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PATENT SPECIFICATION

Application Date: Aug. 26, [936.  No. 23464 /36.

Complete Specification Left: Aug. 9, 1937.
Complete Specification Accepted: Feb. 28, 1938,

PROVISIONAL SPECIFICATION

An Improved Method and Apparatus for Testing Radio Valves

We, Syunuy Rurnprroro Wisivs, a
British Bubject, and Trr AvrormaTic Corw
Wmoer & Ezrcrrrcan Fowrevewt Coar-
PANY [aurrep, a British Company, both
of Winder House, Douglas Street, West-
minster, London, $.W.1, do hereby
declare the nature of this invention to be
a5 follows ;— ;

This invention relates to the testing of
radio valves, and has for its chief object
to provide 2 novel method of testing valves
antl to provide a simple apparatus or test
panel for carrying out the fests.

By common consent the static mutual
conduvtance value has been chosen as the
standard of merit of a valve. The mutual
eonductance value is usually stated on the
valve maker’s data cheets and a valve
which gives a satisfactory mutual conduct-
ance figure, i.e., a figure approaching that
given by the manufacturer, can be relied
upon tc operate satisfactorily and wice
VeTSLL,

Mutual conductance is interpreted as
the change in anode eurrent, when the
grid voltage 75 changed by one volt,
under the correct conditions of anade
voltage, soreen voltage and the like
applicable to the valve. The onc voli
change In grid vollage is obtained by
swinging the grid voltage F # volt about
zero—ie,, from — & volt to + & volt.

Thus, if with the correet anode voltage
{and, If necesgary, screen voltage) the
anode eurrent obtammed is ¢ A ' milliamps
with — 4 volt on the grid, and rises to
“B " milliamps when the grid voliage
is changed to |- } volt, then the change
in current B—A represents the mutual
conductance of the valve and can be com-
pared with the maker’s figure. ¥f the
current with — % volt on the grid bhe
balanced out of the meter cirenit, the
meter will then show aceurately the
thange I current when the grid voltage
is changed and the scale can therefore he
ealibrated directly in mutmsl conduct-
ance,

Wow, & manufacturer’s mutual con-
ductance test figures are taken al standard
figures, such ag 100 volts on the anode and
zero prid volts for triedes. In order,
therefore, to obtain smeh mutual conduct-

ance figures correctly, it iz necessary for
the applied anode and sereen voliages to
be exactly those required for the valve
under test, and what is move important it
is neeessary that thess voltages do not
change with load during the taking of
reading. As the 1.0, voltages for anode
and screen ete, are obtained from A O,
maing through a suitable trapsformer and
rectifier, the bad regulation thet is
inherent in the rectifier prevents the
applied voltages being constant in all
conditions unless a voltage control and
voltmeter are supplied by which the volt-
8ge can be constantly checked, Ty satisfy
these conditions, the valve testing appara-
tus is necessarily complicated as well us
cumbersome and eostly, as it requires a
aumber of meters and various regulating
devices.

¥t has now been found that, if instead

of D.C. suitable A.Q, potentials are

applied fo the anode (and, if necessary, o
the screen) of valves, a D.C. current is
obtained from the anode of the valve
whith is capable of heing controlled by a
D.C. voltage on the grid of the valve, and
that, if the anode {and, if necessary,
screen) A. C. voltages are miven suitable
values, and the D.C. grid veltage also
suitably adjusted, the change in apode
current for the given change in grid
voltage, is equivalent to the mutual
conductance of the valve.

Thus, the present invention provides a
method of determining the mutnal von.
ductance of & radio valve which consists in
applying to the anode of the valve an A.C.
voltage equal lo 1.4xthe rated D.C.
voltage and measuring the anode eurrent
after changing the grid volts from — 1 volt
D.C. to +1 volt D.C., whilst applying the
requisite A.C. wvolts to the flament or
fllament heator.

For multi-clectrode valves smitable volt-
age muat be applied to the screens or
soreen grids. Thus, according to a further
feature of the invention, for all screen
pentodes, screen grid valves and the like,
an A.(C. voltage is applied 1o the screens
which equals the rated D.C. voliage,
whilst for the screening grids of L I
pentodes there is applied an A.Q, voltage
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equal to 1.4 x the rated D.C. voltuge.
The invention has the advantage over
prior proposals in that A.C. current may
be regulated with cerlainty and without
the necessity of constant checking, and
tan be maintained substantially constant
during the test. The invention, there-
fare, still further consists in apparatus for
obtaining a direct reading of mutnal con-

10 ductance on a meter comprising means for

feeding selected A.C. voltage to the valve
anpde, optional means for feeding selected
A C. voltape to the valve sereens, means
for feeding selected A.C. voltage to the
valve filament or filament heater, a meter
in the anode cireuit, regulatazhble means
for feeding half wave rentified current
through a Tesistance in a reverse direction
through said meter and ineans for feeding
rogulated direct current to the valve grid.
The voltage leads are preferably suilably
eonnected to 1 number of walve holders
arranged on a panel thus enabling any
type of valve to be plugged into an
appropriate helder,

In order that the inveation may be
clearly understood, a practical embodi-
ment is hereinafter more fully described
by way of csample. A number of tap-
pings on a transformer secondary are con-
nected to the eonfacts of a switch, the
moving memher of whith is connected via
a measuring instrument to the anode
socket of & valve holder. A further series
of tappings are similarly connected to 2
switeh which iz conneefed to the screen
socket of the valve holder. Une end of the
gecondnry is conneeted with the filament
and the ecathode socket. A further
secondary or a secondary on ancther trans-
former 15 tapped and the tappings con-
nected to a switch which is in furn
connected with the filament positive,
whilst the free end of this winding is con-
perted to the common filament eathode
socket or to the connection thereto. A
further transformer secondary throumgh a
rectifier and 2 varizble resistance feeds
reverse unsmoothed half wave umi-
direbtional current to the meter, A
variable resistance Is arranged in shunt
with the measuring instrument. Yeb an-
other tranzformer seecondary in eircuit
with a recfifier is connected with a fixed
potentiometer having a central point con-
nected to cathode and so connected with a
two way switeh as to supply either +1
valt or —1 volt 10 a lead eonnected with
the grid socket of the wvalve holder.

YWhilst a single valve holder has been GO

mentioned, the term 1is intended fo
inelude a number of walve holders
arranged on a panel although a single
holder and suitable adaptors may, of
course, be used.

In operation, the valve to be tested is
plugged into the valve holder and the
requisite voltawes applied fherto, ie., In
the ratic to the recommended D.C. volt-
age previously mentioned, by manipula-
tion of the several switches. These
switches are preferably so marked that
when the poinlerg are set to the makers
recommended figures for D.C. voliage, the
requisite A.C. voltages are applied. With 7
the grid switeh supplying —1 wvolt, the
anode eurrent reading on the meter is
noted with the latter shunted to 100 mA
full seale by eperation of the variable
resistance in shunt with the meter. The
gtanding anode current is now suppressed
by supplying the meter with suitable
reverse current under conirol of the ofher
variahle resistunce. The meter is now
shunted to 10 mA and the grid switch is
next turnod i -1 velt. The meter now
shows only the increase in anode current
on g 10 mA seale stnee the original cur-
rent has been backed out. Thus the
mutual conductance is read directly from
the moeter scale.  Alternatively, the
variahle shunt resistunce may be so
adjusted that the meter gives full scale
deflettion for the correct mutual con-
ductance of the valve under test. The
pereentage “‘goodness * of the valve under
test will be shown npan the meter scale
which can be marked with suitable colonrs
denoting ** good,’” ** bad,” “"indiflerent”
or the lilze.

Rectifying valves, of rcourse, have no
mutnal conduetance, but these can he
tested by applying a suitable A.C.
potential to the anode, and noting whether
the rectified D.C. current an the mefer is
up to standard. Similarly with diode
detettor valves. Where more than one
clectrode system is contalned in ome
envelope, these are tested separately by

swilching the meter from anode to anode 110

by a suifahle two way switeh.

Dated the 30th day of July, 1936,
GGEE & CO.,
Pateni Agents,
Staple House, 51 and 52, Chancery Lane,
London, W.C.2,
Agents for the Applicants.
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COMPLETE SPECIFICATION
An Improved Method and Apparatus for Testing Radio Valves

We, Byongy Rurmerrorp WICRKING, a
British Subjeet, and Trs Avrosaric Corr
Wmvner & BrecrRicar Equremext (om-
Pany Lisrrep, a British Company, both
of Winder House, Douglas Strest, West-
minster, Tonden, 8.W.1, do Thereby
declarve the nature of this invention and
in what manner the same is to he per-
formed, to be parliculardy deseribed and
ascertained in and by the following stafe-
ment : —

This invention velates to the testing of
radio valves.

By common consent the static mutual
conductange value has been chosen as the
standard of merit or °* goodness ’ of a
valve. The mutual conduetsnce value is
ugually stated on the valve maker's data
sheets and a wvalve which gives a safis-
factory mutual conductance figure, ie., a
firure approaching that given by the
manufzeturer, can be relied wpon to
operate satisfactorily and conversely,

Mutual conductance of » valve is
interpreted as the change in anode cur-
rent which occurs when the grid voltage is
vhanged by one volt, under the correct
condifions of anode voltage, screen
voltage, and the like, applicable 1o the
valve., The one volt change in grid volt-
age is waually obtained by changing the
grid- voltage + § wolt ahout zero—i.e.,
from—73 valt to + } volt—by evnnecting
the terminals of a batfery alternately to
the grid. Thus, if with the correet D,C.
anode voltage (and, if necessary, screen
vollage) the anode current obtained is
A7 millismps (shown on a suitable
ammeter) with —4 volt on the grid, and
rises to *‘ B 7’ milliamps when the grid
voltages 1s changed to 4+ % wolt, then the
change in current B—A milliamps repre-
gents the mutual conductance of the valve
and can be compared with the maker's
figure. If the D.C. voltages for anede
and screen are to be obtained frem A.C,
mains through a suitable transformer and
rectifier, the bad regulation that 1s
inherent in the rectifier will prevent the
applied voltages being congfant in all
eonditions unless a woltage control and
vollmeter are supplied by which the voli-
age can be constantly thecked. To satisly
these conditions, the valve tesiine appars-
tus would necesgarily be complicated as
well 28 cumbersome and costly, as it would
require a number of meters gnd varicus
regulating devices. Alternating curremt
has, however, been uscd for tosting the

60 total emission of valves, the plate and grid

being connected together, but thisis apt to
be harmful to the valve and does not give
a reliable indication of valve *° goodness.”
It has also been suggested to apply alter-
nating eurrent voltages on the grid for
ebiaining mutual conductance figures, by
connecting the filament cireult to the grid
and providing means whereby the vollage
applied to the grid may be put in phase

and then in phase opposition with the T

anode voltage, the mutual conductance
fignres being obtained from a meter in the
anode pireuit. Howerver, since no special
values were selected for the alternating
vollages upplied to the various valve
electrodes, the D.C. thange in anode sur-
rent had no speeial relation to the mubuaal
conductanse of the valve when expressed
in its correct umits. The test figure so
ohtained for any given valve will not be
the same as the manufacturer’s mutual
conductance figure for a valve of equiva-
lent ™ goodness *’ and accordingly it ia
not easy to ascertain what relation to
mutual conduetance the test figure is sup-
posed to indirate. Moreover, variation of
the current in the filament cirenit involves
variation of the potentials applied to the
grid accompanied by farther disturbance
of the indiceted mutual conductance
figures.

If some attempt is made to co-relate
the method of testing with the valve manu-
facturer’s 1.C. test fipures, then the
reasonzble assumpiion is to apply A.C.
voltages to the anode, grid, elv., the
R.M.8. values of which are numerically
egual to the mavufacturer’s T.C. test
voltages,

For instance, if 2 triode mutual con-
ductance wag obfained with 100 v. D.C.
on the anode and a grid change of 4+ 2
volt D.C. (following the maker’s fioures
then it would seem reasonable to apply 100
volts B.M.8. A.C, to the anode of the
valve and change the grid potential from
& volt A.C. B.M.8. oub of phase to & volt
A.C. R.M.S. in phase. Were this done it
wonld be found that the mA{V figure
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obtained would be less than hsalf the 110

correct figure for the valve in question.

The main object of the present inven-
tion is to utilise alternating current for
the anode cirouit whilst emabling meter
readings to be obtained which indicate
proportions of the actual published mutual
conductance figures,

We have ascertained that if the R.M.S.
of the anode alternating voltage is made

118

1.4 times the rated D.C. voltage and the 120
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grid voltage iz changed from —% to +2
volt D.C. or from § velt R.M.B. ouf of
phase to ¥ volt R,M.S. in phase then the
mufual conductance obtained is half the
5 correet walue. Ff the grid change is
deubled, thus making the change from 1
volt . M.8. out of phase with the anode
volts to 1 wolt R.M.S. in -phose, the
mutual conductence figure obtained is

10 substantially correet.

The pressnt invenilion therefore com-
prises a method of testing and indicating
the mutusl conduetance of a radio valve
which comsists in applying the requisite

15 volts to the dfilument or heater, applying
to the anode an alternating vollage and
measuring the change in ancde current by
a guitable meter after impressing equal
and opposite potentials on the grid,

20 charavterizsed in that the voltages applied
are related to the meter seale on the hasis
that when the meter scale is based on
milliamp readings the following voltages
are applied, viz., (1) alternating voltage

95 on the unode, the B.M.S. value of which
iz equal substantially to 1.4 times the
rated D.C. voltage, and (2) grid potentials
differing by an amount equel substantially
to twice the difference of the normally

80 accepled D.0. grid voltages; so that the
meter reading indicates a proportion of
the actnal published mutual conductanee
figures,

Thus, if the meter figures represent

85 millimmps the RAMLS valie of the alter-
natine voltage applied to the anode under
test will be 1.4 times the rated D.C.
voltage, and the difference hetween the
potentialy applied o the grid will he twice

40 the pormally aceepted gzid volfage, e.g.
these potentials may be —1 and +1
giving a diffcrence of 2 since the normally
accepted grid voltage is 2 and +%
giving a difference of 1.

45  Tustead of (or in addition to) the meler
indicating resulis by figures it may show
the results otherwise. For example, a
colanred scale marked good—indifferent—
replace—may be used and the meter

§0 cireail will e shunted so that for each
valve tested the full seale {or nearly so)
will represent the published mutual eon-
duetance milliamap fgure of the wvalve.
The meter needle will Then indicate a

55 rongh proportion of this figure. For
example, 1f the published mutual eon-
duetance of a valve to be tested is 4, the
meter shunt will be adjusted so that the
full geale meter reading is 4 milliamps.

60 The needle movement on test will then
show +whether the aectual mutual con-
duetance is full seale (i.e. 4) or roughly
what proportion of full seale and the
colours and words are applied acrording to

65 the proportions considered allowable for

gond, indifferent, and replace.

Aecording to a further feature of the
invention, for all ILF, sereen pentodes,
sereen gprid valves and similar H.F. valves
an alternating voltage is applied to the 70
sereens, the B.M.S, value of which equals
the rated D.C. voltage, whilst for the
screening grids of I.F. pentodes there is
applied an alternating voltage egual to 1.4
timey the rated 13.C. voltage. 75

The invention further consists in
apparatus for obtaining & reading of the
mutus] conductance of a thermionic valve
on & meter in the anode cireuit having
means for feeding selected =alternating B0
voltage to the valye anode, means for
feeding selected woltage to the valve
filament or filament hester, and A.C.
winding or D.C, voltage supply for apply-
ing equal and opposite potentials on the 85
evid said winding or voltage supply being
separate from the filament or heater
eircuit, and means for varying the voltage
applied to the filament or heater without
appreciably affecting the voltage applied 90
1o the grid.

These and other Important featurcs of
the invention will be hereinaiter deseribed
und defined in the appended claiming
elanses. 95

An embodiment of the present invention
will be described by way of exampie with
reference to the acecompanying drawings
whereln : —

Figure 1 shows the eircunit dizgram of a 100
measuring instrument made in accordance
with the ipyvention,

Tigure 2 illustrates the construction of
2 former for a resistance winding maiked

2 in Figure 1,

Tigure § illustrates the coustruction of
the former for the resistance winding
murked V1 in Fignre 1,

Figure 4 is a graph of the zesistance
characteristic whith would need tn be 1{0
given 1o 2 simple series resistance if it
were used in place of either of the
resiatances V1, V2.

Figure 5 shows in diagrammatic form
the operation of the circuit srrangement 115
of the part designated MAJV in Figure 1,
whilst
~ Figure 6 illustrates the shape of the
former on which the variable resistance
element in MA [V iz wound. 120

The eleetrodes of the valve to be tested
are conneeted to appropriate terminals
Na, D2, D1, A2, T, Gt LT . 17+, DX,
on the instrument. No is for sereen
purrent supply; D2, DI, A2, and L, for 195
anodes according to the type of valve; (Fd
for the grid; I/T— and TT+ for the
filament and DX fur the ecathode of an
indirectly heated valve. These terminals
arc preferably suitably comnected to a 180

105
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number of valve holders arranged on a
panel thus enabling any type of valve to
be plugged into an appropriate holder.

The sockets for taling the valves to he
tested may be disposed on a panel aeparate
from the measuring instroment and the
pancl embodies sockets for a numher of
different types of valves. The valve panel
is connected to the measuring instrument
by means of a suitable plug and socket of
Lknown type which consequently need not
be described here. The provision of =
separate panel has the advantage that it
sllows the instrument fo be adapied
readily for any pew type of wvalves that
may be developed.,

Nz is connebted to & rotary switeh Se
for selecting the voltage required for the
sereen. D2, D1, A2, and L, are connected
to an annde selector switch AS for selest-
ing the appropriate electrode to he tested.
Gd i3 connected to a source of current
through a gwitch whereby the phase can
be varied at will; and LT —, LT+, are
vonnected to sn alfernating current supply
variable by means of a switch I. DX is
normally conneeted to LT—. The anode
current is selected by the switeh An. The
required results are shown by the
millizammeter ME,.

The instrument has a pair of input
terminals 50, for plugging 1n to any suit-
able A.C, supply circuit. The instrument
can be disconnected by disconnecting

-these terminals from the supply cirenit or

by means of a gwitch Sw. 'The terminals
50 are connected within the instrument to
the primary windings Mwp, Ly, of two
{ransformers M, L. A.C. volfages obtained
from these transformers are applied {0 all
valve eleetrodes although it is within the
scope of the inventiom to apply D.C. to
the grid, and normally changing this from
~1vole D.C. 10 +1voli D.C. TIf desired,
sich D.G. eurrent may be obtained from
an A.C. tapping connecied to a rectifier
and potentiometer, the latter hoving =
central peint connaeted to a cathode and
so connected with a two-way switeh as to
supply eifher 1 or —1 volt B.O. to a
lead connected with the grid terminal,

The various A.C. voltages for supplyine
the filaent (or heuters), anode, and, if
necessary, screen of the valve Lo be tested
are obtained as lereinbefore stated
through three rotary switches marked H
{(heater’, Am (anode) and Se (screcn)
respectively. The voltages which ean be
obtained from each ene of these switches
are marked on the panel of the inafrnment
and are so arranged that suitable clec-
trode voltages can be obtained for testing
pratctically any standard valve.

Although the woltages marked on the
pranel for the anode switch are 80, 100,

and so forth, the Instrument parts are so
arranged that the actual measured A.C.
voltages applied to the anode of the valve
arc 1.4 times the figures marked. When
the switch iz sef sseording fo the D.C.
operating potentials as recommended by
the makers, the eorrect A.C. potential for
Durposes of fest will be automaticslly
applied. '

The primary winding Lp is tapped at
vurious turns as indicated at Lz in such a
manner that it may be connected to A.C.
supply mains of various voltages from 200
to 200 wvolts by adjustment at Ly.
Connected in parollel with the primary
winding Mp is a neon lamp N in series
with a 0.25 regohm resistance and an
“ on and oft”’ switth Ng which is normally
closed, Two pin sockets 8, 8§ are dispused
near the switch Na in a manner such that
when the twwo plugs to be mentioned later,
are ingerted into thesockets 8, § the switch
Na is opened. As will be explained later,
the purposc of the neon lamp is to serve as
an indicator lamp to show when the
instrioment 1s switched on and also to serve
a3 a continuity and an iusulation tester.

Two leads terminating iu plugs at one
end and clips at the other are provided;
and when & resistance is connected across
the clips on the leads, the plugs being
ingerted in the snckets S, the cirenit is
onee more continnous and the lamp lights,
the strength of the glow depending on the
amount of zesistance in circuif. This
forms a useful test for filament continuity
or inter-electrode shorls. It is merely
necessary to ingert the plug leads snd
connect the clips seross the pins of the
valve base under test when complete light-
ing of the lamp will show continuity in
the case of a filament test, or partial light-
ing will show insulation brealkdown in the
case of an inter-elecirode fest.

The iransformer L has four secondary
windings Lisl, Tis2, Tsd, Led, of which
winding Lsl is suitably tapped to give the
various voliages indicated at H which ate
customarily used for the filament or
heaters of valves to he tested.

Secondary Lis2 is wound to give 140
volts across its complete winding and is
lappad at 30 volts. One end of this wind-
ing i3 connected to g contatt 100 of the
anode multi-cuniact switeh An whilst the
30 volt tapping is connected to a second
contact, marked REC 30 on the zame
switch through a resistonce of, say 75
ohms. The other end of winding Ls2 is
connected to ome end of the gedondary
winding Ms of transformer M and to &
centre tap of the third seeondary T.s3 of
the transformer L. This winding Lis3 has
one end marked +, and the other —. The
+ end is connected to a pair of change-
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gver conlacts A, A of a {wo-way multi-
contact switch TW M, whilst the — end is
connected to the break contacts of the same
switch. The terminal Gd which is to be
5 conmnected 1o the grid of the valve under
test, 1s conmected to the movable conlact
Az of this set of contacts in & manner
such that when the switeh is thrown in one
dirvection, marked MC, the + end of Ls3
is connected to Gd, when the switeh is in
the central pusition the — end is connected
lo Gd and the + end diseomnected, and
swwhen the switch is thrown to the position
marked INS the end will be conneeted fo
15 (td over the malke coniact aszociated with
contact A and the — end will be dis-
counecled. Cnnseguently, by msans of
this wizding and set of contaets, the phase
of the volitage impressed on the grid may
20 be reversed at will. One volt A.C. 13
applied to the grid of the valve initially
out of phase with the other elecirode
voltages. This will give rise to umi-
directional anode curreat which is
25 measured on the I).C. milliammeter ME,
This current is then backed ofi to zero by
means of a set zero coairel V described
later. When the grid phase is reversed
its potential is chonged from 1 volt out of
80 phase with the anode voltage to 1 volt in
phase with the anede voltage. This gives
rise to a change in 1.0, anode turrent
similar to that obtained when D.C. grid
polential is uged, and works in a perfectly
satisfactory manner.

The vulue chosen gives an zil round
aceuracy of mutual conductance reading
which completely fulfils the requirement
of the insirument, '

40 The fourth winding Lsd is connecled
across u resistance V1 of a variable resist-
ance V, the purpose of which will be
described later. One end of this secondory
winding is also connected through the
central contact Ba of the set of contacts B
the iwo-way switch TWM, resistance
merfv of n pofentiometer MA [V, » resist-
ance Vo of suitable value (say 40 ohms),
the DC millinmmeter ME, to the eentral
contact Da of the contact set I} operable
by the two-way switch. These last named
elements are all in scries. The central
contact B of the set B normally closes a
viroit to the movable vontact of the
rotary switeh An. The said movable con-
tucl can he connected by the front contact
By of the set B ond through a condenser
of, say, (L05 M¥, fo a contact 75 of tha
sereen multi-contact rotary switeh Se and
to o tapping 75 of the winding Ms. The
contaets of the switch Sc are supplied with
eurrenl from the winding Ms for con-
nection fo the valve screen. The voltages
selected on 1his switch are such that the
g3 RS, AL potential supplied fo the

10
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sereen is numerically equal to the normal
required D.G. voltages therefor, except
that for an 1..F. peniode screen the A.C,
voltage applied will be 1.4 fimes normal
D.C. valiage. The central contact D of T0
set D is in one position nermally connected
through itz eontact Dy o one end of the
registance majv whilst through ils front

or make contacts Dy it can be connected
through s resistance Do of, say 0.1 70
megohms fo the end 0 of the secondary
winding Lsl and to the terminal LT —.

When the imitiel potential for
example—] volf D.C. or 1 wolf
A.C. in phuase opposition is applied tv &0
the grid and the anode current is given on
the meter, it is desirable fo balanee out or
 hack oft >* this current so that the meler
pointer is broughl hack tn zero and the
reading given when the second pofential, 85
for example + 1 volt D.C. or 1 volt A.C.
in phase is applied to the srid will then
be the difference in anode currents, In
order to provide this * backing off ©° be-
tween L r[A and 80 m.-{.ﬁ. with a constant 90
20 volt supply, a single varigble resist-
ance, if used, would Lave to be voriakle
from 250 ohms to 80000 ohms, and from
the earve (Figure 4) it will be scen that
of the anpular rotation of a contact arm 98
for varying it would then be taken up
with a variation of only 1000 ohims, allow-
ing only % of the angular rotution for the
remaining 79000 abnis.

To obfain a constant *° backing oif 100
current/angular votation ' ratio a device
has been provided in which although the
characieristic iz not guite lineur, 1s near
enouch for easa of handling and allews the
use of components which are compara- 105
tively easy and eheap to manufacture.
The desired steep change in slope is
obtained hy wsing a variable series resisi-
ance element, the resistance of which per
degree of angular rotaiion Increases 110
rapidly, coupled to a variable voltage
souree element such as a potentiometer the
voltagefangular votation characleristic of
which decreases as the variable resistance
increases. The two elements are couplad 115
in a manner to be explained luter and are
called the “‘set zere '’ contrnl.

In the embodiment shown in the
drawings eurrent is taken from the wind-
ing Lsd, The variable resistance V com- 120
prises a potentivmeler element V1 and
adjacent thereto a second resistance wind-
ing V2 both traversed by a sliding clement
V¥4 pivoted at Vs. The polentiometer
winding is shaped so that the inerease in 125
regictance is net linear us the slider is
moved but sa that the rate of change of
volts becomes greater as the backing off
current is inercased. V2 is also shaped so
that the change of resistance per desree of 130
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angular retation becomes lcss as the back-
Ing off current s increased. Suitable
constructions of the formers on which V2
and V1 are wound are shown in Figures
2 and 3 respeetively.,

As showan in Figure 2, V2 comprises a
strip or former of ingulating material
having as shown three sections 7, Y, X,
oach of constant slope which is not oo
steep. In the exampls showa the sections
are two, one and a half, and twa, inches
long respectively. Rach section is wound
with a diflerent gauge of resistence wire,
for example 83 gaupe enamelled Kureks,
40 gauge enamelled Bureka aud 44 single
silk nickel-chrome wire respectively, so
that the resistance of the largest and final
turn of the first section Z approximately
equals the resistance of the smallegt and
first turn of the next section Y, and
similarly for the final and first turns of Y
and X respectively,

Iiven wiih the arrangement shown in
Figure 2, the desired wide variation of
backing off eurrent could not be achieved
on a single series Tesistance strip of pro-
portions suitable to a commereial instri-
rent,

A former of the shape shown in Figure

-3 is therefore employed for the potentio-

meter VI, This 15 so connoected that the
voltage provided by the variable resist-
onee V* decreases as the resistance pro-
vided by V* is increased. Moreover, this
potentiometer is shaped so that the in-
crease in voltage per degree of angulur
rotation is nol comstant. It will he seen
that the averall change in slope of the
ourrent{rotation charaeteristics of the
combined arrangement is very steep.
Moreover, o9 af minimum backing off
current the vollage is decreased to a very
small proportion of the total vollage, the
maximun series resistance necessary can

45 be considerably reduccd, and with the

80

55

60

arrangement shown a maximum resisfance
for a backing off current of less than 1/10
md\ 18 only ahout 2000 ochms. The insuia_t-
ing strip of the element V' as shown in
Figure 3 increases regularly and has a
length equal to the overall length of V2.
This strip may be wound with 37 gauge
enamelled nickel-chrome resisfance wire
but an unwound portien o—a is left at
one end to serve as an ‘* off * position for
the co-operating slider V3 (Figure 1).
The two slrips VI aud V2 may be hent
in the form of almost complete rings and
the slider V3 is arrangod to wipe over
that side of each strip which is not sloped.
With the foregoing arranrement the
ratio between the resistance of the first
and smallest turn of Z fo_the last and
largest turn X can be made quite large

65 and the change in the current regizstance

480,752

slope is also correspondingly steep. One
end of V2 is connecled to she stider of
the potentiometer MA [V through a limit-
ing resistance Fao of, say, 50 ohms and a
rectifier B,

The combined effect of this arrange-
ment is to provide a backing off eontrol
which gives 2 mueh wmare nearly linear
increase of current per degree of angular
rotation of the set sero control, than would
be the case if a plain series resistance con-
trol were utilised. The backing off cur-
rent is left unsmoothed so that the ripple
on the backing off current will counteract
any slight vibration of the meter meedle
due to the pulsating nature of the D,(.
anode eurrent obtained from a valve under
test,

The potentiometer MA V. which is in
elfect a universal shunt across the meter
ME has a sebting marked 100 and when
the slider Mx is set to this poing the meter
has & full scale deflectinn eguivalent %o
100 millismps. The slider is also con-
nected to multi-confact rotary switeh or
anode selector AS.

The meter ME which is of the moving
coil B.C. milliammeter type, has its face
or scale marked to inditate the mutuval
conductance in milliamps per voli of the
volve under test. A further seale is pro-
vided which is divided into three parts,
differently colonured and marked good,”
“indifferent > and “ Bad ¥ or ** Re-
place.” There is also a scale marked
C.Ing.-Megohms for indicating the
cathode to heater insulation of ap in-
directly heated valve.

The arrangement of the mieter is as
shown in Figure 5 where the total
universal shuet is shown s the series of
resistance E—K. The portion EF is a
small low value fixed resistance accurately
calibraied, ferminating in a gold-silver
elloy contact . FG is a further acour.
ately calibrated resisfance terminating in
2 gold-silver alloy contact @, GH is a
variable resistance sirip and HE is &
resistance whose value ean be adjusted
after the whole is assembled. The con-
tacts F, &, are carried on the end of the
variable resistance strip GH, and are so
arranged that the slider of the universal
shunt can travel from H {0 G and then
on o contact & and finally on o contacs

. The resistance values are so arranged
that when the slider is at H, the effective
range of the meter is about 1 mA full
seale.  As the slider is moved {owards G
the effective full scale deflection of the
meter is increased slowly until when it
is on the contact G it reads scourately
10 mA full scale. The reristance HK pon
he adjusted to counteract small errors ju
GH which would otherwise upset the
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accurate calibrations of the points F and
G, It is essentiul that these positions are
accurate becanse they represent the scale
on which rectifier emissions—measured as
deseribed later—are read, and the stale an
which direet mutual conductance is read
respectively. The variable resistance GIL
is ealibrated at useful intervals from 10
to 1. These calibrations are used with the
coloured meter seale for comparisan tests.
For instance, if a velve has a mutual eon-
ductanece of 4 mA[V, afler the initial
backing off, the mutual conductance scale
is set o position 4 which shunts the metfer
so that it reads about 159 greater than
4 mA full seale. If now the grid potential
is changed as above deseribed the position
of the meter pointer on the coloured secale
will indicate the valve es good, bad or
indifferent, according to the percentage
ite mutual conductance differs from 4.
Similarly for other valnes of mutusl con-
ductance.

Owing to the steep change of slope of
the curve poverning the relation between
angular rotation and eurrent defleetion,
fgr the variahle universal shunt GH, it
will be appreciated that a linearly wound
former bhaving a constant gross-section
strin would not be easy to handle.
Assuming that the minimum setfing was
1 A, the selting for 2 mA would repre-
gent about H0% of the total rotativn of
the control and the settings for 5—L10 mA
wouldl be crowded into the last 20% of
rotation.

Accordingly, a similer device to that
which was used in the backing o con-
ttol, has been adopted. The resistanee
strip is wound on u former shaped as
shown in Figure ( and the resistance wires
chosen are such that the full seale deflec-
tionfangular rotation characteristics, al-
though not being linear is uniform encugh
for ease of handling. Dy the example
shown in Figure 6 the strip 1is divided
into two sections (LP of which O 1s three
inches whilst P is two inches long. The
parts O and P may he wound respectively
with 28 and 36 gauge enamelled Fureka
wire, The maximum width of this strip
may be half an inch. I will, of course,
be unierstood that these dimensions as
those given for V1 and V2 are by way of
example only.

The method of operation is as follows : —

Tirst test the valve for electrode shorts.
As previously deseribed, for this purpose
bwa leads are supplied, one ferminating
in 8 erocodile ¢lip and the other in a short
prod. These leads are plugged firmly into
iho sockets S (Figure 1). If mow the
erocodile clip he clipped on fo the anode
pin of the valve and the prod touched on
the other pins iu turn, the neon light (X)

will light if leakoge is presenl between
the anode and any other elecirmie. With
valves such as pentfodes, in which high
voltage is applied to the serecn, this pro-
cess should be repeated with the elip lead
clipped on fo the sereen pin. The strengih
of the neon glow will imdicate the amount
of leakage present. Thix test i3 important
and should be applied before the valve is
ipserted in the tester as a short beiween
anode or sereen und another electrode
might cause excessive current to be talen
from the tester. The above test con also
he utilised for testing filament continuity
as previously deseribed and when the
testing leads are nol inserted in the
sockets (3) the neon lamp merely serves
as an indicator to show when the instru-
ment is switched on.

Next, consult a data chart te ascertain
the eorrect elecirode voltages to be applied
to the valve, and the valve holder info
which it must be inserfed. Then with the
instrument wwitched off, these woltages
shonld be selected on the appropriate
switches H, An and Sc respectively, before
the valve is connected with the appro-

riate terminsals.

The AMA [V control should be set o 1{H)
and, in the case of triudes, screen grid
valves and pentedes, the anode seleetor
AS should be sef at *‘ normal.”

Neow with the valve connected, and the
ingtrument switched on, the moter needle
will rise, indicating the initial . anode
current of the valve. This current should
be backed off to zero by means of the con-
tro] marked V and the MA [V eontrol thea
tnrned to the position muarked & (Fig. 5).
The control V ean now be finally adjusted
g0 that the meter reads zero aeeurately. If
now ihe key of the two-way swileh i3
pressed in the direction marked M.C., the
meter neeidle will rise and indicate on the
seale (ealibrated U—1() the mutual con-
ductance of the valve in milliamps per
volt. This ean be compared with the
figure given by the manufacturers for a
good valve.

An alternative method of testing the
conparative goodness of a valve is as
follows : —When the initiul cwrrent of a
valve has been harked off to zero, consult
the chart and note the mutual conduetance
ficure given. The MA/V control should
now be sct to this figure snd the meler
needle set accurately te zern. The full
seale (or nearly so) of the meter now repre-
sents the same number of milliamps as
the mutual conductance number of the
valve set on the ALA[V control. I now the
key aforesaid is pressed in the direction
< AT (L' the position of the ncedle on
the enloured seele will ¢how the valve as
good—indifferent—or replace. If the
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needle moves over the full seale it will
show that the actnal mutual condnetance
value ig cqual to the published mutual
conductance value,

5  With the valves which have more than
ane elecirode ussembly inside the same
glass envelope it is nenessary to test each
electrode  assembly separately. This
applied to such valves aa (lass B valves,

10 QPP valves, triode pentodes, double diode
trmodes and pentodes, and full wave
rechifiers. For this purpose the appre-
prizte -dnode i= selected by the anode
selector AR, '

15 © With the anode selector switch AS set

ot normal #’ the instrument is correcily
sot for festing all valves with a wingle
8léctrode assémbly such as triodes, pen-
todes, 8.G+. valves, also one half of valves

20 with two astemblies such as the tricde
perfion of triode penfodes, one tricde in
a Class B valve. With the switeh set at
AR, the valve tester is ready for testing
the other half of dual valves such as the

25 pentodesection -of triode- pentodes, the
remsining fHiode in Class B valves.

The positions DI, and D2, are for the
testing of both - anodes of full wave
rectifying valves, the two diodes in double

30 dibde valves and also the diodes n double
diode triodes and the like.

Por the purpose of measuring the
cathode fo Theater insulation of an
inditectly heated valve, the key is pressed

34 in the direchion marked INS. By this
operation (A} the grid potential is changed
to-enie volt in phase; (B) the anode is dis-
cotinected from the normal source of
potentinl via the switeh °° An,”’ and con-

40 nected through a condenser of .06 mfd
to the 756 volt tapping on the transformer
M, (C) the connection between cathode
and heater is broken and (D) the MA[V
shunt and backing off contrel V iz dis-

45 connected from the meter circuit and the
unshunted -meter (heving a full seale
defleetion  of 66 mA), is connected
through the resistance Do between Anode
and heater of the valve, The connection

50 of the meter to the anode of the vulve
takes place through a part of the resist-
anee of the MA/V shunt, which resist-
ance, for the purpose of this {est is
negligilile,

55  'I'be action of this arramgement ig then
as follows: —

When' the cathode g hot due to the
valve having -heen on test. and the key
is presged in the direction ** INS,” an

60 AQ voltage is applied through the .08
condenser between anode and cathode of
the vilve. "{The “ in ‘phase ’’ voltage is
applied to the grid to lower jte effective
impedance as » rectifier). This causes

85 rectification to take place and a rertified

voltage to appear hetwcen cathode and
anode of the valve. If now any high
vesistance C[H appears between heater
and cathode of the valve this causes the
circuit through the meter to be completed 70
via the resistanec Do, the meter, and the
resivtunce O/H. This will sanac a current
reading to appear on the mster due 1o the
aforementioned rectified voltage. The
magnitude of this current will, of course, 75
be 1nversely proportional to the resistance
C/H and the meter can accordingly be
calibrated in megohm, The condenger
(.09 mfd) is inserted to prevent the D.C.
current from flowing back inio the trans 80
former, thus upsetfing the meter read-
ings. [t will be seen that this arvange-
ment will also show up any bad insulation
betweer’ windings on the transformers,
and the latter, therefore, have to be care- 85
fully impregnated.

it wﬂf be noticed that or the amods
voltege switech An are ftwo positions
marked * Dhe 7 and “ REC.” These are
for emission tests on diodes and wmains 00
rectiflers. 'I'o test diodes or double diodes,
the anade volis switch An is turned to the
position marked *° Dy.,”’ which applies
12 volt A.C. through a resistance of 500
ohmg to the dicde under test, The vesuli- 95
ant reading on the meter shows the recti-
fied D.6. ourrent passed under tho given
conditions and frow this reading the state
of the diode can be estimated. As long
as lhe rectified eurrent is greater than 100
+ mA, the diods is taken as being in good
condifion. The actual current value
obtained, of course, varies comsiderable
with the characteristics of the valve. A
stmilar test is applied 1o redtifying valves. 105
For this purpose the switch An is turned
te position marked * REC.”  This
arrangement applies a voltage of 30 volts
through a resistance of 75 ohms ¢ the
reetifier anode. The rectified D.0. cur- 110
rent passed under these conditions is
measured on the meter (100 mA scale)
and ean be cowpared with the figure given
for a good valve of the type under test.

Having now particularly described and 115
ascertained the vature of pur said inven-
tion, and in what manner the same is o
be performed, we declare thal what we
elaim is:—

1. A method of testing and indicating 120
the mutual conductunce of a radio valve
which consists in applying the requisite
volte to the filament or heater, applying
to the anede an alternating voltage and
measuring the change in anode cuprent 125
by a suitable metsr after impressing equal
and opposite potentials on the grid, char-
acteriged in that the voltages applied sre
related to the meter scale on the hagls Lthat
when the meter seale is based on milliamp 130
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recadings the following voltages are ap-
plied, viz., {i1) alfernating voltage on the
anode, the R.AL.S, value of which js equal
substantially to 1.4 times the ruted D.C.
voltage, and (3j grid poteutials differing
by an amount equal substantially to twice
the difference of the normaily actepted
D.C. grid voltages; so thai the meter
reading indicates a proportion eof the
actual published mutual conductance
figures.

<. A method ag in Claim 1 wherein for
the sume meter conditions the current for
the filament or heater iz waried to ths
requisite amount without thereby varying
the potenlials applied to the grid.

3. A method of determining the mutual
conduetance of a radio valve aceording to
Claim 1 or 2, wherein for the same meter
eonditions D.C. eurrent is used for im-
pressing potentials of 4 1 and — 1 volis
o the grid.

4. A method of determining the mutual
conductance of a radio yalve accozding o
Claim 1 or 2, wherein for the same mefer
conditions the potentials respectively ap-
plied to the grid comprise 1 volt A.C, 1n
phase with the slicrnatingy anode voliage
and 1 volt A.C, 180" out of phase with the
anode voltuge,

§. A method as in any of Claims 1 to 4
wherein for the same meter condilions an
aliernating voltage, the R.M.S. value of
which is numerically equal to the rated
D.C. voltuge, is applied to the screena of
a H.F. screen pentode, or woiher H.F,
screen grid valve.

6. A mecthed as in any of Claims 1 to 4
wlierein for the same meter conditions an
alternating voliage, the R.M.S. value of
which is 1.4 times the rated D.U. voltage,
is applied o the screen of an I, F, pentode.

7. Apparatus for obtaining a reading
of mutual eenductance of radio valves on
a meter in the anode eireuit having means
for freding selected alternating voltage to
the valve anode, means for feeding voltage
to the valve filament or heater, an A.C.
winding or D.C. valtage supply for apply-
ing eyual and opposite potentials on the
nrid, said winding or voltage supply being
separate from the filament or heater cir-
eutt, and means for varying the voltage
applied fo the flament or heater without
appreciably affecting the voltage applied
tn the grid.

8. Apparatus as in Claim 7 haviog
regulatable means for feeding unsmoothed
half wave rectified current threugh a

resistance in a reverse direction through
said meter.

Y, Apparatus as claimed in Claim 7 or
3 wherein meaas are provided For feeding
selected alternating voltage to the valve
BETERTL,

10. Apparatus as claimed in any of the
preceding Clains 7 to 9 whereln means
for adjusting the anode current has mazk-
ings associated therewilh indicating rated
D.C. anode voltages but the appavatus is
arranged to pruvide slicrnating voltages,
the R.3.8. values of which are 1.4 times
these indicuted vollages.

11. Apparatus as claimed in any of
(laims 7 to 10 having adjusiable means
tor supplying alternating current to the
screens of H.F, screen peniodes, screen
grid valves, the R.M.S. valuves of which
are equal to the rated D.C. voltages and
are indicated on appropriste markings
assoeiafed with said means.

9. Apparatus as claimed in any of
(laims 7 to 11 having means for supply-
ing to an [.F. pentode screen an alter-
nating veltage, the R.M.S, value of is
1.4 times the rated D.C. voltage,

13. Apparatus as claimed in any of
Claims T or 9 to 12 wherein a device is
nrovided for ** backing off * the initial
anode current.

14, Apparatus as claimed in Claim 13
wherein the ** backing off '’ devive com
prises a potentiometer element arranged
so that the rate of shange of voltz In-
creases with increase of ‘* backing off 7
enrrent, assoeiated with an adjustable
resistance arranged so that the change of
resistance for degree of adjustment be-
comes less as the backing off current is
inereased,

15, Apparatus as claimed in any of
Claims 7 {0 14 wherein separate secondary
transformer windings supply current to
the grid and anode,

16. Apparatus as in any of Olaims 7 to
15 having means for varying the voltage
applied 1o any other eleclrode of the
valve without varying the potential fo the
signal grid,

17. Apparatus for testing radio wvalves
substantially as deseribed and illustrated,

Dated the 271h day of May, 1937.
GEE & CO.,
Paient Agents,
Staple House, 51 and 52, Chancery Lane,
lLondon, W.C.2,
Agents for the Applicants.

Leamington 8pa: Prirted for His Majesty's Stationery Office, by the Courier Pross.—1933,
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PROVISIONAL SPECIFICATION

An Improved Method of and Apparatus for Testing Thermionic
Valves

We, mypxey Boraerrorn WILKINg, o
Ruitish Subject, and Tae Avromarie Coie
WiINDER awp  Rideorricar,  Bawresext
CompaNy Loaiten, a British Company,

& both of the Gompany ddress at Winder
House, Douglas Sireet, Westminster,
Londun_, S.W.l, do hereby declare the
nature of this iovention +o be s
follows - :

10 T}_}_iﬂ invsmﬁl‘l]}. ].'H.Iil-tl‘.“i"' Lo HNT] illll]l‘ﬂve(l
method of and apparatus for testing
thermionic valves.

In oar prior VPatent No. 430,752 we
liave deseribed and claimed a methoﬂ of

15 testing and indieating the mutuel coun-
ductance of a radio walve which consiats
in applying the regquisite volls io the
filament or heater, applying an altermat-
ing current to the anode and measuring

20 the cliange i anode current by a suitable
meter after impressing coual and opposite
potentials om the grid. said method being
characterised in that the voltages applied
are reluted to the meter scale on the basis

25that. when the metst seale ig Dused on
milliamyp readings, the B.3M.S. value of
the alternating voltage applied to the
anede is equal substantially to 14 times
the raterd D.C7. voltage for the test whilst

30 the eguul and opposﬂ:e grid potentials
differ by an amaunt equal substantially
to twice the difference of the normally
avcepted DL, grid voltages so that the
meter reading indicates n proportion of

30 the artual published muinal conductance
figures.

Now such 2 method ix very simple and
enables simnle and inexpensive apparatus
to be provided for efficiently testing the

40 mutnal conductance ‘of a walve. Tf will
be appreciated. however, that it is an
empirical method and gives ouly an indi-
cation of the mutual conduetance of the
valve at sern wrid volts apd the rated anode

45 volts and., whilst at the date of our said

prior Patent such a test was generally
repoguised a3 the standard test for the

* poodness 77 of a valve, 1t has since been
appreciated that in many cases such a test
does not give a suffieiently accurate indi- 56
cation of the value under working con-
ditions. Also, it ix often reguired to know
other things about a valve, for example it
anode vurrent at o given grid voltage, and

s0 on. Sueh roadings were not Lnlrcctlv b5
eiven in the old method. Tt in, there-
fuxe the chief objert of the ])quent inven-
tion to provide a method of and apparatus
for lesting thermionie wvalves which,
whilst 191‘.1111111,(_, all  the ﬂdvanfaém 1]
pointed out In our sald prior Patent of
applying A.C. voltages, as distinet from
D.C. voliages, to the electrodes of the
vilves, will give rendings from which uny
desived parameter of the valve wuder test g5
muy be produced.

One method of festing a thermionie
valve aceording to the present invention
consiats in applyving a simusoidal altel-
nating cmrrent voltage having an R.M.8. 70
value eaual fo 1.1 times the normal
appliell D.C. voltage of the test con-
ditions and applying to the grid an out-
of-phase A0 voltege whose peak valne is

1
etunl t5 —— of the nernal applied D.C. 75
.63

negative grid volts for the conditions in
Juestion.

Under these conditions the uanode
current will be substantially one-half of
that which would be _{)assed under D.C. a0
conditions of operation.  This rvelation-
ship, it ean be proved, lholds good
throughout the whoele of (he valves
chiaracteristic nerformuance down to vuf-
off and including the poaitive control grid 86
region, and all that is required, therefore,
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is to eulibiate the meter so that the seule
reads twice the actual current passing.

It will be found, however, that with
such an arrangement fthere is a risk of
damapging the valve emission with large
vulnes of applied bias voltage. Thiz ix
due to the fact that, whilst the unode ix
inoperative on the negative half ryele of
the applied A.C. voltuge, tiie grid is
positive with respect fo the cathode und
the prid-cathede system operates as a
diode and passes current which can be
very great with large values of appliel
erid volts,

Due to the Hueiuutivg anode voltage,
the correct test conditions would not be
established by the application of a steady
D.(} negative bias to the grid, as will be
readily appreciated.

It is preferred. therctore. in carrving
out the present invention fo apply to the
grid during the fest not the full evele of
out-of-phase A.C. voliage, as above men-
tioned, but fo ent ont the positive half
wave of the applied grid volinge, This
may quite simply he done hy hali-wave
rectification. The rectified current should
not be smoothed. Under these conditions,
the voltage applied to the grid will lave
the desired zine-wave formu over the elfec-
tive position and s peak value should

1

now be

of the eruivalent IO, hine
G36

The apparatns vecording to the present
invention comprises one or maore frans-
formers adopted to provide the required
A.C. voltages, o half-wave vectifier to
remiove the unwanted positive half-wace
of the A.C. voltage applied tn the sipnal
g1id, a meter te read the anode (or other
voltage earrying electrode) enrrent and
switelias 0 vary the voltages anpliod to

COMPLETE
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the anode (or seieen) and the grid. Prefer-
ubly the switeh for controlling the voltage
applied fo tie grid is adapted 1o change
the bizs appliedl by steps eyunivalent to 1 45
volt I).CL.

With the aid of such upparatus sy of
the charocteristic curves of the valve
under test ean he blotled and mutual cun-
ductanes figures for any operating vnn- 50
ditions ean be oltuined rom the change
vf anode eurrent.

When testing vulves with a plurality
of anode systems, each system i3 fested
separately, corresponding A.C. voltages &
being, however, applied to the ether unade
systein.  Inother words, uny anade sysiem
not nuder fest is not Teft open,

The apparatus also preferably includes
nieans for testing the efficiency of rectifier 60
valves. The cirenit is such that il enahles
the efficiency of the rectifior valve {o be
read vader conditions of reservoir con-
denger Inad in {erms nf the total rectified
eurrent that ean be tuken from the anode. 68
For this purpose an A.C. voltage high
encugh fo overcome fhe internal resistance
of the wvalve and the eurvature of the
characteristic iz applied to ihe valve with
a Teservoir condenser of, say. 8§ mid. 70
across the load. The shunt across the
meter and the resisfance in series there-
with arc zet to predetermined pesitiems
aeeording 1o the partieular valve 1o he
tested, and the D.C. ewrrent passed by the 75
load is read against a eolonred scale so
{liat it efficient rectifiration af the ruteld
lerad purrant takes plaee the neter registers
in the middle of the ©° gned ** portion of
the coloured seale. Fark anode in the vase 80
nf o full-wave vectifior is tosted separvately.

Duted this 24th day of Tanuary, 1941,

TESTIE N. COX,
Patent Agent,
324, High Holborn, Tendon, W, 0.1,
Agent for the Applieants.

RPECIFICATION

An Improved Method of and Apparatus for Testing Thermionic
Valves

We, Svnxey Hurnerrorn WILKINS, o
British Subjeet, and Tue Avronarie Co
Wixorr AxD  Erierereat. EoTTeumsT
CoMpANY LIMITED, a British Company,
both of the Company’s address at Winder
House. Douglaz  Street, Westminster,
London, S.W.1, do hereby declare the
nature of this invention and in what
manzer the same i3 o he performed, to
be particularly deseribed and ascertained
in and by the following stotement ;—

Thix invention relates o an hmproved
method of and apparaius for testing
thermionie valves. g5

in our prior Patent No. 480,732 we
have descrihed and claimed a method of
testing and indicaling the mutual eon-
ductanee of « radin valve which consists
in applying the requisite vols to the fila- 100
ment or heater, applying an alternating
current {o the anode and measuring the
ehange 11 anode curreni hy o suitable
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meter after impressing egual amd oppo-
gite potenfials on the grid, said method
being characterized in that the voltages
apphied are related to the meter acale on
the basis that, when the mefer seale is
based on milliamp readings, the R.M.8.
value of the alternating voltage applied
to the anode 18 egual substantially to 1.4
times the rated D.C. voltage for the test
whilst the equal and opposite gvid
potentialy differ by an amount equal sub-
stantially fo twice the difference of the
normally accapted D.0. prid woliages so
that the meter reading indicates a propor-
tion of the aciueal published mutual con-
ductance Hpures.

Now such a method is very simple and
enables simple and inexpensive apparatus
to be provided for efficienfly tesfing the
mufual conductance of 2 valve. TH will
be appreciated, however, that it is an
empirical method and gives only an, indi-
cation of the mutnal eondurtance of the

_ valve al zero grid wvolts and the rated
} anode volts and, whilst at the date of vur

aaid prior Patent such a fest was generally
recognised as the standard test ter the
“ goodness ”? of a valve, it has since been
appreciated that in many cases sueh a test
does not give a sufficiently accurate indi-
cation of the valme under working con-
ditions. Also, it is oflen required to know
other things about o valve, for example
its anode current at a given grid voltage,
Such readings were not cor-
rectly given in the old method. TI# is
therefore, the clief obiect of the present
invention to provide a method of and
apparatus for testing ‘thermionic valves
which_ whilst rei'almng all the advantages
pointed out in our said prior Patent of
applying A.C. voltages, as diskinet from
D.C. voliages, to the electrodes of the
valves, will give readings from which any
desired parameler of the valve under test
may be produced.

Following the prineiple of our above-
mentioned prior Patent, it is reasonable
to assume that, with sinusoidal alternat-
ing voltage on the anode and a counter-
phase sinuscidal grid vollage of suitable
magnitude, fhe 1emurec1 state of affairs
wonld be pmﬂuced thus enabling Ta[Vg
curves to he drawn.

Mhere is, however, a sorious drawhack
to this arrangement, particularly oceur-
ving during the half cycle in which the
anode is heing uperated on by the negative
half cyele of the applied anode valts. Ab
this time, the anede is.mnot dvawing
current, but the erid has applied thercto
a positive half oyele of grid volts which
may be of considerable magnitude. The
grid thus being positive with respect to
the cathode will draw considerable

eurrent, Whlch ean, due fo the eompara-
tively low 1mpeddme in the grid elrcuit,
reuch Injurious proportions. Further, it
tends to alter the effective phase of the
vegative grid half cycle with the result
that anode voltage/prid cwrrent curves
and other relevant characteristics arc
erroneously extended towards eut-off,

At first sight an immediate solution of
this difficulty would appear to be the use
of negative D.C\, vollage om the grid, still
with sinusoidal wvoltage on the anode.
Sinee the current drawn by the grid when
naegative iz for all practical purposes nil,
this would be a fairly simple matter t6
include in the instrument, without com-
plication, as regulation troubles would
not be introduced, and the grid voltage
eold he pre-calibrated for all valves in
the same wav as eould a sinusoidal A.C.
voltage.

Reference to Figures 1 and 2 of the
necorapanying drawings will show, hovw-
ever, that this arrangement cannot give a
true interprefation of the valve chavac-
teristics. Consider the general form of
a Triode Valve characteristic whick can
be considered to follow the form:—

E(Va+pu¥e)
Ra

Ta=

where K iz a constant dependant upon the
physical propertions of the valve, Tewet
Tigure | vepresent a sel of Ia/Va charae-
teriatics of such a valve which, for the
sake of simplicity, have been idealised by
making them Tparallel straight lines,
nen'lectmo‘ the curvature at eut-off.

Lot us assume that the valve is biased
ot minus 3 negative grid volts, and sub-
jected to a sinusoidal alte:m‘ltmw anode
vultage hoving a peak walue of 140 volts
(RM‘} 100 volts), then Tigure 2 will
represent the excursion of ‘Tnode current
over the first half cycle of anode volfage.
It will be seen that, due to the steady
negative bias, anode cuxrent will not start
to flow durmg the initial stages of the
anode and voltage cyele until the inatan-
faneous value of annde voliage exceeds
that for which the Ve = — 3 characleristic
ruts-off (i.e. the amuhﬁcatlon factor x
the value of the negative bias). The actual
anode current over the half eyele in ques-
{ion is thus represented by the shaded
portion of the curve ABODE, Relating
this to the applied anode and grid vo]f-

nges, and with the following notation, we
hswe —

Tieh € be the peak value of the sinusoidal

anode voltape

70

75

80

85

50

95

100

105

110

115

—

20

Eg he the value n% the negative D.C. 125
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volis on the signal grid

Ja be the mean value of the anode
current over u posifive half
cycle of anode volts

& be the amplification factor of the
valve

Ra be the anode AL resistunce of
the value

Now, referving to Figure 2, let ABCDE
represent ‘u positive half sinaseid of
applied anode voltage extending from
wt=0 tout=r= radians.

Due to the D.C. fixed neputive bias it
is obvious that wnode enrrent will not flow
during the eycle until the instantaneous
ancde voltage exceeds peg. Tet wt—& he
the point at which anode curreni starls to
flow, Then the anode current will he «
function of the evrve BCIY which is the
porfion of the evele duwring which the
anode voltage exeeeds mew.

The average anode current during the
ball eyele is then given by:—-

L*ga »
L o 80 -{arda HL
E*h'a"[m tigjssm,wtdx( &8 )]
ar

=
E|

. ?{2‘3‘{2“_'.3 2“[—- w::uf.}-{area GBHJ)}'
2
wr

w2, {%_. {cs8)— [5-::(.1;«)}

.2 %—g |~stn29+Fng(%—eJJ
R e WM PO
-t D 6z petafens” 29

It will be secu that the expression for
anode current so obtuined is diminished
in a non-linear manper from the general
form :—

fiVa+ Vg

Ii}.-—:
Ra
by the infroduction of further terms
dependant on the ratin of upplied anode

and grid woltages, and the general rela-
tionship can only hold at zero grid bias.
It is thus obvious that with a steady D.C.
applied to the grid, and with alternating
voltage on the anode, due to the fixed cut-
off Lthat pecurs af the ends of the sinusoidal
anode currend evele it Is impossible for the
valve anode current to follow the general
Ia/Vg characteristie.

To overcome this deficicney, and again
presuming a Iinear valve chargeteristie, it
is obvious that for anode current to flow
throughout the anode voltage cyele the

GUS, TUT

grid vultage and anmle voltage st pass 48
throggh zerv and muxinium at samilar
tirmes, In other words, with u sinusoidal
applied anode voltage the grid voltage
rauxt ulso be sinusgoidal and sinee it ix to
represent a negative grid voltage it muust
he in exuet anti-phase io the anmle volt-
age. To wvvercome the previously wmen-
tipned drawhack of the effect of the posi-
tive hulf eycle on the prid, when the
aumle iz taking wo current, some means 9
uust he obtained to procure a grid voltage
which ix sinusoidal during the negative
half eycle and zero dnring the posifive
half eyele. This obviously gives rise to
the provision of a half-wave rectified
signal to which no smoothing has been
upplied to destroy the sinusoidal nature
of the signal during its operative half
evele. This is the syatem which i« adopted
in accordance wilh the present invention, 68
naniely. the provision of altermative valt-
age 1o the uvnode, screen and[or other high
voltage electrodes together with the appli-
eation of a Lalf-wave unsmoothed reptified
signal in counfer-phase fo the anode volt- 70
age and of a sditahle magnitude to replace

the I1{, voltage conditions desired.

The magnitude of the A.C, auode volt-
age and the half-wave rectified grid voli-
ages requited to simulate 700 conditions 75
are ubfnined as follows and referring fo
Figures 3 and 4 of the accompanying
drawings in which Tigure 3 represents a
sef of fdealised Ta/Va curves for the valve
under consideration and Tigure 4 vepre- 80
sehts a half sinwsoid of auede voltoge for
the valve. Adepling the saime notation as
in tlic previous ease with the excepfion
that «g now vepresents the negative peak
value af the grid volts, it will be seen that 85
sinee the prid voluge varies sinusoidally
in phase with the aoode woltage, hoth
starting from zero. the instantaneou«
nuode current uf wt=a caun he faken ax

f.GH~{.(FH - FG)

50

a0
=f‘€ nnu(-,ufg Py

Then uverage anode eurrent over the half
eyele

wrte
laaiy  u= £ wi=y
a ﬁﬁa. ?‘{_/E:;“‘Wt"“/fgsmmi‘}

- wF=-y
* i, {Swti‘aw[—-ua wt]w-.,n Eq ’fa's[--:-oa "’t.l}
=via {2820 ty)
s ZK(Erpd
(5559
whers K is a sonstant depending on the 95

physical constants of the valve.
Deriving this in ferms of the arfual
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applied voltages we have:—
fae i (G- ula)

Let e be the RMS value of the applied
A.C. (at would be the movmal measure-

§ ment of applied A.C. volis) and let

1¢

15

25

a0

8b

a0

45

represent (he average walue of the lalf
wave rectified applied grid volts (as read
o sn ordingry moving coeil D.C. volt-
meter) them:---

=B (2 Ermg Znf
lo=ga oFxp | .q,a;c}

= fe (552 + 20 £00)

Thus, remembecing that current omly
Hows in the anode cireuit on allernate
(positive) half cycles of anode voltage, we
have:;—

£mms
i

]a-?wﬁ-“( + E_,,ufnc)

This can be written :—

ia =%~ {&ama x‘.f'rR+,u Ene x 2)
= B

Thizs is obvicusly of the form of the
generul churaceristic:—

Ra

1% is thus clear that with an RMS value
of applied anode (andfor sereen) voltage
equal to 1.1 x Va (D.C.) and a mean value
of half-wave rectified biss vollage egual
tn .5 ¥g (1.0} where Va (D.C.) and Va
(D.C.) are the required 1.0, festing volt-
ages, -then the valve will give a mean
value of D.C. anode current {as read on
an ordinary D.0. moving coil meter)
equal to precisely ome half the anode
current that the valve would lake under
D.C. conditions. Therefors, by scaling
the meter in milliamps hy a multiplying
factor of twiee its actual reading, and by
applying the equivalent anode {or sercen)
voltages and grid voltage, as deseribed
above, the meter will be direct reading
in anode current for the valve and this
relationship will hold over the whole of
the charaeteristic in gquestion. Further,
by changing the grid voltage in the above
relationship at any point on the charvae-
teristic, the change in anode current for
& prven change in grid voltage will benr
the same relalionship to the muinal con-
ductunce of the valve and the change in

anode current as measured on the nietar
will thus be a direct mensure of the valves
mutual condurtance at any point on its
characteriatic.

The ahove relationship has, for the sake
of simplicity, been caleulated for a triode
valve, but similar relationships exist in
the case of & mulfi-electrode valve, For
ingtance, a sereen prid valve or pentode
in which posifive D.C. volts are normally
applied to the screen as well as the anode
has the general expression:—

La=t{Va+ula/s) Vet plafg)Ve

e

50

b}

and would obviously have a sinusoidal €0

voltage applied fo its anode whose RMS
value is equal v 1.1 x the rated anade
voltage, a sinusoidul voltage in phase with
the anaode voltage applied to the sereenm
and of an BMS value equal o 1.1 % the
rated positive 1).C. screen voltage and a
connter-phase half-wave recfified sinu-
soidal voliage applied to the grid, the
mean value of which is .5 x the negafive
D.C. hias vollage. TUunder these con-
ditions {he eguivalent mean measured
D.0. anede or screen current would be
halt the D.C. anode or screen current ob-
tained if the valve were working under
full D.C. conditions. Anode and screen
mutual characteristies ¢an thus be plotted.

Similarly, for other multi-elecirode
vualves employing electrodes normally sub-
ject to positive voltages on the current
carrying electrodes (anodes, sereens and
40 fortﬁ) and mnegative voltage on the
normally non-current carrying electrodes
{signal egride, suppressor g1rids and so
forth) the stated relationships for applied
in, phase sinusvidal voltages to the anodes
and sereens and applied counter-phase
Lalf-wave rectified voltages to the grids
and suppressor grids holds throughout, the
mean D.C, anode current always being
one half the D.C. current obtained undex
full D.C, eonditions.

1t must be understood that whilst the
above general telationships have heen
workel out for an ideal characterisfic
without curvature,. they give substan-
tially correct results even when the charac-
teristic curvature is taken info account.
Minor modifications of the multiplying
factors for ancde and grid voltages can
bs introdaced to corrveci small errors dee
to the rurvature without departing from
the scope of the present invention.

The apparatus for testing valves nceord-
ing fo the present invention compriscs one
or more transformers adapted to provide
the required A.C. voltages, a half-wave
rectifier to reynove the unwanted positive
half-wave of the A.C, voliage applied to
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the signal or other grid ov srids, a meter
to reail the anede (or other current carry-
ing electrade} current and switches to vary
the voltages applied to the anode or the
Like and the grid or grids. The meter
is preferably scaled fo indicate twiee the
actual current pagsing.

The valve iester according to the
present invention also preferably ineludes
means for testing the efficiency of rectifier
valves. The testing of rectifying valves
in an apparatus such as that deseribed
zhove presents a problem for {we reasons,
firstly, no lesl is really informative unless
cavried out under normal eonditions of
reetification, i.e. reservoir vondenser and
load, and, secondly, unless the rectifving
valve iz working uoder eonditions of
maximgum  loading, which is unnsual.

20 what is required is not nevessarily whether

25

30
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the rectifier can supply its maximmn
rated eurrent, but whether the volve will
supply continnonsly the current that is
required from it in the apparatns in
question.

Since a rectifying valve has no single
parameter (such as mutual condnetanee in
the case of other valvesy which will ex-
bress its condition and the taking of o full
set of load curves would he excessively
fedious and not very informative to the
comparatively Inexpericneed, the methaod
adopted aceording in the present inven-
tion is as follows:—

Referring to Figure 5 of the wceom-
panying drawings, the valve has applied
thereto a suffielently high A.(. volfage 1o
retuler negligible its own infernnl resist-
anre and fo work it ahove the hend in its
chararteristic, It Is comnectpd in the
eirenit shown in Figure 5 where ¢ 3¢ 1
reservolr condenser of sntfieiently high
capacity and T, ix 2 load resistonce, M
being' a meter in wensure the rectitiod
enrrent. ’

Assuming thal the valve will ba work-
ing with ahout 80% of the peak valne of
the applied voltage as a vipple valtage we
can assume fhat normal eowdifions after
the vectifying ~alve a D.(. voltage
equivalent fo about 709 of the applied
peak voltage. The load L can therefore
be tapped =0 that with this assumption
and allowing for the voltage drop in the
valve, D.C, currents of suitahle magnitude
for the different-load conditions will flow
in T: and ha indicated on the meter M, Tf
aow M is shunfed so that for a given
nominal ewrrent in. L & zoue on the meter
M indicates, say, plis 1394 to minge 3N,
of fthis value, then, the postlion of the
needlc of the meter M will show hy its
relation to this zone, which is conveniently
coloured, the relative efficiency. of the
valve at the load enrrent mnder considera-

fion. Thus, by suitably tapping [, as
shown in Iigure 6§ of ihe vecompanying
drawings, for lead currencs of, say, dHmu.,
1omu., 30wmwa.,, 60wma, and 120ma, and
arranging & shunt M' across M which is
altered by means of the switch § in cou-
formity with the tappings on the lval
resistance Lo o thal the meter reads on
the colvured zone 115% of the load current
for full seale, and a zone mavked ** Pass 7
or *“ Good ' on the meter corresponding
to the region between plus 159 and minus
30% of the load value, then, by switching
from one load to the other, the efficiency
of the valve under reservoir condenser and
full load rectification conditions can he
gauged for the loud that it ha< to supply.

It is to be understood that whilst minus
3U% can be allowed for o = piss *° figure
under normal rativ conditions, unnder
more exacting conditions the meter ean
be sealed accordingly. Further,  the
applied voltage and load current con-
ditions can be changed for more specific
applications,

Similarly, by applying a lower IRMy
voltage and intraducing a load unid meter
tapping for, say, Ima., signal diodes can
he tested.

Having now pariicularly described and
aseertained the nature of onr said inven-
tion and in what manner the same is to be
performed, we declare that what we elaim
15—

1. Apparatus for festing thermionie
valves comprising means for applying to
on anode or like eleetrode of the valve a
sinusoidal alternating eurrent veltage
having an BMS value equal to 1.1 {ov
approximately 1.1) times the D.(!, voltage
which wounld nwamally be applied in
carrying out the test in question, means
for applying o sinuseidal alfernating
current sultage whose means wvalue 1s
equal tn one halt {or approsimately ome
half) of the normal applied D.C, negative
grid volts for the test in question, in
counter-phase 1o the voltage applied to the
anale. means Lor suppressing the positive
half eyele of saild second-mentioned alter-
nating eurrent voltage ond for applying
sieh  pectified  sinusoidal  alternating
current voltage fo the grid of the valve,
and u meter for measuring the current
flowing in {Le cireuit to which the firsi-
mentinned slerunfing ewrrent volrage is
applied,

2, Apparstuz for testing therminnie
vialves aeenrding to Claim 1, in which the
meter enle is ealibiated to vead twice the
artnal morent flowing.

3. Apparatus for festing thermionic
valves according to Glajm 1 or (laim
provided with switch means tn vary the
value nf the half wave rectified alternuf-
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ing eulrent vﬂltn,g'a applied to ’the ﬂ'ud of
the valve.

4, Apparatus for testing thermionic
valves according to auny of the preceding
Claims 1 {0 3 adapted also for testing the
efficiency of rectifying valves, the means
for this purpose compnsm\,' a4 reservoir
condenser and & ioad resistance, means
being provided for connecting the reser-
voir condenser in a lead from the source
of wurectified A.C. to the ancde of the
rectifying valve and for connecting the
meter and the load resistance in series with
one another and in shunt across the reser-
volr condenger,

0. Apparatus for testing thermionic

EI}G :(}r 7

wlves ae cor{l{nﬂ' to Cl.um 4, in which the
load resistance is provided with a series of
tappings and a fapped resistance is shunled

across the meter, switeh means being pro- 20

vided fo select the desived lappings on the
load resistance and the meter shunt.

G. The improved apparatus for testing
thermionic valves, substentiolly as herein-

before described with reforence to the 25

aceompanying drawings,

Dated this 10th day of March, 1947,
LESLIE N. COX,
Patent Agent,
329, High Holborn, Liondon, W.C.1
Agent for the Applicants,

Leamington Bpa: Printed for His Majesty’s Stationery Office, by

the Courier Press.—1948.

Published at The Patent Office, 25, Southampton Buildings, ]';Dntlon, W.C.2, rom which
copies, pries 1s. Od. each {inland) 1s. 1. (abroad) mey be obtainead,
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[This Drawing is a reproduction of the Original on a reduced scale]
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