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My invention relates to systems employing 
electron discharge devices, and it has among 
its objects to provide a method and means 
for eliminating undesired effects in the cir 
cuits of electron discharge devices caused 
by emission of secondary electrons from the 
grid to the anode. 
More particularly it has for its purpose 

to provide means for preventing the produc 
20 tion of undesired oscillations in the circuits 

associated with the grid and cathode due to 
negative resistance in the grid circuit of 
the discharge device resulting from the emis 
sion of secondary electrons from the grid. 
Another object of the invention is to pro 

vide means in the circuit whereby the re 
sistance of the circuit looking toward the 
discharge device from those portions of the 
circuits which are capable of oscillating at 
undesired frequencies, is positive, constant, 
or insufficiently negative to support oscilla 
tions in the circuit. In accordance with the 
invention this resistance may be varied as 

... desired over a considerable portion of the 
25 range of grid voltage variations over which 

negative resistance within the discharge de 
vice occurs. 
The novel features which I believe to be 

characteristic of my invention are set forth 
with particularity in the appended claims. 
My invention itself, however, both as to its 
organization and method of operation, to 
gether with further objects and advantages 
thereof, may best be understood by reference 
to the following description taken in connec 
tion with the accompanying drawings in 
which Fig. 1 represents an electron discharge 
circuit arrangement employing my inven 
tion: Fig. 2 represents certain of the char 
acteristics thereof, and Figs. 3. and 4 repre 
sent modifications of my invention as shown 
in Fig. 1. - 

Referring to Fig. 1 of the drawings I have 
shown a conventional electron discharge am 
plifier circuit in which oscillations to be am 
plified are supplied from a source. 1 through 
an input transformer 2 to the grid of an elec 
tron discharge device 3. Both the grid and 
the anode circuits of the discharge device 3 
are tuned to the operating frequency as indi 
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cated by the tuned circuits 4 and 5. A load 
circuit, represented by an antenna, 6, is cou 
pled with the oscillatory circuit 5 to receive 
the amplified oscillations. A suitable posi 
tive potential is applied to the anode of the 
discharge device 3 by means of a unidirec 
tional source of electromotive force 7 and, 
similarly, a suitable bias voltage is applied 
to the grid by means of the source 8. 

It frequently occurs in the operation of - 
electron discharge devices and, particularly, 
discharge devices constructed for operation at 
high voltages and in which the grid is oper 

6) 

ated at positive potential with respect to the 
cathode during a portion of the cycle of oscil 
lations to be amplified that bombardment of 
the grid with electrons from the cathode 
causes an emission of secondary electrons 
from the grid, these secondary electrons be-, 
ing attracted away by the more positive an 
ode. The number of secondary electrons 
emitted from the grid is dependent upon the 
velocity with which primary electrons hit the 
grid, which in turn is dependent upon the 
voltage applied between the grid and cath 
ode. As the grid potential increases in a pos 
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itive direction over a certain range thereof, 
the number of electrons emitted from the grid 
increases and may become equal or greater 
than the number of primary electrons which 
hit the grid, thereby imparting to the space 
between the grid and cathode a negative re 
sistance characteristic over a portion of the 
range of grid voltage variation. 
This characteristic of the discharge device 

is indicated by the curve 9 in Fig. 2. This 
curve represents the relation between the cur 
rent flowing in the grid circuit and the elec 
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tromotive force applied between the grid and 
cathode. It will be seen that as the grid volt 
age is increased from zero the grid current 
likewise increases to a point indicated at A 
on the curve. At this point the velocity of 
electrons between the cathode and grid be 
comes sufficiently great to cause a certain 
number of secondary electrons to be driven 
off from the grid due to bombardment of the 
grid by the primary electrons from the cath 
ode. These electrons are attracted away from 
the grid by the more positive anode and rep 
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2 
resent a flow of current in the grid circuit 
opposite in direction to that represented by 
the primary electrons. Thus, the total cur 
rent flowing in the grid circuit then starts to 
decrease and as the grid becomes more posi 
tive the emission of secondary electrons con 
tinues to increase until their number is equal 
to the number of primary electrons which 
reach the grid, at which time the current in 
the grid circuit is zero, as indicated by the 
point B on the curve 9. As the grid becomes 
still more positive the number of secondary 
electrons still increase until a point is reached, 
as represented by the point C, at which the 
anode is insufficiently positive to attract all 
of the secondary electrons which are emitted 
from the grid. These electrons which are not 
attracted to the anode thus fall back into the 
grid. Thus from this point on as the grid 
potential is increased the current in the grid 
circuit continues to increase, as shown by the 
portion of the curve 9 at the right of the 
point C. 

It will be seen that over that portion of the 
range of grid voltage variation between the 
points indicated at A and C on the curve 9 
there is a decrease in current as the grid volt 
age increases or in other words, the space 
between the grid and cathode has negative 
resistance. 
Due to this negative resistance, as is well 

known in the art, oscillations are likely to be 
in the circuits which are associated 

with the grid. These oscillations may appear 
5 in any portion of the circuit which is capable 
of resonance at a parasitic frequency as in 
the leads extending to the grid bias voltage of 
a practical installation, or in the tuned cir 
cuit 4, or elsewhere in the circuit. Among 
other undesirable effects which are likely to 
be produced by oscillations of this kind is that 
of parasitic modulation of the oscillations 
amplified by the device 3. 
In accordance with the present invention 

the undesired effects of the negative resist 
ance of the discharge device are obviated by 
connecting across the grid circuit a path indi 
cated at 10 in Fig. 1 having positive resist 
ance. This path, as shown in the figure, com 
prises a resistance 11 and an electron dis 
charge device 12. The discharge device. 12 
is of any suitable two-element type having 
its anode connected through the resistance 11 
to the grid of the discharge device 3, and its 
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5 cathode connected to the cathode of the dis 
charge device 3. The current flowing in the 
path 10 varies directly as the electromotive 
force applied to the grid of the discharge de 
vice 3. This current may be represented by 
the curve 13 of Fig. 2. The total current 
flowing in the grid circuit of the discharge 
device is then the sum of the currents flowing 
in the path 10 and that flowing from the grid 
of the discharge device 3. In other words, 
it is the sum of the currents represented by 
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curves 9 and 13 of Fig. 2. This total current 
is indicated by the curve 14 of Fig. 2. 

It will be seen that this curve represents a 
positive resistance throughout the entire 
length thereof; that is, the resistance of the 
two parallel paths comprising the path 10 
and the path between the grid and cathode of 
the discharge device 3 is positive throughout 
the entire range of voltage variations. 
The path 10 may be connected across the 

grid circuit at a point sufficiently close to the 
discharge device 3 to preclude the possibility 
of the currents of parasitic frequencies being 
set up in the conductor extending from the 
grid of the discharge device 3 to the branch 
circuit 10. Since the resistance of the circuit, 
as measured at all points to the left of the 
branch 10, is positive, the effect of negative 

stance in the discharge device 3 is obvi 
ated. 
Due to the damping of the grid circuit, 

however, it is unnecessary to entirely obviate 
the negative resistance so long as it is main 
tained at a value which is insufficiently nega 
tive to overcome the damping effect of the 
circuit, and thus cause oscillations to be pro 
duced. Thus, if desired, the slope of the 
curve represented at 13 of Fig. 2 may be 
varied by varying the resistance 11 included 
in the branch circuit. In this way the slope 
of the curve 14 over that range of variations 
in grid electromotive force in which negative 
resistance is likely to occur, may be varied, 
and, if desired, may be caused to represent 
a negative resistance within a range, as in 
dicated above, which may be tolerated. If 
desired this resistance may be made substan 
tially constant over a considerable portion 
of the range in which negative resistance in 
device 3 occurs. 
A considerable economy in the energy ex 

pended in the grid circuit, however, may be 
effected by biasing the anode of the discharge 
device 12 negatively with respect to the cath 
ode. This modification of the invention is 
shown in Fig. 3 in which a source of electro 
motive force 15 is connected in the branch 
circuit 10 and so polarized that the anode of 
the discharge device 12 is negative with re 
spect to the cathode. As thus arranged, it is 
necessary that a greater positive potential be 
applied to the grid of the discharge device 3 
before current starts to flow in the branch 
circuit 10. The source of potential 15 may be 
so adjusted that the flow of current in the 
branch circuit 10 begins approximately at 
the same value of grid electromotive force at 
which the emission of secondary electrons be 
gins, this current increasing with respect to 
grid voltage as represented by the curve 16 
of Fig. 2. The total current flowing in the 
grid circuit may then be represented by the 
curve 17. This curve represents a very con 
siderable reduction in the amount of current 
flowing in the grid circuit, and, at the same 
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time, indicates that the effect of the negative 
resistance of the discharge device 3 is obvi 
ated. The slope of the curve 16 may of course 
be varied as before by variation of resistance 
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11 thereby to control the slope of the curve 
17 over which negative resistance is likely to 
OCC. 

In Fig. 4 I have represented a further mod 
ification of the invention in which the source 
of biasing potential 15 is replaced by a re 
sistance 18 shunted by a condenser 19. The 
condenser 19, after the first few cycles of 
applied electromotive force of the source 1 to 
the grid of discharge device 3 assumes a fair 
ly definite charge causing the anode of the 
discharge device 12 to become negative with 
respect to the cathode. This charge may, of 
course, be varied by varying the resistance 18 
and, hence, by varying the resistance 18 the 
value of grid electromotive force at which 
current starts to flow in the branch circuit 10 
may be varied. Thus curve 16 may be shift 
ed, either to the right or to the left, by vari 
ation of the resistance 18. The slope of the 
curve 16 may of course be varied by varying 
the resistance 11. 
The use of the asymmetrically conducting 

discharge device 12 in the path 10 is particu 
larly advantageous not only in that the point 
at which the flow of current begins may be 
readily adjusted but also in that it prevents 
the flow of current therethrough and the con 
sequent waste of energy in the grid circuit 
during the portion of the alternating current 
cycle when the anode is negative as would be 
the case were the path 12 conducting in both 
directions. Further the resistance of this 
device employed as described may be sufi 
ciently high to prevent objectionable distor 
tion of the oscillations supplied to the grid 
due to energy shunted through the asymmet 
rically conducting discharge device. 
While I have shown in the drawings a con 

ventional amplifier circuit employing a three 
element electron discharge device, it will of 
course, be understood that I contemplate the 
use of my invention in connection with dis 
charge devices having any greater number 
of electrodes in which any of the electrodes is 
sufficiently positive to produce a negative re 
sistance between the grid and cathode, and, 
in fact, in connection with multi-electrode discharge devices generally. 
While I have shown particular embodi 

ments of my invention, it will of course be 
understood that I do not wish to be limited 
thereto since many modifications, both in the 
circuit arrangement and in the instrumen 
talities employed, may be made, and I con 
template by the appended claims to cover any 
such modifications as fall within the true 
spirit and scope of my invention. 
What claim as new and desire to secure 

by Letters Patent of the United States is: 
1. The method of operating a three-ele 

ment electron discharge device having a grid 
and cathode, and conductors connected there 
to, said conductors being connected in cir 
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cuit relation, and in which sufficient emissions 
of Secondary electrons from the grid may 
occur to produce a negative resistance, be 
tween the grid and cathode which includes 
callsing sufficient unidirectional current 
varying directly as the voltage between said 
conductors to flow from the cathode conduc 
tor to the grid conductor and through said 
external circuit to cause: the current in the 
external circuit to remain approximately 
constant over a range of voltage variations 
between said conductors. . 

2. In combination, an electron discharge 
device having a grid, a cathode and a third 
electrode, a circuit connected between the 
grid and cathode including a source of vari 
able electromotive force, a source of electro. 
motive force connected between the third 
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electrode and cathode, the relative values of 
said electromotive forces being such that the 
curve representing the relation between the 
current flowing in the grid circuit and the 
electromotive force between the grid and 
cathode has a negative slope over a portion 
of the range of variations of grid electro 
motive force, and means for causing addi 
tional unidirectional current to flow in the 
circuit connected to the grid, and cathode, 
said means being such that the curve ex 
pressing the relation between the electro 
motive force of said grid and said additional 
current has a slope substantially equal and 
opposite to the negative slope of said first 
mentioned curve over the same portion of 
the range of variations of grid electromotive 
force. - 

3. The combination, in an electron dis 
charge amplifier having an anode, a cathode 
and a grid, of an input circuit including a 
source of oscillations to be amplified con 
nected between the grid and cathode, an out 
put circuit, for amplified oscillations connect 
ed to the anode and cathode, means for im 
pressing a positive potential on said anode, 
the amplitude of said oscillations to be am 
plified and said anode potential being in re 
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lation to cause a negative resistance be- its 
tween the grid and cathode over a portion 
of the cycle of said oscillations, and means 
to overcome the effect of said negative re 
sistance produced during said emission of 
secondary electrons, comprising an electron 
discharge device having an anode connected 
to said grid and a cathode connected to the 
cathode of said amplifier. 

4. The combination, in an electron dis 
charge amplifier having an anode, a cathode, 
and a grid, of an input circuit including a 
Source of oscillations to be amplified connect 
ed between the grid and cathode, an output 
circuit for amplified oscillations connected 
to the anode and cathode, means for impress 
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ing a positive potential on said anode, the 
amplitude of said oscillations to be amplified 
and said anode potential being in relation to 
cause a negative resistance between the grid 
and cathode over a portion of the cycle of 
said oscillations to be amplified, a conduct 
ing path between the grid and cathode in 
cluding an electron discharge device and a 
source of potential, the potential of said 
source having such a value that substantially 
no current flows in said path except during 
those portions of the cycle of said oscilla. 
tions when the potential on the grid is suffi 
ciently positive to cause the grid to have 
negative resistance. . . 

5. In combination, an electron discharge 
amplifier, having a grid and cathode, a cir 
cuit conductive to direct currents and includ 
ing a source of oscillations connected to the 
grid and cathode whereby the grid is caused 
to become alternately positive and negative 
with respect to the cathode, and a path con 
nected across said circuit including an asym 
metrically conducting discharge device and a 
source of biasing electromotive force, said 
electromotive force being such that current 
flows in said discharge device only during 
that portion of alternate half cycles of said 
oscillations when the potential on the grid 
is sufficiently positive to cause the grid to 
have negative resistance. 

6. The combination, in an electron dis 
charge amplifier having an anode, a cathode 
and a grid, of an input circuit including a 
source of oscillations to be amplified con 
nected between the grid and cathode, an out 
put circuit for amplified oscillations con 
nected to the anode and cathode, means for 

40 
impressing a positive potential on said anode, 
the amplitude of said oscillations to be am 
plified and said anode potential being so 
related as to cause a negative resistance be 
tween the grid and cathode over a portion of 

45 
the cycle of said oscillations, a path having 
positive resistance connected across said cir 
cuit, said path being conductive only during 
that portion of the cycle of said oscillations 
when the grid is sufficiently positive with re 
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spect to the cathode to cause the emission of 
secondary electrons therefrom, and means 
for varying the value of grid electromotive 
force at which said path becomes conducting. 

7. In combination, an electron discharge 
device having an anode, a cathode and a grid, 
a circuit between the grid and cathode includ 
ing a source of oscillations to be amplified, 
a circuit for the amplified oscillations con 
nected between the anode and cathode, means 
for impressing a positive potential on the 
anode of such value with respect to the am 
plitude of said oscillations that negative re 
sistance is produced between the grid and 
cathode during a portion of the positive half 
cycle of said oscillations, an asymmetrically 
conducting discharge device having a cathode 
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connected to said first mentioned cathode and 
an anode connected to said grid, the combined 
resistance of said asymmetrically conducting 
discharge device and the negative resistance 
between said grid and cathode being insuf 
ficiently negative during said portions of the 
positive half cycle of said oscillations to be 
amplified when said negative resistance is 
produced to cause the production of unde 
sired oscillations in the grid circuit. 

8. In combination, an electron discharge 
device having an anode, a cathode and a grid, 
a circuit between the grid and cathode in 
cluding a source of oscillations to be ampli 
fied, a path between said grid and cathode 
including a discharge device conducting only 
when the grid is positive, means for impress 
ing a positive potential on the anode the am 
plitude of said oscillations being sufficiently 
great to cause a negative resistance between 
the grid and cathode during a portion of the 
positive half cycle of said oscillations and the 
combined resistance of said path and said 
negative resistance being insufficiently nega 
tive during said portion of the positive half 
cycle to prevent, the production of undesired 
oscillations in the grid circuit and the re 
sistance of said path being sufficiently high 
substantially to prevent distortion of the posi 
tive half cycle of said oscillations due to 
energy shunted through said path. 

9. In combination, an electron discharge 
device having an anode, a cathode and a 
grid, a circuit between the grid and cathode 
including a source of oscillations to be ampli 
fied, a circuit for the amplified oscillations 
connected between the anode and cathode, 
means for impressing a positive potential on 
the anode of such value with respect to the 
amplitude of said oscillations that negative 
resistance is produced between the grid and 
cathode during a portion of the positive half 
cycle of said oscillations, an asymmetrically 
conducting discharge device having a cath 
ode connected to said first mentioned cathode 
and an anode connected to said grid, a source 
of electromotive force included in circuit 
with said asymmetrically conducting dis 
charge device of such a value that current 
flows in said discharge device only when the 
potential on said grid is sufficiently positive 
to cause said negative resistance to occur be 
tween said grid and cathode, and a resistance 
in series with said asymmetrically conduct 
ing discharge device of such a value that 
the total change in current in said circuit 
between said grid and cathode is small with 
respect to the change in grid voltage over 
that portion of the half cycle where said 
negative resistance occurs. 

10. In combination, an electron discharge 
device having an anode, a cathode and a grid, 
a circuit between the grid and cathode in 
cluding a source of oscillations to be ampli 
fied, a circuit for the amplified oscillations 
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connected between the anode and cathode, 
means for impressing a positive potential on 
the anode of such value with respect to the 
amplitude of said oscillations that negative 
resistance is produced between the grid and 
cathode during a portion of the positive half 
cycle of said oscillations, an asymmetrically 
conducting discharge device having a cath 
ode connected to said first mentioned cathode 
and an anode connected to said grid, means 
connected in circuit with said asymmetrical 
ly conducting discharge device for produc 
ing from the current flowing through said 
asymmetrically conducting discharge device 
a continuous unidirectional electromotive 
force of such value as to prevent the flow of 
current through said asymmetrically con 
ducting discharge device except when said 
grid is sufficiently positive with respect to 
the cathode of said first mentioned discharge 
device to produce said negative resistance. 

11. In combination, an electron discharge 
device having an anode, a cathode and a grid, 
a circuit between the grid and cathode in 
cluding a source of oscillations to be ampli 
fied, a circuit for the amplified oscillations 
connected between the anode and cathode, 
means for impressing a positive potential on 
said anode of such value with respect to the 
amplitude of said oscillations to be amplified 
that a negative resistance is produced be 
tween the grid and cathode during a portion 
of the positive half cycle of said oscillations, 
an asymmetrically conducting discharge de 
vice and resistance connected in series be 
tween said grid and cathode, and a condenser 
connected in shunt with said resistance 
whereby an electromotive force is maintained 
on said resistance of such magnitude as to 
prevent the flow of current through said dis 
charge device until said grid is sufficiently 
positive with respect to the cathode to cause 
said negative resistance between the grid and 
cathode. 
In witness whereof, I have hereunto set 

my hand this 27th day of March, 1930. 
MARCUSA. ACHESON. 


