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VALVE TESTER TYPE 160

SUMMARY OF DATA
Purpose

A simple-to-use, double purpose Valve Tester with two functions:—
(a) The rapid diagnosis of the condition of a valve under test, the instrument
operating as a simple ““ go ™ or * no go ”’ device.

(b) The production of sufficient data to enable an operator to plot static charac-
teristics, or similar information, using selected anode loads.

The instrument will check the majority of receiving valves, and some small
transmitting valves.

Description

The instrument, which has been constructed to conform with the appropriate clauses
of the U.K. Government Climatic Tests K114, is housed within a metal carrying case.
The case comprises two parts, the base containing the panel which carries the majority
of the controls, and the lid, within which is housed the test panel for the valve under test.
The 1nstrument 1s supplied with a cable for connection to the mains.

The majority of the 20 valve bases provided, accommodate valves on standard
bases iIn common use, but in addition, disc-seal, co-axial and wire-ended valves can also
be tested. A Nine Way Roller Selector Switch is provided to enable any valve pin to
be connected to any electrode circuit. This Selector Switch is marked with figures and
letters, the figures enabling code numbers to be set up from the *“ AVO ” Valve Data
Manual, whilst the letters signify the particular electrode connected to the selected pin.

The instrument control panel carries the following:—

The Heater Volts Selector Switch.
The Anode Volts Selector Switch.
The Screen Volts Selector Switch.
The Negative Grid Volts Control.
The Mains Voltage Selector.

The Fuse Carriers.

The Visual Fault Indicator.

The Indicating Meter.

The Anode Current Controls.
The Set mA/V (slope) Control.
The Circuit Selector Switch.

The Electrode Selector Switch.
The Mains ON/OFF Switch.

Performance

In addition to the detailed description of the instrument, contained in this Manual,
abbreviated working instructions are given as a preface to the *“ AVO ” Valve Data Manual.
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The instrument will :—

(1) Check heater continuity.

(2) Measure insulation between electrodes with valve cold.

(3) Measure insulation between electrodes with valve hot.

(4) Measure cathode/heater insulation (for indirectly heated valves).

(5) Rapidly indicate whether a valve is good or bad, use being made of a coloured
replace/good scale with mutual conductance as the operative parameter.

Measure the mutual conductance (slope) of a valve, the applied incremental
grid voltage being inversely proportional to the * slope ™ of the valve.

(7) Measure anode current in single and multi-anode valves.
(8) - Produce sufficient data to enable static characteristic curves to be plotted on
graph paper.
(9) Check rectifiers and diodes under load conditions.
(10) Measure gas current, limited to 100uA.

(6)

The instrument is fitted with an automatic aural and visual warning device which
operates if certain circuits within the instrument are inadvertently overloaded by the
operator, or if a short occurs upon a valve under test.

The use of specially designed circuits, virtually eliminate the possibility of the valve
under test bursting into spurious oscillation.

Power Requirements
The instrument will operate from the following 50—500c/s ac supples:—
105——120V, 175—250V. (Adjustment can be made at every 5V.)

Power Consumption

50 watts, maximum,

Physical Data
Weight: 24 lbs. (11 kg.) (approx.)
Height: 10" (255 mm.)
Depth: 114" (295 mm.)
Width: 153" (370 mm.)

Joint Services Designation
AVO Valve Tester CT160,



CHAPTER 1

TECHNICAL DESCRIPTION

Introduction

1. Whilst good/bad testing on a semi-production basis will undoubtedly be the major
use for this tester, it is certain that the instrument will find considerable use in laboratories
and service departments where engineers and skilled personnel will be available, and where
more precise details of valve performance can be used to advantage. To this end,
additional facilities on the tester, enable Ia/Va, Ia/Vs and Ia/Vg characteristics to be

plotted over a wide range of voltages, these being readily available from the calibrated
panel controls.

Principles of Operation

2. The tester is basically designed to check the valve according to its static charac-
teristics which would normally require the provision of the requisite range of variable
dc supplies. The difficulty lies in the regulation problems involved in the supply of the
wide range of dc anode and screen voltages, on which the loading might vary from
a fraction of a mA to over 100 mA, dependent on the type of valve being tested, and the
nature of the test being performed. Such a requirement could of course be met by the
provision of a number of regulated power supplies, which would render the instrument
cumbersome and expensive, whilst a large amount of metering, would not only mean

additional expense, but also make the instrument difficult to use, and would not entirely
overcome the problem.

3. It can be shown, however, that if alternating electrode voltages are applied 1n their
correct proportions, an amplifying valve can (by virtue of its property of self rectification)
be caused to give dc anode and screen currents which for all practical purposes bear a
constant relationship to those obtained from its dc static characteristics.

4. This immediately simplifies the problems of power supply to the valve under test.
The design of transformers to give negligible regulation errors over the range of secondary
currents involved is comparatively simple, whilst the range of electrode voltages may be
simply provided by a predetermined secondary tappings selected by calibrated switches,

thus minimising to a very large extent problems of size, weight and cost, and eliminating
the necessity for separate metering.



S. A shight difficulty occurs in the supply of the variable negative grid bias voltage,
which would normally consist of an alternating voltage of suitable magnitude applied in
anti-phase to the anode voltage. Since rectification occurs at the anode (and screen) and
the grid should pass no current 1t will be readily seen that during the half cycle where the
anode and screen are passing no current, a positive half cycle of considerable magnitude
1s applied to the grid with the result that the latter can pass damaging current and in certain

circuit conditions phase changes can occur that disturb the 180° relationship between the
anode and grid voltages during the operative half cycle.

6. Since no current is taken from the grid voltage supply however, and the voltages
involved are not very high, the inclusion of a simple half wave rectifier without smoothing
between the transformer winding and the variable grid volts supply will suppress the

positive half cycle whilst still maintaining the sinusoidal form of the operative negative
half cycle.

K
7. Using the simple expression for the anode current of a triode la =—(Ea-uEg)

Ra

and transforming this for ac operation on the positive half cycle of applied anode volts
we have:—

K 1 s = X )y = TL
Ja (mean) = —> — f Ea sin mt—i—p..[ Eg sin wt
Ra rpe wy =0 wy= 0

8. Deriving this 1n terms of rms applied voltages and remembering that anode

current flows only on the positive half cycle and will be read on a mean reading dc meter,
we have.—

K (RMS) | (DC)

la (mean) = —— < Ea X ——+ uEg X 2
2Ra 1.1

Eg (dc) 1s the applied half sine wave dc as read on a mean reading dc voltmeter,

K being a constant. The above relation holds equally well for screen grid or pentode
valves which would follow the general form

la = f{ Ea + ¢ (*/g) Es + 2 (*/y) Ea}

9. Thus with an applied rms anode (and or screen) voltage equal to 1-1xVa
(dc) and a mean value of half wave rectified bias voltage equal to 0-5x Vg (dc) then
the valve will read a mean dc anode current equal to one half of the dc anode current
taken from the static characteristics if Va (dc) and Vg (dc) were the applied dc test
volts.  This relationship holds for all practical purposes over the full characteristic and 1s
the basis of operation of the VT160 enabling accurate testing of valves, at any point on their
characteristic, with simple and small apparatus. This accuracy is just as necessary on the
simple *“ go’’/"" no go” type of instrument as on a complete characteristic meter, as 1t
may be necessary to set the test point anywhere on the characteristic to correspond to
required working conditions. Further in the absence of any printed or predetermined test

figure, it must be possible to determine test conditions directly from manufacturers’ published
curves or data.

Basic Circuitry

10. The principles of operation of the main function of the tester—the comparative
testing of mutual conductance—lie in the application of anode, screen, grid and heater
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voltages corresponding to the working point of the valve and backing off to zero the
standing anode current thus obtained. A small incremental bias is applied to the valve
and the change i1n anode current thus obtained is a measure of the mutual conductance

of the valve. The figure is then compared with the correct mutual conductance to give
comparative goodness on a coloured scale.

N0 A00 QUL

FIG. 1.
BASIC CIRCUIT FOR CHECKING OF MUTUAL CHARACTERISTICS

11. Figure 1 shows the fundamental circuit used in this measurement. With the
requisite electrode voltages applied to the valve, the half wave anode current causes a
voltage drop in the resistor RL, which is sufficiently low resistance not to influence the
characteristics. This voltage is backed off by a voltage of similar form from the Control
Vb. The voltage difference across the two arms of the bridge thus formed is shown on the
dc millivoltmeter M. When this difference is zero, the voltage Vb is a measure of the
anode current in RL (Ia = V ) and the control Vb is thus calibrated in mA anode current.

RL

A small change in bias is then applied to the valve from control dVg which causes an
increased voltage drop in RL which unbalances the bridge. This unbalance is shown on
M and i1s a measure of the mutual conductance of the valve. For a deflection on M of
RL millivolts then the mutual conductance of the valve in mA/V is 1 (volts). In practice
dVg
the f.s.d. of M 1s 1309 RL millivolts and the scale is zoned in three colours—green from
1307 to 707; indicating a good valve, white from 70% to 509 representing a failing
valve, and red below 509 indicative of a reject. Thus the operating procedure after backin g
off the initial anode current is to set control dVg (calibrated in mA/V to a maximum of

20) to the rated mutual conductance and note the deflection on the coloured scale of M,
to determine valve goodness.




12. This arrangement, which gives an incremental grid voltage inversely proportional
to slope, avoids errors otherwise likely to occur on high slope valves which often exhibit
marked curvature of characteristic.

13. The stopper diode D3 shown in the screen supply circuit in figure 1 is to prevent
erroneous results, and possibly valve overheating and damage, that can occur when testing
certain beam tetrode valves with alternating anode and screen voltages.

14. As the applied electrode voltages approach zero during a portion of the operative
cycle, the focusing of the electrode beam is to some extent upset with the result that the
screen current decreases, and rapidly becomes negative, with consequent rapid and
continuously increasing anode current. The rectifier, whilst presenting negligibly low
forward impedance to normal screen current, by virtue of its high reverse impedance
successfully prevents the flow of reverse screen current.

WEr T O T - i am O - W = o ..

FIG. 2
BASIC CIRCUIT FOR THE TESTING OF RECTIFIERS AND SIGNAL DIODES.

15. Figure 2 shows the basic circuit of the rectifier test. The rectifier is loaded with
a resistor RS + RL, and a reservoir capacitor C in parallel. Sinusoidal voltage Va is
applied of sufficient magnitude to operate the rectifier on the linear portion of its
characteristic, so that the combination should pass a rectified current equal to the maximum
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load current for the valve. The millivoltmeter M measures the voltage developed across
a proportion of the load RL and is scaled by the appropriate range resistor RT so that the
rated current through the load will deflect M to the middle of the * good ™ zone of the
scale. The proportionate deflection on the coloured scale denotes the state of the valve as

before. Switching of anode voltage meter range and load is ganged so that rectified currents
of 1 mA, S mA, 15mA, 30 mA, 60 mA and 120 mA per anode are aval

of a full wave rectifier being tested separately. The |
signal diode testing.

T

FIG. 3.

16. For the checking of inter-electrode insulation (figure 3) the unidirectional grid
voltage Vg is applied through the meter M suitably loaded by a shunt(s) and high series
resistor (R) across the electrode groups, between which the insulation is to be measured.
Vg, S and R are such that the first meter indication is at 25 M Q, full scale of course
representing a dead short. The meter is suitably scaled for direct reading between these
limits. This test serves for heater continuity and insulation measurements between anode
and all other electrodes strapped, and screen and all others with the valve cold. With
heater volts applied, the normal cathode/heater test is made, whilst a further test of cathode
and heater strapped/rest takes care of sagging grids or filaments of directly heated valves.
Since a short circuit deflection 1s, in fact, a measure of the grid voltage, this 1s used In
checking the setting of the mains voltage of the instrument at position ** Set ~ 7. In this
condition a short is put on the insulation test circuit, and the mains selector 1s adjusted

until the meter reads full scale deflection, at which point the grid voltage and therefore all
the other voltages working the instrument are correctly proportioned.

17. The full circuit diagram shows how all the above combinations are incorporated

in a single circuit, and selected by appropriate switch settings. Despite the full range of

test voltages available and the comparative complexity of the circuit, the discreet use of
ganged controls has reduced the operation to a simple and logical sequence.
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18. Figure 4 shows in diagrammatic form the panel marking and it will be seen there-
from that in addition to the controls supplying the appropriate electrode voltages, only
three controls are really involved in a measurement. The CIRCUIT SELECTOR rotates
through the various insulation checks to position TEST, at which point the circuit is
operative for mutual conductance testing by backing off with the ANODE CURRENT
controls and by setting control SET mA/V, at which point the meter shows the valve
goodness. Separate electrode systems of dual or multiple valves are measured by setting
the ELECTRODE SELECTOR to Al or A2. With this switch to D1 or D2 the circuit is
ready for rectifier or signal diode testing, with the CIRCUIT SELECTOR at TEST. The
selection of load current is made by rotating the anode current control (also separately

scaled in rectifier load current) to the appropriate position, valve goodness being
immediately shown on the same coloured meter scale.

SCALIN
O PION Do 300~ voLTS

FIG. 4.

19. The rotary control SET mA/V 1s of the spring return type, and once a test has
been made, automatically returns to its start position at which point the measuring circuit
1s shunted to a safety condition. Thus if a subsequent test is carelessly attempted with
circuit wrongly set or if for instance a “‘ gassy >’ valve is tested, this will be shown up before

the circuit 1s put in a sensitive condition for mutual conductance testing and no damage
will result to the instrument.

20. The final position of the CIRCUIT SELECTOR (marked GAS) places the meter
M, shunted as a microammeter, in series with a resistor in the grid circuit of the valve
being tested and allows the direct measurement of grid current in uA.

10



21. Further examination of the circuit diagram will show the inclusion of a safety
relay with windings RL2 and RL3 1n the screen and anode circuits respectively. Overloads
(due to conditions of valve failure or misuse) associated with either or both of these circuits
will trip the relay. This connects a high resistance lamp 1n series with the transformer
primary windings, assisted by a hold off winding RL1 at the same time making a red warning
light visible through the meter scale. This places the whole instrument in a safety condition.
Normal working cannot be restored until the instrument has been switched off, the fault
removed, and the instrument switched on again.

The Valve Holder Panel

22. The valve holder panel by means of which the valve 1s connected to the test circuit
comprises 20 valve bases covering all valves likely to be encountered in normal use, including
disc seal and wire ended valves. The holders are wired with their corresponding sockets
according to standard numbering, in parallel.

23. The wire connection loops thus formed are connected to the wiper rotors of the
multi-way selector switch. Associated with these rotors are ten stators; nine of which are
each connected to an electrode test circuit, the tenth one being open circuited. The rotors
are in the form of edge operated rollers each having the nine electrode denominations
marked in symbols round their periphery, the operative selection appearing in a window.
Thus any valve holder with pins up to nine, can be set up to any electrode combination,
the open circuit connection serving for valves with internally connected pins.

24. The problem of self-oscillation that can occur with high slope valves at random
high frequency, due to the inter-valve holder wiring, has been virtually eliminated by wiring
the panel in connection loops of approximately similar length and configuration, so that a
valve would tend to oscillate at a frequency dependent on the line thus formed. These
wiring loops are then closed on themselves via a connector loaded to give high loss, and
thus lower the Q of the line, so that oscillation 1s virtually impossible.

25. A manual 1s provided with a line of data for each valve likely to be encountered
giving the mutual conductance and operating voltages. The data given comprises the pin
combinations in the order of their standard numbering and in the form in which they
appear 1n the roller selector switch window ; top cap or side contact connection if any-
heater volts ; anode volts ; screen volts ; negative grid volts ; operating anode current
and mutual conductance (or load current in the case of a rectifier). Where multiple electrode
assemblies are concerned test figures for each assembly are given. In case a valve is en-
countered that does not appear in the manual, the base connections and manufacturer’s

or other recommended test data can be directly set up on the controls without any
calculation or complexity.
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General Construction

26. The instrument is designed in suitcase form for portability and ease of stowage.
It is of small size and constructed to comply with the requirements of the U.K. Govern-
ment Climatic Tests Specification K.114. When closed it 1s completely shower-proof. All
components likely to require replacement or adjustment in service are conveniently located
on sub-assembly boards on the outer framework of the assembly, and are immediately to
hand on removing the case, whilst the open framework construction used reduces weight
to a minimum and ensures a maximum of accessibility.

Mains Supply

27. Special attention to design details has rendered an instrument suitable for

operation on ac mains from 50—500 c/s+107; over the following voltage ranges:—
105—120V, 175—250V.

DIAGRAM OF CONNECTIONS FOR SPECIAL VALVE HOLDERS
(Showing pin connections viewed from above).
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CHAPTER 2

THE VALVE PANEL AND CONTROL UNIT

The Valve Panel and Selector Switch

28. The Valve Panel comprises 20 Valve Holders of the following types:— English
4/5 pin, English 7 pin, English 9 pin, Philips 8 pin side contact, B7G, B8A, B8G (American
Loctal), B9G, B9A, Mazda Octal, International Octal. B3G, American 4 pin UX,
American 5 pin UX, American 6 pin UX, American small 7 pin UX, American medjum
/ pin UX, two disc seal and a special flying lead Valve Holders. (See Figs. 5 and 6 for
diagram of standard pin connections.)

29. In the case of the flying lead and disc seal valves (see Fig. &), the pin
numbering sequence corresponding to the set-up Data is printed on the panel adjacent
to the appropriate socket. It is assumed that all flying lead valves will be inserted into the
appropriate Valve Holder with the envelope pointing downwards, and the wire connections

uppermost (corresponding to the normal method of designating valve pin numbers looking
into the valve pins).

30. All Valve Holders are wired with their corresponding pins in parallel i.e., all pins
numbered 1 are wired together, all pins numbered 2 and so on. This wiring combination
1s associated with the well-known “ AVO” MULTI-WAY ROLLER SELECTOR
SWITCH which enables any one of the nine standard pin numbers to be connected to

any one of the electrode test circuits in the instrument, thus enabling any electrode
combination to be set up for all Valve Holders.

31. It will be seen that the Selector Switch comprises nine thumb rollers,
numbered from left to right 1—9. This numbering appears on the moulded escutcheon
immediately behind the rollers, and corresponds to the valve pins 1n the order of their
standard pin numbering. Thus valves with any number of pin connections up to nine,
can be accommodated. To cater for Top Cap and other external valve connections,
a socket panel has been provided with nine sockets marked D1, D2, A2, A1, S. G., H+,
H—, & C. A short lead is provided which is fitted with a plug for insertion into the panel,
whilst the remote end of the lead is fitted with a universal connection clip to cater for all

types of external valve connections. The socket panel is fitted with two links marked A2
and Al, to which reference is made in section 98.

32. Rotation of the rollers of the Selector Switch will reveal that each roller can be
set 1n any one of ten positions, the appropriate setting being indicated in the window

opening at the front of the escutcheon. The ten positions of each roller are marked as
under :—

1 2 3 4 5 6 7 8 9 0
C H-H+ G S A A2 DI D2 —

14



33. The numbers are provided in order that the switch can be rapidly set up from the
code numbers given in the Valve Data Manual, the corresponding electrode denominations
being shown by the letter which appears in the escutcheon window immediately below
the number thus:—

! Corresponds to Cathode, or any other earthy electrode normally connected to

C
cathode e.g. G3.

. Corresponds to Heater, normally earthy, or connected to negative Lt. in the case
of a battery valve.

3. Corresponds to the other Heater connections or centre tap.

o Corresponds to Control Grid.

s - Corresponds to Screen Grid, or G2.

2 Corresponds to the normal Anode of single or multiple valves. In the case of an
oscillator mixer valve, ““A” represents the oscillator Anode.

%, Corresponds to the second Anode of double valves, and in the case of oscillator mixer

valves, the mixer Anode.

g, Corresponds to the first Diode Anode of half and full wave Signal Diode and Rectifier
valves, Diode and Rectifier/ Amplifier combinations.

5, Corresponds to the second Diode Anode of Signal Diode and Rectifier valves, Diode
and Rectifier/ Amplifier combinations.

*0 Corresponds to a dis-connected valve pin or to a pin on which an internal electrode
1s anchored. Such pins are marked *‘ I.C.” in Manufacturer’s literature. This switch
position leaves the particular valve pin dis-connected from any circuit.

*Some instruments will be found to be fitted with rollers marked “ g > which can be
regarded as being synonymous with 2. -

Procedure for Setting up Valve Base Connections

34. The procedure for setting up a valve ready for test is as follows:—From some
suitable source, 1.e. the *“* AVO ” Valve Data Manual, Valve Manufacturer’s Data Leaflet,
or any other Manual of Valve Data, determine the pin basing connections for the valve.
Rotate the roller of the SELECTOR SWITCH until the code number or electrode letter
combination appears in the window, reading from left to right in accordance with the
standard pin numbering sequence (see Fig. 5). When a valve has less than 9 pins, the
free rollers on the right of the set up combination corresponds to non-existent valve
electrodes, and should be set at 2. Insert the valve into its appropriate holder (following
the sequence laid down 1n the general procedure for testing a valve, section 55), and by
means of the lead provided, connect any top cap or side connection on the valve to its
appropriate socket on the socket panel. Note that the Loctal Valve Holder which has only
8 normal electrodes, has 1ts centre spigot connected to the ninth roller (corresponding to
Pin No. 9) to accommodate valves which have a connection made to this spigot.

35. The accompanying examples show how to correlate the pin basing data and the
equivalent code number for various valves in common use.

15



Valve Type Roller selector Switch Code Base Diagram

Osram MH4 indirectly 6 4 2 3 1 0 0 0 O
heated triode. A G H-H+C — — — —
British 5-pin base.

Osram U350 full wave 0 2 O 8 0 90 3 0

rectifier directly heated — H— — D1 — D2 — H4+ —

International Octal Base.

Mullard Pen A4 in- 0
directly heated output —
pentode.

British 7 pin base.

Brimar 6K8 indirectly 0 2 7
heated frequency — H— A2
changer. Top Cap Gl.
International Octal Base.

2
Q) &
P> O\
mu
4
@

Mullard TDD2A battery 6 8 2 3 9 0 0 0 O
double diode triode. A Dl H- H+ D2 — — — —
British 5 pin base. Top Cap GI.

Mullard EF50 indirect- 2 5 6 1 0 1 4 0 3
ly heated HF pentodee. H—- S A C — C G — H+
B9G base.

Note

36. When the SELECTOR SWITCH setting is derived from manufacturers’ Data,
and a pin connection is shown as “1.C.” (internally connected), the roller appertaining
to this pin should be set to 2. Where a pin connection is an electrode normally connected
to cathode e.g., G3 the roller corresponding to this pin should be set to &

16



Provision for New Valve Bases

37. Although the Valve Panel caters for all valves in common use, the possibility has
not been overlooked that new valves and corresponding new bases may appear on the
market from time to time. Should such a situation arise, plug-in adaptors will become
available commercially which will enable the new valve to be plugged into an existing
socket on the Valve Panel. Blank adaptors are already available to accommodate non-
standard bases not incorporated on the existing Valve Panel.

The Control Unit and its Function

38. With the exception of the Roller Selector Switch and other features incorporated
on the Valve Panel, all the controls are situated on the Main Panel of the instrument.

By the manipulation of these controls, and the use of the Valve Panel, the following tests
can be undertaken:—

(1) Heater continuity.

(2) The measurement of insulation resistance between electrodes with the valve cold.

(3) The measurement of insulation resistance between Heater/Cathode to all other
electrodes strapped together, with the valve heater at operating temperature.

(4) The direct indication of cathode to heater insulation with the valve heater hot.

(5) The direct indication of valve ‘ goodness” on a coloured * good/replace *
scale, for a complete range of applied h.t. and bias voltages.

(6) The direct indication of anode current and mutual conductance (mA/V) at
and pre-determined combination of h.t. and bias voltages.

(/) The measurement of control grid current on a scale directly calibrated in uA.

(8) The testing of half and full wave rectifiers under reservoir capacitor conditions,
with a range of dc loads which can be selected by means of a switch.

(9) The testing of signal diodes with suitable dc loads which can be selected by
the operator.

(10) The testing of the separate sections of multiple valves, the non-operative
section of the valve under test being maintained at reasonable working electrode
voltages.

(11) The ability to derive data from which the characteristic curves Ia/Vg, Ia/Va,

Vg,/Vgy, etc, can be drawn with a range of applied electrode voltages cor-
responding to dc operating conditions.

(12) The testing of valves with suitable loads included in the anode circuit, together
with the ability to read the required electrode current on a separate external
meter. The instrument is, therefore, suitable for making tests on non-standard

and specialised types of valves, not catered for in normal circuit arrangements.
The function of the various controls is as follows :—

The Mains Voltage Selector

39. The instrument has been designed to operate from supplies of 50—500c/s

over the following voltage ranges:—105—120V, 175—190V, 195—210V, 215—230V,
235—250V.

40. Access to the Voltage Selector Panel can be gained by turning a thumb screw and
ifting the transparent cover. The Coarse Voltage Selector is marked 110, 180, 200, 220
and 240, whilst a Fine Voltage Selector Arm is marked—S5, 0, + 5, + 10. The setting on
this Fine Voltage Selector must be added to the voltage marked under the socket into which
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the selector pin has been inserted. For example, if it is desired to operate the instrument

on a 230V ac supply, the Coarse Selector Pin should be screwed into the 220V socket and
the Fine Selector Arm turned to its + 10 position.

41. The Fine Voltage Selector also allows minor adjustments to be made to the

input tappings on the mains transformer to compensate for voltage variations of the

mains. The instrument should be switched off whilst adjustments are mace to the Coarse
MAINS VOLTAGE SELECTOR.

NOTE.—If the instrument is intended for use on 110v., the red warning lamp (LP2) should
be replaced with a 110v. version.

The Circuit Selector

42. This is an eight position switch which determines the type of test to be undertaken
on the instrument. All the necessary internal circuit connections are made automatically

to satisfy the test conditions required, whilst internal test circuits unnecessary to the
particular test in hand are removed from the valve

43. The switch position SET ~ enables final mains voltage adjustmen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>