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FOREWORD

- manufacture of ” AVO 7 Electrical Measuring Instruments. Throughout that time we

have consistently pioneered the design of modern multi-range instcuments and have

kept abreast of and catered for the requirements of the epoch-making developments in
the helds of radio and electronics.

F OR more than a quarter of a century we have been engaged in the design and

The success ot our steadfust policy of muintaining high standards of performance in
instruments of unexcelled accuracy, and making such instruments available at reasonable
cost, 1s reflected in the great respect and genuine goodwill which ** AVO ™ products enjoy
in every part of the World.

[t has been grautving to note the verv larze number of instances where the satistaction
obtained trom the performance of one ot our instruments has led to the automatic choice
ot other instruments from the * AVO ™ range. This process. having continued over a long
period of years. has resulted in virtual standardisation on our products bv numerous
Public Bodies, The Services. Railway Systems, and Post Office and Telegraph U ndertakings
throughout the world.

Our designers have thereby been encouraged to ensure that new instruments or
accessories tor inclusion in the ™ AVO ™ range fit in with existing ** AVO " apparatus and
serve to extend the usefulness of instruments already in use. Thus, the user who standardises
on ™ AVO " products will seldom find himself short of essential measuring equipment. for,
by means of suitable accessories. his existing equipment can often be adapted to meet
unusual demands.

It 15 with pleasure that we acknowledge that the unique position attained bv =~ AVQ ™
1s due i no small measure to the co-operation of so many users who stimulite our Research
and Devetopment statls from time to time with suggestions. criticisms. and esven requests
tor the production of entirely new instcuments or accessories. 1t is our desire to encourage
and preserve this relationship between those who use ™ AVO ™ Instruments and those who
are responsible for their design and manufacture, and correspondence is therefore
welcomed. whilst suggestions wiil receive prompt and svmpathetic consideration.
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to simulate the performance of a comprehensive valve measuring set-up of laboratory
type and yet, at the same ume, be sufficiently cheap and simple to cater for the needs of
the comparatively inexperienced radio test assistant. [t is obvious that the very much
wider application of an instrument of this class, would render the regulation difficulties,
already referred to. much more critical.

[nvestigations were, therefore, put in hand to see whether the AC test method would
reproduce DC conditions not only in respect ot the mutual conductance figure taken at
a single discrete point. but at all points on all characteristics from zero bias to cut off.
In other words. it was necessary to determine whether the general function for a DC static
valve characterisiic (Va+—u Vg, +u, VE))

[a=t -—

Ra.

would hold when [a was measured in terms of DC current, but when Va, Vg, and, tf
necessary, Vg, were replaced by 30 cycle AC voltages ot suitable magnitude and phase.
[t was eventually found that a complete co-relation between these (wo sets ot conditions
was held when the grid voltage took the form of a sinusoidal wave form with the positive
half cycle suppressed (in other words, rectified but completely unsmoothed AC), and the

following retationships were maintained :—
Va RMS = [.! Va indicated DC
Vg;_ RMS | Vg: indicated DC

Vg, {mean unsmoothed) = 0.52 Vg; indicated DC

[a (mean DC) = 0.5 indicated la

From the above conditions, therefore. the required relationships were obtained which
formed the basis of operation of the Valve Characteristic Meter (Patent No. 606707).

I
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Such an instrument. whilst retaining the advantages of simplicity, size and reasonable
price, resuitant upon the elimination of complicated regulated DC supply systems and
universal monitoring. would have the inherent regulation easily obtained from a well-
designed AC transformer. It would enable a valve to be checked at any point on any one
of its many mutual characteristics and if necessary would allow a full family ot character-
1stics to be drawn.

The basic method of characteristic checking

The fundamental circuit of operation of the instrument is shown in Figure 1. As 1n the
original Valve Tester. the process of obtaining a direct reading mutual conductance hgure
is simplified bv the introduction of a backing off circuit, which balances out the detlection
due 1o the standing anode current at the desired test conditions prior to the measurement
of mutual conductance. It will be noticed that the current owing in this backing oft circunt
's similar in wave form. but preciselv opposite in phase to the anode current, this elim-

inatingany indesicable sipple that could otherwise become. Apparent W hen the meter, attec

e i -t il st - -l e e - — v M

backing off, was set to a sensiive runge. To facilitate the measurement of murtual
conductance of high slope:short grid base vaives and valves requiring long heater
stabilising period. two distinct methods of measurement have been incorporated.

The basic method of checking diodes and rectihers

Anv simple emission test at low applied voitage must necessarily give rise to a purely
empirical igure for the valve in question. which cannot necessarily be correlated with any
one of the maker's characteristics and which. owing to the tact that it relates to the lower
bend portion of the rectifier characteristic may vary very widelv for any given type of valve.

By
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The important function of a rectifying vaive is that it will, under suitable reservoir load
conditions, produce sufficient current to operate the apparatus which it is intended to supply.
This fundamental requirement, therefore, is the basis of rectifier testing in the Valve
Characteristic Meter. A sufficiently high AC voltage is applied to operate the valve above
th§ bend @n its characteristic, and to ensure that its internal voltage drop 1s neghgtble.
With a suitable reservoir condenser in circuit, the DC load is adjusted to correspond to
a number of DC current conditions, i.e. ImA. SmA. [SmA, 30mA, 60mA, [120mA and
180mA. The actual current flowing in the load circuit is then indicated on a meter shunted
to correspond with the DC load required. The meter reading will then indicate the com-
parative efficiency of the valve on the basis of the required DC load. Each half of a full
wave rectifying valve is tested separately thus enabling the two halves to be checked for
matching and any tendency to produce hum by partial half waving to be indicated.

- The pre-determined load figures are chosen so that they not only give a sufficiently
wide range of currents to cater for the normal requirements of clectronic apparatus, but
also correspond to the DC maximum emission figures usually quoted by manufacturers
in their rectitying vaive darta. -

Sign_al_ diode ?alves are simtlarly tested, but usually these loads at the ImA or SmA
load positions, being normally more than sufficient to cover the rectified signal current

that would be obtained. The basic operating circuit of the diode and rectifier system 1S
shown 1n Figure 2.

Insulation Testing

To cover all eventualities, three distinct forms of insulation measurement are catered
for 1n the Valve Characteristic Meter. Measurements are taken with DC applied voltages,
and direct indication of the insulation vaiue in megohms is shown on the meter scale.
As an ntial test, prior to the application of operating voltages to the valve, the rotation of
a switch enables the insulation figure to be shown, which occurs between each of the valve
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electrodes taken 1n order and all the others strapped together. The denomination of the
electrodes berween which any breakdown exists will thus be automaticaily indicated and
turther, the continuity of the heater circuit is shown as a zero resistance at the heater (H)
position ot the switch.

With the application of heater voitage to directly heated vaives, electrode expansion
may be suthicient to cause a breakdown between the heater and an adjacent electrode.
In the same manner cathode distortion may occur in indirectly heated valves causing
similar breakdowns. To show up this condition a test circuit is provided indicating the
insulation resistance between the heater and cathode of a valve and all other electrodes
strapped when heater voltage has been applied.

Finallv the very important fuctor of heater to cathode insulation when the heater is
hot can be tested, the tnsulation again being shown directly in megohms, the usual cathode
to heater connection betng opened for this purpose and the appiied voltage being in such
a direction as to make the cathode negative with respect to the heater, thus avoiding false
indications of insulation resistance due 1o electrode emission.

Protective relay

To prevent damage to the internal components of the valve characteristic meter due
to madvertent or deliberate shorting of the electrode voltages, a protective refay is incor-
porated which operates when damaging overloads of alternating current are taken from
cither the anode or screen voltage sources. The relav carries three windings, one in the
high tension supply, the remaining windings are ** hold-off " coils. Operation of the
relav connects a diode in series with the transformer primary winding. This operation
ptaces the instrument in a safety condition and normal working cannot be restored until
the instrument has been switched off, the fault removed and the instrument switched on

again. The relay is entirely seif-setting and in consequence no reset mechanism has
been incorporated.

NOTE: The relay does not protect the valve when incorrect heater voltages are applied.
[t must also be stressed that the relav will not operate on the passage of normal
heavy current of a DC nature occurring in a vaive anode circuit, and it will not
prorect the movement if the latter is wrongly set on a range too fow to accommodaie
the current passing. This problem can only be dealt with by ensuring that the move-
ment 13 aiways set to its maximum current range when the maenitude of the expected
CHrrent Is unknown,

THE VALVE PANEL AND SELECTOR SWITCH

The Valve Panel comprises |7 valve holders of the following tvpes:—English 4/5 pin.
7 and 9 pin. 3 pin side contact, B7G, B8A. B8B. (or B8G) iAmerican Loctal), B9A, B9G,
Mazda Octal. B3G. American-4, 5, 6 and small 7 pin UX, medium 7 pin UX, and Octal,
facilittes have been provided to enable ™ flving lead —* valves to be tested. Provision is
made by means ot plug-in adaptors to cater for newlv introduced vaive bases. The valve
holders are all wired with their corresponding pins, according to the standard pin aum-
bering, in parallel. i.e., all pins number one are wired together, all pins number, two, and
so on. This wirning combrination 1s associated with the well-known ™ AVO ”* Multi-Way
Selector Switch which enables any one of the nine standard pin numbers to be connected
to any one ot the electrode test circuits in the Valve Characteristic Meter, thus enabling
any electrode combination to be set up for anv normal valve holder.

Y
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[t wiil be seen that the Selector Switch comprises nine thumb control roliers, numbered
from left to night [—9. Thus numbering appears on the moulded escutcheon immediately
behind the rollers and corresponds to the vailve pins in the order of their standard pin
numbering. Thus valves with any number of base connections up to nine can be accom-
modated. Further, to accommodate top cap and other external valve connections a socket
panel 1s provided with nine sockets marked Gl, S, Ai, A2, DI, D2. C, H—, H—, the

markings corresponding to the vaive electrode connections which are made externally
to the valve.

Rotation of the rollers by the finger rim provided will reveal that each roller can be
sel 1n any one of ten positions, the setting in question being indicated in the window opening
at the tront of the escutcheon. The ten positions on the roller are marked as under:—

1 2 3 4 > 6 7 8 Y O
C H— H+- G S A A2 DI D2 —

The numbers are provided for ease of memorising and noting base combinartions,
but the corresponding electrode denominations are shown by the {etter appearing in the
escutcheon window immediately undemeath the number, thus:—

(1) C corresponds to Cathode. or to an electrode normally connected to cathode

e.g., G3.

(2) H— ', ,» deater normally Earthy or connected to negative L.T.
in the case ot a battery valve.

(3) H-— ' ,» the other Heater connection or centre tap.

(4 G . ., Control Grnd

(3) S . ,» Screen God or go.

(6) A . ,» normal anode of single or multiple valve. In the case of
an Osciliator mixer valve, A represents the Oscillator
anode.

(7) Al . ., second anode of double valves, and 1n the case of Oscillator
mixer vaives, the mixer anode.

(3 DI ' ,» the first diode anode ot half and full wave signal diode
and rectifier wvalves, diode and rectifier amplifier
combinations.

{9y D2 ' ,,» the second diode anode ot signai diode and rectifier valves.

diode and rectufierrampiifier combinatons.
() — . ,» 4 disconnected valve pin or to a pin upon which an internal
clectrode 1s anchored. Such pins are marked * [.C.7
In manufacturers literature. or bv an asterisk (*) in the
" AVO " valve data manual. This switch position leaves
the particular valve pin completely disconnected.

Procedure for setting up valve base connections

The standard procedure for setting up a valve ready for test 1s as foilows. From some
suitable source 1.e. " AVO 7 Valve Daia Manual, Vailve Manufacturer’s Data Leaflet or
published manual of Valve Data, determine, the pin basing connections for the valve, in
order of their standard pin numbering. Rotate the rollers of the Selector Switch until
the set up number or electrode letter combination appears in the window reading from
lett to right in order of the standard pin numbering. [n the case of valves having less
than nine pins, the free roilers on the right of the set up combinations corresponding to
non-existent valve electrodes should be set at 0. When the vaive is inserted in the appro-

10
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priate valve holder, use the universal top cap lead to connect any top cap or side connection
on the vaive to s appropriately marked socket, on the Socket Panel immediately behind
the Selector Switch. Note that the loctal valve holder having only eight normal pins has
its centre lug connected to the ninth roller (corresponding to pin No. 9) to accommodate
valves which have a cathode connection made to this lug.

The accompanying examples show how to correlate the pin basing data and the
cquivalent set-up combination for a number of valves in common use.

Vulve Type Set up Number Base Diagram

[. Osram MH4 indirectly 6 4
heated triode. A G H—H- C — — — .
British >-pin base.

. Osram U230 full wave O 2 0 8 0 9 O 3 O m
— H— — DI — D2 '

rectifier directly heated. — H+ — |
Octal base.

[~

3. Mullard PenAd4 indirect- 0 4 3
ly heated output pentode. — G S H—H+- C A —- —
British 7 pin base.

4. Amerncan 6KS indirectly 0 2 7 S 4 6 l
heated frequencychangerr — H— A2 S G A H- C —
Octal base. Top Cap GI.

S Mullard TDD2A battery 6 8 2 3 9 0 0 0 0 BR2ANY

double diode triode. A DIH—H— D2 — — — _— - ,.,
British 3-pin base. Top Cap GI. \*CJ

6. Mutlard EF20 indirectly 2 3§
heated HF pentode. H— § A
B9G buase.




Provision for New Valve Bases

To cover the possibility of the introduction of new valve bases not provided for on the
standard panel and also the introduction of valves which may necessitate special conditions
assoctated with standard valve hoiders, a plug-in adaptor 1s available which enables many
non-standard valve holders to be combined in this adaptor and piugged into the octal or
other suitable base on the Valve Characteristic Panel. These adaptors are available for
bases not included on the Valve Panel, and also with a blank valve holder mounting panel

in which can be mounted the user's own vaive holder if he requires any special arrangement
for which we have not catered.

The Prevention of Self Oscillation of valves under test

It will be realised thar the length ot wiring and its associated capacity, connected
to the grid and anode pins of any one of the vaive nolders, can constitute a tuned line
corresponding to a high resonant frequency often of the order of 100 megacycies per
second or higher. A number of modern valves have sufficiently high slope to overcome
the inherent losses associated with such a tuned line. and are, therefore, capable of bursting -
Into osciilation at a frequency determined by the constants of their associated valve holder
wiring when being tested at or near their maximum working slope. It 1s quite obvious
that in order to test a valve some wiring must exist between the valve holder and test
circutt.  Further, since a multiple test panel 1s desirable to obviate the necessity of a vast
number of separate plug-in units, the total amount of wiring associated with any one valve.
holder must be a considerable number of inches in length. It is almost impossible to
increase the etfective resonant trequency of the lines thus produced to such a high value
that no normal vaive will oscitlate therewith. The only alternative is to render the line of
comparatively high loss and in extreme cases to stopper the valve in question right on top
o 1ts anode and/or grid connection. Untortunately, however, since a very large number
of pin combinations have to be accommodated in any one valve holder the presence of such
a resistance in say a heater or cathode circuit could gtve completeiv erroneous results, and
this stoppering system could therefore only be very sparselv used.

The probiem of seif oscillation has been almost completely eliminated in the ** AVQO ™
Valve Characteristic Meter Mark V. by wiring the Valve Holder Panei in connection
loops of predetermined leneths, so that any valve inserted would tend to oscillate at 2
dehnite frequency dependent on the loop lengths. These separate inter-connection loops
are then loaded with ferrox cube beads so that osciilation cannot occur when testng valves
with conventional characteristics. trrespective of the Vaive Holder and pin combination
used.

I certdin circumstances where a newly introduced valve of high ethciency is likely
to be tested 1n any quantity and shows signs of osciilation. the separate valve holder adaptor
can be emploved with considerabie advantage. By this means a vaive holder can be stoppered
to the maximum extent necessary for the valve in question without references to any other
vaives that may be incorporated therein. for when other types ot valve are likely to be
used. the adaptor can be set aside and the valve panel used normallv. [t must be stressed
that this oscillation s unlikely to occur where the valve is tested at anode currents [ower
than normal. ot at a point on its curve which renders its mutual conductance low. Were
1 purely empirical method of testing emploved in the Valve Characteristic Meter, therefore,
the problem would in all probuability not arise. but since every etfort has been made to
actually test the valve under its correct operating conditions ot current and voitage, then
It 1s on this account working at its normal cthciency and can. unless special precautions are
aken. give nise to the oscillation troubles 1o which we have referred.

I"'l
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Whilst discussing the problem of oscillation, mention should be made of the rectifier

(which wiil be seen In the circuit diagram) inciuded in the screen circuit of pentode and
tetrode valves. Thus rectifier has been incorporated to obviate a difficuity which can arise
in certain circumstances when testing valves of the beam tetrode type with alternating
current appiled to their electrodes. As the applied electrode voltages approach zero during
a portion of thetr operative cycle, the focusing of the beam of such valves is to some extent

upset and the result can be that the screen circuit begins to show an emission in a reverse
direction to normal screen current, with the result that the anode current rises and the

current taken by the screen decreases rapidly and becomes negative. This can cause screen
overheating and besides giving an unstable and erroneous impression of the condition
ot the valve, can, if allowed to continue, damage the valve. To obviate this condition.
theretore. the rectifier is included tn such a manner that only its low forward resistance is
presented to the screen passing current in the normal direction, thus causing a negligibie
variation to standard conditions, but the reverse resistance of the rectifier is operative to

limit screen current of the opposite direction to negligible proportions and thus prevent
the conditions stated above, from coming into effect.

Procedure for Valves having Internally Connected Pins

On certain valves of recent manufacture, particularly the miniature giass type emploving
B7G, B8A, B9A, etc. bases, it has become the practice of manufacturers to connect internally,
certain of the valve electrodes to pins which would otherwise be blank and free from
any connection. Although the manufacturers specify the pins on which- this is likely to
occur they reserve the right to vary the nature of the internal connections from time to
time as prevailing conditions might demand. This in itself prevents the inclusion of the
electrode thus internally connected. in the normal selector switch set-up of the valve.

Valves with 1nternally connected pins present no difficulty when tested on the valve
charactenistic meter Mk. IV but because the valve data manuai is used with earlier instru-
ments, 1nternally connected valve pins are marked (*) in the Roller Selector Switch number
column. When using the valve characteristic meter Mk. 1V, where the asterisk appears in
the Roller Selector Switch number denoting an internal connection. the appropriate roller
snouid be set 0, e.g. UBL, where the roller selector switch number reads **9 **$ 230. set
roller selector switch to read 009 CO8 230 and follow the normal procedure.

THE CONTROLS ON THE FRONT PANEL
THEIR FUNCTIONS AND OPERATIONS

All the controls necessary for carrying out the essential valve testing functions are
situated on the tront panel of the instrument. and by the manipulation of these controls
and the use of the valve panel already described. the following tests can be undertaken.

|. The direct indication of insulation resistance between specific electrodes with the
valve cofd. This test will also indicate heater continuity.

The direct indicauon of insulation resistance between clectrodes with the valve

hiament hot. including a separate test for the important tunction of cathode to
heater insulation.

| 4

Lad

The measurement of mutual conductance directly in milliamps;volt over a full
cange of apphed high tension and bias voltages.

4. The comparauve indication ot valve goodness on a coloured scale on the basis
of mutual conductance reading.

[4
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The ability to plot complete sets of mutual characteristics la/Vg, la;Va, I5;Vg,,
Is/ Vs, etc., with a complete range ot applied electrode voltages correspending to
D.C. operating conditions.

6. The tesung of rectifiers under reservoir condenser conditions with a full range of
D.C. loading.

7. The testing of signal diodes under suitable D.C. load.

The testing of the separate sections of muitiple valves, the non-operative section
of the valve being maintained at reasonable working electrode voltages.

9. The indication of grid current and valve softness, directly on meter scale.

{0. The anode current can, if desired, be read on an external meter of greater sensitivity
and tests carried out on valves which require an anode load.

The separate tunctions ot the controis availabie are as follows:—

The Set ~ Control

This control enables minor adjustments to be made to the input tappings on the mains
Lranstormer after the coarse mains tapping has been set.

The Leakage Switch

This switch serves the dual purpose of putting the instrument in a condition for the
mitial setttng of the Set ~ controi and aiso indicates the electrodes, if any, between which
leakage occurs with the vaive 1n a cold condition. [t also serves to indicate heater continuity.

The Circuit Selector Switch

This 1s a five positton switch enabling the instrument to be set up in readiness for the
type ot test to be undertaken. All the necessary internal circuit connections are made to
satisty the test conditions required, whilst internal test circuits, not required, are auto-
matically removed from the valve.

On position Check (C) the instrument is set up for the initial mains voltage adjustment.
and 1s suitably connected for the cold electrode leakage test.

At the Check (H) position of the switch, the valve ts automatically tested for electrode
ieakage, with the heater hot, berween the cathode and heater, and all other electrodes
strapped.

At position C, H. INS the valve 1s automatically tested for cathode to heater insulation
with the valve hol.

With the circuit selector turned to Test all normal mutual characteristics are measured
In conjunction with the electrode veoltage switches and other celevant controls. [t will be
noted that in the case of the insulatton tests the meter 1s automarticallv shunted to the
appropriate sensitivity and the insulation scale can be read directly. On the Test position
ot the Circuit Selector switch. however, the Meter Switch s brought into circuit, thus
enabling the meter range to be suited to the current measurement to be undertaken.

Also at this setting i conjunction with the D; and D- positions of the Electrode
Selector switch and the appropriate scale of the Meter Switch, signal diodes and rectifving
vaives can be checked. At the position gas. the meter is connected in series with the grid.
and gives direct indication ot any gas current flowing.

15




The Anode and Screen Voltage Switches

As their names imply these switches enable the requisite electrode voltages to be applied
to screens and anodes of valves for the purpose of carrying out mutual characteristic
measurements. They are calibrated in the equivalent DC voltage settings and, therefore.
no account need be taken of the actual value of AC voitage which appears at the electrodes

of the vaive, which, as already expiained, wiil differ from the equivalent DC value marked |
at the switch position.

The A, A, normal/uniimited switch

When testing valves having dissimilar double electrode assemblies it is necessary {o
limit the anode voltage on the section not under test. The A,A. normal position on
this control in conjunction with the electrode selector switch, provides the facility for
mserting a suitable limiting resistor in the appropriate anode circuit. Thus when testing
double valves (triode hexodes, triode pentodes etc.) this control is switched to the ALA,
Normal position. For singie and double valves having identical sections, this control is

switched to the Uniimited position. The control is inoperative when testing diodes,
rectifiers, etc. |

The Heater Voltage Switches

Thus dual switch combination is for adjustment of the heater voltage applied to the
valve under test. To enable a very wide range of heater voltages to be obtained the settings
of the two switches are arranged to be additive. Thus, with the left hand switch set at 0
all usetul voltages between 0.625 and 7.5 can be applied to the valve by the right hand
switch, whiist with the left hand switch at any figure above 0 the value indicated on the
left hand switch should be added to the indication of the right hand switch. For example.

with the right hand switch set at 5 and the left hand switch at 80. the heater voltage
applied to the valve will be 85. -

The Negative Grid Volts control

The negative grid volts control comprises two sections.

(@) A continuously variable control calibrated 0—35, 0—20 (the selection being deter-
mined by the position of the grid volt switch).

(0) A nine position grid volts switch giving steps of 0, 5, [0, [5, and 20 volts, the
remaining positions giving voltage steps of 20 volts.
This arrangement enables any bias voitage down to —100 to be applied to the valve,
the 1ncremental steps being additive to the setting of the variable control.

The Backing Off Controls enables the initial anode current reading for the valve to
be neutralised prior to the taking of murual conductance readings. Two variable controls
are used for this purpose. one fine and one coarse. which provide smooth backing off control
to o maximum ot 100mA. The rotation of the controls in an anti-clockwise direction will

cause the meter needle to approach zero. For normal characteristic tests. both controls
should ntuadly be set fully clockwise.

The Meter Switch 15 a combination switch to shunt the meter suitably to the current
measurement to be undertaken and also to insert the right value of load when making
tests on rectifiers and diodes. [t has two calibration scales. The left hand scale marked
[a. with switch positions 2.5, 10, 25 and 100, is used with the Circuit Selector al position
"“test " und the Electrode Selector at the position Al, A2 or S to indicate the full scale
deflection of the meter in mA when measuring anode or screen current. The position
mA;V after having the * backed off ” standing anode current is used in conjunction with
the Set mA/Y Control for the measurement of mutual conductance either direct or by
the comparison methoed using the coloured scaie on the meter.
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The right hand scale marked D/R with switch positions 1. 3. 135, 30. 60, 120 and 180
represents the load current when making diode or rectifier tests with the Electrode Selector
at D1 or D2, Thus 1f the valve 1s rated at sav 60 mA per anode. the Meter Selector Switch
should be turned to " 60 ™ on the D'R scule and the comparative goodness of the valve
with reterence to this basic fizure will be shown on the coloured scale.

The Set mA V Control.  This control has two scales 1 —10 and 8—60 selected by means
of an associated rotary switch. When the control is set to the expected mutual conductance
hgure for the valve under test. the standing anode current backed-off to zero and the
Meter Switch set to mA V. the meter shows the relative goodness of the vialve under test.
II required the actual mutual conductance of the valve can now be obtained bv rorating
the set mA.V Control unul the meter needle covers the calibration point at the centre of
the ™ pood 7 portion ot the scale imarked 1 mA/V) the mutual conductance of the valve
can now be read directly from the Set mA 'Y Control.

The Electrode Seiector Switch murked D>, Dy, A,. A, and S e¢nables separate tests
o be made on multiple valves, and also makes possible the taking of Screen (or g,)
characteristics. With this switch turned 1o ** A7, the figures of anode current and mutual
conductiance shown on the meter are relevant to the anode designated on the set-up roller

by 3. As such the switch is in position for measurements on all singie electrode sysiem
valves {triodes. pentedes. etc.). This position aiso serves for the first half of double valves
(double triodes etc.) and for the triode or pentode section of multipie diode valves (double-
diode-triode. etc.} The same setung of this switch serves for the triode or osciliator section
of frequency chanvers.

With the Electrode Selector Switch at position ™ A, ™" and the A ,A. normal/uniimited
switch set to its appropriate position. the indicator meter will show anode current and
mutual conductance associated with the second anode of double valves, the mixer anode

ol frequency changers and all anode svstems associated with the set up figure 5 In this

condition the first anode 1s not left fioating, but has the normal anode volts supplied to
it via a limiting resistance of 24K 5.

With the electrode selector set to * S° the current meter is inserted in the screen (g2)
circuit of the valve, the screen current will thus be indicated. When making this test,
the anode voltage 1s automatically applied to all the anodes within the valve. Note: that
in the case of double pentode vaives, the screen current indicated will be the combined
current of both sections, it should also be noted that the A, A, normal/unlimited switch
must be in the A, A, normal position for triode hexode and triode pentodes etc. and in the
untimited posiuon for pentodes and tetrodes {both single and double), hexodes, octodes etc.

With the Electrode Selector at position D1, the indicating meter is associated with
the diode anode of a signal diode or rectifying valve (and the first anode of double diode
and full wave recufiers). This switch position is directly associated with the anode desig-

nated on the selector switch roller bv ¥

With the Electrode Selector at position D2 the indicating meter is associated with

the second anode of double diodes and full-wave rectifiers. In this case the switch

9

position 1s associated with the roller switch setting .,

Heater current measurement

This test 1s particularly useful on series operated valves where heater current is more
important than heater voltage. Bv removing the left side plate, the heater current link
will be exposed, by disconnecting this link and substituting a pair of leads connected to a
suitable ammeter, the operating heater current can thus be monitored.

7
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Viains Y oitage control and fuse link

By removing the lett hand side piate of the instrument. the coarse voltage control
will be exposed. The instrument can then be set to any of the foliowing voltages: 110/128,
190/210. 210/250. 230/250, 50/60 c/s the setting being made by means of the fuse link
which 1s rated at 3 amps.

GENERAL PROCEDURE FOR TESTING A VALVE

b. Ahter having set the coarse mains voltage tap at the side of the instrument
to sull the supply voltags, connect mains lead to supply notiny that red and black leads
are Ine and neutrzl. The green or vellow lead is the Earth connection. Switch on and
the indicator lamp shouid light up.

. Turn the Circuit Selector swiich to position Check {C)and Leakage switch to position
"~ . The instrument needle should now rise and assume a position near the bluch
rezion of the insulation scale denoting zero ohms. Rotate the Set ~ control until the
meter needle assumes 11s nearest point 1o the red line in the middis of this black scale
marking. With a correct setuing of the initial mains voltage adjustment rotation of the
Set ~ control should enable the needle to be moved on either side of the red line. If
this 1s not the case and rotation of the Set ~ control does not enable the needle to reach
1ts seting mark from either direction, then the initial mains setting should be moved to
the next appropriate tapping. This tapping should be higher than the one chosen if the
needie aiways appears to the right of the red mark and lower if to the left.  When making
insulation measurements it should be noted that the insulation voltage is 100V (meun)
provided by a ful!l wave rectifier circuit, therefore insulation measurements should only be
made on valves having insulation ratings greater than {50V.

3. Having set up the accuracy of the instrument to conform to the applied mains
voltage, reter to the " AVO ™ Valve Data Manual, or alternatively to the maker’s charac-
teristic data for the valve and set up the appropriate valve holder connections on the
Viive Panel setector switch as already explained.

Set the Heater Voltage Switches to their correct valtue for the valve and insert it in the
appropriate valve holder (NoTE-Heater voltages in parenthesis should be ignored as thev
relate to valve tester Type 160 ONLY), without moving the Circuit Selector switch from its
posiion Check (C). Rotate the Leakage switch through its various eiectrode positions
starung with the extreme counter clockwise position marked = H ™. At position *" H ™ the
meter should show a short. thus indicating heater continuity. Thereafter anv reading
obtatned on the insulation scale of the meter will show an eilectrode tnsulation breakdown
corresponding to the electrode indicated by the Leakage switch setting. {Thus a reading on
the meter of | megohm when the Leakage switch is set to position " G;” and position
“ S 7 will indicate that a cold insulation breakdown of 1 mezohm is occurring between the
grid and screen electrodes of the valve.) [t will be noted that wherever electrode leakage
occurs. indication of this will be shown at two positions of the Leakage switch. because.
obviously. leakage must occur between two points. In the case of breakdown to heater from
any other electrode. such leakage indication will only occur at one switch setting subsequent

to the mital selector setting, which should automatically show zero ohms to denote
heater continuity.

4. Having ensured that no cold leakage path of uny magnitude is present in the valve
to be tested turn the Circuit Selector switch to Check (H). Aliow a few moments for the
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valve heater to warm up and note whether any meter deflection occurs. Such a deflection
would denote it megohms the amount of insulation breakdown that occurs between
cathode and heater strapped and all other electrodes of the valve when heater voitage is
apptied. Note that if, for any reason, the Circuit Selector switch is turned back to Check
(C) there will, 1n all probability, be an indication of an apparent coid electrode insulation
breakdown between a number of the valve electrodes. This need not be the cause and the
reading will be found generally to disappear after a few moments. The reason for such
an indication 1s obvious when 1t is realised that the valve cathode has been heated during
the Check (H) test. When returning to the Check {C) position, therefore, the cathode is
hot and stiil emiutting. What appears to be i1 temporary electrode breakdown, therefore,
1s 1 fact the indication ot emission which disappears as the heater or cathode cools.

3. Turn Circuit Selector switch to C;/H. INS when any cathode to heater insulation
breakdown which occurs with the heater hot will be shown on the insulation resistance
scale ot the meter. No set rule for the rejection of a valve on this score can be laid down,
but 1t will be realised that in many circuits where an appreciable potential exists between
heater and cathode such as, for instance. in cathode follower circuits or DC valve amplifiers,
the presence of a heater to cathode breakdown of the order of megohms can often give
rise 1o quite sertous trouble. Heater to cathode insulation breakdown, either permanent
or variable, can also gtve rise to noise in vaive amplifier circuits. If, on the other hand, the
value ol cathode to heater circuit resistance is only of the order of a few hundred ohms,
as lor instance where cathode biasing is used with high slope valves, then a cathode to

heater insulation breakdown of the order of fractions of a megohm need not give rise to
iny serious trouble.

6. Set the A, A. normal/unitmited switch to the appropriate position for the valve
under test.

7. Thne next test normally to be made upon the valves is the measurement of some
or ali ot 1ts mutual characteristics.  This may take the form of the complete plotting of
one or all of s characteristics. or the measurement of its mutual conductance, or the
comparative testing ot the valve on the basis of its mutual conductance. All these require
the manipulation ot the main voltage and meter controls and. before such a test is under-
taken and the Circuit Selector switch turned 1o position Test. one should be assured that
ull the requisite controls are correctly set. This applies to the setting of the anode. screen
and grid voltage controls. the Meter Switch und the Electrode Selector switch. {n particulur,
where the probable anode current of the valve is unknown. the Meter Switch should be set
o 100014 1o uvoid damage to the movement if the current flowing is such as to be considerably
Weher than that catered for by the lower meter range positions. 1t is atways pertectly simple
and sile to set the Meter Switch at successivelv lower fuil scale current deflections 1o cater
tor 1 valve, the anode current of which is less than that which can be appropriately read
on a higher range. [f the reverse procedure is adopted, however. then it 1s quite possible
that a damaging current may have passed through the meter circuit before the latter is

sel to a sultabte high range. The procedure for taking the necessary valve measurements
15 then almost self explanatory.

Where only a measurement of mutual conductance is required then the data for this
can be taken from the " AVO ™ Valve Data Manual. The electrode voltage settings should
be made as indicated and consequent upon such settings an initizl anode current will be
shown on the meter which has been finallv set to a suitable range. This anode current
reading shouid normally be compared with the anode current reading shown in the tables,
as it will give an imtial indication of the valve’s ~* goodness.” Quite obviously if a valve
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shows an anode current reading considerably below that which s appropriate for the
applied etectrode voltages, then its emission is much lower than would normally be expected
and 1in normal circumstances the valve will not function at full efficiency. More particu-
larly does this apply in the case of valves used either as oscillators or output valves, for in
both conditions the valve has to deliver an appreciable power which cannot obviously be
up to standard if the emussion 1s low. At the same time care should be taken not to jump
to false conciusions on this basis when testing valves of very high siope and short gnd
base, where it may be possibie to double the valve anode current for a change in bias of
some .25V, and a very slight vanation in the valve characteristics mav give rise to an
erroneous impression of the valve’'s ** goodness ” on the score of anode current.

8. Alter having observed the initial anode current reading and obtained therefrom
such mformation as is desirable, this anode current indication may now be backed off to
zero by the Backing Off controls and the Meter Switch Set to its 23 position. any further
ddjust‘ment to zero being made by the Fine Backing off Control.

The Set mA/V Control should already have been set to the value given in the valve

data and it would be as well to explain here how the two scales on this control shouid be

employed. The inner scale marked [ —I10 applies a potential to the grid such. that at
the slope indicated the rise in anode current 1s ImA. Thus when the Set mA:V dial

indicates | mA per volt, the bias change is equivalent to [V, but when the control is set
at 10 mA per volt the bias change 1s only 1/10th of a volt.

The outer scale marked 8—60 appiies a potential to the grid such that at the slope
indicated the rise in anode current is 3mA. It therefore follows that for a siope of 60
mA/V on this scale the voitage change at the grid will be S0mYV.

To measure the comparative ** goodness >’ of a valve in terms of mA/V, with the anode
current backed off to zero as already explained, any final adjustment having been made
with the Meter Switch at 1ts 2.5 mA position, set Meter Switch to position mA/Y. The
comparative ** goodness * of the valve will now be given on the Replace:Good scale.

Alt valves coming within the green portion can be taken as satisfactory. Valves in
the red poruon are suitabie for rejection, whilst the smail intermediate band berween the
green and red portions denotes a valve which, whilst not entrely unsaustactory, Is not by
any means working at its full rated efficiency. Subsequent action on the valves whose

test hgures come within this band will obviously have to be related to the particular
requirement of the moment.

Alternatvely, where 1t1s required to obtain a reading of mutual conductance. and not

merely a gauge of the valve's " goodness ” factor on the basts of mutual conductance,

then after backing off to zero, the Meter Switch should be set to position mA. V and the
Set mA. V control rotated until the meter needle covers the calibration line at the centre
ot the good scale (marked mA, V). The mutual conductance of the valve may now be read
[rom the Set mA.Y Controi.

Valves having a slope of less than ImA/V cannot be checked bv the comparative
" goodness " method (using replace; good scale). In such instances. the set mA.V control
should be set to position 1, the standing anode current backed off, and the Meter Switch

set to position mA, V. The mutual conductance (slope) of the valve will now be directly
indicated on the meter (using scale marked 0-l—1 mA/V).
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Where more comprehensive tests of the valve are required, to assist tn the solutton
of development or more intricate test problems, the plotting of one or a family of mutual
characteristics can often give a much more complete answer. This may readilv be under-
taken with the Valve Characteristic Vieter and is performed with the Circuit Selector 1n
its position Test. The manipulation of the controls subsequent to the obtatning ot the
irial anode current readings 1s not of course required, it being merely necessary to plot
the value of the appropriate electrode currents as end from the meter, against the settings
of the associated electrode voltage switches. [a; Ve, curves will be taken at 2 pre-determined
setting of anode and or screen volts. the reading of the anode current obtained being
plotted against the settings on the variable grid bias controls. Similarly IajVa curves wili
require a fixed setung of erid bias, anode current being plotted against the settings of the

tnode voltage switch.

Where either mutual conductance or haracteristic curves are required for the screen
(g.) of the valve in question, then the Electrode Selector switch shouid be set to position
S, the A A, normal /uniimited switch should be set to the appropriate position depending
on the type of valve under test. The meter current shown will be an indication of the
screen {g.) current and all the 1bove instructions can be related thereto.

Remarks in relation to the tests described 1bove as applied to muitiple or special tvpes
of vaive, will be found In subsequent (st ROIES.

9  Where a vaive is suspected of passing too much grid current, 1 mMeasure of the
magnitude of grd current at the desired conditions of applied electrode voltage may be
~ade after having measured the mutual conductance of the valve in question. With the
Veter Switch set to 100 mA on the la seale and the Circuit Selector turned to position
Gas the meter is now directiy connected in the grid circuit of the valve under test and
gives a direct indication of grid current flowing.

10. The testing of rectifving vaives should really be associated with the requirements
of the circuit in which these valves are to work. although in most cases, tn the data for the
valve in question a figure 13 quoted denoting the standard emission to be expected for a
valve of the type under test.

The procedure for carrying oul the test is again straightforward. All initial tests
<hould have been carried out as tor amplifying valves. but betore setting the Circuit
Selector to Test. the suggested load current tigure for the vaive given Iin the Data
Manual shoutd be set on the D/R scaile of the Meter Switch. This load curreal. it will be
realised. applies to one anode only. The setting of load current can etther be determined
from the tabulated data as already mentioned. or aiternatively can be related (o the total
current that the valve is required to dehiver. Thus in a piece of apparatus where the total
HT current drawn is say S0mA. then a cectifier load current setting of ™ 60 7 will be an
adequate test for the valve emission (assuming halt” wave rectificaton). Alternatively,
+ the valve is a new one. the maker s rating for maximum load current €an be used as the
hasis for the setting of the Meter Switch. [t will be realised that since each half ot a tull
wive rectifier is tested independently. then the setting of the range switch should indicare
hall the total value of current that the valve would be expected to deliver m a full wane
circuit. For instance i vabve rated at a maximum current of 120 mA would be tested with
oach anode at the ™ 60 7 position on the Vleter Switch.

Nio further manipulation ot the electrode voltage controls 1s required. The heater
voltage is already set whilst anode. grid and screen voltage controls are completely dis-
Lssociated rom the test circuit by the setting of the Electrode Selector switch to D1 or D2,
all appropriate voltage and sircuit connections also being automaticaliy made. Haviny,
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therefore, correctly set up the vaive as explained, the indication of the meter needle on the
coloured scale will show the operative goodness of the valve in relation to the standard

toad current chosen.

Similar remarks apply to the testing of signal diode valves, with the exception that

these are always tested with the Meter Switch at | = unless otherwise specified.

INSTRUCTIONS FOR TESTING SPECIFIC VALVE TYPLES

The function of a valve. as distinct from its manufacturer s type number 1s 1ndicated

by a symbol in the form ot letters appearing at the extreme right ot the test data; thus a
halt wave rectifier would have the letter ** R 7 in the function coiumn, whilst a fuil wave
-ectifier would be designated by = RR . Similarly, diode valves will be shown by the

letter ©* D the number of diode elements being indicated by the number of = Ds 7, thus
“ DDD " refter to a triple dicde.

The testing of multiple diodes or rectifiers is carried out In the manner already explained,

the Flectrode Selector switch being used to select the diode or rectifier element. the
comparative emission for which. being indicated on the meter. [t will be reaiised that when
dealing with diodes or rectifiers D1 and D2 positions of the selector switch represent
diode or rectifier anodes | and 2 respectively and correspond 1o figures 8 and Y in the set

up figure.

In the case of triple diodes since only two anode systems are normally catered for,
. special procedure is adopted in the set up ficure. At the position in the set up number
representing the third diode the symbol 1 1s included, the first and second diodes being
indicated by 8 and 9 respectively in the normal way. The valve should now be tested
normally with the selector switch set to 0 where the T appears in the set up number. This
will give emission figures for diodes 1 and 2. Now rotate the Selector Switch rollers so
that the two rollers originally set at $ and 9 are now set to 0 and set up the position T as 38
on the selector switch. A further test with the Electrode Selector switch at D1 will thus

aive the emission of the third diode. e.g., AABI will be indicated in the data as 0231+0980.

To test diodes ! and 2 the set up on the roller switch will be 023100930 and diodes ! and 2
will be tested in the normal manner. For obtaining the emission figure for the third diode
‘he Selector Switch will be altered to 023180000 and the Electrode Selector to position D1.

Combined Diode and Amplifving Valves will be represented in the type columns by
“ T ™ and ~ DDT ™ for diode triodes and double diode triodes, whilst ™ PP and
~ DDP " indicate diode pentodes and double diode pentodes. The testing of such valves
-« qutomatic. the amplifving section being tested first with the Circuit Selector switch at
position Test and the Anode Selector it position ™ A, whilst the rotation ot the Meter
Switch to the appropriate load setting and the Electrode Selector 10 ™~ Dt and/or * D2 7
would cause the meter to indicate the comparative goodness of the valve. {Unless otherwise
stated the load setting will be position 1 on the DR scale ot the Meter Switch.)

Double Triodes. Double Pentodes or Double Tetrodes will be indicated by the letters
“TT ™ or **PP " in the type column and will be tested in the normal way for each half
of the valve. selection betng made by the rotation of the Electrode Selector swiich to A,
or A. corresponding to set up figures 6 and 7. The A, A, normal/uniimited switch should
be set to the appropriate position. Note that screen current readings obtained whiist
checking double tetrodes or double pentodes will be a combined vaiue for both halves ot

the valyve.
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Frequency Changers of the Heptode. Hexode cluss employing the normal oscillator
section as a phantom cathode for the mixer section are not very satisfactonly tested in two
sections, as the nature ot the valve construction is such that each section is dependent on
the other for its correct operation. For test purposes therefore. this valve 1s shown con-
nected as a triode or pentode for which, where possibie. anode current and/or mutual
conductance hgures are given. Such valves are indicated bv the letters ™ H 7 in the tvpe
column. Note: the A, A, normai/unlimited switch should be set to the unlimited position.

Frequency changers ot the Octode class designated by = 0 7 in the type column are,
as will be seen from the data, tested as if thev had two separate electrode assemblies,

separate data being given for each. In this case the osctllator section i1s tested with the
Electrode Selector at A | and the mixer section at A-.

As a further test to ensure the probabitity of such a valve oscillating satistactortly, an
indication of failing emission wiil possibly give the most usetul results. [t will be reaiised
that when a vaive 1s up to standard 1ts cathode wiil develop ts tull emission at the rated
heater voltage tor the valve, and anvy slight change 1in the cathode temperature will not
result in a corresponding change in the emission. If. however, the cathode’s emission is
tatling, then an increase or decrease in the cathode temperature will result 10 a noticeable
change in the emission for the valve. When a valve 1s oscillating it tends to run inio the
posttive grid region, and thus makes use of the full emission capabilities ot the cathode.
Any falling emisston wili limit its utility in this respect. As a subsequent test, therefore,
on a valve designed to be used as an osciilator. it is helpful to note the anode current at
the rated test hgures with the normal heater voltage applied and then decrease the heater
voltage by about 10 to 157, (the next tapping on the heater switch) for a short period.
[n the case of a vaive with failing emission this will result in a4 decrease 1n the anode current
considerably greater than the percentage decrease in heater volts. Such a result would
suggest that the valve wiil not oscillate very satistactonily. A neglimble or small percentage
decrease 1n anode current {(or of the same order as the heater volts change) will show that
the valve 1s developing 1ts full emussion at the rated heater voltage, and provided that the
circult condifions are correct it should osctliate normally.

Frequency Changers employing separate electrodes assemblies tor oscillator and mixer
functions are designated by ** TH 7 {Trtode Hexode) " TP ™ (Triode Pentode). The separate
sections of this tvpe ot valve are not interdependent. as in the case ot the phantom cathode
types. and they can thus be tested 1n two separate sections as lriode and pentode respectively.
This arrangement 1s catered for in the set up figures given. 6 corresponding to the triode
section and tested with the Electrode Selector at A, whilst 7 in the set up figure corresponds
to the mixer section which is tested with the Electrode Selector at A-. The hgures to be
gcxpected trom both halves of the valve are given in the tables where available. but 1t 1s
oftecn intormative to apply a test tor tailing cathede emission to the triode or vscillator
section in the manner already described. The A,A. normal/uniimited switch should be
set to the A A. normat position.

In the case of normal triedes and pentodes (including beam tetrodes) the test procedure
tor which has aiready been fullv outlined. the tvpe column will show the svmboi " T 7
and 7 P 7 respectively.

THE USE OF THE LINKS ON THE VALYE PANEL OF THE INSTRUMENT

These links enable a load to be inserted into either anode circuit ot the valve under
test when an anode current or mutual conductance fest 15 being undertaken on the electrode
circuit in question.  They therefore enable dvnamic fizures for the valve or electrode
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system concerned to be obtained, the procedure being to disconnect the shorting link and
to connect across the terminals a resistance or other load which it is desired to include in

circuit. When checking anv of the following types, the A,A. normal/unlimited switch
should be set 1o unlimited.

Tuning indicators (¥lagic Eves) are tested with the controls set according to the figures
given in the separate data tabie, using the screen switch for obtaining target voltage and
inserting the anode load. shown in column marked ** Ra ™ by means of the link on the
valve panel ot the instrument. At the approximate bias given in the table the triode section
should be at cut-ott and the ~eve ™ fully closed. On varying the erid bias to zero the
“eye " should open fullv and the value of anode current should be approximately that
appearing in the 1able. [n the case of double sensitivity indicators giving multiple images
responding to diflerent sensitivities, two sets of data (where possible) are given, the first
sef referring to the more sensitive indication.

aseous Rectifiers

These also necessitate the use of the link, as such valves would normally pass a
damaging current 1f tested without suitable limiting load in the anode circuit. Thev are
tested with the Circuit Selector switch turned to Test, anode voltage and representarive
anode current hgures being given in the Valve Data columns. The vaiue of load resistance
(ot suitable wattage) which must be included across the link, before the valve is tested. is

shown 1 K tln the " mA:V ™ column (which would not normalily apply to a rectifier
valvel.

Full wave examples of this class of valve are of course tested at Electrode Selector
switch posittons A and A. and the appropriate load connected across cach link on the
top panel ol the insirument.

Cold Cathode Rectifiers designated by the symbol ** CCR ™ can be tested in a similar
munner to Gaseous Rectifiers. the anode voltage, approximate anode current. and load
resistance being oiven in the data columns.

Thyratrons can be checked by comparison if set up as a normal triode. with a limiting
resistance included in the link, the control ratio being indicated by a comparison between
the peak value ot the applied anode voltage. and the setting of the grid bias control which
will prevent the valve striking and passing unode current. 1t must be emphasised. however.
that the matn value ot such a test is in comparison oniv, as the hold off grid bias value
showin on the grid bias control is only approximatety half that of the bias which would
normally be required to hold off the anode current of the valve at the peak anode voltage
LN question,

In the data columns where information is given on common thvratrons, it will be
seen that this comprises a Roiler Selector Switch No.. Heater Voltage. Anode Voltage.
expected Anode Current. and the value of the limiting resistor required. The resistor
should be ot suttable wattage and connected across the link terminals before the valve is
inserted n s holder. Grid voits should be at their maximum setting. With the Meter
Switch st to ™ 100 7 on the {a scale. the Electrode Selector at ** Al ™", and the Circuit
Selector at Test. the bws on the valve should be reduced until the valve strikes and
anode current Hows. A good valve will pass approximately the anode current given in
the Data. (It necessary, reduce setting of Meter Switch.) This test is suitable as an
emission check on thyratrons used in tetevision and commercial radio equipment.
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Neon Indicators may be tested for striking, by setting up the roller switch so that
anode and cathode pins of the tube are set o 6 and | respectively, all other rollers being
connected to 0. A suitable load resistance (normally between 35,000 and [5,000 ohms)
should be included in the anode circuit ink and the anode voltage switch should be set to a
peak vaiue as near as possible to (and in no cases lower than) the striking voltage of the
neon in question. The striking of the neon will, of course, be indicated by a passage of
anode current shown on the Meter Switch being set to ** |00 7 on the [a scale. It should
be noted that where the ancde voltage refers to the peak applied voltage,. as n the case
of thyratrons and neons, the actual peak voltage applied to the valve 1s higher than the
indication on the anode voitage switch. To obtain the peak voltage equivalent (o a given
setting of the anode voltage switch the figure shown on the switch should be multiplied
by approximately 1-3: thus with the anode voltage switch set to represent a DC voltage
of 100V the peak applied voltage 1s approximately 150V.

GENERAL PRECAUTIONS TO BE OBSERVED WHEN
USING THE VALVE CHARACTERISTIC METER

[t will be realised that when dealing with an instrument such as the Valve Characteristic
Meter with such Hexibility of control, it is almost impossible to protect the instrument
o such an extent that the operator cannot cause damage to etther the valve or the instrument
by some combination or wrong setting ot the controis or incorrect use of the meter. It 1s,
theretore, important that the correct procedure, as previcusly outltned shouid be used in
the sequence of the tests applied. Valves should be tested for insulation or breakdown
before full voltages ure applied for characteristic tests. Where any doubt whatever exists
as to the probable electrode current hkely to be passed. the Meter Switch should always

be turned to its highest current range and then graduallvy reduced in order to faciiitate
reading of the electrode current.

In experimental work where a variable voitage is required to be supplted to the anode
ot screen electrodes of the vailve, always start with the lower voltage tappings and increase
only after correct adjustments have been made to the Meter Switch 1o ensure that the meter
circuit is not overloaded by an unknown current. Alwavs make sure thart the selector
voltage switches have been correctly set tor the valve betore the mnstrument s switched on.
[n this respect it s it good priactice to return the selector voltage switches to zero (particularly
Heater Voltage switches) dtter a test has been applied and before a new valve 1s inserted.

Take care in setting the Roller Selector Switch to avoid wrongly connecung the
clectrodes of the valve under test. [n this respect the automatic cut-out 15 advantageous
in that it will usuallv save a valve 1t high tension voitage s inadvertently apphed 1o the
heater bv incorrect setting ot the switch. but it must be pointed out that atter the switch
s correctlv set nothing can save the lreater trom being burnt out {f an overloud fieater voltage
iy applied by wrong setting of the heater voltage switches.

Ensure that the A, AL, -normal/unlimited switch is set to the correct position.  Fatlure
to observe this mayv result in damage to the valve under test.

Do not apply test voltages to the valve withoul ensuring that where necessiary top cap
connections have been correctly made, as a valve can often be irreparably dumaged by
running it with its grid or its anode wrongly connected.

Where a valve appears to be performing abnormally. as indicated for instance by a
condnuously rising or talling anode current which does not attain a condition of stabtlity,
do not leave the valve ™ cooking 7 tor a long period to see what will uiimately happen,
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as this will in all probability result in the damaging of the valve due to excessive currents
in the anode or screen circuits. In general, it 1s not necessary or helpful to leave a valve
on test for a considerably longer period than is necessary to complete the test in question.

Finallv, it must be stressed that whilst every care has been taken in the compilation of
this publication, the =~ AVO ~ Valve Data Manual to ensure that all data given is correct
s far as is known at the time of going to press, it is not impossible that with the many
thousands of figures involved, errors will have crept in. The manufacturers cannot hold
themselves responsible for any damage that mught occur to a valve or to the instrument
from such a cause.

ABBREVIATED WORKING INSTRUCTIONS FOR THE *“AVO” VALVE
CHARACTERISTIC METER MARK 1V

Before switching ** ON ™ the full instruction Book should be read and always used for
reference when testing unusual types ot valves.

1. Check mains adjustment tap and connect mains lead to the supply, red and black
leads are line and neutral, green or yellow being the earth connection.

~ Sert * Circuit Selector ™ to ** Check C ™" and ** Electrode Selector " to " A .
3. Set ™ Meter Switch ~ to 100 on the [a scale.

4. Turn = Backinz Off ™ controls fully clockwise.

5

Set - Heater Volts ~ switches to value indicated in Valve Data. (Heater volts 1n
parenthesis shoutd be ignored.)

6. Set ™ Anode Voits ™. ** Screen Volts ™ and “ Gnd Volts * to values indicated 1n
Valve Dara.

7 The A.,A. normai/unlimited switch to the appropriate position.
8. Rotate the ~ Set Ma/V " control to figure given in Valve Data.

0. Ser - Roller Selector = switch as indicated in Vaive Data and ensure that A, and A
links are tight. {For ™™ * " indataread =0 )

10. With leakage switch at = ~ 7 switch on, and adjust pointer to position =~ ~ 7 by
means of ~ Set ~ 7 switch.

ALL VALVES

. Insert valve. and make anv top cap connections 1f required.

2. Fully rotate ~ Leakage ™ switch. Check heater continuity at ** H ™ and insulation
on ail other positions.

‘d

Set ™ Circuit Setector ™ to = Check H ™ to measure leakage from Heater Cathode 10
all vther electrodes strapped together with valve hot.

4. Turn " Circuit Setector " to = C/H " to measure leakage between heater and cathode
with vaive hot (if valve 1s indirectly heated.).

26
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TRIODES, DOUBLE TRIODES, DIODE TRIODES PENTODES, DOUBLE PEN-
TODES, DIODE PENTODES AND TETRODES IN SIMILAR COMBINATION.

ANODE CURRENT. With  Electrode Selector ™ at ““A,” set ** Circuit Selector ™ to
“Test . Meter should then indicate anode current. Reduce Meter Switch setting if
required. If protective relay operates, switch off and check for incorrect setting of * Roller
Selector ” switch or panel conirols. If all controls are correct and relay continues to operate

when instrument s switched on azain, the valve is probably soft and the test should be dis-
continted.

MUTUAL CONDUCTANCE. Reduce meter reading to zero by means of = Backing Off ”
controls. Set ** Meter Swiich 7 to ™ 2-3 7 position and re-adjust zero if necessary. Turn
" Meter Switch 7’ to ™ mAY 7 positton. when a good valve will give an indication in the
green band on the meter scale. To obtain actual mA/V reading, adjust “ Set mA/V "™
control until needle reads on calibration point 1 mA/V, in centre of green band.: The " Set
mA;V 7 control will now indicate the mutual conductance of the valve under test.

For double valves. check darta tor difference in electrode voltages and repeat above
operations with the = Electrode Selector ” set to ™ A, ™.

GAS TEST. To meusure grid current. set ** Circuit Selector ™ to position " Gas ™ and the
* Meter Switch  to 1is [00 mA positnon. Meter will now indicate gas current, full-scale
indication beimng [00:A.

DIODES. To check diodes turn  Electrode Selector ™ to ™ D¢ and ™ Meter Switch ™ to
“I mA 7 on D/R scale (unless otherwise indicated in Valve Data). Turn ** Circuit Selector ™
to ** Test . The condition ot the valve will now be given on the ** Replace Good ™ scale,
Check double diodes at Dy and D- position of the ** Electrode Selector ™.

RECTIFIERS. To check rectifiers, set ** Electrode Selector ” to " D" and set anode
loading miven 1in Valve Data. on D’R scale of ** Meter Switch 7. Turn * Circuit Seiector ~
to ** Test . The condition of the valve will now be indicated on ** Replace/Good ™ scale.
Load reading 1s per anode. Check full-wave rectifiers at position ™ D™ and ™ D> of
*“ Electrode Selector — swiich.

On completion of tests return all the controis to their fully clockwise position.

COPYRIGHT:

No information or Jiagrams in whoie or in part may be copied or reproduced without the
Prior permission in writing of Avo LIMITED.
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INTRODUCTION

Throughout the past decade the Avo Valve Characteristic Meter has proved itself
‘o be unrivailed for versatility and reliabilitv. [t is. however. inevitable that this
ctrument will fail from time to time and. when it does. we are anxious to ensure
that it is repaired to the highest possibie standard. We have, therefore. produced this
schedule of spares which will form a useful guide to the trained engineer who has
the task of servicing this instrument.

Procedure for ordering spare parts.

It vou will kindly follow the procedure set out below. delavs will not occur due
to the exchange of unnecessary correspondence.

|. State the part number of the items required. also the quantity.

Y State the serial number of the instrument. This will be found on an
‘dentification label attached to the rear of the mstrument.

Overseas users of our instruments should send their requirements to our Agents
on their terntory.

It the spares are required for use in Great Britam. apphcation should be made
direct to our Spares Department 1in London.
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No.
405323
405294
405304
40700-B
40527-B
30607-A
206767
20245-2
14802-2
14808-2
H533-2
148041
14803-2
W22
51544

W72
14807-C
21205-A
40535-8
P.V.C.21
11982-1
[2231-5
PKS.14
148201
21006-2
[2744+4
120063
10137-D
11237-G
137634
142732
156383
156381
S202
S2035
S407
S473
5604
S650

S643
S803
S809

N.3

MAIN ASSEMBLY. 40699-A

Description Circuit
Ref.

Back Plate, Case Assembly

End Plate, Case Assembly ... :

End Frame, Main Casting, Case Assembly

Bottom Panel with Hank Bushes, Case Assembly

Vaive Panel Assembly complete. See page 32 for breakdown

Front Panel Assembly complete. See page 33 for breakdown

Tray for Valve Data Manual e

Spring Dowel (Holding 2 BA inserts in end frame)

Handle Nut (2 BA inserts in end frame) ... .\

Handle Screw (Securing handle to end frame)

Handle {(Curved anodised) .

Rubber Plug (Mounting for valve/bottnm panel}

End Plale Bolt (Special mounting bolt for rubber block)

Washer %" BSF for Item 12

[nst. Hd SCI’EW 4 BA x 1" N.P. (Mam case and end plalc
fixing screw) .

Cup washer for lt&m 15

Bracket, Case Assembly ...

Component Board Assembly. See paae 36 for brcakdown

Transformer Assembly. See page 36 for breakdown

Mains Lead (8 ft.) (specify length rcqmred)

Grommet for Mains Lead ... .

Name Plate ...

Seif Tap Screw No. 2 X 15 (Secures nameplate)

Ball Catch for hinge rod (Top cover)

Hinge Rod for Valve Base Cover ...

Bracket securing hinge rod to backplate

Lid erip for Valve Base Cover .

Lid Assemblv complete. Supplied as assembh

Top Cap Lead

Top Cap Stud (Retains Item '3'9 when nm n usc)

Tool Clip (Retains Item 29 when not in use)

Binder for Item 33 ...

Cradle holding cable- fnrm to baseplatc .

Ch'se Screw 2 BA x £” N.P. Case Assembly Scrcm

Ch'se Hd. Screw 2 BA X T}” N.P.

Ch'se Hd. Screw 4 BA x f} N.P. ...

Rd. Hd. Screw 4 BA x 4" N.P. for hoidmg Item 18 ...

Ch'se Hd. Screw 6 BA x 1” N.P. Case Assembly Screws

Ch'se Hd. Screw 6 BA x +” N.P. Holding support for
movement mounting .

Rd. Hd. Screw 6 BA x {§~ N.P (Securing Ttem 30)

Rd. Hd. Screw 8 BA x é N P. for Item 27 .

Rd. Hd. Screw 8 BA x ¢~ N.P. {Sccurmg Itcm 30 pIUE
end) .. :

Hex. Nut 4 BA N. P.
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Part
No.

N6
Ni2
N84
W3

Wb

W3
40721-1

Part
No.

40692-B
40140-1

>
i
33
-
22

1)

WO OO0 -] ONh & W9

32

» 10
p» 11
14
15696—-1
102811

40140-16

[0509-1

40140-19
» 20
p 22

[5627-1
21199-A
15617-2
15626-2
156251
145551
20989-2
20990-2
148052

[ 1996-A

20903-B

20919-2
147471
10166-3

=t gy W e -7

Description Circuit  Qty.
Ref. Off.

Hex Nut 6 BA N.P. for [tem 39 . 3
Hex. Lock-Nut 8 BA N.P. { Secunng item 30 piug end)

Adjusting Nut " BSF C.P. (For item 12) .
Washer 4 BA \l P. for items 37726

Washer 6 BA N.P. for item 39 ...

Washers 8 BA N.P. (Secunng item 30, plug end)

Cover {polythene) .

-l e OO0 WY

YALVE PANEL ASSEMBLY. 40527-B

Description Circuit Qty.
Ref. Off.

Valve Panel (Bare) ...
Valveholder. English 9 Pm
s » 1 Pin
' American 7 Pin Large
' American 4 Pin
' Engiish 4/5 Pin
. American 5 Pin
'y English 8 Pin
' American 8 Pin
'y American 6 Pin .
' 8 Pin Side Contact
' B8A .
B7iG .
Valveholder Washer, for Il'E:ITl [1 ...
' BOG .
' BSG
' 3 Pin {Dmde)
. BOA ...
' American 7 Pm Sma]l
BRD .
Plug for Item 20

Holder Assembly for Flymg Lead Valveholder

Overlay. Label for Fiying Lead Vaiveholder

Bracket (Securing {tem 22) .. ..

Mounting Plate for Item 26

Socket. Rubber cup under Flwng Lead Vah eholder

Front Support Bar ..

Rear Support Bar .

Pillar, stand off, panel 10 :,upport bars :

Tag Board Assembiv (Connecting top panal to main
assembly)

Top Cap Escutcheon Assemblv Set page 40 For break-
down ..

Top Cap Label {Grld calhade etc)

Ferrox Bead (anti-oscillation, used on wiring)

Cover for roiler selector switch

t-3
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No.
35
16
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Item
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Part
No.
40157-B
105115
N6
N©B62
NI13
S642
S661
5725
S1001
S1524
W4

WS
W20
W6b
30008-48
RE8
R93
R96
RO7

Part
™~NO.

[5621-1
15620-2
[5622-2
21203-1
21203-2
156251
20245-52
156191
21027-17
21207-16
143585
145359
148224
21202-5

21202-2

] 348538
21201-B
21201-A
15623-2

10630-F Movement ass-é-mblv complﬁte See pagc 37 for brcakdown

21204-1
212041
15630-2
15624-2

Description

Roller Selector Switch Assembly (Supphcd as assembly}
Cap, rear, for ltem 17 . . . ..
Hex. Full Nut 6 BA N.P. ...

Hex. Full Nut 4 BA Tin Plt.

Hex. Nut 10 BA N.P. (Securing ltﬁm ._0)

Rd. Hd. Screw 6 BA " N.P.

Rd. Hd. Screw 6 BA §” N.P.

C’'sk Hd. Screw 6 BA x " T.P. ...

Rd. Hd. Screw 10 BA X f{” (Securing item 20)
Ch'se Hd. Screw 4 BA x %" Tin Plt.

Washer 5 BA N.P.

Washer 6 BA N.P. ...

Washer 10 BA N.P. ...

Washers 4 BA Tin Pit.

Washer used on Item {3 .

Evelet %"’ used on items 14 and 18

Evelet ¥ Tr X .125” dia. (Secures Item 13)

Evelet w” X .148” dia. (Secures Item 2-9/15/16/ 19)
Eve]e[ " x .125” dia. (Secures Item 10)

FRONT PANEL ASSEMBLY 40697-A

Description

Drive Ring mA/V Gnid pots

Fricuon Disc ,, s

Friction Collar ,, ., v

Range dial mA/V range switch

Rdnge dial Erld range switch ..
Dial bush. Securmg items 4/5 to switch spindle
Spring dowel foritem 6 ..

Adjusting plate for pot/dial allgnmenl

Switch mA/Y

Switch gnd ...

Potentiometer IOKJL mA AY

Potentiometer (0K L grld

Switch anode volts

Overlay mA/Y

Overlay gnd .

Pillar holding mnunnng plate item 17,'13
Mounting plate mA/V. See page 39 for breakdown
Moumina plate grid. See page 39 for breakdown

Dial bush

Dial mA/V Pot
Dial grid Pot

Spring compression, holdmg items 2!74
Drive collar mA/Y—grid pot control

33

Circuit Qty.
Ref. Off.

Circuit Qty.
Ref. Off.
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NO.
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NoO.
[5220-E

15220-A
20993-1
143224
209941
136571
14558-3
145584
148121

50010-14

20994-1
136571
209961
20992-1
406961
209971

20991-1
14750-2

148104
120754
20006-2
15698-2
15697-2
{56382
15638-7
[ 1310-A

14941 -8
1 3639-7
102661
N3

N6

RO

S407
S46 1
5477

S602
5603
S606
5813
AS25
W3
W5
WS

1558112

Description Circuit Qty.
Ref.

Knob assembly, less skirt mA/V-—grid pot control. See
page 39 for breakdown ...

Knob assembly with skirt. See page 38 for breakdown... I

Switch heater volts (tens)

Switch screen volts

Switch heater volts (units) ...

Toggle switch mains .

Potentiometer backing off coarse 2505?, ... RY

Potentiometer backing off fine 25§}, ... R.VY.

Dial hight holder for item 34

Buib 6.5V .3 amp. . L.P

Switch set ¢fs ..

Togegle switch Al, A Normal

Switch electrode selector

Switch leakage

Front panel (bare)

Switch meter . .

Switch Circuit Salector ..

Pillars, spacing, fixing item 13 10 front panel

Movement board el

Bracket for item 43 .

Gasket for movement assemblv

Window mask (mA/V-—grid windows)

Mask pillar for item 46 ...

Cradle holding 8 “F condenser item 63

Binder for item 48 ...

Tag board assembly for switch LOI'II"IEC'[IDHS 1tems 9 and 10.
See page 39 for breakdown ..

Spacer between item 30 and item 39

Cable clip on item 30

Tag 2BA

Hex. nut 4BA

Hex. Nut 6BA . ..

River .0907/.094” dm X 4f meg 1tem 6}16 [0 ltems
415721722 ... |

Cheese head screw 4BA X jc mckel piatﬁd

Round head screw 4BA x " nickel plated steel 1

Cheese head screw $BA x L”

Cheese head screw 6BA x & mckei p!aled

Cheese head screw 6BA x 3 nickel piated

Cheese head screw 6BA x 37

Cheese head screw 8 BA X ;35- mckf:i piatf:d

Socket grub screw 4BA X &7 securing ttem | ...

Washer 4BA nickel plated 2
Washer 6BA .

Washer 3BA nickel pld[f:d

Silicen diode Tvpe SD9I1 .. MR7T., MRS.
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Item Part Description

No. No.

69 12049—404 Condenser 8 uF
70 12049443 Condenser .01 ol 250V ...
/1 12049-73]1 Condenser 8 J.F IZV reverSIbIc
72 14709-B Resistor 70052,

73 12049-42] L3000 i“"

74 12049-250 . 4709, ,, 10°,

75 12049-401 Resistor 5000, — 24°

76 12049-389 . 600§, .. 2%
77, 422 . 7605y, 2

78 . 422 . 7608, 2°

79 ., 423 186087 ,, 1%

80 ., 424 . 2K&SL L, 10
81, 425 | 25KQ, . 1%

82 . 425 . 25K . 1o
83, 425, 25KQ . 1%
84, 425 25K . 1%

85 .. 425 L 25K . 197

86 .. 425 . 25K . 1°0

87 ., 425, 25K§Q . 1

38 425 . 25KQ ,, 1%

89 426 . 29K ,, 1%

90 .. 390 . 3K§L o, 2%

91 . 427 . 3.54K§ ,, 1°

92 . 397 . 435K9 ,, 2°

93 . 428 . 68K ., 1°

94 .. 385 ., I0K§, , 2°

90s ., 38 ., 10K . {°

9% .. 39 . I5KQ ., 2

97 70] . 168KQ ,, 1%

08 429 . 218K ., 1°7 ..
99 95 w 24K ., 10°% Vit
100 420, 2568 . [° ..
101 703 L 259K .. 1°
102, 396, 31.5K5, . 2°
103 702 . 379K . I°

104 ., 700 . SI8K& ,, 1°0 .
105 ., 241 . S6KQ .. 5°. Vit
106 . 430 . 59.6KQ ,, 1°

107 305 . 100K5 . 2o’

08 . 394 L 202K . 30

109 43] L 249K . (e

110 393 L 406K . 2e

111 .. 392 ., 814K, .. 2°°

12 32, 122MQ . 2e

13 33 . 2.96MSL,, 1°. .
114 . 434 L 390 .. 20°
115 632 . 10K ., 2°°

35

Circait
Ref.

C.1.
C.o.
3.
R 36.
RS.
R45.
R37.
R1S8.
RY.
R 39,
R4,
R3.
R7.
R8.
RG.
R10.
R1I.
RI12.
RI3.
R14.
R31.
RI17.
R153.
R27.
RJ".
34,
R33
R16.
R41.
R30.
38,
R6.
R43.
R26.
R42.
R20.
R33.
R29.
R25.
R24.
R2S.
R23.
R22.
R21.
RI19,
R47.
R46.
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13935-4  Washer foritem 5 ...

13935-2  Spindle lock for item 5

[3062-2 Link ...

[0944-2  Pillar Tags ... . [
15628-2  Bracket, mounting board assembly

{ _'

'f

Item Part Description Circuit Qty.

116 3{}008 71 Washer for incrementai drive 1” x ]1—” 0.535” hole |

[17  13659-5 Cable Clip }” . 2 '

COMPONENT BOARD ASSEMBLY 21205-A '

ftem Part Description Circuit Qty. :

No. No. Ref. Off. }

t 21200-3 Component board bare ... l j -

12049-244 Resistor 100K, £ 0% ... ... RI. I

» 244 Resistor 100K ), = 0% ... ... R40. '.:

[0770-32 Potentiometer 5K ), .. ... RV4, b

[0770-32 Potentiometer 5K §}, .. ... RVS6. f_

12049-704 Rectifier 1/6th Amp. MRI. i

558111 Silicon diode Type SD94 ... MR3. MRGY. I

(5381-11 Silicon diode Type SD94 ... MR4., MRIO. |

[5581-t1 Silicon diode Type SD9%4 ... MRS, MRGé.

15381-11 Silicon diode Type SD94 ... MRI1I1. MRi{2.

o P s B Pt ek ey e e A el
C?\GW‘*JG\U]-‘AUJN'“D\DW%JU\LHJEMM

13834-A  Knob, slotted terminal pattern ;
142424 Socket threaded for item 16 f
4247-2  Spring washer for item 17 . i
[4243-2 Hex. nut for item 17.. :
14657-2  Link between item 16 i

21 N3 Hex. nut 4BA nickel piated ;
22 N6 Hex. nut 6BA nickel plated... '
23 N7 Hex. lock nut 6BA |
234 PKS4 Self tapping screw ... ;
25 S420 Cheese head screw 4BA - nickel plated f
26 S6dd Round head screw 6BA 4~ nickel plated j
27 Wi Washer 2BA nickel plated . }
28 W3 Washer 4BA nickel plated . *
29 W5 Washer 6BA nickel platcd i
30 10040-1 Tag . i
;

i

TRANSFORMER ASSEMBLY 40535-B !

§

[tem Part Description Circuit Qty. *_
No. No. Ref. Of. {!
[ 21002-D !

H.T. and Grid Transformer. Supplied only as compiete

assembiy
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[tem Part Description Circuit Qty, :
No. No. Ref. Ofl. :
2 21029-D  Gnid Transformer assembly. Supphied oniv as complete ‘
assembly ... : 1 ,

3 21005-B L.T. Transtormer dss.»f:mbh Suppliﬁd only as complete

assembly ... 1

40466-B  Relav assembly. Sec page 39 for breakdown ]
14809-2  Pillar, support for item 4 ... 4 |
11673-3  Pillar, support for items 7 and 8 ... 2 I
21000-2  Rear transtormer bar i :

20999-2  Front Transformer bar ]

I

15029-D  Fuse board assembly. See paee 40 for breakdown

X o Yo’ oI B SRRLEY TR 4.9

uring lead cable form ... 2 | : 10 13659-1  Insuloid Clip, sec
items 7/8 to base plate .. 2 'i 11 20998-C Bracket securing
ckel plated 4 = 12 NI Hex. Nut 2BA m
1 piated 24 1 [3 N62 Hex. Nut 4BA
v 2BA X % " nickel pldlt:d 4 .! 4 S203 Cheese head scre
v 4BA x 5 nickel plated to i 15 5420 Cheese head scre:
vlated : 4 16 Wob Washer 4BA un |
I .
AND CASE ASSEMBLY 40650-F | MOVEMENT
] Circuit Qty. | [tem Part Description
Rel. Off. -_ N0, NO.
1 : |  40537-2  Frontcase
: | 2 30538-B  Rear case
16" sealing 1tems | and ] | J 3 Misc. 139 Rubber approx.
] , 4 12730-2  Front case glass
ring 1tems 1 and 2 4 i 3 14823-2 Hex. stud. Secu
for item 5 ... 4 : 6 N22 Round nut 6BA
1djuster 1 T 10054-1  Movement zero ¢
2BA 2 f & 10077-4  Main fixing stud
2 9 10064-1 Tagfor item 8
assembly. See below for breakdown i 10 30651-C Basic movement
A 2 11 N2 Hex. lock nut 2B
A 3 12 N4 Hex. lock nut 4B
6BA x 17 Brass nickel plated ... i i3 S751 Inst. Head screw
wamp 90{] APProx. 1 ) 14 3I0006-W Wound bobbin s
1 15 15438-2  Magnetic shunt
IDIJS 2 6 12927- Movement end s
1p bobbin l [7 30008-10 Washer for swan
ort for item 10 2 1S 15430-1  Hex. pillar suppt
w 3BA x ;7 1 9 S401 Cheese head scre
w 8BA x {7 2 20 SKO4 Cheese head scre
IVEMENT ASSEMBLY 40651-C BASIC MC
n Circunt Qty. Item Part Descriptia
Ref. Off. . No. No.
] | 148244 Scaie plate ...
or item | ... 1 2 13430 Mounting plate
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[tem Part

No. No.
3 t5301-1
4 21122-2
5 15303-2
6 152962
7 21121-1
3 21124-D
9 201123-2
10 13436-1
|1 15437-}
12 [0184-B
13 [0190-1]
f4  10188-2
[5 [0191-3
(6 {0060
|7 {10197-2
|8 0189}
19 [0358-2
20 N4

21 NI

22 S802

23 S804
24 5824
25 SB77

26 S882
27 S8R6

28 S887
29 WS

Item Part

No. No.
| 153043
2 10161-1
3 10139-1
4 {0084-1
3 101621
6 10158
T 100735-16
¥ 13300-i
9 153433~

Item Part

No. No.
I 14267-1
2 142681
> 14266-6

Description

Magnet e e
Support plate for item 3
Concentrator

Pole piece
Concentrator support

Moving coil assembly. See below for breakdown

Yoke ...

Zero adjuster

Movement support pillar
Sprung jewel assembly
Insulator, bush for rear hairspring tag
Lock nut for item 13

Rear hairspring tag ... ..

Spring washer for item [0 ...

Lock nut tor item 16

Washer for ttem {5 ...

Tag for movement connection

Hex. lock nut 4BA

Hex. nut 8BA
Cheese head screw 8BA x 1” nickel plated
(heese head screw 8BA X 1” nickel plated
Cheese head screw 8BA x $” nickel plated
Inst. head screw 8BA x 1" nickel plated
Cheese head screw 8BA x {1 nickel plated
Cheese head screw 8BA x ¥ nickel plated
Cheese head screw 8BA x 3" .
Washer 8BA nickel plated ...

MOVING COIL ASSEMBLY 21124-D
Description

Moving coil bare
Pivot plate ...

Pivot holder ...
Tag. for hairsprings ...
Pad for items 2 and 38
Pivots .020”
Hairspring

Pointer plate

Pointer

KNOB ASSENMBLY 15220-A
Description
Knob

Knob skirt, silver with marker line
Knob carrier ...

Circnit Qty.
Ref. Off.

Circuit  Qty.
Ref. Off.

— e | D = DD = —

Circuit  Qty.
Ref. Off.
1

1
I
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[tem Part
INO.

™NO.

142694
15066-2
20245-52
S745
W39

142671
14670-2
20245-52
S745
Wi9

156181
46063

156181
| 4606-3

| 12971
| 0040~ 3

4046624
[4655-2
4548
[ 4650- A
| 4643
.0466-—

1 1832-5
146482
1364342
14646-2

14642-2
20885-G
20885-B
[4645-2
] 36582
103581
14646-2

Qty.
Off.

Circuit
Rel.

Description

i—
- L p—

Retaining nult.. :
Knob washer, belween items 2 2 and 4
Spring dowel &
Screw, knob securmg
Spring washer.

"X {7 dia

Pl el ek p—

6BA phos. bronze doubie cml

KNOB ASSEMBLY 153220-LE

Knob .. .
Knob carrier ...
Spring dowel &~

Screw, knob sccurmg
Spring washer.

" dia.

e e O | T W P S W L - g -

6BA phos. bmnze doubie cml

MOUNTING PLATE,

Control mounting plate
Hex. hank bushes

“GRID VOLTS™ 21201-A

i)

MOUNTING PLATE “MA V™

Control mounting plate
hank bushes

21201-B

L T g

I‘-‘J_

Hex.

TAG

Tag board
Tags

BOARD ASSEMBLY 11310-A

RELAY

Relav board tagged

Nvloc anchor plate

Contact

Contact screw

Armature bare

Armature contact ...

Spiit pin for items 8 and 9

Spring, comprcssmn armature hoidm"
Spring retainer for item 8§ .

Armature spring pull-onsoff

Pole piece ...

Wound bobbin : :

Wound bobbin, parr, nearest item I
Armature retainer
Anchor plalc
Tag for item 2
Contact spring (me )

ASSEMBLY 40466-B
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Item Part

™NO.

|8
19
20
21
22
23
24
23
26
27

Item
1

P
= O CC A L b — P

Pt

e JEY o T e’ SR B SR WP TR SR IR B Ry

P —

No.

N353
N8I
S723
S866
S1527
W54
W69
156371
1558 1->

Part
No.

15026-0
12239-7
R102
12236-3
[0040-5
00641
15699--2
N3

S409
W3

40467 -1
146611
(42424
146572
[3854-A
142452
142475
146561
N7

S661

ey - - ol ki

Description

Hex. stiff nut 4BA ...
Hex. nut 8BA tin plated ...
Cheese head screw 6BA x 1" un platad

Cheese head screw 8BA X

cePabil - et F

L

16" tin

— o E— — o R p—f—— S R - r m— il

plated ..

Cheese head screw securing item {5 4BA X 3"' tin plated
Washer 6BA (Spring)

Washer §BA tin plated
Copper pole piece

Silicon diode. Tvpe ‘é‘D94
12049—-473 Resistor 2.2K 5, — 5%, vi

FUSE BOARD ASSEMBLY 15029-D

Description

Fuse board

Fuse clip

Evelets tor 1item 2

Fuse 3A

Tags

Tag 43‘::3:
Bracket

Hex. nut 48—\ mckcl plated

Cheese head screw 4BA X 3" nu.kel pldtﬂd
Washer 4BA nickel plated

TOP CAP ESCUTCHEON ASSEMBLY 20903-B

Top cap escutcheon ...

Sockets plain.

Sockets threaded

Link

Knob link securing ...
Hex. nut locking item > .
Spring washer for item 3 dnd 6

Spring

Hex. lock nut 684 mLL:...I pidted

Round head screw 6BA x &7

40

~CLIX™ Part No.: S309 ...

nickel plated

. oy o — .. —- *-ﬂ#%-ﬂ‘h - R —- WM o e mop— ol —— =

Circuat  Qty.
Ref. OfT.
1

4

4

4

]

2

4

:

M R2. 1
R44. l
Circuit Qtv.
Ref. Off.
1

8

-8

FSi. |
2

I

2

4

2

2

l

9

4

2

4

3

4

2

4

2
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