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8 Claims. 

This invention relates to electric discharge de 
vices and to the operation of the same. In par 
ticular, but not exclusively, the invention relates 
to thermionic Valves, it being understood that the 
term “valves' however, has no necessary limita 
tion to the shape of such devices. 

It is desirable in thermionic valves and like de 
vices to provide a method of controlling the de 
gree to which the valve amplifies input Voltages, 
and this control may be conveniently performed 
by altering the potential of an electrode or elec 
trodes in the tube. In valves, for instance, curved 
characteristics may be obtained if the electrodes 
are asymmetrical or have different distances from 
each other over their area, or otherwise have 
different values of the electrostatic field between 
the electrodes at different parts of the area of 
the discharge. Such arrangements are some 
times found in valves due to accidental distortion 
of electrodes and produce a variable mutual Con 
ductance characteristic, but such a characteristic 
when obtained in this manner due to geometrical 
deformation of the electrodes is a permanent 
characteristic of the valve and cannot be con 
trollably altered or eliminated. - 
This also applies in the case of inaccurately 

aligned electrodes and in the case of the de 
liberate malformation of the electrodes obtained, 
for instance, by uneven winding of the control 
grid. 
The object of the present invention is to pro 

vide a definite or modified or improved method 
of controlling the degree to which a discharge 
tube, for instance, a thermionic valve, amplifies 
input voltages, especially by altering the poten 
tial of an electrode or electrodes in the tube, and 
further to control the degree to which the am 
plifying property of the valve is controllable, par 
ticularly from the aspect of providing a variable 
mu or volume control characteristic. When de 
sired, for instance, from the point of view of avoid 
ing the necessity of manufacturing Special valves 
having variable mu characteristics which Would 
otherwise be necessary because of the unsuitabil 
ity of variable mu valves for anode bend rectifi 
cation, or for other purposes. 
A further object of the invention is to produce 

an electric discharge tube having a control grid, 
and means to give a variable mu or a sharp cut 
off at Will, and to do the latter without substan 
tially reducing the maximum mutual conductance 
of the tube compared with a tube with which it 
is not possible to control the point of cut off. 
According to the invention this result is pro 

duced by providing the tube with a cathode, a. 

(C. 250-27.5) 
control grid and an anode and with at least one 
auxiliary electrode which is at a greater distance 
from the cathode than the control grid and which 
Comprises a plurality of portions in Substantially 
the Saline plane. The portions, however, should 
neet certain requirements in order to produce 
the desired result. At least one of said portions 
should have Sufficient constituent parts (f. i. 
wires) without intervening constituent parts of 
other portions for the shielding effect or the elec 
troStatic field over the area of the first mentioned 
portion to be substantially even whatever the po 
tential of the other portion may be. 
By means of a tube having these features the 

degree to which the amplifying property of the 
tube may be controlled can be adjusted by Sup 
plying different potentials to the individual por 
tions of the composite auxiliary electrode. 
The term "auxiliary electrode' refers to grid 

like electrodes positioned in a Valve or discharge 
tube in the path of the discharge after it has 
been controlled by the control grid, that is, in 
the space between the control grid and the anode. 
For example, the term 'auxiliary electrode' may 
be taken to indicate the positively charged Screen 
grid, or Second grid in a Screened grid Valve. The 
expression may also refer to electrodes not con 
sisting of a conventional Wire mesh formation, 
for instance, to electrodes consisting of grids 
Stamped out of metal or built up of segments or 
other constructions. A further definition is that 
a portion of an electrode which has an “even 
shielding effect or electrostatic field' in the pres 
ent specification, is one the field of which is Suf 
ficiently Separated from the field of the other 
portion. Or portions of the electrode, for the field 
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density to be substantially unaffected by the po 
tential of this other portion or portions. 

Further, a divided electrode having a portion 
“the shielding effect or electrostatic field of which 
is Substantially even over its area', is an electrode 
Which is subdivided to a sufficiently small extent 
for the steepness and the cut-off of its charac 
teristic (when the portions are connected to the 
Same potential, curve b, Fig. 1) to be substan 
tially the same as is found if the divided electrode 
is Substituted in the discharge tube by a single 
electrode, with the same mesh, which is not sub 
divided. 
In accordance with the present invention, it 

has been found that it is possible cheaply to manu 
facture auxiliary electrodes having a plurality of 
portions. This is not the case if (f.i.) the con 
trol grid of a tube be constructed to consist of a 
plurality of portions. Control grids, as a rule, 
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2 
are very closely spaced and it is impracticable 
and expensive to construct divided control grids. 
Further a control grid is normally arranged at a 
Very Small distance from the cathode. A divided 
control grid is liable to produce noisy operation, 
due to very Small relative movements of the vari 
OUIS portions due to mechanical shocks. Fur 
ther irregularities of the tube characteristic may 
be produced when the constituent portions of the 
Control grid are not evenly Spaced. Both of 
these troubles are produced by the small distance 
between the control grid and the cathode. When, 
hoWever, an auxiliary electrode which is farther 
from the cathode than the control grid, is divided, 
these troubles do not occur. 
Other objects, novel features and advantages 

of the invention will become apparent from the 
following Specification and accompanying dra W 
ings, wherein: 

Figure is a graphical representation of char 
acteristic curves given by One form of Wave in 
accordance With the present invention. 

Figure 2 is an elevation, and 
Figure 2a is a plan of a portion of an auxiliary 

electrode, and 
Figure 3 is an elevation, and 
Figure 3a is a plan of another portion of a grid 

for association with the portions of the aux 
iliary electrode of Figures 2 and 2a. 

Figure 4 is an elevation, and 
Figure 4a is a plan of a complete electrode as 

sembled from the portions illustrated in Figures 
2 and 2a, 3 and 3d. 

Figure 5 is an elevation of a modified arrange 
ment of assembled portions of an auxiliary elec 
trode. 

Figure 6 is an elevation, and 
Figure 7 is a plan of a modification of Figure 5. 
Figure 8 is an elevation, and 
Figure 9 is a plan of a complete electrode a S 

sembly in a valve. 
In carrying the invention into effect in One 

form by way of example, the relationship be 
tween input or grid voltage plotted as abscissa 
Eg, and output or anode current plotted as ordi 
nates ia, is shown in Figure 1, in which the curve 
a, as is the case in the well known variable mu 
valve has a gradually increasing Curvature or 
mutual conductance as Eg is reduced toward Zero. 
This curve a, though suitable for controlling the 
mutual conductance and amplification of the 
valve by altering Eg, is not suitable for many 
other purposes, e.g. some forms of push pull an 
plification. On the other hand the characteristic 
marked b has a very much more constant slope, 
or mutual conductance, and ia, becomes Zero at a 
very much less negative value of Eg than is the 
case with curve a. Curve b is suitable for all 
types of push pull amplification and power out 
put Working. 
By means of the invention, either of the char 

acteristics a or b may be made available at Will 
in one valve. To obtain the characteristic curve 
b (Figure 1) in a valve, it is necessary that the 
electrostatic field of the electrodes in the Valve 
be as even as possible Over the area of the 
stream. Also, the Source of any constituent of 
this field should be as far as possible in one plane, 
So that the field may be applied to the stream 
as closely as possible to the preceding electrode 
(e. g., the control grid) so that the characteris 
tic, Such as Curve b, in Figure 1 will be as steep 
as poSSible. The electrostatic field will be even 
Over the Surface of an electrode, when its poten 

2,038,860 
tial is even, if the screening effect of all portions 
of the electrode are the same. This screening 
effect is that usually referred to as the u, of 
the electrode, or of the portion thereof in ques 
tion (see, for instance, Wan der Bijl, “Thermi 
Onic Vacuum Tube' first edition, pages 227-234, 
and pages 380-382). The u may be varied by 
altering the general configuration of the elec 
trode, but, particularly in the case of the usual 
grid electrode, by varying the distances between 
the electrode and the succeeding electrode in the 
Valve, Or by Varying the diameter of the mesh 
Wires or apertures, or varying the number of wires 
Or apertures per unit length. 
The present invention therefore employs a 

grid Or mesh auxiliary electrode consisting of 
portions which have substantially the same u, 
Or Screening effect, and which are Substantially 
in the same plane. Such an electrode, when the 
portions are at the same potential, will cause 
the Valve to give a satisfactorily steep character 
istic between control grids Eg and anode cur 
rent ia, as curve b in Figure 1. On arranging 
that the potentials of the various portions are 
different, then the electrostatic field over the 
area of the auxiliary electrode will be varied, 
and a Variable mutual conductance, remote cut 
Off, characteristic, such as that illustrated at a 
in Figure , will be produced. 
The junction point of adjacent parts of the 

Various portions of a grid auxiliary electrode in 
accordance With the present invention unavoid 
ably introduces slight distortion of the electro 
Static field. To bring this to its minimum it is 
desirable to reduce the number of such joints as 
much as possible. For this reason, therefore, in 
the present invention the number of joints or 
portions is cut down to the minimum by mak 
ing at least one portion of the grid occupy as 
much as possible of the total area of the grid, 
and the electrostatic field of this portion is there 
fore Substantially even over its area, whatever the 
potential of the other portion or portions. 
To obtain the desired similar configuration of 

the different parts of an auxiliary electrode which 
consists of a mesh, various means may be em 
ployed. These include constructing a single fiat 
helical grid in two portions. The various por 
tions of a mesh may be wound arid supported on 
different Supports, or may be wound on a single 
Supporting member or members, portions being 
insulated therefrom by, for instance, a porcelain 
sleeve or insulating coating on the member. 
In Figures 2 and 2d and 3 and 3a are illustrated 

tWO portions , 2 of a suitable flat helical grid 
aS mentioned above. The two portions are shown 
in Side elevation and plan. That shown at in 
Figures 2 and 2d has about the same “diameter' 
d as the corresponding “diameter’ d’ of the por 
tion 2 shown in Figures 3 and 3a. The width 
W of the portion 2 shown in Figures 2 and 2d. is 
however narrower than the corresponding width 
20 of the portion shown in Figures 3 and 3a. 
In each case the two inner supports 3 and 4 re 
Spectively are used in the two portions to support 
the mesh wires 5 and 6. The wires 5 are spaced 
evenly, i. e. are of even pitch except for the gaps 
7 which are twice the length of the pitch of the 
Wires elsewhere. The wires 6 on the portion 2 
are of uneven pitch and are spaced so as to cor 
respond With the Spaces 7 in the other portion . 

Figures 4 and 4 a show the effect of slipping 
the portion (Figure 2) inside the portion 2 
(Figure 3) So that the wires 6 on portion 2 lie in 
the gaps 7 of portion f. The two portions, when 
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2,038,360 
in electrical connection, act substantially as a 
single grid of even pitch. In practice d' may be 
slightly greater than d, thus assisting the assemi 
bly of the complete electrode, Without appreciably 
affecting the result. 
In Figure 5 another composite electrode with 

meshes 5d, 6d. On the two portions f, 2 is illus 
trated in side elevation. In this case however, 
the meshes f8 and 9 of the two portions and 
2 are not interneshed in the same Way as in Fig 
ures 2-5 but the mesh 6d. is divided into two 
portions which are positioned One at each end 
of the mesh 5a. The two portions f, 2 of the 
electrode are connected separately by wires 49 
to separate pins 38, 39 of the conventional type 
in the base 4 of the valve. 
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The provision of separate contact pins 38 and 
39 permits alteration of the connections to the 
portions 5d and 6d to give the curves a and b at 
will (Fig. 1). This arrangement permits con 
nection or disconnection of the various portions 
of the electrode or alternating connection to 
points having different potential to the cathode 
of the Valve or to a biasing battery. 
When the portions f, 2 of an auxiliary grid, 

Figure 4a, are connected together, the whole 
may be taken as acting as a normal auxiliary 
electrode and the mutual conductance of the tube 
may be comparatively constant (curve b, Figure 
1). If, however, one of the portions (2 in Fig 
lure 3) is connected to another point having a 
different potential the auxiliary grid as a whole 
may be taken as acting as one having an uneven 
effective potential, and the curve a (Figure 1) 
will become effective. Thus, by SWitching the 
connection to the portions of an auxiliary elec 
trode, the valve may be made to possess a vari 
able mutual conductance characteristic or not as 
required. 
The same general Construction may be em 

ployed for various types of valve of the screen 
grid type, When for instance, the positive screen 
assembly may be arranged like the electrodes 
shown in Figures 2d, 3d and 4 and 4d. 

In Figures 6 and 7 a SOmeWhat similar ar 
rangement to Figure 5 is shown with the excep 
tion that the part 2 of the composite electrode 
has a mesh 5b which is of slightly closer pitch 
than the mesh 6b, in order to produce an even 
intensity of electroStatic field over the area of 
the electrode when the two portions are in elec 
trical connection, though the mesh 5b has been 
given a slightly greater 'diameter' d' than di 
ameter d of mesh 6b. This construction may be 
applied to the other composite auxiliary elec 
trodes shown, that is, in general, the electrostatic 
field from electrodes is even over their area, 
though the configuration of the different por 
tions thereof is not the Same, by adjusting the 
density of the field appropriately by adjusting 
the configuration of the electrode. 
In carrying the invention into effect accord 

ing to the modification shown in Figures 8 and 
9, the method or arrangement is to divide the 
accelerating electrode or positively charged grid 
employed in a screen grid valve into two or more 
portions. An Ordinary control grid may be em 
ployed and the usual electrostatic screen may be 
added to these electrodes in the normal manner. 
The method is capable of many variations to Suit 
any desired type of Valve. The above arrange 
ments may be combined. 

In Figures 8 and 9 is shown a Sectional ele 
vation and plan view of part of the electrode 
assembly in accordance With one form of this 

3 
modification of method or arrangement. The 
glass seal 8 inside a glass bulb (not shown) Sup 
ports the electrodes on Wires 9. A filament 9 
is supported from springs fastened to a mica. 
spacing plate 2 which also holds the various 
electrodes supporting wires in correct allinement. 
The control grid 2 is of the Ordinary type hav 
ing a single evenly spaced mesh. A screen elec 
trode 22 is divided into two portions 24 and 23. 
These two portions have meshes 25 and 26 which 
are insulated from each other and intermeshed 
in a manner which may, for example, be similar 
to that illustrated in Figures 4 and 4d. An anode 
3f Surrounds the other electrodes. The screen 
22 as a Whole therefore has Substantially an even 
Or an uneven potential Over its area, according 
to whether the two portions 23, 24 respectively 
are at the same potential or not. When a va 
riable mutual conductance characteristic is re 
quired the portions 23, 24 nay be arranged to 
have different potentials. This may be per 
formed by connecting them through resistances 
through which an external current is passed, 
Or through which the discharge current passes 
which current has been picked up by the elec 
trodes themselves from the discharge. The va 
riable mutual conductance characteristic will be 
removed if the resistances are short circuited. 

Figures 10 and 11 illustrate circuit arrangements 
of Valves having electrodes in accordance with 
certain forms of the present invention, the valves 
being arranged to act as high frequency ampli 
fiers. In these drawings a tuned input circuit 
LiC is arranged so that the potentials across it 
are amplified by a valve 25; a tuned output cir 
cuit II2C2 is COInnected in the anode circuit of 
the valve in the usual manner; the usual filament 
heating battery 26 and high tension battery 27 
are provided. A grid-biasing battery 28 is con 
nected across a potentiometer resistance 29. A 
Condenser C3 is arranged to by-pass high fre 
quency currents from the potentiometer 29. The 
Valve has a flament 30 and an anode 3. 

General 

The invention is not limited to the examples 
given above. 

Details or particulars in the statements of the 
invention are to be taken as also being comprised 
in the description. In the cases where an un 
even potential electrode or electrodes are em 
ployed, such electrode or electrodes may be com 
posed of interWOWen meshes, the different com 
ponent meshes being arranged to be at different 
potentials. Such an electrode may then be given 
a Substantially even potential as a whole when 
required, by connecting its component meshes so 
that they are all of the same potential. 
The various component meshes or compo 

nent parts of an electrode which are to be a 
different potentials may be connected to different 
tappings on a potential divider or other device. 
The Said potentiometer or resistance device 

may be included inside a discharge tube. 
The variation in potential over the area of 

an uneven potential electrode may be suitably 
made to vary in relation to any given point over 
the area by Suitably connecting the elements 
composing the electrode to tappings on the po 
tential divider, or by other means. 
To obtain the desired similar configuration of 

the different parts of an uneven potential elec 
trode which consists of a mesh various means 
may be employed. One portion may be Wound 
round two Support Wires Spaced, say 1 cm, and 
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4 
welded to the supports. The second portion of 
the grid may be wound round a former so pro 
portional that the support wires are, say 1.2 cm. 
apart. The width of the cross section of each 
of the portions may be just sufficiently different 
for then to be slipped. One inside the other and 
the support wires mounted in the usual glass pinch 
so that the two portions are one inside the other 
and so that the Wires of each portion lie in the 
correct position in relation to each other and 
the grid as a whole has an evenly Spaced mesh. 
The slight difference in the croSS Section of the 
two neshes may if desired be adjusted by bend 
ing in the wires of one mesh. Where for in 
stance in an uneven potential electrode consist 
ing of two meshes, one mesh may for mechanical 
reasons project a little in front of the other 
towards the cathode, this may result in the elec 
trostatic field of the electrode as a whole being 
uneven, even when the potential of the two parts 
is the same; but, in accordance With the method 
above, the projecting parts of the mesh may be 
given a Smaller spacing between the wires, this 
Widening being sufficient to weaken the density 
of the field thereat and therefore produce Sub 
stantially the same electroStatic force on the 
adjacent electrodes or parts in the tube as in 
other parts of the mesh. 
The same arrangement may be applied to other 

electrode configurationS. 
The various electrode portions used in ac 

cordance with the invention may be connected to 
different pins in the usual interchangeable con 
tact pin base of a valve. Then according to the 
connections of the corresponding sockets into 
Wihich the valve base fits, so the valve will act as 
a variable mu tube or not. 

In general apparatus for use according to the 
present invention may comprise a discharge tube 
Such as a therinionic valve having electrodes 
therein which, when the said electrodes have a 
potential which is even over their area, and over 
the area of the croSS Section of the Stream, pro 
duce an even electrostatic field over the croSS 
section of the stream, or discharge in the tube; 
an uneven electroStatic field over the croSS Section 
of the discharge being produced when required 
by varying the potential distribution over the area, 
of an electrode or electrodes and to produce a 
variable mutual conductance property which is 
otherwise absent. 
Though an uneven potential electrode is di 

vided into various portions in certain embodi 
ments of the invention, and these portions are 
eculiar in nature to the present invention, they 
may be conveniently employed for other purposes, 
e, g. for applying more than one controlling Volt 
age to the valve at once, for instance, in the 
case of the divided control grid previously men 
tioned. 

he various methods referred to herein may be 
used in combination as Well as Separately. A 
cumulative effect will then in general be pro 
duced. 
The present invention is illustrated in con 

junction with a filament type of cathode. The 
exact configuration and type of electrodes made 
in accordance with the invention may vary very 
much according to the shape of the cathode and 
other electrodes in the discharge tube, for in 
stance the cross section of the meshes in Figure 
4c may be round instead of oblong to fit a cathode 
of circular cross section. Also a cathode may be 
applied to electrodes not consisting of a con 

2,038,360 
ventional wire mesh formation for instance to 
electrodes consisting of grids stamped out of 
metal or built up of segments or other construc 
tions. 

Having now described my invention, what I 
claim as new and desire to Secure by Letters 
Patent is:- 

1. An electron discharge device having a cath 
ode, a control electrode and an anode, and an 
auxiliary electrode interposed between said con 
trol electrode and anode and comprising elec 
trically insulated sections constituting in effect a 
Single electrode of uniform configuration. 

2. An electron discharge device having a cath 
ode, a control electrode and an anode, and an 

0. 

15 
auxiliary electrode interposed between said con- . 
trol electrode and anode and comprising elec 
trically insulated flattened tubular sections con 
stituting in effect a single electrode of uniform 
configuration. 

3. An electron discharge device having a cath 
ode, a control electrode and an anode, and an 
auxiliary electrode interposed between Said con 
trol electrode and anode and comprising elec 
trically insulated flattened tubular mesh Sec 
tions constituting in effect a single electrode of 
uniform Configuration. 

4. An electron discharge device having a cath 
ode, a control electrode and an anode, and an 
auxiliary electrode interposed between said con 
trol electrode and anode and comprising elec 
trically insulated grid sections of like pitch and 
having their corresponding straight reaches lying 
in the same plane, said sections constituting in 
effect a single electrode of uniform configuration. 

5. An electron discharge device having a cath 
ode, a control electrode and an anode, and an 
auxiliary electrode interposed between said con 
trol electrode and anode and comprising elec 
trically insulated flattened helices constituting 
in effect a single electrode of uniforn. Configura 
tion. 

6. An electron discharge device having a cath 
ode, a control electrode and an anode, and an 
auxiliary electrode interposed between said con 
trol electrode and anode and comprising elec 
trically insulated flattened helices of the same 
pitch and having their corresponding straight 
reaches lying in the Same plane, Said heliceS COn 
stituting in effect a single electrode of uniform 
configuration. 

7. An electron discharge device having a cath 
ode, a control electrode and an anode, and an 
auxiliary electrode interposed between said con 
trol electrode and anode and comprising elec 
trically insulated sections, Said Sections being 
composed of flattened helices Of the Sane pitch 
and having their corresponding straight reaches 
lying in the same plane, the helices of each Sec 
tion being Spaced and the helices of One Section 
being in register With the Spaces of the other 
so as to constitute in effect a single electrode 
of uniform configuration. 

8. An electron discharge device having a cath 
ode, a control electrode and an anode, and an 
auxiliary electrode interposed between said con 
trol electrode and anode and comprising elec 
trically insulated sections, one Section being com 
posed of a single flattened helix and the other 
section being composed of a pair of flattened 
helices mounted at the opposite ends Of Said single 
helix. 

JOHN HENRY OWEN HARRIES. 
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