well to
fit a fuse in the main supply lead from the AC source.

This type of rectifier is valuable in that it reduces the cost of the trans-
former. It is possible, in fact, to feed the rectifier system from the main
HT transformer when either the positive or negative EHT rail is earthed
thus saving the necessity for any extra transformer at all.

,  Another type of EHT supply which is of interest is the high frequency
type. The general circuit is shown in Fig. 6. The oscillator generates a
strong signal at a suitable frequency to avoid interference with other parts of
the apparatus (Generally of the order of 50/100 kc/s) and this signal is applied
1o the grid of a pentode or tetrode output valve. The negative cycles cut

I N T L
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off the anode current in this valve very sharply once in each cycle. The
sudden drop in current through the coil forming the anode load results in a
very high potential being generated across the céil, and this may be passed
to a suitable rectifier to derive the EHT. 4

This system has several advantages, not. the least of which is the low
smoothing capacity required, because of the high operating frequency. It
removes the neéd for a high voltage transformer -entirely, and is especially
applicable to the EHT supply for television sets. The Wircless World
design used the principle, and it is also used by. several well known manu-
facturers.

There are certain difficulties to overcome, however. The coil in the
anode circuit of the valve must be capable of standing up to the high voltage
developed across it. It should be wavewound or pilewound, and split
into several sections. It may be wound on a bakelite or paxolin former,
the sections being spaced about # inch apart. Suitable coils are to'be found
in- many radar sets, in the pulse generator sections. If a complete coil is
not available the former may be obtained in this way, and the wire taken
from some other component.

The oscillator valve may be of any available type, but the * switching *
valve must be able to stand up to the heavy duty. Ithas to pass a large anode
current, and stand up to several kilovolts on the anode. Suitable types are
the American 807, the CV73 (KT66), or the 61 BT. These all have top
cap anode connections, and are able to stand up to 6 or 7 kV in short pulses.
The rectifier may be of the haif wave type, suitable insulation being required
for its heater winding. ’

These different types of power unit all have their special uses. The
reader must decide for himself which is the most useful to his purpose.
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The caution to the impatient regarding the difficulties of winding trans-
formers without proper equipment may be repeated, and a further caution
added regarding the dangers of high voltages. No-one likes to get a shock,
though some of the more stupid of us pretend otherwise to show they can
* take it.”” Nevertheless, if no especial precautions are taken, someone is
bound to come into unwelcome contact with a ‘““ hot ™’ rail sooner or later.
‘The only way to avoid it is to use the proper safety devices. Put a cover
over the power unit which must be in place before the current can be switched
gn, and which shorts the output terminals to discharge the condensers as
soon as it is removed. Shocks from 350 volt HT rail are bad enough,
and this procedure is advisable even at low levels. With several kilovolts
floating about, its omission is sheer suicide. You don’t generally do it
more than once.

LARGE INDUCTANCE. WY+
VVVTER T~
HV. RECTIFIER.
= =
POWER
TETRODE.
=
-{OK/CS, OSCILLATOR,
T~
EHT+

Fig. 6. RF EHT Supply




Chapter Four

TESTGEAR

No experimental work proceeds far without testgear, and this chapter
will be devoted to the description of some of the more essential items of
test equipment which can be made from ex-service gear. Tt has been assumed
that the work starts from scratch, with no ready-made instruments available,
with the exception of a voltmeter. It is possible to start without this, even,
but somé meter must then be obtained and calibrated to act as a standard.
If a current meter is also available, the measurements can be made with
much greater accuracy.

No detailed layout data will be given. That depends on the chassis
available. More than one piece of gear may be put on one chassis ; this
is particularly convenient in some cases.

There are several ways of establishing a standard of current with the
help of a voltmeter, but the best is probably that using valve heaters. By
this means current meters may be checked for accuracy or provided with
calibrations. This should be the first stage. It is probable that a number
of calibrated and uncalibrated meter movements are available, and the first
step should be to check these against each other for agreement. Small
errors in calibration do not matter so much if all meters used together are
in agreement.

The valve heater provides quite a reasonable standard of resistance
with which to establish the relation between current and voltage. The
correct operating voltage is applied, and the current measured. Several
valves can be used in turn ds a check, and the results averaged after rejection
of any which are particularly far from the mean.

The process gives what may be termed *local standards” of current,
voltage, and resistance. The calibration of all meters should be corrected
to this, and a number of resistances set aside which have been accurately
measured to this standard. These form the basis of the measuring apparatus
to be described.

The first item to be made 1s a comparison bridge. It might be thought
that a general purpose testmeter comes first, but if this is required, its con-
struction presents no great difficulty and therefore no data will be given.
The bridge circuit in Fig. 7 is that used in most commercial compariso:

D 21 ) -
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Fig. 7. Gereral purpose bridge circuit

bridges. ‘The variable resistance forms the ratio arms, It should be
between 1,000 and 10,000 ohms, and rated at not less than three watts.
This is the rating of the standard type of potentiometer, such as that used for
volume control purposes in domestic receivers. The resistance standards
are made up from odd values by parallel and series connection to give the
required total value.

The bridge is fed with 50 volts 50 c/s from the supply transformer, and
the null indicator requires 250 volts HT at 5 mA, and LT suitable to the
heater of the particular valve used, If a magic eye is not available, it is
possible to replace it with a twin triode valve and meter. In this case, the
meter is connected between the two anodes, and one grid earthed, the other
grid being connected to the input circuit.

The variable resistance is calibrated in terms of the ratio given at each
setting, and may be fitted with a slow motion drive, in order to give increased
accuracy. The form of the scale is shown'in Fig. 8. The actual calibration
may be made by marking known points found by use of the measured
resistances, or by using the relation

Rt
] N QG 1

Where N is the ratio of a given point, Ra is the resistance between the
tapping point and the end, and Rt is the total resistance of the potentiometer.
A third method is to use a “ metre bridge ” consisting of a wire one metre
long clamped against a metre rule. This is connected as the * standard
and “ unknown ” arms. -
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RESISTANCE
SCALE

Fig. 8. Ratio scale for comparison bridge

As shown, the bridge has only resistance standards, and can only measure
resistance. When capacitative standards have been cstablished, capacity
standards can be added, and eondensers can then be measured, the ratio
scale being reversed in this case,

The second item of equipment is a signal generator, This is an essential
part of the experimental test equipment, and may often be obtained in
complete form in the surplus market. In this case, it will only be necessary
to adapt the power input to suit the power pack available.

If a complete signal generator cannot be obtained, a simple form may
be made up from surplus parts which will be quite useful. The main difficulty
is the tuning condenser and coils. These items are rare in service equipment,
since the tuning is generally of the remote controlled variety, using small
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pre-set condensers, and the coils are only suitable for the service wavebands.
These parts may have to be found elsewhere, but there are many suitable
oscillator valves, such as the CV6 or VR135, which has top cap anode and
grid, and makes an efficient and powerful oscillator ; the VR137 or EC52,
a * single ended * triode, and the many orthodox triodes like the 6J5, 6C3, etc.
The two first mentioned will work at frequencies up to 300 mc/s, while the
others are suitable for lower frequency operation, say to 30 mc/s. The
amplitude of oscillation may be adjusted by altering the gnid resistor. If
a pure output is required, a stabilising circuit should be used

A useful scheme is to add a fixed frequency oscillator and mixer, so
that an audio frequency output can be obtained by the beat frequency
method. If the fixed oscillator is crystal controlled this circuit can also be
used to check the calibration of the main oscillator Sad expenence has
shown that the construction of an RF oscillator 1s easy compared with the
calibration

The best procedure for calibration 1s to start by finding as many rough
frequency points as possible The broadcasting stations whose frequencies
are known will help here ~ If no crystal oscillator 15 available for check
purposes, these points may be used to draw a calibration curve It 1s better,
however, to use a 100 kc/s crystal oscillator to obtain the final pomts, This
can be checked for accuracy against the 200 ke/s carrier of the Light Pro-
gramme transmitter Usmg a beat frequency arcuit, check points can then
be found at 100 kc/s intervals throughout the oscillator range  The complete
arcuit is given in Fig 9 -
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6JS EF50 CvG or EC52

Fig. 9. Signal generator with crystal check
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A point in passing regarding frequency standards may be noted. If
there is a piano available which is properly tuned to the standard pitch (this
can be checked against * live * music broadcasts, but not against recordings)
it forms a ready-made frequency standard. The frequency of the A above
middle*C is 440 /s, and other notes are in constant relation to this. The
complete list of notes and frequencies in the octave from middle C up are :

Middle C - D—EF — G —A—BOC
262 277 294 311 330 349 370 392 415 440 466 494 523

For those to whom a piano is only an ornament, it may be said that
middle C is near the lock of the keyboard cover, the letter symbols indicate
“ white* notes, and the lines the * black * notes between them. With each
octave upwards, the frequency of each note in the scale is doubled, and
with each octave downwards it is halved. The G in the third octave below.
middle C is therefore 49 cfs, and the top C of the next octave above the one
shown is 1,046 cfs. This can be used for identifying audio frequencies in
amplifier response measurements or for measuring beat frequencies in RF
measurements. The full range of the piano is from 27.5 ¢/s to 4176 cfs.,
but this varies with different types.

Fig. 10. Valve voltmeter
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After this digression, more possible adaptations must be considered.
A standard of frequency being available, a valve voltmeter will be required
to make the fullest use of it. This may be of the diode type, with an ampli-
fying stage after the diode to increase the sensitivity. The VR92 mjniature
diode is useful here, and may be mounted in a ¢ probe * unit ontheend of a
Jlead carrying the LT supply and the lead to the amplifier input. The
amplifier may be any suitable type, a high slope pentode like the EF50 giving
a good sensitivity. In the circuit shown in Fig. 10, a twin triode is used ina
balanced circuit for stable zero-set. Triodes are shown for the sake of
simplicity, but two pentodes could be used where greater sensitivity is
required.

Armed with valve voltmeter and signal generator, a standard of capacity
may now be established, by coinparing the current through the condenser
with the voltage across it. Alternatively, a Wien Bridge may be set up,
as in Fig. 11. In this bridge, one condition of balance is Q@F)® = Ri
ReCiCz. The product of the two capacities may be found from this in
terms of frequency and the two resistances, and the ratio of the capacities
can be found with the general purpose bridge. The actual values are found
from the ratio and the product. -

R2

C c2

Fig. 11 Wien bridge
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The capacity standard so established may be used to set up standards
for the measurement of capacity on the general purpose bridge. This will
permit the general measurement of capacity, and from this the measurement
of inductance becomes possible. At this stage the field opens out, and
practically any sort of measurement can be based on the foregoing
instruments

It may be thought that the construction of such an imposing array of
apparatus will require the expenditure of a considerable amount of time
and money It will. It is, on the other hand, quite impossible to carry
out any real experimental work without some measuring apparatus, and
the apparatus which has been described represents the absolute minimum.
It is far more profitable to spend some considerable time on such apparatus
as this than to start right away on a cathode ray oscilloscope or television
set, however attractive these projects may seem. Work on them will probably
be held up sooner or later for want of one of the instruments described above.
A useful idea is to form a group of several experimenters. Each of them
tackles one item of testgear, pooling resources and sharing the results.

Before leaving the subject, a short description of a combined test instri-
ment which has been found of great value in experimental work may be of
interest. Originally intended for measuring the performance characteristics
of receiver coils, it has proved to be of considerable value to any other
applications (See Fig. 12).

It is contained in a large steel case, and is built on a steel chassis and
panel. These are probably the most expensive items apart from the mains
transformer. The power pack is fitted as a part of the equipment for
convenience, and has a stabilising circuit in the HT feed, so that the HT
remains constant whatever the number of units in use.

The units are: a signal generator ; a crystal check oscillator; a
valve voltmeter ; and a calibrated variable condenser, which may be switched
in as the tuning capacity of a beat-frequency oscillator, the crystal calibrator
providing the fixed frequency. All these units may be used independently,
HT switches being provided so that the units not in use can be switched off.

Apart from a complete analysis of coil characteristics, and the normal
uses of each unit, this instrument can be vsed to check the performance of
receivers, transmitters, and amplifiers. The valve voltmeter ranges extend
up to 6,000 volts with external multipliers, and all measurements required
in a television set may be carried out. The only.additional instrument
required in the normal way is a cathode ray oscilloscope.

' In spite of this, the instrument is built almost entirely from ex-service
components, The main exceptions are the case, the mains transformer,
and the smoothing condensers. Even the crystal was a surplus item, which
checked against the BBC 200 kc/s signal to within 0.01%. With the exception
of the case, the total cost was about £7.



USING EX-SERVICE RADIO APPARATUS

28

1o 1591 1103 71 "81d

LNGD

0543

LNG9  NaD D

On_mkﬂmmv

=
T

i

n

M, Sy $
| &

w

ol
GvaNvis



Chapter Five

CATHODE RAY TUBES

Cathode Ray Tubes have a particular fascination for the experimenter,
and the availability of tubes in the surplus market has made work in this
field accessible to all. The information on the apparatus available is scanty,
however, and a complete chapter has therefore been given to the subject.
It will be based on general detailed descriptions of particular tubes as this
is Iikely to be of more general value.

Cathode Ray Tubes may be divided into two main types, the tubes using
electrostatic deflection and those using electromagnetic deflection. The
electrostatic tubes generally use electrostatic focus systems, but the electro-
magnetic tubes may use either type of focus arrangement Oscilloscopes
are generally based on electrostatic tubes, while the television® sets mostly
employ the magnetic type. The reason for this is that the former system
is more convenient for small screen work, especially where the trace has to be
moved by use of shift controls, but the magnetic type is better for large
deflections where no shift is needed.

A further classification may be made on the basis of screen persistence,
which is the length of time during which the trace remains after the spot
has moved away. Television and high-speed oscilloscopes require short
persistence screens, while certain specialised types of oscilloscope use tubes
with screen persistence up to 5 seconds. It is unfortunate that a large number
of the tubes available are of the long persistence type, and that it is not always
easy to recognise them by any means other than knowledge of the reference
numbers and actual testing.

The final difference between tubes is in respect of their screen sizes.
The screens diameters vary from 1 inch to 12 1nches, the smaller sizes being
suitable only for oscilloscope work, and the larger sizes being mainly
applicable to demonstration oscilloscopes and television. ‘The intermediate
sizes will serve for either purpose.

~ Television work requires, ideally, a short persistence tube with white
fluorescence, the deflection being magnetic, and the screen diameter large.
There seems to be only one tube of this description available in the surplus
market, the CV274, which has a 12 inch screen. Having dealt with this sad
point, the general characteristics of some known tubes may be reviewed.
E 29
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ELECTROSTATIC TUBES

NCl1, NC19, VCR522. These are small tubes with a nominal screen
diameter of 1 inch, and are generally similar to the G.E.C. type E4103-B-4,
which is used in the G.E.C. * Miniscope >. They all havé screens giving a
green fluorescence of medium persistence, and are fitted with British 9 pin
bases. They require 800 volts on the final anode, and about 135 volts on
the focus anode. They can be used in miniature oscilloscopes, requiring
about 200 volts on the deflection plates to move the spot across the screen.

NC6. This is a 3 inch tube, the screen having a green fiuorescence of”
medium persistence. It is fitted with a 12-way side-contact base, the
connections to the Y deflection plates being brought out to side caps. It
requires about 3,000 volts on the final anode, 1,450 volts on the first anode,
and 600 volts on the focussing anode, and requires about 500 volts to move
the spot across the screen. It has especially good focus.

NC7. This is an extremely useful tube for television test work. It
has a 9 inch diameter screen giving a green fluorescence of short persistence,
and is fitted with a 12-way side contact base. The maximum final anode
voltage is 6 kV,-but it may be operated with 5,000 volts. At the maximum
voltage, the first anode should be at 1,700 volts, and the focussing anode
at about 1,000 volts, It requires about 800 volts for full screen deflection.

NCI12. This is a 6 inch-tube with green trace of short persistence. It
has a 12-way side contact base, and for ideal operation requires 5 kV on the
final anode, 1,800 volts on the first, and 800 volts on the focus anode. It
requires 800 volts for full screen deflection in one axis, and 1,500 in the
other. It is similar to the G.E.C. E-4504-B-16.

NC14. This is an NCI12 with blue screen of unknown persistence.
The operating voltages are also considerable lower, the maximum final
anode voltage being 2.5kV. With 2kYV on first and final anode, the focussing
anode should be at 350v. The deflection sensitivity is higher, the full screen
voltages being 550 and 300 volts.

VCRY97. This is similar to the NC14, but with green fluorescence of
medium persistence :

VCRS517A. This 1s NC14 with long persistence afterglow type of
screen.

NC15. A 4inch tube with a 12-pin base. This is believed to be based
on a Mullard tube (A41-G-4A) but no definite information can be found.
The A41-G-4A has a long persistence screen of the afterglow type, and a
non-standard base.

NC16. VCRI139A. These are 2§ inch tubes with green trace of medium
persistence. They have 12-pin bases (sometimes called 10-pin bases, as
two pins are generally omitted) of the spigot type, and require between
800 and 1,500 volts on the final anode, the same being applied to the first
anode. The corresponding focus voltages are 120 and 250. Full screen
deflection requires about 500 volts at a final anode voltage of 1,500, (Similar
to G.E.C.-E-4205-B-7). )
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ACRI10, VCR139. These are similar to the NC16, but have short
persistence screens.

VCR138. This is a 3} inch tube with a short persistence green trace.
It requires the same voltages as the NCl14, and has a 12-way side-contact
base. The deflection sensitivity is similar to that of the NC14.

VCR138A. This is a VCR138 with medium persistence screen.

ELECTROMAGNETIC TUBES

Relatively few details are available regarding the electromagnetic tubes,
but the following notes may help. -

VCR84, VCR85. These are 12 inch long persistence tubes of the after-
glow type. Electrostatic focus is employed.

VCRS87. A 6 inch tube of the same type.

VCR140. A 12 inch tube with long afterglow and magnetic focus.

VCRS16. A 9 inch tube with long afterglow and magnetic focus. It
has an international octal base with heaters on pins 2 and 7, and cathode on
8. The grid is generally on pin 5. The anode connection is a side cap.

VCR528. A 12 inch long persistence tube with electrostatic focus.
This tube has a shorter persistence than the others, but is of the afterglow
type, the trace persisting for. about 1-2 seconds.

VCRS530. A 6 inch tube for magnetic deflection. Screen unknown.

CV274. The only white trace tube, with 12 inch screen, electrostatic
focus, and an American 11-pin base, the connections being : H.C. Grid-
Al.--A2--H.

Considerable confusion can arise from the fact that many of the above
tubes have alternative identification numbers, and to cover these, and other
tubes which have not been mentioned, some visual identification points must
be given. The profiles of many types are distinctive, and some are given in
Fig. 13. The magnetic types are characterised by their long thin necks,
and these tubes are often fitted with octal bases.

The most important point is often the nature of the screen. Full
information on this can only be obtained by testing, but long persistence
screens of the afterglow type can generally be spotted by the following method.
Hold the screen in strong light for a few seconds, and then shade it. If jt
is a cascade action type of screen it will glow with a greenish fluorescence.
Short persistence screens do not glow in this manner, but remain a cold white.
Some idea of the degree of persistence can be obtained by the time the glow
lasts, but this will depend on the amount of light falling on the screen in the
first place, so allowance should be miade accordingly.

So far, nothing has been said about base connections. That can be
attributed to a natural desire to d fer an urpleasant task. There is no
possibility whatsoever of predicting the exact base connections of service
tubes. Each type has a ° preferred * connection system, but this may be
varied to some extent at the discretion of the manufacturer. All that can
be done is to indicate the general rules, and some of the variations, and then
give details of some tests which can be used to check each tube. In general,
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I TUBES
BRITISH 9PIN BASE

2'2' TUBES
2PIN SPICOT BASE

4" TUBES
I12WAY S.C.BASE

the variations are such that the tubes are effectively interchangeable, since
they are mostly in the form of the inclusion or omission of internal links
between electrodes.

The British 9-pin base is mainly used for the 1 inch tubes. The pins
are arranged in a circle, and there is no keyway. Four of the pins are closely
spaced, and these are numbered, in a clockwise direction looking at the tube
base, 3,4, 5and 6. The usual connection system puts the heater on 4 and §,
with the cathode on 4, the grid on 6, and the focus anode on 3. These
connections are fairly reliable. The most frequent connections for the
restare : Anodes 1 and 3 on pin 7, the X plates on 1 and 8, and the Y plates
on2and 9. The variations include strapping one plate of each pair to the
Afinal anode, and altering the plate connections,
~
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‘The next base, in ascending size, is the 12-pin spigot type, which looks
like an overgrown octal. Pins 6 and 12 are often omitted, and the base is
sometimes referred to as the 10-pin spigot type, but that is misleading.
Numbering from the spigot, as for an octal, pin one is almost invariably the
cathode. The heaters are on pins- 3 and 4, and the grid on pin 2. The
focus anode is on pin 5. The other side of the base carries the final anode
and plate connections, the dnode being central,’on pin 9, tht X plates on
8 and 10, and the Y plates on 7 and 11. This connection system applies
for the NC16 and the VCRI39A, but there are some tubes with a completely
different arrangement, which can only be found by checking.

9'¢.12! TUBES
MACGNETIC

Fig. 13. CRT. Drofiles
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"The 12-pin side contact base is used for tubes with screen sizes between
3 inch and 9 inch. The nuinbering runs clockwise from the keyway. The
grid is usually on pin 1, the heaters on pins 3 and 4, the first anode on 5,
and the focus anode on 6. The graphite coating goes to 7, and the final
anode to 10. These are fairly reliable, but the other connections vary.
In the case of the NC6, the Y plates are on side caps half-way down the tubc,
the X plates are on 8 and 12, and the cathode goes to pin 3 with the heater.
With the NC7, the Y plates come on to 8 and 12, and the X plates go to 9
and 11, the cathode being again on 3. In other types, the cathode is on pin
2. The safest procedure is to strap 2 and 3 on the base, which will deal with
cathode variations, and assume that the plates are connected in the manner
given above.

The last standard base is the octal, used with magnetic tubes only.
The heaters go to 2 and 7, the cathode to 8, and the grid is usually on 5.
The only other connection is the final anode, in most cases, and this goestoa
side cap near the screen. If the focussing is electrostatic, the focus anode

.may go to pin 3, but it is safer to say that anything may happen. /

Apart from these relatively standard bases, there are many her types,
some of which are only used for one tube. It would be unprofitable to
describe them in detail, but some general features may be noted. Whatever
the type of the tube, the ‘ gun’ connections (i.e., the heaters; cathode and
grid) are generally grouped together. A second group is formed by the
final anode and the deflection plates, if any. The focus’anode may be
included in either group, but'is generally regarded as part of the gun. =

The *gun’ group can be located with ease by ding the heater
connections. The rest of the connections can then be locat¢d by the following
test procedure. Flectrostatic tubes are dealt with first.

Having identified the heater, the ® final anode grou
together. If a capacity bridge is available, it may be to check for a
separate cathode connection, which will show a capaci of some 10-15 ppfd.
to the heater. Internal strapping of loose pins can be fbund by further testing
and a low-reading ohmmeter is useful here. A sujtable circuit is given in
Fig. 14.

If there is any doubt about the ‘ gun’ conngctions, these may all be
strapped to one side of the heater. If a modera ode potential is applied
between the two groups, a patch of fluorescence should appear on the screen.
The grid may now be located by disconnecting’the * gun’ connections one
by one, and substituting a wire taken to the n tive side of the supply,the
rest of the gun connections being fed througl/a resistance of about 10,000
ohms. The check wire will than be negativg/with respect to the other con-
nections. If it is connected to the grid, the spot should become dimmer,
while connecting it to the cathode.would cayfe an increase in the fiuorescence.

This test should be carried out as rapidly as possible, and the anode
voltage put on momentarily for each check, and then switched off -again,
the heater being left on. Suitable supples are : Heater: 4v. (almost all
service tubes use 4v 1a heaters, and the exceptions are usually marked).

\ PREaETS - - - %

> may be strapped
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14. Low reading ohmmeter

Anode : about a quarter of the maximum final anode volts. If this is
unknown, a useful rule of thumb is to start with the voltage equal to 500
times the square root of the screen diameter in inches. This should be
adjusted until the fluorescence is visible, but not bright. The alteration
may be made by changing connections in the case of a cascade doubler
supply, or by varying the value of a parallel ¢ bleed * resister in the case of
other power units.

This test will locate the grid and cathode, and the focus anode may
now be found. The supply for this should be about one fifth of the voltage
on the final anode, and may be taken from the bleed resistor. The effect
of varying this voltage should be to alter the size of the fluorescent patch
on the screen. If the patch is not affected, try another unknown pin.

The Iast connection, apart from the plates, which should be left strapped, -
is the first anode. This may be in the final anode group, but in some cases,
notably with the larger tubes using the side-contact base, it goes to a pin
on the gunside. If the tube focusses up well, jt is probably strapped internally
to the anode. If no trace can- be obtained at all, it generally means that the
first anode is among those strapped to the gun assembly. The location of
this connection is very difficult to accomplish without. damaging the tube,
but the application of about 350-400 volts on the first anode should show up
the trace, and yet not be liable to cause damage to the grid. The test should,
however, be no more than a very rapid “ on and off again,” so that if the
positive potential is put on the grid, there is insufficient current flow to cause
damage.

When all the gun connections. and the first and focus anode pins have
been located, it should be possible to obtain a sharply focussed spot by
adjusting the first anode and focus anode voltages, the first anode being
kept at a higher potential than the focus anode to form the focussing field.
The spot should be nearly in the centre of the screen. The deflection plates
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may now be identified by disconnecting them from the final anode group
one at a time, and applying a voltage to the vacant pin. This voltage may
be obtained by tapping down on the bleed resistarice.

The direction of the deflection should be noted, and the two pairs of
plates thus identified. This completes the process, and all pins should
now be known. A suitable circuit for the test is shown in Fig. 15. This
provides all the fixed and variable voltages required, and also provides
convenient switching. The test switches can be made from strips of brass
fitted with insulated push buttons, )

The special precautions to observe are : keep the spot brilliance low,
and make the tests as short as possible until the grid and cathode have been
fixed with certainty.

With magnetic tubes having electrostatic focussing, the same procedure
may be followed. When the focussing is magnetic there is little doubt
regarding the connections, and the main problem is to find the correct
magnetic field for the focus. There will be a suitable coil fitted in the equip-
raent, and it will be necessary to provide an adjustable current supply through
this.

s

Having obtained a suitable tube, identified the connections in the
manner suggested, or by reference to the standard lists, the reader will want
to build it into an oscilloscope or television set. If he has bought the tube
as part of a chassis unit, most of the necessary circuit will be ready made,
and that is required to trace out the circuit a.nl;’ly remove all redundant parts.
If there is an amplifier feeding the deflection plates, this should be retained,
as it will probably be of use.

The greatest trouble is likely to arise over the time base design. The
type chosen will depend on the valves available, and the deflection voltages .
required by the tube. It will generally be necessary to use amplifiers for all
tubes of the larger sizes, and all this is really a matter for personal ingenuity.

Many useful hints can, however, be obtained from the circuits related
to the tube in the original apparatus, and for this reason it is better to buy
the tube as part of a unit, rather than separately. Apart from this the
auxiliary apparatus used in the display unit is likely to be of considerable
value in building up the new apparatus.













































































































