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Introduaction

The greatest source of supply for amateur radio experimental apparatus
at the present time is undoubtedly the ex-scrvice 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, and some of the professional
[aboratories find a use for the goods they have to offer, so great is the value
ol the apparatus available.

There is, however, a snag in this paradise. The components are generally
marked. in service codes, which mean nothing to the civiian. 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 1o 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 encouniered.

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 secrzt. Tt is a strange fact
that scveral of the equipments available are not completely off the secret
list. In such cases the sccret parts are gencrally removed, unless they are
of such a nature that the sccret features are not discoverabie by testing.

A last word. If Little is inctuded on ordinary receivers and components
suitable for them, it is because the information is not as widely nesded.
The space saved is devoted 10 matters of greater gencral interest.



Chapter One

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. I 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 sefection process is determined largely by the immediate require-
ments of the purchaser, which may be indicated by information given in
later chapters. Tt is unusual to be able to get all that is wanted from onc
chassis, and two or more may be needed, and still some odd parts 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 & 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.AF.) or khaki
(Army). The Americans are not so conservalive, and use black crackle,
an olive green not unlike kKhaki, and other colours. Air-sea rescue equip-
ment may be recognised by iis bright vellow.

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 VR65 and its
variants. Finally, British apparaius 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 combine American gear with
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it. An cxcpption arises in the case 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 pnits, which contain, or
have contained, cathode ray tubes, the general design may be very sirmtlar.
Refererlnlce numbers help little, though in the case of RAF. gear, R I - - -
15 usually a communication set (e.g., R1155) while R 3 - . - §
radar set {e.r., R3136 ; Monica). ’ ) £ generally a

_The general rule for distinguishing mobile apparatus from ground
cquipment js 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 oftea self-contained.

So much for the visual identification, Now some notes may be given
on components 1o be found in each type of unit.

The radar units vield the most highly specialised components of any
! ype_of unit, and should therefore be regarded as mainly useful where certain
specizlised components are required. The resistances and condensers are
__uener_all}r numerous, especially in pulse generator units, which may be
Jnienh_ﬁed 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.

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
an:_:l the set proper on the other. The main value is in the motor generatm:
unit and the valves. The components are relatively £ew 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-calied
' Medium anq High Frequency’ sets such as the R1155. The VHF sets
can be 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 wuseful
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
xp\'ariably designed to operate on an 80 voit 2,000 ¢;s input. Such trans-
formers cannot be rewound to operate in the same circuit at 200v. 50 ¢/s
nput, as thelur core area is far 100 small.  Again, if a suitable replacemeﬁt
transformer is available, it cannot be fitted mn place of the original, as there
IS 0O room for it. In addition to this, the smoothing circuits are designed
for operation at the higher frequency, and have o be modified before they
can function properly at the normal mains frequency.

This difficulty 18 best overcome by using a separate power pack. Some
sunuble designs will be described 1o 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 audic frequency applications with some success, but
that does not provide alternative teansformers o fiif the gap.

One of the most important poicts in selecting gear i3 the number of
valves in the unit, Some dealers fix their prices on a basis of s0 much per
valve, the unit being generally about 5,-. There are several reasons for this,
The valves are difficult to obtain, and arc * consumable * items, and there-
fore are in constant demand.  The retaii prives 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 vahves,

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 FF50, 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 value at
£4 odd, even if the rest of the paris are not readily usable.

A final warning should be given regarding nrcrowave gear. This is
generally identifiable by the waveguide ' plumbing’, in the form of small
rectangular tubes. There is usuaily a magnetron or klystron type of valve
in the assembly. The former muy 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 kiystren censisis of a metal centre unit mounted
inn a tunable resomance chamber, wiih glass tubes on each side. The glass
tubes are some two inches in length, ons terminaling in an anode cap con-
nector and the ather in an octal base.

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

To suramarise, the points to watch are the valves (rumber, type, and
condition}, country of origin, ¢lass of equipment and general type of circuit
used. The value marked on the price ticket does not always bear a sensible
relation to the value to the buver, and some of the most useful equipments
are strangely low in price.

Choose well, with your reguirements in mind, and you will get value
for your money. Randem buying rarzly pavs,



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, wsually 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 moadification,
but that is no reason for taking everything off it in order to start with a
clean sweep. The planning of the final fayout 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
cant 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 even 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 jeads
away from the tag, which is often the solution chosen. The distance between
the component and the tag is generally 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 1o remove tag-boards as
complete umits, taking off the single components as they are required. N

it is in stripping down that the difficulty of identifying components
begins (o arise, This can be overcome 10 some extent by careful point-io-
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point testing, coupled with a certain amount of radio common sense. Another
useful indication is the colour code and it must not be forgotien that this is
used for condensers as well as resistances, the capacity in puufd, being given
in the same way as the resistance in ohms.

Mysterious boxes with no markings are penerally blocks of condznsets
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 precise 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 laver of wire on a high value resistance.

Certain componenis may be discarded without detailed considcration,
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 pancls 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 pancl 15 10 be used,
It is therefore advisable to sacrifice appearance for economy where panels
are concerned,

Careful selection 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 paris are not used fully, money is
wasted.

Bt



Chapter Three

POWER SUPPLY UNITS

Before any experimental work can begin, the necessary power supplies
must be available, It has been noted that these are not generally obtainabls
in the ferm of ex-scrvice 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 js not great, and afl
possible simplifications consistent with good performance are included.

In general, it is not advisable to run the vajve heaters of experimental
&pparatus in series, 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 ¢/s type, though it must be noted that
such rewinding needs heroic putience 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, or 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 voits and costing about 35/-.

For the braver oncs, the following data will help to ease their difficultics.
The rewinding process is begun by removing all the original windings, The
heavy low tension windings may be discarded in most cases, a5 they will
be far too short to be used for 50 ¢'s Jow tension wifidings. 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 1o assume that the wire cannot be salvaged,
and remove it by cutling with a hack-saw, This will make removal of the
stampings easier. They are very difficult 1o extract when the witlding is
complete because of the varnish Impregnation, When removed, they
should be measured 10 determine the maximum possible wattage.  With
average faminations, the maximum wallage 1s aboul 30 timcs the square
of the cross sectional arca of the centre umb {in sguare inches). A cross
section of 1.4 square inches will therefore be adequate for 60 watts, while
190 watts needs about 1.35 square inches.

The cross sectronul areu of a 2,000 €8 transformer is generally of the
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order of 1.25 square inch, which allows a maximum of about 47 watis.
This will be adequate for most purposes, allowing one output of 5 vaolts
ut 2 amps, and iwo of 4 or 6.3 volts at 2 amps each.  In this case the primary
for 200 volts 30 ¢/s should be wound in 28 §.W.G. wire, preferably cnamelled,
and should consist of 1,400 turms. The 5 volt sccondary will require 36 turns
of 18 5.W.G. and the other output windings 45 turns of 18 S.W.G. wire cach,
with tappings at the 29th turn.

The primary winding should be put on first, siarting with a former
made to fit the centre imb 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 laver 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 tug board, or, better, may be
soldered to leads which are securely anchored to the winding, thus removing
all strain from the winding itself when the leads ure being connected up
fsec Fig. 1). The paper used for interlcaving 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 o tag beard or connected directly
into the circuit.

When the winding 1s complete, 1t may be coated with hot wax. Paraffin
wax may be used, though it is not ideal. 1t may be powred over the trans-
former, or the transformer may be dipped into molten wax. In the latter
case it is better to insert and clamp the laminations first, so that they also
get the beneht 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 aguinst the wax becoming ignited, and
the temperature should be as low as possible.

The laminations 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 transiormer will probably
be fitted with clamps suitable {or this purpose.

When complete, the transformer may be tested, the cautious cxperi-
menter includipg a fuse in the primary cireail.  The primary cutrent with no
load should not be greater than about 30-40 mA. If it 15 greater, check the
tightness for the laminutions. In some cases the wwon used 15 of such a
quality that the no-load current is greater, but it should be as small a5 possible,
since the wattiuge consumed with no toad 15 lost, and the primary has (o tuke
this warttage in addition to the pewer druwn from the secondaries,

The secondaries should be tested under §ull load conditions, On open
circuit, with only a voltmeter across them, the output will be slightiy high,
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CENTRAL FORMER,
Fig. 1.
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Transformer winding : high voltage
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while the full load voltage should be en the low side, so that the nominal
voltage is oblained on about half Joad.

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 ar¢a.  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 cach
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 nurnber 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 propsr feed transformer. This may be built
up from another 2,000 c:s transformer, or a suitable transformer purchased,
If the latter course is taken, it will be best to buy a transformer with com-
bined HT 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 withent 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 8.W.G. enamel with paper interleaving as before, and the secondary
should be wound with 4,000 turns of 34 $,W.G. tapped at 2,000 turns. This
will give a nominal 280 volis 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 smeothing 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 varics 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 cireuit of considerable value in
such cases, which has been strangely neglected in text book expositions.

The circuit was developed by Cockeroft and Walton from the half
wave rectifier shown in Fig, 3. The first stage in the development is shown
m 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
normat way via C1. The upper rectifier is fed via C! and C2, The next
stage i the deveiopment is shown in Fig. 5b. Here a second doubler eircuit
has been added, so that twice the voltage may be developed with the same
mmput.  The principle was extended in a similar way by the originators so
that the ultimate output was 600,000 volis.

There s 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. In the guadrupler of Fig. 5b, the output with low current
drain s four times the peak voltage of the applied AC. Witk an input of
350 v R.M.S., an output of nearly 2,000 volts may be obtained. The outpu(
will full off rapidly with increasing current, however, and the drain shouid be
kept as low us possible.

The reciifiers should be of the barrier, or “dry ™ type, since heater
suppfies would give rise to some difficulty. A gquadrupler 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 solts they are required to stand, This gives a measure of protection
to the rest of the circuit in event of a partial breakdown. [t is just as well to
fit a fuse in the main supply lcad from the AC sourge.

This type of rectifier is valuable in that it reduces the cost of the trans-
former. It is posstble, i fact, to feed the rectifier system from the main
HT transformer when cither the positive or negative EHT rail is carthed,
thus suving the necessity lor any extra transformer at all.

Another type of CHT supply which is of interest is the high frequency
wpe. The gencral eircuit 15 shown in Fig. 6. The oscillator generaltes
strong signal at a suitable frequency to avaid interference with other parts of
the apparatus (Generally of the order of 30100 ke,'s) and this signalis applied
to the grid of a pentode or tetrode cutput valve, The negative ¢ycles cul
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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 resulis in a
very high potential being generated across the coil, and this may be passed
to a suitable rectifier to derive the EHT, S

This system has several advantages, not the least of which is the low
smoothing capacity required, beeause of the high operating fre_qucncy.‘ 1t
removes the necd for a high voltage transformer cntirely, and is especially
applicable to the EHT supply for television sets, The Wireless 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 \'oltagc
developed across it. It should be wavewound or pilewound,‘anfi split
inte 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 complch ceil is
not available the former may be obtained in this way, and the wire taken
from some other component. o

The oscillator valve may be of any available tvpe, but the * switching
valve must be able to stand up to the heuvy duty. 1t has to pass a large anode
current, and stand up to several kilovolis on the anode.  Suitable types are
the American 807, the CV73 (KT66), or the 61 BT, These all have tep
cap anode connections, and are able to stand up to 6 or 7 kV n short pul_.a.-s.
The rectifier may be of the half wave type, suitable insulation being required
for its heater windiag,

These differemi types of power unit all have the'r spocial uses. The
reader must decide for himself which is the most usaful to hs 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, someore 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
on, and which shorts the output terminals to discharge the condensers as
soon as it is removed.  Shocks from 350 volt HT rail are bad ¢nough,
and this procedure is advisable even at low levels. With several kilovolts

floating about, its omission is sheer suicide. You don't gencrally do it
more than once.

LARGE INDUCTANCE oY+
E *...
!. My RECTIFIER,
)
..... FOWER T
i TETRODE.
0K/CE, OSCILLATOR

H.T~
i EHT+

Fig. 6. RF EHT Suppiy

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. It 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 arc available, and the first
step should be to check these against each other for agreement. Smali
errors in calibration do not matter so much if all meters used together aru
n agrezment.

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 as a check, and the results averaged after rejection
of any which are particularly far from the meon.

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
10 be deseribed.

The first item to be made 15 a comparison bridge. It might be thought
that a gencral 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
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Fig. 7. Gemeral purpose bridge circuit

bridges. The wvariable resistance forms the ratio arms. It should be
between 1,000 and 10,000 ohms, and rated at not less than three waits.
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 ¢s from the supply transformer, and
the null indicator requires 250 volts 11T at $ 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 & 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
gecuracy.  The form of the scale is shown in Fig, 8. The actual calibration
may be made by marking known poinis found by use of the measured
resistances, or by using the relation

NR
Ra

Where N is the ratic 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 vse 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 bridee

As shown, the bridge has only resistance standards, and can only measure
resistance. When capacitative standards have been established, capacity
standards can be added, and condensers 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 experimenial test equipment, and may often be obtained in
compicte form in the surplus market. In this case, it will only be necessary
to adapt the power input to suit the power pack availzbie.

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 equiprnent.
since the tuning is generally of the remote controlled variety, using smal!
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pre-set condensers, and the coils are only suitable for the service wavebants.
These parts may have to be Yound elsewhere, but there are many suitable
oscillator valves, such as the CV6 or VRI135, which has top cap anode and
grid, and makes an efficient and powerful oscillator ; the VRI137 or EC3L
a " single ended " triode, and the many orthodox triodes like the 815, 6C5, et
The two first mentioned will work at frequencies up to 300 me’s, while the
others are suitable for lower frequency operation, say to 30 mc/s. The
amplitude of oscillation may be adusted by altering the grd resistor. 1f
4 puré outpu s required, a stabilising circwt should be used

A useful scheme is to ada a fixed frequency oscillztor and mixer, so
that an audio frequency ouiput can be obtained by the beat frequency
method. If the fixed oscillator is crystal controiled this circwt can also be
used to check the calibration of the mawn oscillator  Sad experience has
shown that the construction of an RF oscillator 15 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 frequencics
are known wili help here 1f no crystal osaillator 3s available for check
purposes, these points may be used to draw a calibration curve  kt 1s better,
however, 10 usc a 100 ke:s crystal osciilator 10 obtamn the finat pomts.  This
can be checked for accuracy against the 200 ke's carrier of the Light Pro-
rramme transmutter Using a bear frequency circuit, check points can then

¢ found at 100 ke;s intervals throughout the osailla1or range  The complete

sirgunt is piven in Fig 9

Ex ]
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Fig O Signal gencrator with crveind 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 broadeasts, but not against recordings)
it forms a ready-made frequency standard. The frequency of the A above
middle C is 440 cfs, and other notes are in constant relation to this, The
complete list of notes and frequencies in the octave from middle € up are :

Middle C— D —-—EF —G — A — B C
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 Jetter symbols indicate
* white ' notes, and the lines the * black ' notes between themt. 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 ostave below
middle C is therefore 49 ¢/s, and the top C of the next octave above the one
shown is 1,046 ¢js. This can be used for identifying audio frequencies in
amplifier response measurements or for measuring beat frequencies in RE
measurements. The full range of the piano is from 27.5 ¢'s to 4176 ¢fs.,
but this varies with different types.

HTA+

HT. —~
Fig. 10. Vale 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 ampii-
fying stage after the diode to increase the sensitivity. ‘The VR92 minizture
diode is usefu! here, and may be mounted in a * probe ’ unit onthe end of a
lead 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 goed sensitivity. In the circuit shown in Fig. 10, a twin triode is used in a
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 comparing the current tirrough the condenser
with the voltage across it, Alternatively, a Wien Bridge may be set up,
as in Fig. [1, In this bridge, one condition of balance is QnF)E = Ry
R2CiCz.  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.

O .

€l er

Fig. 11 Hicn 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 geperal measurement of capacity, and irem this the measurement
of inductance becomes possible. At this stage the feld 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 scem.  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 resulis.

Before leaving the subject, a short description of a combined test instriz-
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 js built on a steel chassis and
panel. ‘These are probably the most expensive jtems 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 1T
remains constant whatever the number of units in use.

The units are: a signal generator ; a crystal check oscillator ; a
valve voltrmeter ; 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 coit 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 instrumsat
required in the normal way s a cathode ray oscilloscope.

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

CATHODE RAY TUBES

Cathode Ray Tubes have 4 particular fascination for the experimenter,
and the availability of tubes in the surpius 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 wiil be based on general detailed descriptions of particular tubes as this
is likely o 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 clectro-
magnetic tubes may use cither type of focus arrangement Oscilloscopes
are gencrally based on clectrostatic 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 unforiunate that a large number
of the tubes availabic are of the long persistence type, and that it is not always
¢asy to recognise them by any means ether than knowledge of the reference
numirers and actual testing,

The final difference between tubes i1s in respect of their screen sizes.
The screens diametsrs vary from 1 inch to 12 inches, the smaller sizes being
suitable only for osctlloscope work, and the larger sizes being mainfy
applicabie 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 V274, which has a2 12 inch sereen.  Having dealt with this sad
point, the general characteristics of some known tubes may be reviewed.
E 9
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ELECTROSTATIC TUBES

NC1, 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 have sereens giving a
green fluorescence of medium persistence, and are fitted with British 9 pin
bases. They require $00 volts on the final anode, and about 135 volts on

the focus anode. They can he used in miniature oscilloscopes, requiring

medium persistence. It is ftted with a 12-way side-contact basg, the
connections to the Y deflection plates being brought out to side caps. 1t
requires about 3,000 volis 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, [t has especially good focys,

NC?. This is an extremely useful tube for television test work, It
has a 9 inch diameter screen glving 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 shouid be at 1,700 volis, and the focussing anode
at about 1,000 volts, It requires about 800 volts for full screen deflection,

NCI2. Thisis a 6 inch tube with green trace of short persistence. [t
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.

NCI4. This is an NCI2 with blug screen of unknown persisterce,
The operating voitages are aiso considerable lower, the maximum final
anode voltage being 2.5 kY., With 2KV on first and finaj anode, the focussing
anode should be at 350v. The deflection sensitivity is higher, the full screen
voitages being 550 and 300 volts,

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

VCRS517A. This 18 NCI4 withr long persistence aftergiow type of
screen,

NCIS. A 4 inch tube with 2 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 afierglow type, and a
non-standard base,

NC16. VCRI39A. 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
80¢ and 1,500 volts on the final anode, the same being applied to the first
anode. The corresponding focus voltages are 120 and 250. Ful screen

deflection requires about 500 volts at a final anode voltage of 1,500, (Similar
io G.E.C. E-4205-B-7),
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ACRI0, VCR139. These are similar to the NC16, but have short
persistence screens.

VCRI38. This is a 3} inch tube with a short persistence green trace.
It requires the same voltages as the NC14, and has a 12-way side-contact
base, The deflection sensitivity is similar to that of the NCI4.

VCRI13BA. This is a VCR138 with medium persistence screen.

ELECTROMAGNETIC TUBES

Relatively few details are avaifable regarding the electromagnetic tubes,
but the follewing notes may help.

VCR84, VCR8S. These are 12 inch long persistence tubes of the after-
glow type. Electrostatic focus is emploved.

VCRB7, A 6 inch tube of the same type.

VCRI140. A 12 inch tube with long afterglow and magnetic focys.

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,

YCR328. A 12 inch lopg persistence tube with electrostatic focus.
This tube has a shorter persistence than the others, but is of the aftergiow
type, the trace persisting for about 1-2 seconds.

VCR330. 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. Fyl
information on this can only be obtained by testing, but long persistence
screens of the afterglow type can generaily be spotted by the following method.
Hold the screen in strong light for a few seconds, and then shade it. If it
Is a cascade action type of screen it will glow with a greenish fluorcscence.
Short persistence screens do not glow in this maunner, but rema.in_a cold white.
Some idea of the degree of persistence can be oblained 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 made accordingly,

50 far, nothing has been said about base connections. That can be
attributed to a patural desire to d fer an unpleasant 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 10 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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4*Tuses
IZWAY S C.RASE

bes are effectively interchangeable, since
¢ mostly in the form of the inclusion er omission of internal links
between clectrodes,

The British 9-pin base i3 mainly used for the 1 inch tubes. The pins
are arranged in a circle, and there is no keyway, Four of the pins are closcly
spaced, and these arc numbered, in a clockwise direction looking at the tube
base, 3,4, 5and 6. The usual connection system puts the heater on 4 and 5,
with the cathode on 4, the grid on 6, and the focus anode on 3 These
connections are fuirly reliable. The most frequent conncctions for 1he
restare : Anodes | and 3 on pin 7, the X plateson ! and 8, and the ¥ plates
on Zand 9. The variations include sirapping one plate of each pair to the
final 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, apd t}}e bas; is
sométimes 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
cathede. The heaters are on pins. 3 and 4, and the gngl on pin 2. The
focus anode is on pin 5. The other side of the base carries the final anode
and plate connections, the 4node being central, on pin S_J, the X plates on
8 and 10, and the Y piates on 7 and 11. This connection system applies
for the NCI16 and the VCRI135A, but there are some rubes_wnh a complerely
different arrangement, which can anly be found by chaecking.

e 12! TUBES
MACNETIC

MACNETIC

Fig. 13. CR.T. profifes
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The [2-pin side contact base is used for tubes with screen sizes between
3 inch and 9 inch.  The numbering runs clockwise from the keyway. The
grid is usvally on pin 1, the heaters on pins 3 and 4, the first anode ¢n 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 NC§, the Y plates are on side caps half-way down the tube,
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 ¢
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 goes to a
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 other types,
some of which arc 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 lormed 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 Jocated with ease by finding the heater
connections.  The rest of the connections can then be located by the following
test procedure, Electrostatic tubes are dealt with first,

Having identified the heater, the ' final anode group * may be strapped
together. [f a capacity bridge is available, it may be used to check for a
separate cathode connection, which will show a capacity of some 10-15 uufd.
to the heater. Internal strapping of loose pins can be found by further testing
and a low-reading ohmmeter is useful here. A suitable circuit is given in
Fig. 14,

If there is any doubt about the * gun’ connections, these may zli be
strapped to one side of the heater,  If a moderate anode potential is applied
between the two groups, a patch of fluorescence should appear eon the screen.
The grid may now be located by disconnecting the * gun * connections one
by one, and substituling a wire taken to the negative side of the supply,the
rest of the gun connections being. fed through a tesistance of about 10,000
ohms.  The check wire will than be negative with respect to the other con-
aections.  If it is connccted to the grid, the spot should become dimmer,
while connecting it to the cathode would cause an increase in the fluorescence.

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 supplics arc : Heater :  4v, (almost all
service tubes use 4v {a heaters, and the exceptions are usually marked).
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Anode : about a guarter of the maximum final anode volts. If this is
unknown, a useful role 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 conncctions 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 ancde, and may be taken from the biced 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 last 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
onthe gun side. 1fthe tube focusses up well, it 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 350400 volis on the first unode 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
bheen located, it should be possible to obtain a sharply focussed spot by
adjusting the first anode and focus anode voliages, the first anode being
kept at a higher potential than the focus anode to form the focussing feld.
The spot should be nearly in the centre of the screen.  The deflection plates
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may now be identifled 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 resistance.

The dirccdon 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 clectrostatic focussing, the same procedure
may be followed. When the focussing is magnetic there is Kttle 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-
ment, and it will be necessary to provide an adjustable current supply through
this.

Having oblained a suitable tube, identified the connections jn 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 and remove all redundant parts.
If there is an amplificr 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 penerally 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.
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Chapter Six

GSCILL.OSCOPES AND TELEVISION APPARATUS

Having dealt with the selection and testing of Cathode Ray Tubes,
the next stage is the use of them in oscilloscopes and television apparatus.
Now, these are specialised subjects, and it would be impossible to give a
full description of them here. This chapter will therefore consist of a series
of notes on circuits peculiar to this class of apparatus, from which a large
vailety of compicte equipments can be built.

The first and most imporiant type of circuit js the CR.T. feed. The
question of suitable power supplies has been dealt with in an earlier chapter,
and it only remains to describe the general lines to follow in the design of the
electrode feed potentiometer svstem.

In the case of the electrostatic tubes, and the magnetic tubes using
clectrostatic focus, at least four different voltage levels are required. These
£0 to the final anode, the focussing anode, the cathode and the grid. If
the first anode is not connected to the fnal anode, a further voltage level
will be required. The current drawn by the tube is relatively small, and this
suggests the use of a potentiometer feed system to provide the required
voltages.

The potentiometer consists of a resistance chajn across (he EHT supply,
and the total resistance should be such that the drain through the potentio-
meter itseif is about 0.5 mA. The wattage of the resistances used should
be checked to ensure that they are adequate, though trouble is unlikely at
the lower values of EHT, since ar 1,000 volts the power dissipated in the
whole chain would be only half a watt., The total resistance in this case
would be 2 meg chms.

The potenticmeter 15 shown divgrammatically in Fig. 16, The final
anode goes to the shift control network at the positive end, -and is usually
cirthed. so that the deflector plates can be at earth potential. The grid
2oes 10 the negative end,  The cathode is tapped to the slider of ithe variable
resistance forming the most negative section of the chain, and the focus
ancde is tapped to another vamable resistor further up. In the lower
valtage tubes, the first anode goes to the positive end of the chain, while
for higher voltages, 1t may have to be tapped down to a point betwzen the
final anode and the focus conirol.

1R
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Fig. 16, C.RT. Supply Chain

One of each pair of deflection plates is returned to the final anode
through a high resistance, and the other is similarly returned to the appro-
priate shift control. The shift controls are potentiometers arranged so that
they apply an adjustable steady bias to the deflection plates. The final
anode is held at the potential of their centre points by a fixed potentiometer.
The {eed to the deflector plates is brought in through condensers, to avoid
interference with the shift bias. In some casecs, where the frequency of the
observed signal is very low, the condensers may be shorted, and unbalanced
feed used. In the normal way, however, it is better to use balanced feed,
as this helps to avoid distortion in the trace.

This basic design may be used for any type of electrostatic tube, the
Tesistance values being caleulated from the potentiometer flow and the
voltages required. The condensers shown in dotted lines are sometimes
needed to avoid hum modulation of the beam, but their necessity can only
be determined by testing.

The supply for a magnetic tube is relatively simpie.  There s only
one EHT lead, going to the final anode, which is usually a side-cap connection.
The voltage appiied should be controliable to some cxtent, as this permits
fine focus adjustments to be made, The simplest form of control is a high
value variable resistance in series with the EHT winding of the feed trans-
former. 1t should be ptaced in the circuit in a position where one side on
the resistance can be earthed. With this type of tube, the negative side of
the supply 1s usually carthed, as there are no deflection plates, and the controls
are on the cathode side.
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“The brilliance contro] is in the form of a variable tesistance between
the cathode and the negative side of the EHT supply, the erid being taken to
the negative side,

The focussing and deflection coils for fully magnetic tabes are hest
purchased. If there are none with the tube, it is possible to make up
stitable coils, but the daia varies from tube to tube, and the number of
turns, etc., can only be found by trial and error methods. |t should be
remembered that the imporiant factor is the number of ampére-turns. The
number of turns in the deflection coils should be as low as possible,

A useful method of makin & up deflection coils may be given, however.
The coils are based on a skeieton iron core made up from a few stampings
tzken from a smail electric motor  These stampings should be multipole
stator types, preferably with an even number of slots, or with slots so disposed
that symmetrical windings are possikle, The stampings should be Spaced
about i inch apart, bolts being passed through the assemnbly to elamp the
whole. The windings are made up in the form of thin coils on a suitable
jig, wrapped with thin tape, and inserted in the slots,

A general view of a partly completed assermbly is shown in F 1g. 17, The
inside diameter of the stampings should be a little more than that of the tube
neck, and the length of the assembiy should be about 22 inches., The method
of inserting the windings can be seen, while a suitable form of conneclion
strip, in circular form, is shown at the lower end of the assembly. The paper

A great advantage of this type of coil is that the winding elements may
be removed with ease when alterations arc required. I the coils are carefully
proportioned, it is possible to obtain a far more linear deflection than with
the more usual type of former, and the citiciency is higher. For oscilloscope
work, the shift required may be obtained by using auxiliary coils through
which DC is passcd. The polarity will control the shift direction, and the
current flow its magnitude,

The deflection amplifiers required for electrostatic systems are straight-
forward voltage umplifiers, and litle comment Is necessary. It should,
perhaps, be noted that for the larger types of tube special types of amplifier

In the case of magnetic deflection, on the other hand, the feed amplifiers
are by no mcans straightforward. The trouble arises over the high reverse
voltages developed across the output load during the flyback, or other sharp
movements. In the line amplifier {n a television reeeiver, for example, the
flyback has to traverse the screen in less than 16 microseconds, and the
reverse voltage may rise to 6,000 volts with & 9 inch tube in use,

-With this sobering fact in mind, the cffect on the cirenit may be reviewed.
The voitage is developed between the HT rail and the anode of the amplifying
valve. The valve must therefore be abie to stand 3 fiegative potential of
6,000 volts on its anode for 10 muicroseconds in every 100, The load, which
15 generally in the form of g matching transformer, muyst be able to stang

LSING EX-SERVICE RADIO APPARATLS 4]
o.o
ey N ."9
4 o o>
SEALING
s STRIP
\ PAPER
SN
\\-.._______'"
\\“"'“ %
) &
) = ! !

Fig, 17, Defleciion coils

6,000 volts across its primary, 6,000 volis can jump quite & distanc;, and
the wiring should therefore be arranged with care in this part of the circuit,
Lastly, there is senerally a feedback condenser connecied to the anode, and
this must be able to stand up o 6,000 volis,

In most cases, the reverse voltage is about the same as the EHT voItag.c
with a sweep that crosses the screcn in 10 microseconds. Thls_ w_Ie of thugno
shouid be treated with caution, but will generally serve for preliminary design
work, If the spot takes 20 microseconds Lo traverse the screen, the vollage
will be halved, and 50 on. Al 23 ¢/s sweep, the flyback increases to -{,000
microseconds, and the voltage 1s one 400th of that appearing at 10 inicro-
seconds. ]

As indicated in the chapter on power supplies, suitable amplifier \;a}lves
for this application are those with top-cap anoede connectors, The 807 is a
favourite, and there are scveral others. They need not be used fgr moderate
reverse voltages, but it should be remembered that 1,000 volts is quite fre-
quently generated in relatively smull oscillograph quipn_lent. )

Another way of applying a sigpal to the C.R.T. is via the modu}atan
grid.  This is a stundard feature of tefevision gets, Ibut can aIsq ‘%?e use_d in
oscillographic work, when it can be made to provide a third " dimension
to the pattern, sometimes called the *Z° dimension. The principles are
e same for all tvpes of tube.
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If grid modulation is to be used, the connection to the grid from the
supply chain should be made through a resistance. The value of the
resistance depends on the type of output circuit used to feed the grid, but
should generally be'high. The 'grid base’' of most C.R. Tubes is about
30 volts for full modulation, and the output must be able to deliver this into
a suitable resistance,

It should be noted that with electrostatic tubes, the cathode and grid
are not usually earthed, and this raises the question of coupling. A high
voitage condenser may be used, but in the case of tclevision apparatus, a
DC restorer will be necessary.

A final note on grid modulation : Either positive or negative signals
may be applied to the grid, to produce increases and decreases in trace
brightness respectively. I it is inconvenient for some reason to derive the
eutput in the correct polarity, a permissible variation is to earth the grid
and feed the signal to the cathode. This is not the best practice, but gets
round an awkward corner now and then.

The last type of circuit to be covered is the time base,

There are literally hundreds of different types of time base, each having
its particular advantages and snags. A few of the more generally used
circuits will be described, the seiection being based on the types for which
suitable vaives are most readily available.

The simplest time base is the neon lamp type. This simply uses & neon
lamp and charging circuit. The voltage across the neon rises until the
discharge begins, when the current through the lamp is greater than that
applied by the charging feed. The condenser of the charging circuit,
connected across the lamp, is therefore discharged, and the voltage across
the lamp falls to the extinction point. Here the discharge ceases, and the
voliage on the condenser rises ngain 1o the point where the lamp fires once
more.

The charging time is proportional to the product of the charging
resistance and the condenser capacity, The discharging time is proportional
1 the product of the capacily and the effective resistance of the lamp. The
sweep and flyback times may therefore be adjusted together and inde-
pendeatly, since the capacity affects both in the same proportion, while the
charging resistance only affects the charging time. (Strictly, it also affects
the discharge, since it is still charging the condenser during the flyback,
but this may be ignored for conditions of short flyback time)., The output
voltage is constant, and equal to the difference between the ignition and
cxtinction voltages of the lamp.

This time base is not very impressive in its performance. The output
is enly apout 30 volts, or at most 40, and the sweep is by no means linear.
‘Fhe linearity may be impreved by using a constant current charging device,
such as a pentode valve, but the problem of frequency control then arises.
It is possible to adjust the charging time by altcring the grid voltage of the
peatode, but this is not very satisfuctory. In any case, the lamp will not
opcrale ai the higher frequencies, as it requires a certain time to de-ionise
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before the discharge ceases. At the higher frequencies the output thcrefprc
drops rapidly, as the lamp fires at a potential well below its normal ignition
voltage.

i maodification of this uses the thyratron tube, which Is similar to a
neon lamp, but has a grid, which can be used for frequency control and
synchronising purposes, The performance is otherwise about the same,
though a slightly greater output can be obtamed.

Turning to hard time-bases, the most useful for experimental work
is probably the Transitron, There are many variations of this, but th;:
general circuit of the time-base version is shown in Fig. 18a. The output is
obtaincd from the anode, if a sawtooth waveform 1s required. A square
wave can be obtained from the screen and suppressor.  All the condensers
and resistances affect the frequency and waveform of the output to some
extent,

S¥YNC INPUT

L
T

W o
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Fig. 18. Transitron Circait

The Transitron is of especial value to the experimenter, because of its
versatility, Usmg a single EF50 or other high-slope pentode, it is possible
1o make up a single valve resistance tuned oscillator, as mndicated in Fig, 18b
The unusual feature about the Transitron is that the output obtained from
the screen is in phase with the input applied to the suppressor, whereas all
other valve amplifiers having a gain greater than unity give a plase reversal
between input and output. An oscillator version is shown in Fig 18c.
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(C)

Fart of Fig. 18,

The next type of time-base is the blocking oscillator.  This is sinply a
normal osciltator with the circuit constants chosen so that the oscillator
" blocks * at & predetermined rate.  The blocking phenomenon is well known
10 most of those who have built themselves oscillators, and is caused by the
development of a large negative poiential across the grid conderser. In
practice, the oscillator never gets bevond the first three-quarters of a cycle
of its normal oscillation, because before the peak voltage has been reached
the_grid condenser has reached such a potential that the valve is cul-oﬁ'r
This is the fly-back time, during which the anode current drops to rero,
The grid condenser then discharges through the grid icak, and the oscillation
resturts.  The flyback time depends on the pateral oscillation frequency,
and the sweep ime on the product of the grid condenser capacity and the
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gnd leak resistance. The two parts of the sweep may therefore be controlled
independently, It is common to use a second valve to produce the actual
sweep signal. Fed from the oscillator, this discharges a condenser at each
pulse, the condenser being charged between pulses through a resistance or a
pentede charging valve.

A reasonably hefty triode should be used for the oscillator valve, and it
1s common practice to use half a double triode, such as the 6SN7, the other
half being used for the discharge valve, It may be noted that if ac especial
precautions are taken, the oscillation may start in a positive or negative
direction. If the grid begins to go positive, however, grid current flow will
damp the input circuit, and the oscillation will swing the other way, It is
sometimes necessary to put a diode across the grid-cathode circuit to take
part of this current, and the cathode of the diode may be made negative to
the cathode of the triode so that the diode starts to pass current first.

This section would not be complete without reference to the electronic
switching circuit. This consists of a pentode valye, the input to the circuit
being applied to the control grid in the normal way, and the output circuit
being orthodox. The suppressor js fed with a contro! voltage, which may
be in the form of a square wave signal. When the suppressor is positive,
the valve operates in the normal manner. When the suppressor is negative,
the valve is cut-off. By feeding two or more such stages from a common
anode load, any desired number of inputs may be switched in and out by
applying suitable waveforms. An example is the display of two or more
different waveforms on the screen of a CR.T. at the same time.

This circuit works best when the ‘ positive ¢ycle * puts the suppressor
at zero volts, and the . negative cycle” is correspondingly very negative,
This may be arranged by connecting a diede between the suppressor and
cathode, so that the maximum positive excursion is limited. If considerable
accuracy is required, and the amplification must be made stable, it is possible
to use a cathode follower circuit. The amplification is then slightly less
than unity, but is largely independent of the supply voltages and valve
characteristics. In this form, the switching <ircuit permits the accurate
comparison of two waveforms in respect of amplitude and shape.

All these {and practically any circuit imaginable, for that matter) can
be used in cscilloscope work. No mention has been made of some of the
specialised circuits, but these ¢an be found in most text books on the subject,
and require teo derailed a treatment for inciusion here,




Chapter Seven

COMMUNICATIONS

_ Little can be said on the subject of communications equiprment, since

sutable gear is generally found in more or less complete form, or not at all,
A f;w notes on the modifications required, with details of a few specific
equipments, may be given, however, as a guide to those interested.
_ The most popular and most readily available communication receiver
15 undoubtedly the R1155. With jts associated transmitier, the TI1154, this
sel was produced in thousands for the services, It has a convenient wave-
length coverage for domestic and amateur use, the medium and long wave
broadcast ranges being included, and the short wave ranges extending to
the 18 mc/'s region. There is also a band covering the frequencies below
the *long wave * range, The operation is straightforward, the diaj readings
and the wave-change switch being linked by colour coding, the volume
conirol being available either for RF or AF control. A six-way switch is
used to select the services required, one position giving manual RF gain
control and fixed AF gain, a second manual control of AF gain and AVC
for the RF, and the oiher positions being concerned with the automatic
homing device of the DF system.

The DF circuits will not be required in most cases, but they may be
left in place without harm. There are three valves concerned, and these
may be removed to reduce the current drain. Most of the smaller panel
conirols are concerned with the DF section of the circuit, and do not affect
the communications receiver section. A B,E.O. circuit and a flter are
provxde_d for CwW recepiion, -

Thls equipment is intended to be operated from motor generators
funning on the 24 volt battery supply of the aircraft or vehicle in which they
were generally used. It is therefore necessary to provide a power unit to
feed the set. This can be of normal design with 220 volts HT and 6.3 volts
LT. The_drain varies with the particular version being used—there are
some §ix d]ﬂ"eycnt types. Ttmay be noted that it is as well to include a power
cutpul stage in the power pack, as the triode output valve in the set is not
really adequate 1o drive a loudspeaker.

All connections required are made to the right-hand plug of the group
of three connectors at the lower right-hand end of the frong panel. This
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plug carries : Earth, LT +, HT - {main), HF + {standby), Output, and
Aerial. Al these arc generally single leads, the negatives using the carth
return.  The middle connector is the output to the DF indicators, and the
left-hand connector takes the loop aesial leads. These may be ignored for
cominunications use.

The associated transmitter, the T1154, has an aerial input of about 50
watts maximum. The HT is 1,250 volts, on the single way plug and 220
volts on another point. The LT is 6.3 volts. The dials are colour-codad
to match the colours on the receiver, and the master control dial ia the
centre of the lower panel is normaily used to switch on both receiver and
transmitter geperators as required. The transmitter may be used for R/¥
work with an external pre-amptlifier, and an intérnal oscillator js provided for
MCW transmission.

The army receiver type R208 is a useful receiver for short wave work,
It covers the 10-60 me/s range, and has an internal power supply for operation
from 100-250 vol: mains or 6 volt battery. It is of much heavier construction
than the R1155, which is built for aircraft use, has a built-in speaker, and is
generally a very useful set.  Unfortunately, it is no use for domestic purposes,
because of the frequency coverage, though some ranges ¢an be converted,
if desired. .

* There are a number of other communication sets available, Some can
be rin off the mains on their own power packs, and some have to be modified,
In the Jatter case, it is as well to check the arrangement of the heater con-
nections, It is quite a common practice to us: series-paralle! connection,
50 that the input with § volt valves is 12 volts, which may be obtained from
the standard aircraft aceumulator. In most British aircraft, a 24 volt system
is used, and this practice is not so frequent, the LT being drawn from 6.3
volt metor generators.

Another class of set that must be mentioned is the transmitter-receiver.
This inclodes the fixed station and walkie-talkie types. None of these are
of much value to the average amateur as the transmitter Section cannot
be used without a license, and in any case does not generally cover any of
the amateur bands. The power is generally low, but if that is a tempiation
to hope that the G.P.O, would not notice illicit transmission, second thoughts
are advisable.

These sets sometimes yvield useful components, however,. and the
following types may be noted. The venerable TRY, using a 2 volt vohe
of 1930 vintagé, and an internal 120 voit HT battery, may be regarded as g
museum pigce.  Even the chassis is useless. As for the componcnts | . |
It is rather grim to think that this was the siandard aircraft RiT set for
short-haul work as late as 1942, when {1 was also being used for smali ground
stations., Incidentally, the transmitter is crystal controlled and the receiver
s a 5 valve TRF. Latcr sets are available, but they use crystal control
for the local esclliator, so they may be ignored, though they do offer a better
selection of components, and a complete set of valves for a superhet.

The VHF sets appear 1o be available only in isolated units, which are
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normally fitted into 2 common.frame. These are mainly of value for valves
and small components,

The walkie-talkics arc mainly of value to the miniaturisation fiends.
They yield small valves and tiny components, which are not generally usable

as the working voliages are low. They are of interest to those working on’

model aircraft control and the like. A marvellous piece of control gear for
a model plane has been seen that was made from walkie-talkie parts.

Transmitters ? Well, those who are authorised to transmit have passed
the P.M.G.s examination, and are welt equipped to look after themselves.
Those who are not need no more temptation than the availability of trans-
mitting gear already provides.

In general, the communication section of radio work is not likely to
profit as much from the sale of surplus apparatus as the rest of the electronic
sphere. The sets are too specialised, and adaptation too complicated, for
thﬁ.ﬂ purchase of communication apparatus by this method to be really worth-
wile.

Chapter Eight

VALVES

One of the greatest troubles in using ex-service equipment is knowing
Jjust what a given valve willdo. The commercial type numbers are not always
used, and there are at least seven different systems of service numbering,
This chapter will consist of notes on as many types of service valves as possible,
cach section being headed by the designation by which the valve is best
known. There would be no point, for example, in heading a section * VRS '
»\fhcn the valve is better known as the EF30. The alternative names wiil be
given, as far as possible, but there may be many more, and it is as well to
depend more on the visual recognition data.

EF50. This valve has probably been used more than any other in
service equipments. Its appearance is so unusual that it is easily recognisable,
It has a cylindrical metal cover painted pillar-box red and uses a British 9 pia
base of the glass type, in which the pins are sealed directly into the glass.
Its versatiiity is proverbial, and many pieces of gear have used nothing else,
A notable cxample was a valve characteristic curve tracer which used nearty
forty EF3(0¥s,
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The wversatility is partly due to the fact that the valve may be controtled
by the main grid, the suppressor grid, or both. An example of the use of
this was given in connection with switching circuits at the end of chapter 6,
and another example is the Transitron circuit: Nominally an RF pentode,
the vaive is equally useful at low frequencies as a high gain amplifier and in
many other circuits.

The limiting values are : Anode and screen supply voltages, 550 volts ;
Anode and screen voltages, 300 volts ; Cathode current, 15 mA ; Anode
Dissipation, 3 watts ; Screen Dissipation, 1.7 watts. The mutual con-
ductance is 6.5 mA /v (max.}, and this can be controlled by varying the voltage
on the control grid or suppressor.  An amplification factor of 75 is obtainable.
1t will operate up to and beyond 100 mefs without loss of efficiency, and may
be used very effectively at television frequencies.

Altogether a usefu] valve, Further data may be found in valve lists,
The valve is a Mullard prototype.

Like all successful valves, the EF50 was followed by many variations,
including one consisting of two complete EF30 electrode systems mounted
end to end, and sealed into one envelope. This valve is characlerised by =
container similar to that of the EF50, but nearly twice as long, and painted
matt black to help to radiate the not inconsiderable heat generated. A
similar, if not identical, commercial version is the Mullard EF55. It is
intended mainly for use as a video-frequency amplifier, and has the unusally
high mutual conductance of 12mA/volt.

A more orthodox variationn was the YR136, or EF54. This is very
similar to the EF50, and has, in fact, been described as “ an EF50 with
improvements ™. It has a higher slope, but has not the same suppressor grid
characteristics. Whereas AVC can be applied to the suppressor grid of
the EF30, thus leaving the contrel grid free to give Linear amplification,
this is not so practicable with the EF54. Its upper frequency limit is over
300 mc/s.

A valve often used with the EF50 and its variations is the EC52, or
VR137. This is similar in consfruction to the EF50, but is a triode. The
metal container i$ omitted and the structurc and the connections are clearly
visible. The leads to the electrodes are remarkably shoit, and the valve
will oscillate at frequencies up to 400 me/s. It is only fair to say that at this
frequency the tuning inductance and capacity are entirely provided by the
leads, and the circuit consists of an RF choke from HT to anode, a 10
pF condenser from anode to grid, and a 25 kohm resistor from grid to
cathode, the latter being earithed. Those who care to work (t out will find
that the Colpitts circuit is employed. The maximum anode voliage 15 400,
and the dissipation limit is 7.5 watts.

The EC52 should not be confused with the EC54, which is somewhat
sirnilar &t first glance. The EC54 is 4 grounded grid triode and the electrode
assembly is supported by relatively massive fins in the centre of the envelope,
whereas the electrode system of the ECS52 is vertical, near and paralicl to
the wall of the envelope.
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The EC32 makes a very good oscillator, and can be used in VHF superhet
OF super-regenerative circuits with great success. It may also be used in
signal generators, not to speak of small transmitters. The EC54 is essentially
an amplifier, but can be used as an oscillator if necessary.

This completes the main types of valve usin g the glass 9 pin base. The
next typs of valve employs the Mazda Octal base, and a word of warning is
nccessary here. At first glance, the difference between the two types of
octal base is not noticeable, and only too often is discovered when the valve-
holder has been fitted and wired, and an attempt is made to insert the valve.
It is just as well to check this point at an early stage. The connections, by
the way, are completely different, The heaters, for example, go to pins 1
and 8, instead of the usual Z and 7.

VRES., There are two variations of the VR65 : the VR65A and the
VYRI116. All are derived from the Mazda SP4!, a fairly orthodox RE pentode
with top-cap grid. These valves run second to the EF50 in numbpers in ex-
service equipment, and were used for very similar purposes, the choice
between them in many cases being dependent on the relative supply positions.
The VR65 and the VR116 have 6.3 volt heaters, while the VR854, like the
prototype, has-a 4v ta heater. The 6.3v heaters take about .7a.

These valves are useful, apart from their originaily intended application
as RF amplifiers, for all kinds of pulse circuits and are found in large
quantitics in radar pulse units, as is the EF30. 1t is mainly as amplifiers
that they will interest the experimenter, however, since the EF50 is generally
better for pulse work. A fine example of their use in this connection may
be seen in the * Monica * radar receiver, which has a 13 mcis TF of about
2 me’s bandwidth employing five VR65's. The local oscillator is a YR137,
and the RF and mixer stages are YR136's. Many of these sets have been
modified to act as vision receivers, and with remarkably little alieration
give quite good results.

These valves have not got quite as good a VHE petformance as the
EF30, and the maximum useful amplification limit is below 45 me/s. They
should not be used, therefore, as RF amplifiers in television receivers, but
make excelicat [F amplifiers. The VR116 is slightly better than the YR6S,
the-difference being comparable with that between the EF50 and the EE54,

VRO2. The liny single diode that lurks in odd corners of radar scts
has reiatively little use in most circuits. It may be used Yor DC restoration
i tefevision sets, and is useful for * Tieing down ' grids and suppressors
in the manner suggested in the notes on time bascs and switching circuits.
Tt has been used as a rectifier for a standing bias supply. It has a 6.3 volt
O. 15a heater, and requires & special base, The three pins at one end are
the heaters and the cathode, and the anode goes to a singic pin at the other
ead. The anode liniis are 50 v and 5 mA., :

The CV6, alias the VR135, is a most remarkable Lule valve, It is
" buntam ' size, and the anode and grid are brought out to twa top-caps.
This valve makes a very healthy osviilator at frequencies up to and exceeding
Z00 w)'s, the unode and grid conncctions being convenient for yery compact
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Fig. 19, Two forms of anode loop oscilfator

and efficient tuned circuits. A circuit of consid;rablc 'value ‘with th:s'and
the EC52 is the anode loop type, in which the tuning coil consists of a ?mgle
loep {or more) or wire with the HT fed through an RF choke to the centre
point. Oneend of the coil goes to the anode, the other to the glr:d condenser.
The circuit is shown in Fig. 19, and it will be noted that this degenerates
to the circuit described for the ECS52 at 400 me’s when the coil and shuating
ity d to nothing. _
capa%z ag:s;egf? iie CVé6 carr?es only the heater and cathede connections,
arrangement being used.
the u;]l']g;tmc:f‘}{er valgves either gl:)ear their normal numbers, are ecasy to
Tecognise, of are of no use to the amateur,  In the first group are the Amf:r_tc%n
types, which are marked 6J5, 6SN7, and o on, In the secqnd are such
valves as the unmistakeable pigmy double diode the VR34, alias tne EB34
which has a 6v 0.2a heater and divided cathode, and will siam‘i 200v ut
0.8mA on each anode. The maximum voltage between cathodes is 50, and
between cathodes and heaters 75, In the last class are the klystrons, magnet-
rons, lighthouse valves, aircooled valves, and all other paraphenalia of 1h'e
VHF and centimetre bands. No space will be wasted on thqse, since their
use is- far beyond the capacity of the average amateur’s cqmpmcnt.l -
Identification, however, i1s not all the story. Even when a valve is
known, it is sometimes difficult to get adequate ﬁgu_res on the _pertonlnan::]c.
There is only one remedy ; find out. The process is not especially dlfﬁ.‘;‘[j
nor docs it require very complicated apparatus. A Jot may be done with o
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voltmeter, a milliammeter, and a few potentiometer i
o0 . . S- Am
set-up is shown in Fig. 20.. po senient general
Before starting on the actual test, que :

. n | squery one : Is the heater {or filament
wl_tage known ? If it is not known for certain, it must be checked, since ncg
;?)tlsfgi:ton;t measurements can be made otherwise. There are so many

ssible voltage ratings that the problem is not easy to sol i
procedure is required, Yiosohe. Amethodical
The valve should first be examined to establish t i i i
) / Sshould firs: ype identity. 'This
ll"sh not an infallible indication, but reduces the possibilities to somg extent,
€ points to note are @ The type of base ; the type of cathode {two-
terminal ﬁlameqt, tapped filament, cylindrical beater, flattened heater) ;
and the general size of the electrode structure.  The last gives some indicatior;
aori; ctlhe:] ;.:attaggeﬂt]hat may be %xphicted. The base indicates the national origin
Tows the variety of likely voltages to some extent. f
cathode narrows the field stil] further, t The bpe of

o500
450
400 ANODE
50
VOLTAGE 300
ABJUSTHENT 35200“'—- CHEGK 500V,
130 SCREEN
%0 RE
50 [--
* EARTH
PP, ]
2 ] :
3
4
5
~ st - (RID
? il
8™ ——& SUPPRESSOR
9
i
—= LOMMON
— |-4y-2y
* 5.3%-4y
— 1 5Y-12:8Y

Fig 20. Vaive test rig
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Having checked these points, the lowest likely voltage should be applied
to the valve and the current flow measured. This will distinguish the low
voltage 1ypes intended primarily for AC operation from the higher voltage
types for AC/DC use. Reference to the appropriate group in the following
tables will then assist to identify the rating with fair precision.

A few warning notes are necessary, Firstly, the corrent will change as
the valve warms up, and the reading required is the final steady value.
Secondly, it must not be expected that the values of current shown will be
foliowed exactly. They are calculated from the general relation between
current and voltage as indicated in Fig. 21, This is plotted in terms of
percentages of rated voltages. It will be seen that with 25% of the rated
voltage applied, a current flow equal to about half the rated value may be
expected.  Lastly, the lists are not claimed to cover all the many possibilities,
and it is as well to check the heat of the cathode by observing the colour.
This will also help to differentiate between awkward alternatives. The
important peint is, after all, 10 get the current flow right.

1% ] ) AN
805, ] OPERATING
POINT.
80% et
—
708 -
B oo )
Z 60%
& 50% 4
~ 5o
© 403 —
0% /
20rl__/ PLOT OF HEATER CURRENT
/ AND VOLTAGE : AVERAGE VALUES,
0% M '
©10% 20% 30% 40% 50% 60% 70% 80% 90% 1007
VOLTAGE.
Fig. 21, Valve heater-curvent voltage refation




54 USING EX-SERVICE RADIO APPARATUS

FILAMENTS WITH NO TAPPING
BRITISH 4, 5, 7 AND 9 Pry Bases

These valves almost invariably have 2 volt flaments. The smaller
valves take Q.1a., or sometimes 0.15a. Power valves take 0.2 to 0.4a., the
higher figure being mainly for double pentodes, Rectifiers make heavier
demands, and draw an ampere or more, Large power valves, like the
PX4 and many rectifiers, require 4v at ap ampére or more, These are few
in number, and easy to recognise.

Ocrat, LoctaL, BSG, B7o Bases
The newer styles of base are generally associated with the lower voitage
filament types. These require 1.4v at 0.05 or 0.1 amp. and operate with a
barely visible glow, though in some types (notably acorns) the glow is more

pronounced. TAPPED FILAMENTS
These ar¢ designed for alternative connection to suit the supply, The
most important js the 2.8 v 0.05 a. type, which may be connected to operate
on 4w at 0.1a. This is used on the larger type of valve in the 1.4y series.
Some of the 1.4v valves are also centre tapped, the tapping being brought
out (o a cathode terminal.  Some types of rectifier employ tapped flaments,
which are usnally of the 2v 0.5 + 0.5 a. type.
HEATERS
As stated above, the shape of the heater gives an indication of the
watlage required to heat it. The round types are the low power design,
and higher wattages generally call for the flat design with greater radiating

suride. BRITISH Bases

Apply 4v. If the current is greater than 0.5 amp., the valve is of the
4v iype. If the current is less than 0.5 amp., the valve is either a pigmy
doubte diode or a universal type. In the latter caze, the list below will
show the current for each rating with 4v applied, and, for the higher ratings,

with 13v applied. _
Rating atdv Rating Cardv lat i3y
- N - e
13v ie1Sa ¢ 0092 | 20v | 03a | 01 a ] 0164
I3v 102 a .12 a i' 20w 0.3a ‘ Q.15a [ 0.242a
13v | 035a | 021a 007a | 0.12a

430w 02a |
By _o065al 0393 | &v | 02a | opsa | 01l

It can be seen that 13 v .15 a, and the 20 v 0.2 a, arc not casy to
distinguish, but the diffcrence in cathode temperature will help here. The
higher voltage valve will scarcely glow at allon 13 v,

Ocrat, ETC., Rases

Apply 6.3 v.  The majority of the valves of this ype are rated at 6.3 v,
the currents running fiom 0.2 to 0.9 amps. and above the higher curreris
belonging to the lurge power groups  Reference to the follow g b,
and ebservation of (he cathede temperature will enable most t¥pes to be

1dviiified,
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T 7 Rating Rating at 63v 126y at 25’y

— |

63v 020  Al126v
63v 1 03a . O 13v

0.15a |01a loiss |
0.16a | O0la [046a | — -

63v | 04327 S14v | 622 |o13a |o1ea |
63v 0452 U ldv !03a 0.19a |028a . —-
83v  05a ; O15v |016a |009a '0.4a | —
63v | 06a | A25v 103a |015a {0222 '03a
63v 1074 © 026v !03a 0.l4a |0.2fa "03a
63y | 08a G 30y 016z 0072 0.1a ;0144
63v 1 085a| A35v '015a 1006a |008a L0124
63v _09a | O48v  016a 10054 !007a 'Odla

KEY : A — Standard American Rating, O = Osraim_pmrot)'pés
{Octal bases)

= Special type (Cossor), U = American UX base anly.

An impesing assortment, but not impossible to handle if a careful
elimination process is used. It is also useful (0 note that an odd volt in
twenty-five, or even in fourteen, doesn't alter the current much.

Having found the heater voltage of one valve in a piece of eguipment,
there is no need to check all the other valves on the same LT lincs. There
may, however, be some valves on a different line, or fed through resistances.
This can be checked by point-to-pointing,

The actual process of measuring the characteristics need not Bé deseribed
in detail. A watchiul eye should he kept an the grid and anode during
the tests, and any tendency to heat up on the part of either of these elecirodes
should be checked immediately by suitable reduction of applied vollages,
Tt is as well to notg the anode dissipation power in such cascs, 5o that a
repetition can be avoided. The grid generally heats up when it is positive
with respect to the cathode, but some valves require a minimum bixs of 1 or
2 to avoud grid current.  This is due to the differing potential of the various
parts of the heater.

The curves which are most useful are the anode current unode voltage
curves for various grid voltages, but special cases may call for special plots,
In the design of Transitron circuits, it is useful to plot screen current againse
suppressot voltage for various anode voltages,

A point which may arise is the base conneetion svstem used. If 0t is
not known, it can be found 1n much the same manner as that suggested for
C.R. Tubes. [t 15 suggested, however, that a diligent study of the available
valve lists will reveal many standard rujes which will assist this work. The
exceptions are equally important, of course. The pleasant surprise of a
bargain purchase of a large quantity of 6SN7 doublc trigdes was explaned
subsequently by the fact that the setler, having tested for heater conuinuty
across pins 2 and 7 of the octal base, had decided thar they were all burnt
out.  Inactuai fact, the heaters, across pins 7 and 8 were all in good order, )
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SERVICE VALVES AND THEIR
COMMERCIAL EQUIVALENTS

In the valve equivalent list that follows, it should be mentioned that the
numbers quoted are not in every case the exact commercial equivalents.
Many are special development types having no commercial currency, and
manufacturers will not often supply data for these, most of which are TepTE-
sented by the numbers E1148, V1906, etc,

It will be noted that immediatcly foilowing the commercial equivalent type

number, appears a letter enclosed in a bracket.

This indicates the manu-

facturer of the commerciai equivalent and the abbreviations that have been
used are as follows :

A —American

B—British Thomson-Houston

C—Cossor
D—Muazda
E—Ediswan

F—Electrical & Musical Industies
G—General Flectric Co. of Britain

H--Ministry of Supply

M—Mullard

N—British Admiralty
O—Marconi Osram Valve Co.
P—Philips

Q—Hivac

S—Standard Telephone & Cables
T—Tungsram

I

British British British

Army Commercial | Army Commerciai | Army Commercial

No. Equivalent | No. Equivalent | No. Equivalent
AD! DLS10 (E} ARPs SP4 (M) | ARSE 5625 (O
AR4 HL210 (D ARP7 L2MPT (C) ¢ ARST V824 (Q;
ARS LP2 (O; ARPE AC4:Pen (D'} ARS8 PMIZV (M}
ARA LP2 (0} ARP9 Penidd0 (D)  ARTH2  ECH35 (M)
AR7 4D1 (S} ARP92 7D (%) CARTPY  TP22(Dn
ARS HL23DD (D) ARP1O PenAd (M) | ARTPI  TP235 (D)
ARG L21 /0 I ARPII TSP4 (M) J AT20 MZ05.20 (M)
ARIG TDD2A (M) [ ARPI2 VP23 (D AT3s DET25 (O]
AREI 40198 {8) . ARPL3 VP21 (0; | AT3? ACTG (F:
ARI2 40204 (8] [ ARP14 220PT (C; 1 ATPIO 40614 (8
ARI3 402AR Sy | ARPIS  KTIW63 (0) | ATPIS  PV1-35 (M)
ARI4 220RC (C) { ARPI6 6J7 (A C ATP7S PTa {O)
ARIS 220LF :Ci | ARP17 6F6 1 A) | ATPIOD  4069A (8
ARG 220B {Ci . ARPIE KT24 {03 I ATS25 807 (A
ARI7 MH4$ /O, . ARP1S SP41 (D3 CATS2SA 807 (A)
AR20 4021B i5: T ARP2G SP42 {13) i ATS0 4282B (8!
ARZ2| EBCI3 M) .| ARP2 Zz62 (0 c AL Li18 0]
ARD2 D ARP22 116 Pen (1 AU3 L'12-14 O
ARD4 D42 000 ¢ ARP23 BP4igl (T) | AU3A MUI14 {0;
ARDDL  JOHIT (8 ¢ ARP24 2Z20VPT (C; - AL4 U7 {0
ARDDI  6Hg (A CARP2S KT4I(O) | AUG GUS {O)
ARDEGS B34 (M i ARP26 KT44 (O, - ALS U322 {0
ARIH xXed 0; i ARP33 MSP4 (O)  § AW2 7475 (MY
ARPI KT2 () 1 ARP34 FEF39 /6 AW3 5130 (C
ARP2 SP2 M) . ARP3S EFS0 (M) AW STV2RO 40 (O}
ARP} o2 (S, . ARP36  SPSI (D) . AWS ME4] (D)
ARP4  SP2IG{D,  ARPI7T  QP2S(D; | AWG EM3I M)
ARPS VP2 (M . ARP3R KTZ73 (03

CcY.
Ne.

3
5
6
8

9
12
13
15
18
19
20
22
24
25
26
27
28
29
30
31
32
33
34
39
41
42
43
49
51
52
53
54
35
57
58
63
64
63
66
72
73
74
75
78
79
82
84
85
86
87
83
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Comnerciai
Equivalent

E1228 (G)
GU21 (0
E1148 (G}
E1248 (G}
AL60 (M)
E1191 (G}
BT9B (B)
EI1266 {G)
DET19 (0)
EHTI (Q)
V1906 (D)
BT45 (B)
HL41 (O}
42424 (S)
8§13 (A)
4357A(S)
ACT9 (O)
E1235 (G)
4270A (S}
U20 (M)
366 (A)
40774 ()
MR10 (O}
S22AF (S}
E1267 (G)
E1256 (G}
$130 (C)
3Bj501A (S}
E1320 (G)
EI1231 (G}
$26A (8)
VUI33A (H)
E1190 (G)
E1271 (G)
E1273 (G)
E1323 (G-
Ei342 (G)
PEN25 (D}
RL37 (M)
V1120 (E)
V11268 (E)
XP(Q) °
4313C (S
E1474 (G)
E1379 (G)
S27A (5]
3B/102B (S)
V2023 (E
V1507 (H}
KRN2 (F}

DV32 (8}

C.V.
Ng.

128

137
138

152
133
155
171
172
173
174
176
178
18i
185
187
188

Commercial
Equivalent

E1380 (G}
E1368 (G)
E1232 (G)
V625 (P)

DSI03 (0}
V1924 (E)
E1371 (G)
VS68 (H)

E1365 (G)
E1415 (G}
KR&/1 (F)
Ei417 (G)

SU750 (C)
KRN2A (F)
V884 (E}
6C4 (A)
DDR3 (H)
DDR7 (H)
DDR26 (H}
V888 (D)
Y738 (H)
Y984 (D}
U2 ()

U3 ()

L4 (O}

Us {0)

U7 (O

U8 (O}
GU21 (0}
Ei411 {G)
E1190 (G}
w21 (0
Ej468 (G}
DDR2 {H}
E1459 ()
XP1,3(Q;
Ej43%8 iG;
ECC3] (M}
PM202 (M)
Uo (O
E1436 (G)
DLSI10(E}

C.V.
No.

191

192
i99
200
204

207
208
214
215
216
221

222
225
229
230
236
240
242
243
244
245
248
249
257
259
261

278
281

283
290
302
303
304
305
324
327
346
347
358
379
384
385
386
387
391
500
501
302
503
504
5035

Commercial
Equivalent

El1494 (G}
E1481 (G;
INT99 (N}
MZ2-200 (D)
V630 (H)
ACP4{E)
E1487 (G)
EI531 {G)
E1497 (G)
YRIS50 {A)
E1516 (G)
E1489 (3)
ACTIT ()
E1336 (G)
DV355 (8
El1465 (G)
E1496 (G)
G518 Cine-Tele
40454 (8)
4046A (S}
4328D (S}
G516 Cine-Tele
4HI9A (8)

E1457 (G)

E1495 (G)
2Tf270K (S}
E1606 (G)
X61M (0)
6ALS {A)
E1527 (G)
ECH22 (M)
EF22 (M)
EL22 (M)
EvVsl (M)
GUS (0)
EF52 (M}
EZ22 (M)
EBC2L (M}
EF37 (M}
ACTIO (M)
DETS (O)
CK502 (A}
CK305 (A)
CK 306 (A}
LS650 (S)
6T7G (A)
EBF32 (M;
LD2i0 (D)
SW4DT (A)
6L15/6GS (A)
MTI16 (O}

37
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C.V. Commercial | CV. Commercial [
No.  Equivalent No.  Equivalent No.

306 GL8023 (A) 588 607 (A) 645 S'.-’{j (Al
508 1B49 (A) 589 6QIGT (A) 647 884 (A)
509 6V6G (A) 580 6S17G (A} 648 5X3 (A
313 6V6 (A) 591 68J7 (A) 649 Y3n (A
311 6VeGT (A} 592 68J7GT (A) 650 958 (A
512 6WTG (A) 594 68B7 (A} 651 981 (A}
515 6Y5G (A) 595 6SHIGT (A 652 1603 (A}
517 QZ4A (A} 596 45 (A) 653 1611 (A}
320 VYP2B (M) 597 879 (A) 654 1612 (A)
522 7B7(A) 598 715C (A) 655 1613 (A)
523 12Y4{A) 599 1851 (A 656 1616 (A
525 12A6 (A) 600 SCP1 (A 657 1620 (A
526 12A6GT (A) 603 10 (A) 658 1622 (A
529 12AHIGT (A) 604 30 (A) 639 16025 (A)
531 12C8 (A) 606 37 (A} 660 BACT (A}
534 1245 (A) 608 41 (A) 661 GABT (A)
535 12I5GT (A) 609 42 (A) 662 EOI2 (A)
337 125A7 (A) 610 45 (A; 663

338 125A7GT (A 611 360 (A) 664

340 128C7(A) 612 57 (A) £63 2

543 [28K7 (A) 613 38 (A 666 900} rA)
544 12SK7IGT (A) 614 75 (A) 667 G005 (A
546 125Q7 (A) 615 76 (A) 668 35T {A)
547 128Q7GT (A} 616 77 (A GO 270A (A
549 25A6(A) 617 B0 {A) (70 628 JA
350 Z5A6GT (A 618 83 (A 676 TIDEAIA}
55 23LeG (A) 619 B4(A) 677 HILA (A)
552 25L6 (A 620 211 (A 073 TOIAC(A)
353 23L6GT (A) 621 §0L {A) 683 3l6A (A}
355 2545 (A; 622 502 (A 684 274B (A0
558 2576 (A) 623 BO3 (A 686 VRIOS (A)
359 25Z6GT (A) 624 H04 {A) 687 GL446B (A
36l 35L6 (A} 625 805 (AL 638 2043 ¢ A)
362 35L6GT (A 6260 808 (A, 690 RK4BA ¢ A
564 35Z3(A) 627 &I0 (A; 691 357A (A;
565 35Z3GT ‘A 628 811 {A) 652 A
367 35735 (A 629 814 {A) 693 KHE300 '\
368 33Z5GT (A) 630 H26 (A 694 I’SG /

STl S0L6GT {A) 63t 828 (A) 695 7

372 6X35G (A} 632 B9 (A 6396

573 6GX5 {A; 634 832 (A 697
574 6X3GT (A) 633 B33 (A; 693 12 bJ (JF A
575 5U4G (A 630 816 (A 659 r{}OD iA)
378 6ABG 1A 637 K37 (A 00 12SRT YA
579 6AH A 633 K36 A F02 0 RIOB
580 OABGT (A 639 843 (A 703

581 6C5G (A 643 Ral IA o4

582 6CS (A U641 861 iA 05 1Ds GD 14
583 6CSGT (A; ©op4l 872 ‘\; WhGLITG Ca,
585 6C6 (A) 643 874 5A) 0T OHKS (A
587 6Q7G (A 644 EFS A 09 RX23544A)
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C.¥. Commercizl C.¥. Commercial C.V, Commercial

No. Equivalent No. Equivalent No. Equivalent
710 3684 (A) 780 1LH4 (A) 850 BAKS (A)
711 32 (A) 781 ILNS (A; 851 6B4G (A)
712 38 (A) 782 IR5 (A) 852 6C4 (A)
716 BOI3A (A} 783 184 (A) 854 6C7 (A)
717 SR4GY (A) 784 153 (A) 855 6C2Z1 (A)
718 SFPT (A} 785 1T4 (A) 856 6G8G (A)
719 2J21A (A) 786 1T5 (A) 857 6H7 (A)
723 1619 (A) 787 2AT(A) 858 6J6 (A)

724 816 (A) 788 8324 (A) 859 6J8G (A)
725 IB24{A) 789 3C24 (A 860 6K3G (A)
726 35Z3{A) 792 2022 (A; 861 6K35GT (A)
727 IN2I (A) . 794 2D2 (M3 862 6L3G (A)
728 IP3GT (A> 795 2D4A (M) 264 6P7G (A)
729 5V4G {A) 796 2D13C (M) 865 6SDIGT (A)
730 6A3 (A} 797 2D2] (A) 366 68J7Y (A)
731 6F6GT (A) 798 2E22 (A 367 BSR7 (A)
732 6W4 (A) 802 2C26{A) 370 8VIG (A)
734 228A (A) 803 2V3 {A) 871 6Z5 (A)
T35 845 (A) 804 2V3G (A) 872 647G (A)
736 905 (A) 805 S0Y6GT (A) 873 6ZYS5G (A)
737 906 (A) 807 3A4d (A) 875 2C21 (A)
738 933 (A) 808 3A3 (A) 876 TA6 (A}
742 FGOT {A) 809 3AI05B (8) 877 TAT{A)
750 OlA (A) 811 1291 {A) 878 TAB (A}

“ 751 HYT5 (A) 812 3B22 (A) 8§76 7B4 (A}
752 0A4G (A) 814 3BPI {(A) 880 TB5{A)
733 1A3 (A} 815 1299 (A; 881 7BSLT {(A):
754  1A4P (A) 8i6 3DPI{A) 882 7BOLM (A)
755 1ASG (A} 818 3Q4 (A) 883 7BBELM (A)
756 TASGT (A) 819 3035 (A) 884 T7BP7 (A)
757 1A6 {A) 820 354 (A} 885 7TC5(A)
758 1B4P (A) §22 EL3C (P} 886 TCSLT (A)
759 1B3 (A 823 4C2Y (A} 387 7C6 (A)
760 LBTGT (A) 824 HK257 (A) 888 7D7 (A}
761 1822 (A 825 45HA (C} B89 TDB (A)
764 1D5 (Al 826 4THA (C) 89G TES (Ag
763 1D7G (A) 828 4TPB () 801 T7E6 {A
766 1ESGT {A) B30 4TSP () 892 TE7 (A)
767 1F4 (A) 833 89 1A 893 7F7 (A)
768 1FSG (A} 834 5B 3008 S 804 1232 (A)
769 1E6 (A) 837 i2038SPEC "A 895 TH7 (A)
770 IETGY (A 840 SH4 (A) 896 TK7 (A)
T 1G3G (A 841 5U4GT ¢ 497 TIT (A)
772 1G6G {A) [842 SWaL 898 TNT(A)
773 1G6GT (A 3 243 892 QT (A)
174 1TH4AG (A I 844 93l 7RT (A)
775 1LAG6(A) 845 901 7Y4 (A)
776 1LB4 (A) 846 02 TWT (A)
717 ILCs (A) 847 6. At 904 B92R {A)
778 TLCH (A} 8§48 6;\(1) i \‘ 906 1602 {A)
779 _1LD5 {A) | 349 6A17 (A) 808 12A5 (A)




C.¥.
No.

Cornmercial
Lguivalent

109
1100
P!

1102

i

1103
1104
1103
1i06
1107
1108

C 109

1110
1113
117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129

f1130
S 1134

1136
1137
1141
1143
1151
1152
1153
1154
11335
1136

. Msg
Clis9
S 1160

116l
1163
1164
1165
1166

1167

1168
1169
[170

LY

X66 (O)
KTWa2 (O
MHLD6 (O
BL63 {0;
EM33 (M,
PT15 {00
MLs (O;
9D2 (S)
15D2 (5;
3D2 (S)

4D1 (8)
5130 (C)
U7 (0
41MTL (C,
KT2 (O;
DDL4 (C;
SU250A (C)
T41 (D)
FIMXP i
EF8 (M
HP410! :7;
MS:PenD (.
45H (C)
Penié (D
GTIC (0.
MS Pen ((;
HL23 (13:
HVR2 (M.
EF3d (M)
EC52 (M
DPQ (G
GTIA (O
PM3 (M
PM4DX (M)
PM234 1M
PM4DX M}
DEQ (O
DEQ (O,
PM14 (M
PMI14 (M,
ML4 (O;
ML4 (O;
PDII0A {Dy)
ACSG (D
VM54 (O)
LP2 (O
PMZ4A (M)
ACOH4 (M
YMP4G (O]
D41 (0,
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C.¥. Commerctal !- C.¥, Commercial
No,  Equivaient . No.  Equivalent
509 12AT {(A) I'1035 QP21 (0
910 12A8GT (A; . 1037 MH4 (O}
911 12BBGT (A} {1038 MHL4 (O;
916 12H6 (A) 1039 MU14 (O
917 12J7 (A} i 1040 PX2Z5 (O
918 12K7 (A) | 1041 PMI2M (M
919 12SF5 (A) . 1043 210PG (C)
920 12S8F5GT (A} [:044 200DDT (C}
921 12SF7(A) | 1045 X356 (0)
922 12SH7 {A) {1046 PT25H (O;
924 12517 (A) | 1047 TZ0S5-20 (M}
925 12SN7(A) ! 1049 210SPT (C,
927 12Z3 (A) {1050 HL2K (O
929 13SPA (C) | 1051 Pen220A (D
930 14F7 (A) | 1052 EL32 (M
931 135 (A) 11053 EF39 (M}
932 2C40 (A) | 1054 EB34 (M)
933 4C30 (A} i 1055 EBC33 (M)
934 4B30 (A} 1056 EF36 (M)
935 24A (A) [1057 EK32 (M)
937 25A7 (A) 1 1059 955 (A)
938 25ACS (A | 1060 807 {A)
939 25B6 (A) | 1061 RK34(A;
940 25BS8 (A} 1062 TY1-50 (M;
941 HK24 (A) 1064 1214 (O;
942 25Y5 (A) | 1065 SP61 (D;
943 26 (A} 1066 P61 (D)
244 27 (A) i 1067 65 (A)

945 28D7(A) | 1068 STV280:40 (O
946 28D7GT (A F 1064 STV280:20 (O
247 31 (A 1070 7475 (M)
948 32017 (A) L1071 sL4(A)
949 33 (A} S 1072 GUS (O
977 TWINCVSS (G 1073 H63 (O
995 6AJ5 (A) L1074 8J7 (A)

996 1637 (A) 1075 KT66 (O,
998 2000T (A 1076 DA4l (O,
999 3C22 /A) . 1077 EM31 (M)
1000 VRIOSA (H, . 1078 DI (D)
1018 2158G (C) 11079 KT8 (O,
1019 PM2 (M) 1080 4307A (8,
1020 220P (C) i 1081 4052A ()
1021 210LF (C) . 1082 220TH (C;
1022 220PA (C, 1083 210VPT (C,
1023 230XP (C) . 1087 14L (C)
1025 DET25 (O . 1088 832 (A
1027 210LF (€ 1091 EF50 (M;
1028 220VSG (C) 1092 EAS0Q (M.
1029 ESUILS0 (E. 1095 954 (A
1032 2208 (C; 1096 SB.S02A (S
1034 DET3 (O) ' 1097 ECR60 (M)

ATA (M)

USING EX-SERVICE RADIO APPARATUS ol
C.V. Commercial | Cv. Commercial C.V. Commercial
No. Eauivalent . No. Equivalent | No, Equivalent
1174 KT42 (O} © 1281 KTWEL (O) | 1345 TP25 (D}
1175 AP4 (M) | 1282 MSP4 (O) | 1347 ECH3IS (M)
1176 ZA1 (O} © 1283 SP4 (M) [ 1356 U22 (O:
1178 D030 (M) i 1285 ECC31{M) i 1359 ME41(D;
1179 ML4 (O 1286 EL35 (M) 11361 MZO0S5-20 (M)
1180 244V (M) 1287 KT32(0) J 1363 DETI6 (O)
1181 KT41 () 1288 DETI2 (O] 11364 BOT (A
1182 H4Z {O) 1290 SUZ150A (C) 1365 4282B(S)
1183 W42 (O} 1291 SU2150A (C) 1369 4061A (S)
1184 A373 (O) 1300 10D (S} 1370 PVYI-35 (M)
1186 6F6 {(A) 1301 6H6 (A} 1371 PT6 (0)
1187 D4l (Q) 1302 D42 (0) 1372 4069A (S}
1188 N43 (0O; 1303 HL210 (D} 1374 807 (A}
1189 AC6iPen (D) 1304 LP2{n 1400 CI1C(P)
1150 2x ACP4 (D) 1306 HL23DD (D) 1401 CL33 (M}
1191 KTZ41 (O} 1307 L21¢0; 1402 CY3l (M)
1192 262 (O 1308 TDD2A (M) 1403 DD41 {E)
1193 X65 (0} : 1309 40198 (5) 1405 EL1199(G)
1194 X41 (O} 1310 4020A (5) 1407 Pend5 (E)
1195 KTw63 (O} 1311 4022AR (5) 1408 P41 (E)
1196 ACS5/PenDD (D) | 1312 Z220RC (C) 1409 SP2 (M)
1197 RLI8 (M) 1313 220LF (C) 1410 TH2 (M}
1198 ACP4 (D) 1314 DLSI1Q(E) 1411 TH41 (D
1200 202 {Qy 1316 4021B (3} 1412 TV4 (M)
1201 4317 (S; 1317 8625 (0} 1413 UUG6 (D)
1202 304 (O) 1318 V824 (O} 1415 4011A (5}
1206 D060 (M) 1319 PMI2V (M} 1419 11D3 (8}
1207 ES430(E) 1320 5P2 (M) 1420 4078A (§)
1208 PM256 (M) 1321 SD2 (8) 1422 3D;100A (8)
1219 DAIOD (O) 1322 SP210 (D) 1424 20A1(8)
1220 4033A (§) 1323 VP2 (M) 1425 7D5 (A)
1221 PZL75 {M} 1324 SP4 (M) 1426 EK2 (M)
1222 ACT6 (F) 1325 42MPT (C) 1427 EF9 (M)
1223 DETS (O) 1326 AC4iPen (1)) 1428 EBC3I (M)
1235 DETI2 (Q) 1327 Peni340 (D) 1429 EL2 (M)
12317 PM24D (M) 1328 7DB () 1430 ACSP3 (E)
1238 PM24D (M) 1329 PenAd (M) 1431 ACTI6 (O}
1240 PZi-35 (M) 1336 TSP4 (M) 1433 EC3 (M)
1246 PM202 (M) 1331 VP23 (D) 1434 EM4 (M)
1250 4279A (5) 1332 VP21 (O 1435 GU20{0)
1252 4212E (8) 1333 220PT () i 1433 KT61{0O)
1261 RX3-120 (M) 1334 KT24 (0) 1439 MTSF (O)
1262 GUL(C) 1335 SP4] (D} 1440 MTSL (O)
1263 RGI1-125 (M) 1336 SP42 (D} I441 MTI2A (O)
1264 U188 (O) 1337 116/Pen (C) 1442 MTI4 (O]
1265 15 (0) 1338 220YPT (C) 11443 U0 (D)
1266 U15 (O) 1340 KT44 (O} | 1444 428PT (C)
1267 U4020 (D) 1341 MSP4 (O) 1445 4012A (5)
1268 5Y3 (A} 1342 QP25 (D} 1446 4D17B (5)
1279 \MU2 (O} 1343 KTZ73 (O} 1447 4030C (5)
1280 X64 (0) 1344 TP22 (D} 1449 40648 (5)




62
v,
Na.

USING EX-SERVICE RADIC APPARATUS

Conumercial
Equivalent

42284 1S)
42744 S}
4300A (S}
235DU (O
Pen333 {E)
VPI33 (E)
41MP (C)
MU2 {0}
X4110)
A915 (0
CBL31 (M)
40494 (8)
KT32 (O)
KT33C (O
MH41 (0)
R3 (S

807 (A)
4074B (S)
SP4! (D)
Us2 (0)
KT44 (0)
KT44 (O}
EF50 (M)
954 (A)
CATI (O)
CAR (0)
CAR4 (0)
CAT? (0)
MT4 10}
MR4 (O)
ES1500 (E)
ES250M (E)
DET$ (O}
GUS (O)
DER (0O}
1554 (O
LS80}
LSSB (O}
DL {0
I L)
LS8A (O
P&E2S (O
HL2 (O}
ACS2 (D
HLAZ S;
MK T4 (0]
APPAC (T
DD )
DH3Y {0
X41 (0

ARI90O)

O
N

1701
: 1702
1718
1720
1721
1722
1732
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1762
1763
1769
i770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1784
1790
1764
1796
1797
1798
1799
1800
igk02
1803
1805
1506
181
1812
1815
i 1816
| 1817

Commercial
Equivalent

XP Q)
ACTP (D)
XNL1.5{Q)
XP1.5(Q;
AS0L (O}
M4 ()
205D (A)
I3A1004 (S)
3 (A)
35151 (A)
I5A5 (A
I5TG (A)
1626 (A)
1629 (A}
o001 (A)
1L4 (A)
2C26A (A)
6AKSE (A)
634 (A)
2AG (A}
7TA4 (A)
39/44 (A)
47 (A}

52 WA
112A 14)
36 (A)

607 (A
7CT (A)
101Dy (A
102D (A)
I0TWIN (A
3108 (A}
340A (A
HAKT (A)
724 (A}
TS0 {A)
DW4:350 (M,
4081A 1S}
M50 TA
330B (A
TATG (A
TATGT (A
1C5G A
TCSGT (Al
1DSGT (A}
1DEGT (A
TE7G (A}
605G (Al
6YIG (A)

C.V.
No,

1818
1819
1820
1821
1823
1824

: 1826

1529
1831
1834
1837
1846
1849
1851
1832
1854
1856
1837
1861
1863
1864
1867
[870
1873
1878
1882
1885

1 1887

1891
1853
1894
1856
1500
1902
1506
1508
1909
1910
1911
1912
1915
1917
1918
1926
1929
1930
1931
1932
1933
1934
1935

Commercial

Equisalent
THIG Ay
6P3GT (A
1HSGT (A)
INSG (A)
INSGT (A)
1Q5G (A}
1Q3GT (A
ITSGT (A
2A3 (A
245 (A)
IB7 (A)
ST4 (A)
SW4 (A
5X4G (A}
SX4 (A)
SY3G (A
5YIGT (A)
S5Y4G (A)
523 (A}
SZAG (A)
524 (A)
5AG (A)
6AT (A)
6AB7 (A)
6ADTG (A
6AGT (A)
6B3 (A)
6B6G (A)
6B7 (A
6B3G (A)
6B8 (A)
6C8G {A)
6D6 (A)
aD3G (A}
6ES (A
6ESG (A}
6F5 (A)
aFSGT (A}
6FG (A
6F6 (A
GF7 (A
6F8G (A
6F8 (A
6G6G (A
6HEG (A
aH6 (A
SHEGT (A
6J5G (A
615 (A)
6J5GT (A)
637G (A)

USING EX-SERVICE RADIO APPARATUS
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CV. Commercial lCv. Commerciul CV. Commercial
No. Equivalent |! No. Equivalent No. Equivalent
1936 617 (A) 2512 420TDD (C) 2505 259A0(A)
1937 6J7GT (A) 2504 43 (A) 2597 262B (A)
1938 8K6G (A) 2529 451U (C) 2598 264A (A)
1940 6K6GT (A) 2530 4525 (A) 2599 264C {(A)
1941 6K7G (A} 2531 46 (A) 2600 267B(A)
1942 6K7 (A) 2532 49 {A) 2601 271A (A}
1943 6K7GT (A} 2533 50 {A) 2602 272A (A)
1944 6KAG (A} 2533 50L& (A) 2603 274A (A)
1945 B6KB {A) 2535 53 (A} 2604 275A (A)
1946 6KEGT {A) 2536 S3A(A) 2605 282A(A)
1947 6L&6G (A) 2537 55(A) 2608 300A {(A)
1948 6L6 (A) 2538 39 (A) 2609 3008 (A)
1950 6L7G (A} 2541 TI1A (A) 2611 3C4TH (A)
1951 6L7(A) 2543 73 (A) 2612 307A (A)
1953 6N6G {A) 2544 78 (A) 2613 310A (A)
1954 &6N6(A) 2545 79 (A) 2614 311A (A)
1956 6N7G (A) 2546 81 (A) 2615 313C{A)
1957 6N7 (A) 2547 B3IV (A) 2616 314A (A)
1958 6NTGT (A) 2548 B4 {A) 2617 323A(A)
1960 6R6G (A) 2549 85 (&) 2618 327A (A)
1962 6R7G {A) 2552 100TH (A) 2619 328A {A)
1963 6R7 (A) 2353 I01F (A) 2620 329A (A)
1964 6R7GT (A) 2554 H11A (A} 2621 330B (A)
1966 6SAT7 (A} 2556 11717 (A) 2632 331A (A)
1967 6SATGT (A} 2357 117N7 (A) 2623 33ZA (A)
1969 6SC7 (A) 2558 117726 (A) 2624 33TA (A)
1970 6SC7GT (A) 2560 121A (A 2625 338A (A}
1972 6SF5 (A) 2561 I122A(A) 2626  346A (A)
1973 683GT (A) 2562 164V (M) 2627 349A (A)
1974 657G (A) 2563 204A (A) 2628 349B (A)
1975 657 (A) 2565 2050 (A) 2629 350A (A)
1978 65G7 (A) 2566 205E (A) 2630 351A (A)
1981 6SK7{A) 2567 205F (A) 2631 352A (A}
1982 6SKTGT (A) 2556 210DET (C) 2632 354A (A)
1985 68L7GT (A) 2570 210HF (C) 2633 362A (A}
1988 6SN7GT (A) 2571 210HL (C) 2634 367 (A)
1990 65Q7 (A) 2574 210VPA (C) 2636 375A (A)
1991 65Q7GT (A) 2576 4C21 (A) 2637 388A (A)
1993 6887 (A) 2577 212E {A) 2640 405BU (C}
1995 6ST7G (A) 2579 213 (A) 2643 2C40 {(A)
1996 6ST7 (A) 2580 220C (C) 2644 460BU (C)
199% 1V {A) 2582 220VS (C) 2645 S06BLI (C)
2500 35Z4GT (A) 2584 231D (A) 2654 TH5A (A)
2501 40 (A} 2586 240B (C) 2655 715B (A)
2502 41FP Q) 2587 242C {A) 2657 800 (A)
2503 41MH (C) 2588 244A (A) 2658 806 (A)
2504 4IMHL (C) 1 2589 250TH (A 2660 B09 (A}
2505 41MPG iC 2501 100TH (A) 2661 812 (A)
2506 41MPT () 2592 256B {A) 2663 815 (A;
2508 41STH (O - 2593 257A (A) 2664 822 (A}
2511 _ 4201 () o | 2584 258B (A} 2665 B25(A)




64 USING EX-SERVYICE RADIO APPARATUS
C.V. Commercial C.V., Commercial I C.V. Commercial
No.  Equivalent No.  Equivalent . No, Equivalent
2666 8298 (A) 2756 42604 (S) ' 2936 4B22 (A)
2668 846 (A} | 2739 4304 {5} 2938 EL33 (M)
2669 849 (A) © 2760 4304B (8) 2940 EL36 (M)
2670 849H (A) 2761 4304BB (5 - 2941 ELSO (M)
2671 B51 {(A) 2765 4673 (S) | 2944 ESUILS00 (E)
2672 852 (A) 2768 BOO3 (A) 2045 ESU7S (E)
2673 857B (A) 2768 9006 (A) 2946 ESUIS0 (E)
2674 863 (A) 2800 A40 (O 2947 ESU3N0 (E}
2675 B64 {A) 2803 A915 (O 2048 ESU450 (E)
2676 865 (A) | 2804 A915A (O] 2949 FI123A (A)
2679 866JR (A) : 2805 A924 (O 2954 FC2A (M)
2680 868 (A) 2806 AC/2HL (D) 2955 FC4 (M)
2683 878 (A) 2808 AC/Pen (D) 2856 FCLIC (M)
2685 830 {(A) 2809 AC/5Pen (D) 2959 3B21 (A)
2680 889 (A) 2811 AC/HL (D) 2060 FPS54 (A)
2687 889R (A} 2813 AC/HLDD (D) 2967 8020 (A)
2688 B89IR (A) 2815 AC/P (D) 2973 GU7 (O
2632 893R (A) 2819 ACIS (D) 2977 H2(0)
2690 S04V (M} 2822 AC/SG (D) 2978 HI2 ()
2691 913 (A) 2823 AC/SP3 (D) 2979 H30(0)
2692 918 (A) 2830 AC/THI (D) 2931 H4W0 (D
2693 929 {(A) 2832 AC/VPZ (D) 2982 H6I0 (O}
2694 930 (A} 2833 AFI (P 2985 HD24 ()
2695 931 (A} 2836 APP4G (T) 2986 HD203A (A)
2696 931A (A) 2839 AR300 (A) 2987 HFI0D {A)
2697 935 (A) 2860 AZ]l (P 2988 HF200 (A}
2700 957 (A) 2861 AZ2 (P) 2989 HK354E (A)
2701 958A (A) 2862 AZ31 (P) 2091 HL2{O)
2704 7E5/1301 (A) 2864 B2I (O) 2996 HL4IDD (D)
2705 1203 (A) 2865 B30 (O) 2998 HLI33 (D)
2700 FC4/1203A {A) 2871 CAT6 (O} 2099 HLI133DD (D}
2707 1231 (A) 2872 CAT9 (Q) 3500 HL210 (O)
270% 1294 (A) 2874 CKI1005 (A) 3501 HL6I0 (O
2710 3061299 {A) ; 2875 CL4 (™ 3502 HL1320 (D)
2711 15007 (A) 2387 DACI (M) 3563 HLDDI1320 (D)
2712 16869 (A) 2889 DD620 (C) 3505 HYI114B {A)
2713 1610 {A) 2890 DDT(T) 3506 HY615 (A)
2714 1614 (A) 2891 DES5 (O) 3515 KB2 {M)
2715 1630 {A) 2892 DESB (O) 3516 KK2 (M)
2716 6SCT(SEL} (A) 2899 DETY (O) 3519 KT30 ()
2717 1729 (M) 2900 DETI0 (O) 3520 KT31 Q)
2718 1876 (P) 2907 DF1 (M) 3527 KTW73M (O)
2719 1924 (P} 2909 DH7IM (O) 3530 KTZ73 (0
2722 3025 (A) 2610 DKI1 (M) 3531 L2 (D)
2723 B69B (A} 2911 DL2 (M) 3532 L21 ()
2733 3951 (A) 2912 DL63 (O) 3533 L22DD (D)
2734 4003A (S} 2025 EBF2 (M) 3534 L3¢ {(O)
2735 4DISA (S) 2926 EBL31 (M) 3538 L6I10 (O
2743 4033AF (%) 2927 EC353 (M) 3541 LS6A (O}
2746 4064A (A) 2929 ECH3 (M) 3546 MHD4 (O)
2755 4251AX (%) 2930 ECH33 (M) 31552 MPT4K (O)

USING EX-SERVICE RADIO APPARATUS 65
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C.V. Commercial CV. Commercil | C.V. Commercial
No. Equivalent No.  Egquivalent [ No.,  Equivalent
3553 MS4B (0) 3640 PM22 (M) 3743 U5 (0)
3554 MPT42 (O} 3652 PT5(OQ) 3744 U6 (O)
3562 MSP41 (0) 3653 PT6 (O) 3751 U2
3564 MTI2 (0) 1654 PTIi1(O0) 3752 U30(0)
3567 MUIL (D) 3655 PT425 (O) 3753 U31(0)
3571 MVSPen (C) 3657 PV05-15 (M) 1758 UR3C (M)
3572 MVSPenB (C) 1658 PBVE3S (M) 3759 UU4 (D)
3573 MZ05/20 (M) 3667 RG1-250 (M) 3761 UU7 (D)
3574 MZIif76 (M) 3670 RG4-100 (M) 3787 VP2 (M)
3576 MX40 (O) 3672 RK28 (A) 3788 VP4 (M)
1578 PM22D (M) 3673 RK28A (A} 31790 VPIIC (M)
3579 PT5E (O) 3674 RK3l (A) 31793 VP24 (D)
3582 VP4B (M) 3677 RK47 (A} 3794 VP20 (D)
3587 705A (A) 1679 RK49 (A) 3795 VP2I5 (D)
3590 T0BA (A) 3680 RKG60 (A) 3706 VP1322 (D)
3593 713 (A) 3683 RKR47 (A) 3798 VRIS (A)
1594 717A (A) 3688 2C33 (A) 3799 VROD (A’
3599 829A (A} 3690 RZI-150 (M) | 3800 VS2(0O;
3601 7193 (A) 69t 523 (O) P 3802 VS24 (O
3620 P220 (D) 3695 8215 (C) ' 3803 VS24K (O;
1621 P41 (0 3606 S215A (C) | 3805 W30K (03
3622 P61G{O) 3698 S610(0) | 3806 W3I (O)
1623 PA40 (D) 3702 SG215(C) ' 3810 WD30 (O
1626 PendB (M) 3703 SP4B (M) ' 3816 X21 (O
3631 PendSDD (D} 3704 SPI3C (M) 3818 X22 (O;
1631 Pen23l (D) 3715 SWs (C) | 3819 X24 (O)
3634 Pend28 (M) 3721 T4D (M) | 3821 X31 (O
1635 Penl3d0 (D 3722 T20 (A) P 3823 X4 (O;
3636 Penl346 (D) 3723 T41 (E; L3825 X63 (O
3638 PenAd (M) 3724 T200 (A) : 3830 XHI 5 {Q,
3641 PMIHL (M) 3726 TDD2A (M) 3831 XL2(Q)
3642 PMILF (M) . 3727 TDD4 (M) 3832 XP2(Q
3643 PM2A (M) 1739 TX3-200 (M) 3833 XSG2.01(Q;
1645 PM2DX (M) 3740 TXS-400 (M) | 3834 XW2(Q
3647 PM2ZA (M) 3741 TZ2-300 (M} 3g36 221 (0;
3648 PM24E (M) 3742 TZ20(A) '

e e — e —
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- v

British British . British e RAF, Commercial | R.AF. Commercial | R.AF. Commercial
Navy  Commercial | Navy  Commercial | Navy  Commercial No. Equivalent | No. Equivalent | No. Equivalent
No. Equivalent No, Equivalent No. Equivailent —

VGTI121 T41 (D) VR8F  220TH (C) VS0 7475 (M)
NGT!I DPQ(C) NR54  AP4 (M) NR8&  RLIB (M) vGTI28 GTIC (0) VRE3}  210VPT(C) | vI20  220P (C)
NGT2 GTICO) NRS55  4D1 (5 NR9%  ACP4 (D) VI77  EM3I1 (M) VROl  EFs0 (M} ¥T23  230XP (C)
NGT4 GTIA (O) NR36  DQ30 (M) NR95  KT3z(0) vII03  EM33 (M) VR91A EFs0 (M} VT25  DET25(0)
NRI15  PM3 (M) NR37  ML4(0O) NS STV280;80 (O) VRIS  2158G (C) VR92  EASQ (M VT45 X556 (0}
NRISA PM4DX (M) | NR38 244V (M) NS3 202 () VRI9  PM2 (M) VR9S 954 (A} VT50  HLIK (O}
NR16 PM254(M)" | NRS®  KT4I (Q) NS4 4713 (8) VR2l  210LF (C) VRY5A 954 (A) VT51  Pen230A (D)
NRI6A PM4DX (M) | NR60  HA42{O) NS3 304 () VR22  220PA (C) VRS9 X666 () VTs2  FEL32 (M}
NRI§  DEQ(C) NR6! W42 (0} NTI8 D060 (M) _¥R27  210LF (C) VRIO0 KTWe2(0) | VTaD 807 (A)
NR22  PMI4({M) NR66 D41 (0) NT20  PM256 (M) VR28  220VSG (C) | VRIO1 MHLD6 (O} ! VT60A 807 (A)
NR23  PMI4 (M, NR67  X64 (0) NT36  DA100 gOJ VR32  220B(C) VRI02 BL63 (O) I VT61  RK34(A)
NR26  MHL4 (O NR6S  6Q7 (A} NT37  4033A (5) VR3S QP21 (O} VR105 ML6 (O] VT61A  4074B (S)
NR27  ML4(O; NR69  EM35 (M) NTI8A PZI1-75 (M) VR3I7  MH4 (0] VRI06 9D2 (S) VT62  TY1-50 (M)
NR27A ML4{0) NR70  HP4101 (T) | NT38  ACTS6(F) vRI8  MHL4 (O} VRI07  15D2 (8} vT73  H63 (0}
NR28  PM2Z (M) NR7!  MS/Pen(C} | NT40  DETS (O} VR40  PX25(0) VRIOR 8D2(S) VT74  8I7T(A)
NR3l  MH4(0) NR72  N43 (O} NTS8  DETI2 (O - YR4l  PMIZM (M) | VRIOS 4DI (§) | VT75  KTé6 (A)
NR3S PD220AD) | NR73 ECC31 (M) | NT62  PM24D (M) VR43  210PG (C) VRI17 4IMTL(Cy | VT76  DA4] (O}
NR37T  ACSG (D) MR74  AC6/Pen {D) | NT6SA PZI.35 (M) VR44 210DDT (Cy | VR118 KTF2(0) VT79 KT8 (0}
NR3Z VM54 (O NR75  2xACP4 (D) | NT82  PM202 (M) VR45  X56 (O} VRI19 DDL4 (C) VT80  4307A (S)
NR3?  KT2 (O NR76  KTZ41(0) | NU3 Ui2-14 (Q) VR4  PT25H (0 VRI22 4IMXP(C} | VISl  4052A (S)
NR4!  JOVPT(C) | NR?7  EL35 (M) NUS RX3-120 (M) VR47  TZ05-20 (M) | VRI123 EF8 (M} | VIBR 832 (A)
NR4Z  LP2{(0) NR78  6C3 {(A) NUIZ Ul (O) YR49  210SPT (C) | VRI24 HP4Ig1 {T) - VT96  SBIS02A (S)
NR43  PM23A (M) | NR79  Z62(0) NUI3 VIS5 (0) VR53  EF9 (M) | VR125  MS/PenB {C) | VTI04 PTI5 (O)
NR44  ACO44 (M) | NRBI  6K7(A) NUi6  GUS (0} VR34 EB3 (M) | VRI26 4SH(C) VTi27 Pend6 (D)
NR45  VMP4G (O} | NRS2 X653 (O} NU17  MU14(O) VR55 EBC33 (M) | VRIZ9 MS:Pen (C) | YU29  ESULSQ(E)
NR46 D4l (0} NRE3  6J7 (A) NUIE  UI7 (O VR56  EF36 (M) VRI30 HL23(D; 1 VU39  MUL4(O)
NR47  PX25 (0} NR84  X41 (0) NU20  5Y3 (A} VR57  EK32 (M) VRI36 EF54:M; | VUI9A R3I(S)
NR48  EBC33 (M) NR85  6F6 (A) NU3l MUZ(Q) YRS59 955 (A) VRI137 ECS2 (M} VU664  UI12.14 (O)
NR49  EF36 {M} NR86  KTW63 (0} | NU33  SU2I50A (C) VR6S  5P6l (D} LyRso2  KT32¢0r | VUTL SU4 (Al
NR30  AT4 (M) NR87  ACSPenDD §{ NU34  HVR2 (M; VR65A SP4] (D; CVYRS03 KT3I3C0) | vUTz GUSDY
NRSY  KT4Z Q) (D VR66 P61 (D VR505 MH4i(0; | VUILIZ U177 {0;

VRET 615 (A} V868 STV280:40 (0) VU120  SL2130A (C)
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r v.T. Comrmercial V.T. Commercial V.T. Commercial
AMERI(?AII:L Y. T. EA;:.J V%’?v AN]!:)NTTsliE]R * No. Equivalent No. Equivalent No. Equivalent
COMMERCIA Q 139  OD3/VR150 185  3D6/1299 228 8012
) ’ ST T T T 141  WL331 187 575A | 229  68L7GT
V.T. Commercial V.T. Commercial I V.T. Commertial 143 805 188 7Eé6 1230 350A
No. Egquivalent No. Equivalent , No.  Eguivalent 144 813 189 7F7 231  6SNIGT
e — P - - —— 145 5Z3 190  7H7 232 E1148
[ WE203A 57 57 97 sW4a 146 INSGT 191 316A 233 65R7
2  WE205B 58 58 98  6US/6GS 147 1A7GT 192 7A4 214 [l4B
4B 21l 60 850 92 6F8G 148 1D3GT 193 7C7 215 615
4C 211SPEC 62  B801/801A | 100 807 149  3AS8GT 194  7§7 236 B36
5 WE215A 63 46 - 100A SQ7SPEC 150  6SA7 185 1005 237 957
6 212A 64 800 161 837 150A 6SATGTIG 196 6W5G 238 956
7 WXI2 65 6CS 103 65Q7 151 6ARG 197A 5Y3GTIG 235 1LE3
g UV 65A &C3G 104 128Q7 151B 6A8GT 1984 6G6G 240 710A
17 860 66  6F6 2105 68C7 152  6K6GTIG 199 6887 241 7E5{1201
19 861 66 6F6G 106 863 152A 6K6G 200 OC3/VRI105 243 7C4/1203A
22 24A | 67 30SPEC 107 6V6 153 12C8Y(SPEC) | 201 2516 244 5U4G
24 864 | 68 6B L 107A 6VEGT/G 154 814 201C 25L6GT/G 245 2050
25 10 6%  6Dé6 | 167B  6V6G 161  128A7 202 9002 | 246 918
25A 10Y-108PEC 70 6EF7 108 450TH 162 12817 203 S003 247 6AGT
26 22 72 842 F {09 2051 163  6C8G 204 3CH4 248  3CPI/1808P1
27 30 73 843 111 SBP4/1302P4 164 1619 205  68T7 248 1006
28 24A 74 5Z4 112 6ACT7/1852 165 1624 206A. 5V4G 250 EF50
29 27 75 75 ! 114 5T4 166 371A 207 12AH7GT 2351 WL441 SERIES
0 OrA 6 78 y 115 6L6 167 6KS8 208 7B3 252 923
3l 3 717 115A 6L6G 1674 6K8G 209 128GY 254  304TH
33 33 78 78 11 68)7 168A 6Y6G 2i0 154 255 TO5A
34 207 80 80 | 1I6A 65J7GT 169  12C8 211 68G7 256 GL486
35 35/51 83 &3 : 116B  68J7Y (SPEC) 170 I1EsSGP 212 958 257 K7
36 36 84  84/6Z24 117 6SK7 171 IRS 213A 6L5G 259 829
37 37 86 6K7 117A 65K7GT/G 172 185 214 12416 250 OQAYVR.TS
33 3 g6A 6K7G 18 832 173  1T4 215 §6ES§ 264 304
39 Be9 368 6KIGT 119 2X2:879 174 354 216 Bl L 266 1616
39A  BE9A ' 87 6L7¥ 120 954 175 1613 217 81 . 267 WL578
40 40 B7A 6L7G 121 955 176  6AB7/1853 213 100TH 268 125C7
41 851 88  6R7 124 {ASGT 177 1LH4 220 250TH 1 269 TI17A
42 872 284 6R7G 125 1C5GT 178 ILCH 221 3Q5GT S 277 417
42A B72IA 88B 6R7GT 126 6X5 179 ILNS 222 884 | 279 GY2
43 845 89 89 126A. 6X3G 180 3LF4 223 IH5GT L 282 Z(G489
44 32 90 6Ha 126B 6X5GT!G 181 7174 224  2C34-RKM : 286 B32A
45 45 90A sH6GT/G 128 1630 182 3B7/1291 225 307A | 287 815
46 B6O 91 6J7 129 304TI1. 183 1R4/1294 226  AEPL]1806P1 | 288 128H7
46A  BOOA ala 6J7GT 130 250TL ‘_I_‘§_4 OB3/ VR0 227 T84 i 289 123L7GT
47 47 92 6Q7 131 128K7?
48 41 i 92A &Q7G 132 12K8
49 3944 93 6BS& 133 128R7
50 50 93A 6BEG 134 12A6
51 841 94 655 135 12J15GT
52 45SPEC HA 653G 135A 115
34 34 o 04D &JIGT/G 136 1625
55 865 95  2A3 i37 1626
56 56 86  6N7 1138 1625




Conclusion

Here, for the moment at least, these notes must end. They have strayed
here and there from the strict interpretation of the subject as defined in the
title, but it is to be hoped that the digressions have been informative. It is
also to be hoped that the experiments and constructional work suggested
will be as interesting to the reader as the task of devising and trying them
out has been to the writer, It is possible to build up many types of instrument
from ex-service gear, and practically the only difficulty is the identification
problem. There are petty snags by the thousands, of course. The work
would not be as interesting without them,

An important aid to progress is the pooling of information by a group
of workers. This, with some exchange of equipment, goes a long way towards
solving the major problems.

A particular worry in home construction is the provision of chassis
and case. Few firms advertise such items in these days of shortage of raw
materials, but there are several who are willing to make up single orders
without putting the price sky-high, and they offer the best source of supply.
A good equipment deserves and needs a good setting.

A last lesson must be learnt, That is to examine the chassis in their
complete form, and puzzle out why the design has been carried cut in a
certain way, Take, for example, the “Monica’ radar receiver. This is buill
on three chassis units, two being hinged at the panel so that they can be
opened out, and the third fitting snugly between the others, The result is
that all parts of the complicated but compact chassis are fully accessible.
Without this system, it would have been impossible to fit a superhet receiver,
power pack, pulse generator, delay line, and controls into a space measuring
§in. x 9 in, x 18 in.” All valves and components are full size, twenty valves
being used. ’

To gain experience thus, and for many othet reasons, it is far better to
buy complete units than single components. The work of identification is ©
thousand times easier, and the cost is lower.







