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PROVISIONAL SPECIFICATION

An Improved Method of and Apparatus for Testing Thermionic
Valves

We, Syoxsy Rurasrrord WILKINS, a
British Subject, and Tun Avromaric Coir
Winper aND Bilerricar Equipment
Coupany Limitep, a British Company,

5 both of the Company’s address at Winder
House, Douglas Street, Westminster,
London, S.W.1, do hereby declare the
nature of this invention to be as
follows : — :

10 This invention relates to an improved
method of and apparatus for testing
thermionic valves.

In our prior Patent No. 430,752 we
have described and claimed a method of

15 testing and indicating the mutual con-
ductance of a radio valve which consists
in applying the requisite volts to the
filament or heater, applying an alternat-
ing current to the anode and measwing

20 the change in anode current by a suitable
meter after impressing equal and opposite
potentials on the grid, said method being
characterised in that the voltages applied
are related to the meter scale on the basis

25that, when the meter seale is based on
milliamp readings, the R.M.S. value of
the alternating voltage applied to ‘the
anode is equal substantially to 1.4 times
the rated D.C. voltage for the test whilst

0 the equal and opposite grid potentials
differ by an amount equal substantially
to twice the difference of the normally
accepted D.C'. grid voltages so that the
meter reading indicates a proportion of

35 the actual published mutual conductance
figures.

Now such a method is very simple and
enables simple and inexpensive apnaratus
to be provided for efficiently testing the

40 mutual conductance 'of a valve. T# will
be appreciated, however, that it i an
empirical method and gives only an indi-
cation of the mutual conductance of the
valve at zero grid volts apd the rated anode

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

[ Price 1/-]

[t —

L ——
- PRICE 2/

W g o

prior Patent such u test was generally
recognised as the standard test for the

‘“ goodness *’ of a valve, it has since been
appreciated that in many cases such a test
does not give a sufficiently accurate indi- 56
cation of the value under working con-
ditions. Also, it is often required to know
other things about a valve, for example its
anode current at a given grid voltage, and

so on. Such readings were not correctly 55
given in the old method. Tt is, there-
fore, the chief object of the present inven-
tion to provide a method of and apparatus
for testing thermionic valves which,
whilst retaining all the advantages 60
pointed out in our said prior Patent of
applying A.C. voltages, as distinet from
D.C. voltages, to the electrodes of the
valves, will give readings from which any .
desived parameter of the valve under test g5
may be produced.

One method of testing a thermionic
valve aceording to the present invention
cousists in applyving a simusoidal alter-
nating current voltage having an R.M.S. 70
value equal to 1.1 times the normal
applied D.C. voltage of the test con-
ditions and applying to the grid an out-
of-phase A.C. voltage whose peak value is

1 R
equal to —— of the normal applied D.C. 75
.63

negative grid volts for the conditions in
question.

Under these conditions the anode
current will be substantially one-half of |
that which would be passed under D.C. ‘80
conditions of operation. This relation-
ship, it can be proved, holds .good
throughout the whole of the valves
characteristic performance down to cut-
off and including the positive control grid 86
region, and all that is required, therefore,
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is to calibrate the meter so that the scule
reads twice the actual current passing.
It will be found, however, that with
such an arrangement there is a risk of
9 damaging the valve emission with large
values of applied bias voltage, This is
due to the faet that, whilst the anode ix
inoperative on the negative half eycle of
the applied A.C. voltage, the grid is
positive with respect to the cathode and
the grid-cathode system operates as a
diode and passes eurrent which can be
very great with large values of applied
grid volts.

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

It is preferred. therefore, in carrying
out the present invention to apply to the
grid during the test not the full eyele of
out-of-phase A.C. voltage, as above men-
tioned, but to cut out the positive half
25 wave of the applied grid voltage, This

may quite simply be done by half-wave

rectification. The rectified current should
not be smoothed. Tnder these conditions,
the voltage applied to the grid will have
the desired sine-wave form over the effec-
tive position and its peak value should

1
636

15

20

now he of the equivalent 1).C. bias.

The apparatus according to the present
invention comprises one or more trans-
formers adopted to provide the required
A.C. voltages, a half-wave rectifier to
remove the unwanted positive half-wave
of the A.C. voltage applied to the signal
grid, a meter to read the anode (or other
voltage carrying electrode) current and
switches to vary the voltages applied to

35

40

the anode (or screen) and the grid. Prefer-
ably the switch for controlling the voltage
applied to the grid is adapted to change
the bias applied by steps eyuivalent to 1 45
volt D.C.

With the aid of such upparatus any of
the characteristic eurves of the valve
under test can be blotted and mutual con-
ductance figures for any operating con- 80
ditions can be obtained from the chunge
of anode current.

When testing valves with a plurality
of anode systems, each system is fested
separately, corresponding A.C. voltages 56
being, however, applied to the other anode
system. Inother words, any anode system
not under test is not left open.

The apparatus also preferably includes
weans for testing the efficiency of rectifier 60
valves. The cireuit is such that it enables
the efficiency of the rectifier valve to be
read under conditions of reservoir con-
denser load in terms of the total rectified
current that can be taken from the anode. #5
For this purpose an A.C. voltage high
enough to overcome the infernal resistance
of the valve and the curvature of the
characteristic is applied to the valve with
a reservoir condenser of, say. 8 mfid.
across the load. The shunt across the
meter and the resistance in series there-
with are set to predetermined positions
according to the particular valve to be
tested, and the D.C. current passed by the
load is read against a eoloured scale so
that if efficient rectification at the rated
load eurrent takes place the meter registers
in the middle of the ¢ good ** portion of
the coloured seale. Each anode in the case 80
of a full-wave rectifier ix tested separately.

Dated this 24th day of January, 1946.

LESLIE N. COX,
Patent Agent,
329, High Holborn., London, W.C.1,
Agent for the Applieants.
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(COMPLETE SPECIFICATION

An Improved Method of and Apparatus for Testing Thermionic
Valves

We, Sypxey Ruroerrorp WILKINS, a
British Subject, and Tar Avromaric CoIn
WINDER AND ErEcTRICAT KEQUIPMENT

85 Company Lamitep, a British Company,
both of the Company’s address at Winder
House, Douglas Street, Westminster,
London, S'W.1, do hereby declare the
nature of this invention and in what

00 manner the same is to be performed, to
be partieularly described and ascertained
in and by the following statement : —

This invention relates to an improved
method of and apparatus for festing
thermionie valves.

In our prior Patent No. 480,752 we
have described and claimed a method of
testing and indicating the mutual con-
ductanee of a radio valve which consists
in applying the requisite volts to the fila-
ment or heater, applying an alternating
current to the anode and measuring the
change in anode eurrent hy a suitable

100
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meter after impressing egual and oppo-
site potentials on the grid, said method
being characterised in that the voltages
applied are related to the meter scale on
the basis that, when the meter scale is
based on milliamp readings, the R.M.S.
value of the alternating voltage applied
to the anode is equal substantially to 1.4
times the rated D.C. voltage for the test
whilst the equal and opposite grid
potentials differ by an amount equal sub-
stantially to twice the difference of the
normally accepted D.C. grid voltages so
that the meter reading indicates a propor-
tion of the actual published mutual con-
ductance figures.

Now such a method is very simple and
enables simple and inexpensive apparatus
to be provided for efficiently testing the
mutual conductance of a valve. Tt will
be appreciated, however, that it is an
empirical method and gives only an indi-
cation of the mutual conductance of the
valve at zero grid volts and the rated
anode volts and, whilst at the date of our
said prior Patent such a test was generally
recognised as the standard test for the
“ goodness ”’ of a valve, it has since been
appreciated that in many cases such a test
does not give a sufficiently accurate indi-
cation of the value under working con-
ditions. Also, it is often required to know
other things about a valve, for example
its anode current at a given grid voltage,
Such readings were not cor-
rectly given in the old method. Tt is,
therefore, the chief object of the present
invention to provide a method of and
apparatus for testing thermionic valves
which, whilst retaining all the advantages
pointed out in our said prior Patent of
applying A.C. voltages, as distinct from
D.C. voltages, to the electrodes of the
valves, will give readings from which any
desired parameter of the valve under test
may be produced.

Following the principle of our above-
mentioned prior Patent, it is reasonable
to assume that, with sinusoidal alternat-
ing voltage on the anode and a counter-
phase sinusoidal grid voltage of suitable
magnitude, the required state of affairs
would be produced, thus enabling Ta/Vg
curves to be drawn.

55 There is, however, a serious drawback

60

65

to this arrangement, particularly occur-
ring during the half cycle in which the
anode is being operated on by the negative
half eycle of the applied anode volts. A$
this time, the anode is.wmot drawing
current, but the grid has applied thereto
a positive half eycle of grid volts which
may be of considerable magnitude. The
grid thus being positive with respect fo
the cathode will draw considerable

current, which can, due fo the compara-
tively low impedance in the grid circuit,
reach injurious proportions. Further, it
tends to alter the effective phase of the
negative grid half cycle with the result
that anode voltage/grid current curves
and other relevant characteristics are
erroneously extended towards cut-off,

At first sight an immediate solution of
this difficulty would appear to be the use
of negative D.C. voltage on thé grid, still
with sinusoidal voltage on the anode.
Since the current drawn by the grid when
negative is for all practical purposes nil,
this would be a fairly simple matter 10
include in the instrument, without com-
plication, as regulation troubles would
not be introduced, and the grid voltage
could be pre-calibrated for all valves in
the same way as could a sinusoidal A.C.
voltage.

Reference to Figures 1 and 2 of the
accompanying drawings will show, how-
ever, that this arrangement cannot give a
true interpretation of the valve charac-
teristics. Consider the general form of
a Triode Valve characteristic which can
be considered to follow the form:—

K(Va+pVg)
Ra

Ta=

where K is a constant dependant upon. the
physical proportions of the valve. Tt
Figure 1 represent a set of Ta/Va charac-
teristics of such a valve which, for the
sake of simplicity, have been idealised by
making them parallel straight lines,
neglecting the curvature at cut-off.

Let us assume that the valve is biased
at minus 3 negative grid volts, and sub-
jected to a sinusoidal alternating amnode
voltage having a peak value of 140 volts
(RMS 100 volts), then TFigure 2 will
vepresent the excursion of anode current
over the first half cycle of anode voltage.
It will be seen that, due to the steady
negafive bias, anode current will not start
to flow during the initial stages of the
anode and voltage cycle until the instan-
taneous value of anode voltage exceeds
that for which the Vg= — 38 characteristic
cuts-off (i.e. the amplification factor x
the value of the negative bias). The actual
anode current over the half cycle in ques-
tion is thus represented by the shaded
portion of the curve ABCDE. Relating
this to the applied anode and grid volt-
illlges. and with the following notation, we

ave:—

Tiet ¢ be the peak value of the sinusoidal
anode voltage
Eg be the value of the negative D.C.
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volts on the signal grid

Ia be the mean value of the anode
current over a positive half
cycle of anode volts

5 » be the amplification faetor of the

valve

Ra be the unode A.C. resistance of
the value

Now, referring to Figure 2, let ABCDE
10 represent ‘a positive half sinusoid of
applied anode voltage extending from
wt=0 toot=r radians.
Due to the D.C. fixed negative bias it
is obvious that anode eurrent will not flow
15 during the cycle until the instantaneous
anode voltage exceeds peg. Tet wt=4 be
the point at which anode current starts to
flow. Then the anode current will be a
funetion of the curve BCD which is the
20 portion of the evele during which the
anode voltage exceeds peg.
The average anode current during the
half cyele is then given by:—

tedpfa - .
2wl € sin wt dt-(area GBHY)
g )

ity

=

» V‘ N
2w & Twl_ - 2
a,‘{?.._ﬁg [‘coxwt] (area aem)}
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~

o

=

=

I

a
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=i x/ 1-sin20x € +(Z-Q)pEq X,
2 i-(2E€9)% w K, u Ea e "'-"ig@)

=K.£/u-(-g— +Kopla(cos™

25 It will be seen that the expression for
anode current so obtained is diminished
in a non-linear manner from the general
form : —

f(Va+ Vg)
Li=————
Ra

30 by the introduction of further terms
dependant on the ratio of applied anode
and grid voltages, and the general rela-
tionship can only hold at zero grid bias.
It is thus obvious that with a steady D.C.

36 applied to the grid, and with alternating
voltage on the anode, due to the fixed cut-
off that occurs at the ends of the sinusoidal
anode current cyele it is impossible for the
valve anode current to follow the general

40 Ta/Vg characteristic.

To overcome this deficiency, and again
presuming a linear valve characteristic, it
1s obvious that for anode current fo flow
throughout the anode voltage .cycle the
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grid voltage and anode voltage must pass 49
through zero and maximum at similar
times. In other words, with a sinusoidal
applied anode voltage the grid voltage
must also be sinusoidal and since it is to
represent a negative grid voltage it must 9
be in exact anti-phase to the anode volt-
age. To overcome the previously men-
tioned drawback of the effect of the posi-
tive half cyecle on the grid, when the
anode is taking nme current, some means 99
must be obtained to procure a grid voltage
which is sinusoidal during the negative
half cycle and zero during the positive
half cycle. This obviously gives rise to
the provision of a halfwave rectified 80
signal to which no smoothing has been
applied to destroy the sinusoidal nature
of the signal during its operative half
cvele. This is the system which ix adopted

in accordance with the present invention, 69
namely. the provision of alternative volt-
age to the anode, screen and for other high
voltage electrodes together with the appli-
cation of a half-wave unsmoothed rectified
signal in counter-phase fo the anode volt- 70
age and of a suitable magnitude to replace
the D.C. voltage condifions desired.

The magnitude of the A.C. anode volt-
age and the half-wave rectified grid volt-
ages required to simulate D.C. conditions 75
are obtained as follows and referring to
Figures 3 and 4 of the accompanying
drawings in which Figure 3 represents a
set of idealised Ta/Va curves for the valve
under consideration and Figure 4 repre- 80
sents a half sinusoid of anode voltage for
the valve. Adopting the same notation as
in the previous ease with the exception
that eg now represents the negative peak
value of the grid volts, it will be seen that 85
since the grid voltage varies sinusoidally
in phase with the anode voltage. both
starting from zero, the instantaneous
anode current at st=« cun he taken ax

f.GH=1{.(FH - F&) 0

=)('g S~ gg st o

Then average anode eurrent over the half
eyele

where K is a constant depending on the 95
physical constants of the valve.
Deriving this in terms of the actual
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applied voltages we have:—
la= -f'(KTz (772-54(;7‘?-/4 Eg)

Let ens be the RMS value of the applied
A.C. (at would be the normal measure-
g ment of applied A.C. volts) and let
" represent the average value of the half
wave rectified applied grid volts (as read
“on an ordinary moving coil D.C. volt-
meter) then:—

K .
Ia:R_a 2 Eams + E&SDC)

707 xp -318 Yy

10 + ?,u EDC)

Lams

B’R_K‘;( )

Thus, remembering that current only
flows in the anode ecircuit on alternate
(positive) half cycles of anode voltage, we
have:— <

Erms

15 la-= '2£R'a_( ]

+ 2}1 3 pc}
This can be written : —

 la=E. (Eams x4 4 Epc x 2)
i 2 Ra,

This is obviously of the form of the
general characteristic : —

. K(Vaspvg)
20 la .“_Ra_—‘-l

It is thus clear that with an RMS value
of applied anode (and/or sereen) voltage
equal to 1.1 x Va (D.C.) and a mean value
‘of half-wave rectified bias voltage equal

25 to B x Vg (D.C.) where Va (D.C.) and Va
(D.C.) ave the required D.C, testing volt-
ages, -then the valve will give a mean
value of D.C. anode current (as read on
an ordinary D.C. moving coil meter)

30 equal to precisely one half the anode
current that the valve would take under
D.C. conditions. Therefore, by scaling
the meter in milliamps by a multiplying
factor of twice its actual reading, and by

35 applying the equivalent anode (or screen)
voltages and grid voltage, as described
above, the meter will be direct reading
in anode current for the valve and this
relationship will hold over the whole of

40 the characteristic in question. Further,
by changing the grid voltage in the above

- relationship at any point on the charac-
teristic, the change in anode currvent for
a given change in grid voltage will bear

45 the same relationship to the mutual con-

ductance of the valve and the change in

anode current as measured on the meter
will thus be a direct measure of the valves -
mutual conductance at any point on its
characteristic. 80
The above relationship has, for the sake
of simplicity, been calculated for a triode
valve, but similar relationships exist in
the case of a multi-electrode valve. For
instance, a screen grid valve or pentode 85
in which positive D.C. volts are normally
applied to the screen as well as the anode
has the general expression:—

In=1(Va+u(a/s)Vs+pu(a/a)Ve

and would obviously have a sinusoidal 60
voltage applied to its anode whose RMS
value is equal to 1.1 x the rated anode
voltage, a sinusoidal voltage in phase with
the anode voltage applied to the sereen
and of an RMS value equal to 1.1 x the 65
rated positive D.C. screen voltage and a
counter-phase half-wave rectified sinu-
soidal voltage applied to the grid, the
mean value of which is .5 x the negative
D.C. bias voltage. Under these con- 70
ditions the equivalent mean measured
D.C. anode or screen current would be
half the D.C. anode or screen current ob-
tained if the valve were working under
full D.C. conditions. Anode and screen 78
mutual characteristics can thus be plotted.

Similarly, for other multi-electrode
valves employing electrodes normally sub-
ject to positive voltages on. the current
carrying electrodes (anodes, screens and 80
so forth) and negative voltage on the
normally non-current carrying electrodes
(signal grids, suppressor grids and so
forth) the stated relationships for applied
in phase sinusoidal voltages to the anodes 85
and screens and applied counter-phase
half-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 under 90
full D.C. conditions.

It must be understood that whilst the
above general relationships have been
worked out for an ideal characteristic
without curvature, they give substan- 9
tially correct results even when the charae-
teristic curvature is taken into account.
Minor modifications of the multiplying
factors for anode and grid voltages can
be introduced to correct small errors due
to the curvature without departing from
the scope of the present invention.

The apparatus for testing valves accord-
ing to the present invention comprises one
or more transformers adapted to provide
the required A.C. voltages, a half-wave
rectifier to remove the unwanted positive
half-wave of the A.C. voltage applied to

100

105
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the signal or other grid or grids, a meter
to read the anode (or other current carry-
ing electrode) current and switches to vary
the voltages applied to the anode or the
9 like and the grid or grids. The meter
is preferably scaled to indicate twice the
actual current passing.

The valve tester according to the
present invention also preferably includes

10 means for testing the efficiency of rectifier
ralves. The testing of rectifving valves
in an apparatus such as that deseribed
above presents a problem for two reasons,
firstly, no test is really informative unless

[5 carried out under normal conditions of
rectification, i.e. reservoir condenser and
load, and, secondly, unless the rectifving
valve is working under conditions of
maximum loading, which iz upusual,

20 what is required is not necessarily whether
the rectifier can supply ifs maximum
rated current, but whether the valve will
supply continuously the current that is
required from it in the apparatus in

25 question.

Since a rectifying valve has no single
parameter (such as mutual conductance in
the case of other valves) which will ex-
press its condition and the taking of a full

30 set of load eurves would he excessively
tedious and not very informative to the
comparatively inexperienced, the method
adopted according to the present inven-
tion is as follows :—

85 Referring to Figure 5 of the accom-
panying drawings, the valve has applied
thereto a sufficient]y high A.C. voltage to
render negligible its own internal resist-
ance and to work it ahove the bend in it

40 characteristic. It is connected in the
cirenit shown in Figure 3 where C is a
reservoir condemser of suffieiently high
capacity and L is a load resistance, M
being a meter to measure the rectified

4H current.

Assuming that the valve will be work-
ing with about 30% of the peak value of
the applied voltage as a ripple voltage we
can assume that normal conditions after
the rectifying valve a D.C. voltage
equivalent to about 709% of the applied
peak voltage. The load T can therefore
be tapped so that with this assumption
and allowing for the voltage drop in the
55 valve, D.C. currents of suitable magniturde

for the different-load conditions will flow
in L and be indicated on the meter M. Tf
now M is shunted so that for a given
nominal current in I: a zone on the meter

60 M indicates, sav, plus 15% to minus 30%
of this value, then. the position of the
needle of the meter M will show by its
relation to this zone, which is conveniently
coloured, the relative efficiency. of the

5 valve at the load current under considera-

ol

=

tion. Thus, by suitably tapping I, as
shown in Figure 6 of the accompanying
drawings, for load currents of, say, dma.,
15ma., 30ma., 60ma. and 120ma. and
arranging a shunt M* across M which is 70
altered by means of the switch S in con-
formity with the fappings on the load
resistance L so that the meter reads on
the coloured zone 119% of the load current
for full scale, and a zone marked ** Pass ” 75
or ** Good ' on the meter corresponding
to the region between plus 15% 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 8()
full load rectification conditions can be
gauged for the load that it has to supply.

It is to be understood that whilst minus
3019 can be allowed for a ** pass ' figure
under normal ratio conditions, under 88
more exacting conditions the meter can
be scaled accordingly, Further, . the
applied voltage and load current con-
ditions can be changed for more specific
applications. 90

Similarly, by applying a lower RMS
voltage and introducing a load and meter
tapping for, say, lma., signal diodes can
be tested.

Having now particularly described and 95
ascertained the nature of our said inven-
tion and in what manner the same is to be
performed, we declare that what we claim
is:—

1. Appavatus for testing thermionic 100
valves comprising means for applying to
an anode or like electrode of the valve a
sinusoidal alternating current voltage
having an RMS value equal to 1.1 (or
approximately 1.1) times the D.C, voltage 105
which would normally be applied
carrying out the test in question, means
for applying a sinusoidal alternating
current voltage whose means value is
equal to one half (or approximately one 110
half) of the normal applied D.C. negative
grid volts for the test in quesiion, in
counter-phase to the voltage applied to the
anode, means for suppressing the positive
half cyele of said second-mentioned alter- 115
nating current voltage and for applying
such  rectifiel sinusoidal alternating
currenf voltage to the grid of the valve,
and a meter for measuring the current
flowing in the cireuit to which the first- 120
mentioned alternating current voltage is
applied,

2. Apparatus for testine thermionic
valves according to ("laim 1. in which the
meter seale is calibrated to read twice the 125
actual ewrrent flowing.

3. Apparatus for festing thermionic
valves according to Claim 1 or Claim 2.
provided with switch means to vary the
value of the half wave rectified alternat- 130



ing current voltage applied to the grid of
the valve.

4, Apparatus for testing thermionic
valves according to any of the preceding
§ Claims 1 to 3 adapted also for testing the
efficiency of rectifying valves, the means
for this purpose comprising a reservoir
condenser and a load resistance, means
being provided for connecting the reser-
10 voir condenser in a lead from the source
of unrectified A.C. to the anode of the
rectifying valve and for commecting the
meter and the load resistance in series with
one another and in shunt across the reser-

15 voir condenser.

5. Apparatus for testing thermiomic

606,707 7

valves according to Claim 4, in which. the
load resistance is provided with a series of
tappings and a tapped resistance is shunted
across the meter, switch means being pro- 20
vided to select the desired tappings on the
load resistance and the meter shunt.

6. The improved apparatus for testing
thermionic valves, substantially as herein-
before described with reference to the 25
accompanying drawings.

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

Leamington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1948.
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies, price 1s. 0d. each (inland) 1s. 1d. (abroad) may be obtained.



[This Drawing is a reproduction of the Original on a reduced scale.]
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