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1 
This. invention relates to ampli?er circuit ar 

rangements and has for its object to provide an 
improved negative feedback ampli?er with a View 
mainly to obtaining a low output impedance, or 
in some cases a high output impedance with the 
employment of fewer valves than hitherto neces 
sary by using electron multiplier valves. 
The expression “electron multiplier valve” used 

herein and in the claims is intended to mean an 
electron discharge valve which comprises a 
thermionic cathode which can be caused to emit 
primary electrons, a control electrode, at least one 
secondary electron-emitting electrode (herein 
after and in the claims referred to as a dynode) 
on to which said primary electrons can be caused 
to impinge, and which emits a greater number of 
secondary electrons than impinging primary elec 
trons, and an anode arranged to collect secondary 
electrons. ' ' ‘ 

According to the present invention an ampli?er 
circuit arrangement is provided comprising an 
electron multiplier valve, an input circuit for ap 
plying the signals to be ampli?ed between the 
control electrode and cathode to the valve, an 
output circuit for feeding the ampli?ed signals 
to an output load, an impedance in the anode-to~ 
dynode circuit of the valve, and a negative feed 
back loop path from the output circuit to the in 
put circuit and back to the output circuit, the 
feedback path being such that the feedback po 
tentials are ampli?ed by the electron multiplier 
valve and appear across the impedance in the 
anode-to-dynode circuit. 
The electron multiplier valve may of course 

comprise more than one dynode so that more 
than one stage of electron multiplication occurs, 
the secondary electrons emitted from one dynode 
being caused to impinge on a successive dynode 
which emits further secondary electrons, elec 
trons emitted from the ?nal dynode being col 
lected by the ‘anode, and the feedback potentials 
may be obtained from any one of the dynodes and 
preferably the last dynode or from the anode of 
the electron multiplier valve, provided that the 
phase of the potentials so obtained is appropriate 
to afford negative feedback. 
In United States Patent No. 2,431,973, issued 

December 2, .1947, an ampli?er circuit arrange~ 
mentis described forfeeding electric signals, such 
as television signals, to a plurality of loads, such 
as may be constituted by reproducing apparatuses 
which are required to be fed from a single input 
source, the arrangement being such as to have a 
low output impedance. One application of the 
{present invention. is to an arrangement .whichhas 
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2 
the same function as that described in the £9,116. 
said patent. According to this application of the 
present invention the arrangement comprises an 
electron multiplier valve, means for feeding the 
signals to be ampli?ed to the control electrode 
to-cathode circuit of the electron multiplier valve, 
an impedance in the anode-to-dynode circuit of 
the electron multiplier valve, a second thermionic 
valve having at least a thermionic cathode, a 
control electrode and an anode and having out 
put terminals in part of the anode-.to-cathode 
circuit of said second valve which is common to 
the control electrode-to-cathode circuit thereof, 
a coupling for feeding potentials from the im-. 
pedance to the control electrode-to-cathode cir 
cuit of the second valve, and afeedback path for 
feeding at least a proportion of the potentials set 
up at the cathode of the second valve to the QQH'.‘ 
trol electrode-.to-cathode circuit of the electron 
multiplier valve in such manner as to provide 
negative voltage feedback from the terminals. 
A single electron multiplier valve therefore 

takes the place of two valves having a common 
cathode impedance in the circuit arrangement 
described in the aforesaid patent Where the two 
valves are employed in order to obtain the cor 
rect phase for a negative feedback. In addition, 
a greater degree of feedback is possible owing to 
the greater control electrode-anode slope of an 
electron multiplier valve compared with an ordi 
nary valve, and the feedback gain is also doubled 
by avoiding the use of two cathode coupled valves‘ 
Taking both these factors into accmlnt, a teed: 
back gain increased by about Six times may be 
obtainable in practice using a single stage elec 
tron multiplier va c with a corresponding ,im: .. .1: 

provement in the ii, 7 arity of the arrangement at 
low frequencies, and in the upper cut-oii fre 
quency thereof. 

vIn another application of the present inven 
tion the arrangement comprises anelectron mill: 
tiplier valve, means for feeding the signals to be 
ampli?ed to thecontrol electrode .of the valve, an 
impedance connectedto the cathode of ‘the valve, ' 
output terminals connected to opposite endsof 
the impedance, a load impedance connected to 
the dynode of the valve, and anon-phase-invert 
‘ing couplingbetween the dynode and the cathode 
of the valve, whereby the valve ‘is caused to oper 
ate as a cathodefollower valve-whoseou-tputim~ 
'pedance at the terminals is approximately 

1 
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where g is the control electrode-to-cathode slope 
of the valve and :1: its multiplication ratio. 
As will hereinafter appear an arrangement ac 

cording to the present invention can also be em 
ployed to obtain a high output impedance. 
In order that the said invention may be clearly 

understood and readily carried into effect, the 
same will now be more fully described with ref 
erence to the accompanying drawings wherein: 

Figures 1 to 3 illustrate ampli?er circuit ar 
rangements according to different applications of 
the invention, 
Figure 4 illustrates a modi?cation of the ar~ 

rangement illustrated in Figure 1, and 
Figure 5 illustrates a modi?cation of the ar 

rangement illustrated in Figure 2. 
Referring to the drawings, the arrangement il 

lustrated in Figure l is designed to perform the 
same function as the arrangements described and 
illustrated in the aforementioned patent. Input 
signals are applied from a source of said signals, 
which may be a high impedance source, to the 
input terminals l‘ of the arrangement, and they 
are repeated across the output terminals 2 in the 
cathode circuit of the valve 3, which is caused 
to operate with a very low output impedance. 
The load connected across the output terminals 2 
may comprise a plurality of loads constituted for 
example by television reproducing apparatuses 
arranged in parallel as in the aforesaid speci?ca— 
tion. An input impedance 36 is connected be 
tween the terminals l and one of said terminals 
is connected to the control electrode 4 of an elec 
tron multiplier valve 5, the valve 5 comprising in 
addition to the control electrode 4, a thermionic 
cathode E, a screening electrode 1, a dynode 9 and 
an anode Hi. The anode and the screening elec 
trode are each connected to a suitable point on 
a source of potential 8, the potentials applied to 
the anode l8 and screen electrode 1 being for - 
example about 300 volts and 150 volts respec 
tively. 

Resistances H and I2 connected to a point of 
positive potential in the source 8 constitute a load 
for the dynode and the dynode is decoupled to 
earth by condenser 22, and potential variations 
developed across said load are fed to the control 
electrode 16 of the valve 3 by means of a coupling 
comprising a resistance 14 shunted by a con 
denser IS, the coupling being arranged to pass a 
wide range of frequencies as well as D. C. A leak 
resistance H is connected between the control 
electrode 16 of the valve 3 and a source of nega 
tive potential l8 which may vary within Wide 
limits according to the design of the circuit and 
may be about 100 volts negative. 
A steady potential is therefore applied to the 

dynode 9 which is dependent upon the value of 
the resistances l I, l2, l4 and I1 and upon the po 
tential difference between the points of connec 
tion of the resistances H and I1 and the poten 
tial sources 8 and I8 respectively, said potential 
being arranged to be su?icient, say about 30 volts 
positive, to attract primary electrons to the dy 
node 9 and to provide a secondary emission ratio 
greater than unity from said dynode when the 
ampli?er is ?rst switched on. As a result, when 
the ampli?er has been switched on there is nega 
tive current flowing in the resistances H and I2 
to the dynode 9, and this causes the potential 
thereat to rise say to 200 to 250 volts. Resist 
ance II is preferably made large relative to re 
sistance [2 in order to simplify the design of the 
circuit for low frequency operation. The valve 3 
operates as a cathode follower. the output load 

10 

4 
being connected by means of the terminals 2 be 
tween the cathode 9 and earth. 
In the arrangement shown, in order to obtain a 

very low output impedance at the terminals 2, a 
potential divider shown as comprising resistances 
2B and 2! is connected between the cathode [9 
of the valve and earth and a fraction of the po 
tentials developed across the load of the valve 3 
are fed back to the cathode 6 of the valve 5, the 
cathode 6 being connected to the junction of the 
resistances 28 and 2 I. Since the output from the 

. valve 5 employed to drive the valve 3 is taken 
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from the dynode 9, the valve operates as a non 
phase-inverting valve, so that the potentials fed 
back to the cathode 6 are in correct phase to af 
ford negative voltage feedback to the valve 5. 
These potentials are ampli?ed by the valve 5 and 
the ampli?ed feedback potentials are set up 
across the resistance l2 and thence fed to the 
control electrode of the valve 3. The gain of the 
arrangement shown is determined by the frac 
tion of the potential across the potential divider 
28, 2| which is fed back to the cathode 6 of the 
valve 5, and if‘ the potential divider is replaced 
by a potentiometer, having the cathode 6 con 
nected to an adjustable tapping thereon, the gain 
of the arrangement may be adjusted if desired. 
In a modi?cation of Figure 1 which is illus 

trated in Figure 4 the resistance l l is replaced by 
two resistances 31 and 38 connected in series be 
tween the source of anode potential for the valve 
5, and earth, the dynode 9 being connected via 
the resistance 12 to the junction point of the re 
sistances 37 and 38 which point is arranged to 
have a suf?ciently positive potential to start the 
operation of the arrangement on ?rst switching 
on, as explained above. In addition, the condens 
er 22 is connected from the junction of the re 
sistances 37 and 38 to the anode of the valve 5. 
so that the dynode 9 is decoupled to the anode 10, 
an arrangement which has the advantage that a 
high positive potential pulse is applied to the 
dynode 9 on ?rst switching on the potential 
source 8 to the anode, and this may enable the 
steady positive potential applied to the dynode to 
be reduced and in some cases to be dispensed 
with, if the negative current flowing in resist 
ances 31 and 38 is su??cient to maintain a suitable 
operating potential at the dynode when the valve 
is operating. This modi?cation has also the ad 
vantage that the alternating current ?owing in 
the source of potential for the dynode 9 and 
anode H1 is reduced. The remaining parts of Fig 
ure 4 are arranged in the same manner as in Fig 
ure 1. 
The arrangements of Figure 1 and Figure 4 

are shown D. C. coupled throughout but this may 
not be necessary in some applications of the ar 
rangements. 

Figure 2 illustrates an application of the inven 
tion in which the electron multiplier valve 23 is 
arranged to function as a cathode follower valve 
with a very low output impedance. The signals 
to be ampli?ed are applied between the control 
electrode 24 and earth and the load is arranged 
to be connected across an impedance comprising a 
resistance 25, connected to the ‘cathode and a 
coupling is provided by condenser 2'! for feed 
back between the dynode 26 and the thermionic 
cathode 28. The dynode load is constituted by 
resistance 23 which is connected to earth, the 
thermionic cathode 28 being taken to a potential 
of say 300 volts negative. The anode 3| is taken 
to a positive potential, in the present embodi 
ment about 300 volts, the screen electrode is 
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maintained at,ajpositive.~-potentia1> of about 150 
volts-,- while thecontrol electrode 24-; is arranged 
tohavea mean D. C;- potential of- zero volts.- The 
condenser shown in dotted lines-at 30 is-intend 
ed:toiindicate the total output capacity of the 
valve, 23; including the cathoda-to-ground and 
dyno'de-torground' capacities. In addition acou 
denser ofv large capacity in relation to'the con 
denseryz’lwmay-also be connected; between the 
anodet3 l3 and a tapping on the-resistance 29,_said 
additional condenser being provided j to facilitate 
startingrup the arrangement by applying aw high 
positive potential pulse to the dynode 26> on‘?rst 
switchinggon, as explained with reference ‘to the 
condenser 22-.in:Figure 4. 
Referring to Figure 2, let the control electrode 

cathode slope of" the valve 23‘ be g_-and_ its multi 
plication ratio be as, and let i1 andizbe- the elec 
tron currents in'the branches of the circuit ar 
rangement as shown. In addition, let the im- - 
pedance of the resistances 25 and 29 and the 
capacity 30 in parallel be Z. Then if an input 
signal of e volts is applied to the control elec 
trode 24, of su?iciently high frequency to make 
the reactance of condenser 21 negligibly small, 5 
and" if the output signal at the cathode of the 
valve is 12 volts as indicated, the following equa 
tions can be obtained: 

Fromthis result it can be deduced that the out~ 
put impedance'of the valve 23 is approximately 

l 
my 

and provided that both the resistances 25 and 23 
are large inrelation to 

l 

55 
the output time constant is effectively 

where C1’ is the capacity 30. The multiplier valve 
connected as shown in Figure 2 therefore be 
haves as a cathode follower in which the e?ective 
slope is the control-electrode-anode slope of the 
valve. In one application of the circuit arrange 
ment illustrated in Figure 2 in which the control 
electrode-cathode slope of the valve was about 
six and its multiplication factor about three, the 
value of resistance 25 is 47,000 ohms, resistance 
29 was 20,000 ohms while the capacity of the con 
denser 2'! was .01 microfarad. 

In the modi?cation of Figure 2 which is illus 
trated in Figure 5 the dynode 26 of the valve 23 
instead of being connected to earth via resistance 
29, is connected to the source of anode potential 
for the valve 23, said potential in this example 
being 300 volts positive, and a further resistance 
39 is connected in parallel with the condenser 21, 
the arrangement being otherwise the same as in 
Figure 2. In one application of this modi?cation 
employing a valve having a control electrode 
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cathodeslope oi about-six, and-a multiplication; 
factor of» about» three, the , value ofv the resistance 
25,-was.'12,000 ohms, resistance .2 9 was 40,000: ohms, .v 
resistance 39 was 12,000 ohms, while the capacityi 
ofcondenser 2-1- was- .01-microfarad. This modi-l 
?cation has the advantages compared with the 
arrangement of Figure 2 ofbeing slightly more 
stable. and‘ of having an improved low frequency‘ 
response.‘ 

the operation of a single stagemultiplier; 
valve it is found that asv the potential appliedvto: 
the dynode is increased the negative current» ?ow- 
ing in, the external circuit to the dynode. in-' 
creases to a maximum at a particular value of 
the, appliedv potential (and thereafter decreases as? 
the potential is further increased. This » is; 
thought to be due to the fact that the increase in: 
potential increases the ratio of the, number, of 
secondary electrons emitted from thed-ynode-to 
thenumber of impinging electrons but at the same. 
time causes the space charge between the. dynode 
and the anode to become such that the number 
of secondary electrons collected by the anodeis 
decreased, a greater proportion of the emitted 
secondary electrons returning to the dynode, and 
When said maximum is reached the increase in 
current ?owing to the anode due to one eifect is 
just balanced by the decrease in said current due 
to the other effect. In the circuit arrangements 
illustrated in Figures 1, 2, 4 and 5 of the drawings 
the potential maintained at the dynode. of the 
electron multiplier valve during operation of the 
valve in each case is preferably near that which 
corresponds to said current maximum. Varia: 

;‘ ‘s tion inthe potential at the dynode then produces 
verylittle variation in the current ?owing in the 
external circuit of the valve to the dynodesothat 
the impedance at said dynode is very large. ' 
The embodiment illustrated in Figure 3 is a 

further modi?cation of the arrangement of Fig-. 
ure 2 in which the input signals are applied to 
the thermionic cathode 28 of the electron multi 
plier valve 23 while the output is taken from the 
control electrode 24 across theresistance 35, this 
modi?cation taking advantage of the fact that: 
the impedance looking into the cathode of an 
electron multiplier valve may be suf?ciently large 
to employ the cathode as the input electrode. The 
anode 3| is coupled to the control electrode 24 by‘ 
the condenser 2'! and a resistance 34 in parallel. 
with the condenser 21 to provide negative feed-i 
back to the valve 23. The anode load is consti-~ 
tuted‘by resistance 32 and it is connected to a poe 
tential source of say 500 volts positive via resist- 

' ance'd?, the anode 31 being decoupled to‘ said. 
source by condenser 33 which is connected in: 
parallel with the resistance 40, or the anode may, 
if desired, be decoupled to earth by the-condenser 
33. The circuit arrangement has similar prop— 
erties to the circuit shown, in Figure 2 so that its 
operation need not'be described in detail. The 
potentials applied to the dynode and screen -.elec-. 
trode are for example respectively 300 volts posi 
tive and 150 volts positive while the low potential 

“ end of resistance 35,,is for example connected to 
a source of potential of about 30 volts negative, 
and the low potential end of resistance 25 is con 
nected to a source of potential of about 300 volts 
negative. Resistance 40 may have the value of 
10,000 ohms, resistance 32 may be 1,000 ohms, re 
sistance 34 may be 1 megohm, resistances 25 and 
35 may be respectively 12,000 and 100,000 ohms 
while the condenser 21 may have a capacity of 
.01 microfarad. 

It will be understood that the invention may 
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be applied to other arrangements than those 
described above, for example, an arrangement 
according to the invention may be used to drive 
a tetrode or pentode valve, the screen electrode 
of which, being liable to draw current, is de 
coupled to the cathode, in order to present a 
very high impedance output to a load connected 
to anode of said tetrode or pentode valve, as de 
scribed in the speci?cation of U. S. patent appli 
cation Serial No. 745,018. In this case the circuit 
would be similar to the circuit of Figure 1 of 
the accompanying drawing, the valve 3 being, 
however, replaced by a tetrode or pentode, having 
its screen electrode decoupled to the cathode, and 
arranged to have the load connected between 
the anode and the source of positive potential for 
the anode. 

It will also be understood that electron multi 
plier valves may be employed in arrangements 
according to the invention having more than one 
dynode so as to afford further stages of electron 
multiplication. 
What we claim is: 
1. A negative feedback ampli?er circuit for op 

eration with a low output impedance, including 
an electron multiplier valve having at least a 
thermionic cathode, a control electrode, a dynode 
and an anode, means for feeding signals to be 
ampli?ed to the control electrode-to-cathode cir 
cult of said valve, a second valve having at least 
a thermionic cathode, a control electrode and an 
anode, a coupling from the dynode of said elec 
tron multiplier valve to the control electrode of 
said second valve, an output load in part of the 
anode-to-cathode circuit of said second valve . 
which is common to the control electrode-to 
cathode circuit thereof, and a feedback path for 
feeding at least a ‘fraction of the potentials set 
up at the cathode of said second valve to the 
cathode of said electron multiplier valve to pro 
vide negative voltage feedback from. said load. 

2. A negative feedback ampli?er according to 
claim 1, comprising an impedance connecting 
said dynode to a source of steady potential which 
is decoupled to the anode of said electron multi 
plied valve by a condenser. 

3. A negative feedback ampli?er circuit in 
cluding an electron multiplier valve having at 
least a thermionic cathode, a control electrode, 
a dynode and an anode, means for feedingsignals 
to be ampli?ed to the control electrode of said 
valve, a resistive load impedance connected to 
the dynode of said valve, 2. second valve having 
at least a thermionic cathode, a control electrode 
and an anode, and having an output load in part 
of the anode-to-cathode circuit of said second 
valve which is common to the control electrode 
to-cathode circuit thereof, a direct current cou 
pling from said dynode to the control electrode 
of said second valve, and a direct current feed 
back path for feeding at least a portion of the 
potentials set up at the cathode of said second 
valve to the cathode of said electron multiplier 
valve. 
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8 
4. A negative feedback ampli?er circuit for 

operation with a high output impedance, includ 
ing an electron multiplier valve having at least 
a thermionic cathode, a control electrode,{ a) 
dynode and an anode, means for feeding signals 
to be ampli?ed to the control electrode of said 
valve, a second valve having at least a thermionic 
cathode, a control electrode and an anode, a cou 
pling from the dyncde of said electron-multiplier 
valve to the control electrode of said second 
valve, an output load connected to the anode of 
said second valve, a feedback impedance in the 
cathode lead of said second valve, and a feedback 
path for feeding at least a fraction of the poten 
tials set up at the cathode of said second valve 
to the cathode of said electron multiplier valve. 

5. A negative feedback ampli?er according to 
claim 4, wherein said second valve includes a 
screen electrode liable to draw current, and 
means for decoupling said screen electrode to the 
cathode of said second valve. 

6. A negative feedback ampli?er circuit in 
cluding an electron multiplier-valve having at 
least a thermionic cathode, a control electrode, a 
dynode and an anode, means for feeding signals 
to be ampli?ed to the control electrode of said 
valve, an impedance in the cathode lead of said 
valve, an impedance in the dynode lead of said 
valve, and a coupling from the dynode to the 
cathode of said valve, said impedances both being 
large compared with the reciprocal of the control 
electrode-cathode mutual conductance of said 
valve to cause said valve to operate as a cathode 
follower valve whose output impedance at said 
terminals is approximately 

1 
19 

where g is the control electrode to cathode slope 
of said valve and so is its multiplication ratio. 

'7. A negative feedback ampli?er according to 
claim 6, where each of said impedance includes 
a resistance and said coupling includes a resist 
ance in shunt with a condenser, whereby said 
ampli?er can transmit signals of wide frequency 
range and having a direct current component. 

ERIC LAWRENCE CASLING WHITE. ' 
EDWARD ARTHUR NEWMAN. 

‘ REFERENCES CITED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 

Number Name Date 
2,120,823 White ___________ __ June 14, 1938 
2,235,190 Alma ____________ __ Mar. 18, 1941 
2,293,449 Van Eldik ________ __ Aug. 18, 1942 

_ 2,302,798 Percival _________ __ Nov. 24, 1942 

2,352,956 Strutt _____________ __ July 5, 1944 
2,356,331 McRae ___________ __ Aug. 22, 1944 


