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This invention relates to a thermionic valve 
amplifying System particularly adapted to power 
amplification at high frequencies. 
An object of the invention is to improve the 

efficiency and stability of such amplifiers. 
In its simplest form the invention comprises a 

driving amplifier and a driven amplifier operat 
ing in series feeding power into a common load 
resistance and So associated that the driven 
amplifier is excited from the output voltage of 
the driving amplifier. 

Similarly the System may comprise a plurality 
of amplifiers operating in series each of these ex 
cept the first being excited by the output voltage 
of the preceding amplifiers. 
The System is, to a certain extent, analogous 

to the operation of alternators in series, the field 
Of the first alternator being excited from an 
external Source, but the fields of the remaining 
alternators being excited from voltages set up 
in the system. 
The invention will be fully understood from 

the following detailed description and the ac 
Companying drawings in which 

Fig. 1 is a diagram used to explain the under 
lying principle of the invention; 

Fig. 2 is a schematic diagram showing a prac 
tical embodiment of the invention; 

Fig. 3 is a diagram used in explaining Fig. 2; 
Fig. 4 shows a modified form of Fig. 2; and 
Figs. 5 and 6 show methods of feeding the 

Valve filaments with heating current. 
The case of two amplifiers operated in accord 

ance with this invention is analogous to an ar 
rangement of two alternators operating in series 3 
as shown in Figure 1 in which is an alternator 
whose field is excited from an external source, 
2 is an alternator in series with Whose field 
circuit 3 is excited from the terminal voltage of 
alternator and 4 is a load resistance into which 
both alternators feed power. 
In Such an arrangement if we know the ter. 

minal voltage of alternator 2 and the power de 
livered by it, and if we know also the voltage 
across the field circuit of alternator 2 and the 
power absorbed in that circuit, then the power 
which must be furnished by alternator , and 
the total power delivered into the load resistance 
4 and the value of the load resistance 4 are all 
determined and may be calculated as follows. 

Let the known quantities be defined as follows: 
P3=power delivered by alternator 2. 
E3=terminal voltage of alternator 2. 
E1=Voltage across field circuit of alternator 2. : 
P2=power dissipated in the field circuit of alter 

nator 2. 
Then if P is the power delivered by alter 

nator , P4 the total power delivered into the 
load resistance 4 and R4 the value of the load 
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resistance; and if L1, L2, and L3 are currents as 
shown in Figure 1, we have: 

but 

also 

and 

According to this invention two high frequency 
amplifiers can be operated in Series in a manner 
similar to that which has been described for the 
case of alternators in which case the grid to fila 
ment input circuit of the Second or driven am 
plifier takes a similar place in the System to the 
field circuit of alternator 2. In an amplifying 
system so constituted the relations between the 
terminal voltages and the powers as determined 
for the analogous alternator case must be pro 
Wided for. 
One manner in which the basic idea of this 

invention, that is operating thermionic am 
plifiers in series and exciting one from the Output 
of another in the chain, can be practically applied 
is illustrated in Figure 2. 
In this figure is a push pull high frequency 

amplifier of well known form and 2 is a push 
pull amplifier in which, for the purpose of putting 
this amplifier in series with the first, the “drive' 
is applied from filament to filament, the grids 
being effectively grounded for high frequency. 
The input circuit resistance of amplifier 2 is 

represented by resistance 3, and the output cir 
cuit load resistance for both amplifiers is repre 
sented by resistance 4. 



2 
Amplifier is shown as a neutralised push pull 

amplifier of the classical type for the purpose 
of Simplicity, but it could according to this in 
Vention also be an inverted amplifier operating 
in Series with one or more other driving amplifiers. 5 
In order to make it clear that amplifier 2 is 

Working in series with amplifier reference is 
made to Figure 3 in which amplifier is repre 

: sented by a generator delivering the same volt 
age and power and generators are shown in am 
plifier 2 between the filaments and plates repre 
senting the sources of filament to plate circuit 
E. M. F. Which are brought into action when 
Woltages are applied on the inputside between the 
filaments and grids. The output circuit of an 
plifier 2 is represented for clarity by the re 
Sistance R4. Which is the equivalent plate to 
plate load resistance of the output circuit when 
tuned. 
AS is Well knoWn, when the driving Voltage is 

in Such phase as to cause the grid to be positive 
With respect to the filament, then the plate cir 
Cuit E. M. F. is in such phase as to make the 
plate negative With respect to the filament. Or 
to put it otherwise, if the grid is maintained at 
Zero potential and the filament is driven positive 
With respect to zero, then the plate becomes posi 
tive With respect to filament, and, therefore, still 
more positive With respect to Zero. In short, the 
plate circuit E. M. F. is in series and in phase 
with the driving voltage and, therefore, both 
amplifiers feed power in series into R4. Also 
amplifier feeds power into the input resistance 
R3. The power delivered into the load R4 is the 
sum of the powers delivered by the two alter- : 
nators less the power dissipated in the driving 
circuit resistance R3. 
As an example, let it be assumed that both 

amplifiers work with a D. C. plate voltage of 
12,000 and that it is required to draw power from 
the amplifiers at high efficiency. In order that 
the efficiency should be high, the high frequency 
plate SWing on each amplifier must have a peak 
Value only slightly less than the Value of the 
D. C. Voltage; therefore, having specified the 
D. C. voltage, the terminal voltage E3 of ampli 
fier 2 is determined. The value across the push 
pull circuit from plate to plate might be 

10,500--10,500 peak=15,000 v. R. M. S. 
Suppose also we know that the valves in alm 

plifier 2 are such that with this plate swing they 
can deliver 50 kW. and that they require a 
drive Voltage from filament to filament of 5,000 
W. R. M. S. and further that the loss in the drive 
circuit under that voltage is 5 kW., then with 
these values given We can determine the power 
P1 which is required from amplifier , and the 
power P4 delivered into the load and the re 
sistance R4 of the load as follows: 
Give 

P = 50 kW. 
E3 = 15,000 v. E. M. S. 
E = 5,000 v. E. M. S. 
P = 5 kW. 

then 

E. 
P = P+P; 

5,000 
=5+50"iGoo 
= 21.6 kW. 
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and 

E) P = P(1 +E, 
5,000 -50(1 i5000 

a 66.6 kw. 

and 

R-F(1+2) 
=O(1 5009 50,000 V T15,000 
= 6,000 ohms. 

It is clear from the above that amplifier 
must deliver much more power than is required 
to drive amplifier 2, but the extra power is di 
rectly transferred to the Output load and usefully. 
employed there. 

In many practical cases it is very advantageous 
to be able to take power from the driving stage 
and use it to augment the power delivered by 
the final, stage. Such is the case when it is de 
Sired to obtain the highest possible output on 
Short or ultra-short Waves without resort to the 
Operation of amplifiers in parallel. The power 
Which can be obtained from a single amplifier is 
restricted by reason of the fact that a limitation 
is imposed on the size of the valves which can 
be usefully employed by excess of interellectrode 
Capacity. If that limitation is reached, then the 
Systern described allows for a further increase in 
a manner much more convenient in practice than 
by the addition of a parallel amplifier. 
The efficiency of this system expressed as the 

ratio of the output power to the input power to 
the plates of the two stages is theoretically no 
greater than the efficiency similarly expressed for 
tWO normal amplifiers, but in practice if the sta 
bility is comparable in both cases, then this sys 
tem. Will generally have improved efficiency be 
cause in the normal case it would in general be 
necessary to incorporate a damping resistance 
aCrOSS the grids of the driven stage absorbing 
power which in the new system WOuld be trans 
ferred to the Output load resistance. 
Also this system is stabilised by inherent re 

Verse feed back and the other known advantages 
of reverse feed back are obtained. Such for ex 
ample as reduction of noise introduced from the 
filaments if heated by alternating current, pro 
Wided the Second amplifier is not driven to full 
Saturation and provided the driving amplifier 
has not perfect regulation. This will be seen 
by considering the fact that an increase of the 
load current through R4. Would, in view of the 
Second condition given above, cause a drop in 
the terminal Voltage of the first amplifier, and, 
this under the first condition specified, would 
result in a drop in the terminal Woltage of the 
Second amplifier both tending to oppose the ini 
tial rise of output current. 
In addition to the advantages which have been 

claimed, the System has other advantages which 
are incidental to the use of an inverted ampli 
fier as a convenient practical way of operating 
the amplifiers in series. These incidental ad 
Vantages may be summed up as follows:-In the 
first place there is the important advantage of 
lesser output circuit minimum plate to plate ca 
pacity. Balancing condensers are not required 
to neutralise the plate to grid capacity since the 
grids are at ground potential and form a screen 
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between the input and output circuits. Leaving 
stray capacity out of account, the plate to plate 
Output circuit capacity is equal to one half of 
the plate to grid capacity of one valve. This is 
to be compared with double this value for the 
case of the classical neutralised amplifier. Con 
Sequently, larger valves can be used before the 
limits imposed by excessive capacity are reached 
and a higher maximum output power can be 
obtained on this account in addition to the in 
crease previously mentioned due to output from 
the driving amplifier. 

Secondly, there is very much greater freedom 
from tendencies to parasitic Oscillations as a 
result of the elimination of large plate to grid 
balancing condensers which with the unavoid 
able inductance of their connecting leads form 
ultra-short wave oscillatory circuits. This ad 
vantage is of particular importance in the case 
of high power short Wave or ultra-short Wave 
transmission, because as the size of valves is 
increased with resulting increase of interelec 
trode capacity the resonant frequency of bal 
ancing condenser circuits becomes nearer and 
nearer to the frequency of operation with the 
result that selective damping becomes less and 
less practicable. 
Thirdly the elimination of the plate to grid 

balancing condensers is very advantageous in 
transmitters designed to operate on a number 
of spot frequencies with facilities for rapid fre 
quency selection, because it would be difficult to 
arrange that the balancing condensers would 
not have to be accurately adjusted for each fre 
quency and difficult also to provide for auto 
matic adjustment as part of the wave change 
system. As will be pointed out, in a practical 
inverted amplifier a certain adjustment varying 
with frequency is required but the necessary ac 
curacy is of a much lower order than that in 
volved in the bridge balance, especially in this 
case in view of the existence of reverse feed 
back in the system under consideration. 

It might be required to modulate the output 
of an amplifying system such as has been de 
scribed in this invention for the purpose of tele 
graph, telephone or television transmission. The 
system lends itself both to grid and plate mod 
ulation. For the former both of the amplifiers 
would be adjusted with an efficiency of the Or 
der of 30% and the first amplifier would be 
driven with modulated wave, or alternatively, 
would be modulated by grid voltage variation. 
For plate modulation both amplifiers would be 
caused to operate at high efficiency, and mod 
ulating voltages would be applied to the plates 
of both simultaneously. 
The reason for modulating both stages simul 

taneously for the case of plate modulation lies 
in the fact that both amplifiers are delivering 
power into the load. 
When both amplifiers are plate modulated, it 

is clear that the drive on the second amplifier 
is modulated. This is advantageous since it 
avoids the necessity of having such a large 
drive on the second amplifier for the carrier con 
dition as would suffice also for the peaks of up 
modulation with consequent high grid dissipa 
tion for the carrier condition. 
In practice it is found that a complication is 

introduced into the inverted amplifier on ac 
count of the unavoidable inductance in the con 
nections between the grids and ground due part 
ly to the inductance of the grid leads inside the 
valves, and partly to the inductance of leads out 
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3 
side the valves. This inductance is a coupling 
impedance between the input and output cir 
cuits giving reaction which may not be desired. 
The difficulty can be overcome by inserting Con 
densers (5 and 6 in Figure 2) to tune out the 
inductance of the grid connections. The Value 
of these condensers has to be charged. When the 
frequency is altered, but the adjustment is not 
critical. 
In the arrangement shown in Figure 2 the 

D. C. plate voltage is fed to the two amplifiers 
in parallel although the amplifiers are in series 
for high frequency. Under certain conditions it 
might be convenient to feed the D. C. plate Wolt 
age also in series as indicated in Figure 4. 
Since the filaments of an inverted amplifier 

have a high frequency Voltage on them compared 
to ground, the filament heating current must 
be supplied through circuits having a high in 
pedance to the high frequency voltages. One 
method consists in feeding the filament current 
through reactors R having high impedance to 
the working frequency as shown in Figure 5. 
This method has the disadvantage that reactors 
having a suitable impedance for one working 
frequency might not be suitable for another. 
A better method which has given excellent 

results is to heat the filaments by alternating 
current supplied through special shielded trans 
formers having low capacity between the sec 
Ondary and a grounded shield between the wind 
ings. The secondary is enclosed in a copper 
case having a determined capacity to the ground 
shield, this capacity then forming part of the 
tuning capacity of the amplifier input circuit. 
This arrangement is illustrated in Figure 6 in 
which 7 and 8 are shielded filament transformers, 
9 and 10 being earth shields and and 2 shields 
surrounding the Secondary windings. 3 is the 
input circuit high frequency tuning coil which 
forms an anti-resonant circuit with the capaci 
ties between 9 and f f and between 0 and 2 to 
gether with any other parallel capacity there 
may be across the circuit from filament to fila 
ment. This system has the great advantage that 
the circuit is tuned for new frequencies by the 
normal procedure of changing the coil 3. 
What is claimed is: 
1. A thermionic valve amplifying system com 

prising a driving amplifier having a cathode, an 
anode and a grid, a driven amplifier having a 
cathode, an anode and a grid, means to connect 
the cathode-anode discharge paths of the am 
plifiers so that they feed power in series to a 
common output load circuit with respect to signal 
Voltages, connections for exciting the driven am 
plifier from the output voltage of the driving 
amplifier while maintaining the grid of the driven 
amplifier at a base signal potential, a source of 
Signal modulating voltage, and connections from 
Said source to the anodes of both stages for modul 
lating the power output of the amplifier. 

2. A system according to claim 1 in which the 
grid of at least the driven amplifier is provided 
with circuit connections for maintaining it at 
ground potential as regards high frequency volt 
ages, and circuit connections are also provided 
for applying the exciting voltage to the cathode 
of the driven stage to vary its high frequency 
potential With respect to ground. 

3. A thermionic valve system according to 
claim 1 in which each stage comprises a pair of 
tubes arranged in push-pull relation and circuit 
connections are provided for maintaining the 
grid of at least the driven stage at ground po 
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tential with respect to high frequency voltages, 
and circuit connections for applying the excita 
tion to the cathodes of the driven. stage to vary 
correspondingly, their high frequency potential 
With respect to ground. 

4. A system according to claim 1 in which the 
cathodes are provided with a source of heating 
current, and said source is connected to the 
cathodes through reactances having a high in 
pedance to the signal frequency of the system. 

5. A system according to claim 1 in which the 
cathodes for the amplifiers are provided with a 

Source of heating current and connections from 
said source to the filaments, said connections 
including transformers having grounded shields 
between their primary and secondary windings; 
the secondary windings of each transformer be 
ing enclosed in a metal box having a predeter 
mined capacity to said shields and circuit con 
nections for utilizing said capacity as part of the 
tuning capacity of the input circuit of the 

10 amplifiers. 
CHARLESERIC STRONG. 


