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: A further object of my invention 
an improved amplifier of the trigge 

An obj 

In the preferred embodiment of my inventio 
discharge-tube of the pentode 

nected that it causes the control grids of: the 
pentode to become biased more negatively as the 

35 

ingly low voltage:applied to the anode. 

45 

The change in anode voltage is obtained by in 
serting a resistor in the anode circuit, so that a . 
large plate current in the pentodecauses: a large 
Voltage drop acroSS the resistor and a correspond 

he output-circuit of the pentod With the c e coupled 
to the rectifier circuit, a predetermined voltage 
applied to the pentode's control grid causes the 
control grid to become more negative whereby the 
plate current decreases and a higher voltage is 
applied to the anode of the pentode. This in 
creases the gain of the pentode, the control grid 
becomes still more negative, and the gain is fur 
ther, increased: until the decrease.in gain caused 
by the negative bias on the control grid equals 
the increase, in gain caused by the increase in 
voltage applied to the anode. . . . . . . . . . . . . . . . . 
Other objects, features; and advantages of my 

invention will appear from the following descrip 
tion taken in connection with the accompanying 
drawing in which, . S., 
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J., assignor to 

acteristics of a 
ployed in the circuit show. 

potential, the screen grid bei 
suitable bypass condenser 40. 

If it is desired to make the ampl 

pled to the primary winding 33 
and the secondary windings a 
frequency by means of condensers 
respectively. r . . : - 

of When an alternating voltage is impressed upon 
the amplifier input circuit, it is amplified in the 
pentode section 9 and the amplified output of 
this section is transferred through the trans 
former 35 and impressed upon the elements 5 
and 73 of the diode irectifier. The amplified 
energy is impressed upon said rectifier elements 
through a conductor 47 which connects the diode 
plate 5 to one-terminal of the secondary wind 
ing 4A, and through aii connection, from the 
cathode-T to the other terminal of the secondary 
4, which connection may be traced from the 
cathode ... through a self biasing resistor. 49 to 
ground, through ground to the loweriterminal of 
a resistor 53 (which may have a resistance of the 
order of one megohm), and through the resistor 
5 to the said other terminal of the secondary 4, 

40. 
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The sole function of the diode rectifier 3 is to 

increase the negative bias on the control grid 
3 of the pentode section when energy is in 
pressed upon the amplifier input circuit. Since 
a flow of current through the diode rectifier 
causes the upper end of the resistor 5 to become 
negative, the control grid 3 also becomes more 
negative because of its connection to the nega 
tive end of the resistor 5 through a high im 
pedance resistor 53. 4. 
The self biasing resistor 49, the resistor 5 

and the plate resistor 37 are preferably shunted 
by condensers 55, 57 and 59, respectively, for 
bypassing alternating current having the fre 
quency of the input voltage. 

It will be apparent from the foregoing de 
scription that as soon as an alternating control 
voltage is impressed upon the input circuit of 
the pentode 9, the control grid 3 of the amplifier 
becomes more negative because of the current 
flow through the circuit of the diode. 

It should be noted that the change in bias on 
the control grid 3 depends, to a certain extent, 
upon the voltage drop produced in the self 
biasing resistor 49, since this voltage drop is in 
series with the voltage drop along the resistor 
5 of the diode circuit. That these voltage drops 
are in series will be made evident by tracing the 
direct current path of the pentode section input 
circuit. It may be traced from the control grid 
3 through the secondary winding 25, the high 
impedance resistor 53, through the diode cir 
cuit resistor 51 to ground, through ground to the 
self-biasing resistor 49, and through the self 
biasing resistor 49 to cathode 7. 
When there is no alternating voltage being im 

pressed upon the amplifier input circuit, the 
plate Current of the pentode 9 is large, since the 
only negative bias on the control grid 3 is that 
due to the self-biasing resistor 49, and this nega 
tive bias is comparatively small. Consequently, 
there is a large voltage drop in the plate resistor 
37, whereby the upper end of resistor 37 is at 
a comparatively low positive potential with re 
Spect to ground. This potential may be supplied 
through an output circuit 6 to a circuit or de 
vice (not shown) to be controlled by the alter 
nating voltage input. At the same time, the 
gain of the pentode 9 is low because of the low 
voltage on its anode 9. 
AS SOon as an alternating voltage is impressed 

upon the input circuit, the amplifier 9 supplies 
signal energy to the diode 3, the voltage drop in . 
the diode circuit resistor 5 increases the nega 
tive bias on the control grid 3, whereby, the plate 
current of amplifier 9 decreases and the upper end 
of the plate resistor 37 becomes more positive with 
respect to ground. Thus a higher voltage is ap 
plied to the output circuit 6. It will be apparent 
that, at the same time, a higher voltage is applied 
to the anode 9 of the pentode. 

It should be noted that although the decrease 
in plate current tends to cause a reduction in the 
biasing voltage drop across the self-biasing re 
sistor 49, the increased negative bias provided by 
the current flow through the diode circuit resistor 
5 is much greater than any decrease in bias due 
to reduction in plate current. 
The above described action of the diode-pentode 

circuit whereby the upper end of plate resistor 37 
becomes less negative in response to a voltage im 
pressed upon the input circuit is preferably made 
a "trigger' action by giving plate resistor 37 a. 
proper resistance value. This “trigger' action de 

75 pends upon the fact that the increase in gain 

2,010,258 
caused by the increase in the plate voltage is 
greater than the decrease in gain caused by the 
increase in negative bias on the grid. In practice, 
a tube of the type known as RCA 2B7 has been 
found satisfactory for use as the tube . 

Figure 2 shows a family of plate curves for a 
particular vacuum tube having the characteristics 
which are preferred in practicing my invention. 
The operation of my amplifier will be better under 
stood by referring to the load lines R1 and R2 
drawn through the plate curves, the load line Ri 
being for a plate load of 25,000 ohms and the load 
line R2 being for a plate load of 50,000 ohms. Fol 
the purpose of explanation, it will be assumed that 
the plate load is equal to the resistance value of 
the plate resistor 37. 
Under the condition of no input voltage to the 

amplifier, there is Only a small negative bias on the 
control grid 3 and the plate current is corre 
spondingly high, whereby the voltage drop in re 
sistor 37 is so great that the pentode 9 is operating 
at a very low plate voltage. At this low plate 
voltage the amplification of the pentode is com 
paratively low, as will be seen by referring to the 
intersection of the load line R1 with the plate 
curve for a bias voltage of rhinus one volt. It will 
be apparent that, if the voltage impressed upon 
the input circuit Swings the grid one volt each 
side of the bias potential, that is, between zero volts 
and minus 2 volts, there is a compartively Small 
change in the plate voltage, as indicated by the 
spacing between vertical lines 63, 65 and 67. 
As previously explained, the input voltage 

causes the negative bias of the grid 3 to increase. 
Assuming the input voltage has increased the bias 
to minus 3 volts, it will be seen, by referring to 
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the spacing between vertical lines 67, 69 and 
that a grid Swing of one volt each side of the bias 
voltage causes a greater change in plate voltage 
than was caused by the same grid swing at the 
lower bias potential. A further increase in nega 
tive bias Cn the control grid 3 causes the tube 
amplification to increase still further and the out 
put voltage may increase very rapidly (depending 
upon time constants of the circuits of condensers 
59 and 29) up to a certain point. The curves 
show that as the bias increases to Some value 
beyond the region minus of 5 volts, the change 
in plate voltage for a given grid Swing begins to 
decrease, that is, the amplification of the pentode 
9 begins to decrease. In other Words, at this point 
the increase in amplification due to the increase 
in plate voltage becomes less than the decrease in 
amplification due to the increase in negative bias 
on the control grid, and the amplifier has reached 
a stable condition where the output voltage is a 
maximum. 
The operation of the amplifier along the load 

line R2 is the same as described above except that 
for the higher load resistance a greater voltage 
input is required to "trigger' off the amplifier. 
This is because a given input will cause a smaller 
change in plate voltage than in the case where 
a smaller load resistance is used, as will be ap 
parent from the curves. 

It will be understood that in place of the double 
tube shown in Figure 1, Separate pentOde and di 
Ode tubes may be employed. 
Warious other modifications may be made in my 

invention without departing from the spirit and 
Scope thereof and I desire, therefore, that only 
Such limitations shall be placed thereon as are 
necessitated by the prior art and set forth in the 
appended claims. 
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claim as my invention: . 
combination, an electric discharge device 
an input circuit, and an output circuit, 

d device having a plurality of electrodes in 
5cluding a control grid and an anode and having 

the characteristic that at low anode voltages its 
gain, increases with increase of anode voltage, 
means for applying a negative bias to Said con 
trol grid means for increasing said negative bias 
in response to an increase in alternating voltage 
applied to said input circuit, and a resistor in Said 
output circuit in series with said anode whereby 
the anode voltage increases as said control grid 
becomes more negative. 

2. In combination, an electric discharge de 
vice having an input circuit and an output circuit, 
said device having a plurality of electrodes in 
cluding a control grid and an anode and having 
the characteristic that, over a certain voltage 
range, the gain of said device increases with in 
crease in voltage applied to said anode, a resistor 
in series with said anode, and means for mak 
ing said control grid more negative in response 
to an increase in alternating voltage applied to . 
said input circuit whereby the voltage applied to 
said anode is increased, said device having the 
further characteristic that over said certain 
range the decrease in gain caused by Said con 
trol grid becoming more negative is less than the 
increase in gain caused by the resulting increase 
in anode voltage. 

3. In combination, an electric discharge device 
having an input circuit and an output circuit, Said 
device having a plurality of electrodes including 
a control electrode and an anode and having the 
characteristic that, over a certain voltage range, 
the gain of said device increases with increase 
in voltage applied to said anode, a rectifier hav 
ing an input circuit and an output circuit, said 
rectifier input circuit being coupled to said first 
output circuit, said rectifier output circuit being 
so coupled to said first input circuit that Said 
control electrode becomes more negative in re 
Sponse to an increase in the alternating current 
output of Said discharge device, a resistor in Series 
With said anode, and means for coupling a Work 
circuit to said resistor. 

4. Apparatus according to claim 3 character 
ized in that said discharge device has the further 
characteristic that over said certain range the 
decrease in gain caused by said control electrode 
becoming more negative is less than the increase 
in gain caused by the resulting increase in anode 
voltage. 

5. A trigger amplifier comprising a vacuum tube 
of the Suppressor grid type, said tube having a 
plurality of electrodes including a control grid 
and an anode, said tube having an input and an 
output circuit, a rectifier, means including said 
rectifier for giving Said control grid a negative 
bias Which increases in response to an increase in 
alternating cul'rent output appearing in Said out 
put circuit, and means in the anode circuit of 
said tube for increasing the voltage applied to said 
anode in response to a reduction in the plate cur 
rent of said tube. 

6. An amplifier according to claim 5 charac 
terized in that the Voltage applied to said anode 
has a value Such that an increase in said voltage 
causes an increase in the gain of said tube. 

7. In combination, an electric discharge device 
having a plurality of electrodes including a pair 
of principal electrodes and a third electrode, 
means for producing a direct current flow be 

3 
tween said principal electrodes, means for ap 
plying a biasing potential to said third electrode 
in accordance with a flow of alternating current 
between said principal electrodes whereby Said 
direct current flow is varied, and means for Con 
trolling the voltage across said principal elec 
trodes in accordance with said direct current 
flow, said electric discharge device having the 
characteristic that its gain increases with in 
crease of voltage across its principal electrodes. 

8. In combination, an electric discharge de 
vice of the pentode type having a pair of princi 
pal electrodes, a control grid, and two auxiliary 
grids, means for producing a unidirectional cur 
rent flow between said principal electrodes, an in 
put circuit connected to said control grid and 
one of said principal electrodes whereby an alter 
nating voltage impressed upon said input circuit 
will produce an alternating current component 
in said unidirectional current flow, means for ap 
plying a biasing potential to said control electrode 
in accordance with said alternating current COm 
ponent whereby the direct current component of 
said unidirectional current flow is varied, and 
means for controlling the voltage acroSS Said 
principal electrodes in accordance with said di 
rect current component. 

9. In combination, an electric discharge device 
of the pentode type having a pair of principal 
electrodes, a, control grid, and two auxiliary grids, 
means for producing a unidirectional current 
flow between Said principal electrodes, an input 
circuit connected to said control grid and one of 
said principal electrodes whereby an alternating 
voltage impressed upon said input circuit will 
produce an alternating current component in 
said unidirectional current flow, means for bias 
ing said control grid an increasingly negative 
amount in response to an increase in said alter 
nating current component whereby the direct 
current component Of Said unidirectional current 
flow is decreased, and a resistor connected in 
series with Said principal electrodes whereby the 
voltage applied acroSS Said principal electrodes 
increases with decrease in Said direct current 
component. 

l0. In combination, an electric discharge de 
Vice having a plurality of electrodes including 
a pair of principal electrodes and a third elec 
trode, said device having pentode characteristics, 
means for producing a direct current flow be 
tween Said principal electrodes, means for apply 
ing a biasing potential to said third electrode in 
accordance with a flow of alternating current be 
tween Said principal electrodes whereby said di 
rect current flow is varied, and means for con 
trolling the voltage across said principal elec 
trodes in accordance with said direct current 
flow. 

11. In combination, an electric discharge de 
vice having a plurality of electrodes including a 
pair of principal electrodes and a third electrode, 
Said device having, the characteristic that its 
curve of plate current plotted against plate volt 
age is concave downward, means for producing a 
direct current flow between said principal elec 
trodes, means for applying a biasing potential to 
said third electrode in accordance with a flow 
of alternating current between said principal 
electrodes whereby said direct current flow is va 
ried, and means for controlling the voltage across 
Said principal electrodes in accordance with said 
direct current fiOW. 

12. A trigger amplifier comprising a vacuum 
tube having an amplifier section and a rectifier 
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section, said amplifier section including a control 
electrode and having a plate circuit including a 
series resistor, a biasing circuit including said 
rectifier section, means for transferring energy 
from said plate circuit to said biasing circuit, and 
means including a resistor in Said biasing circuit 
for increasing the negative bias of Said control 

grid in response to an increase in the transfer 
of energy from said plate circuit to said biasing 
circuit, Said amplifier section having the charac 
teristic that its amplifying ability increases with 
an increase in plate voltage. 

OY E. BARON. 


