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4 Claims. 

The present invention relates to coupling 
In eans for thermionic valve circuits. 

It is the object of the present invention to pro 
Wide improved coupling means capable of trans 
mitting with substantially uniform attenuation 
OScillations covering a wide range of frequencies 
including Zero frequency or direct current. 
A thermionic valve circuit is known in which 

the anode of a screen grid amplifying valve, the 
cathode of which is at earth potential, is con 
nected to the positive terminal of a source of cur 
rent having its negative terminal earthed, 
through two resistances in Series, a decoupling 
condenser being connected between the join of 
these resistances and earth. Of the tWO resist 
ances, that connected to the anode serves as the 
anode load resistance of the Valve, While the other 
acts as a decoupling resistance. The decoupling 
condenser becomes less effective as the frequency 
of the oscillations applied to the control grid de 
creases, with the result that the effective anode 
load impedance increases and the lower frequen 
cies are accentuated. 

In multi-stage amplifiers, the input circuit of a 
Succeeding valve is usually coupled to the valve 
referred to in the preceding paragraph by means 
of a condenser and a resistance connected in se 
ries between the anode and Cathode of the first 
valve, the input to the second valve being taken 
from the ends of this resistance. The last-named 
condenser reduces the lower frequencies and the 
non-uniformity of response due to the effect of 
the decoupling condenser is therefore decreased. 
If the decoupling resistance and condenser have 
values represented by R2 and C2, the anode load 
resistance a value represented by R3, and the 
other condenser and resistance Walues repre 
sented by C'2 and R3, it is known to select these 
values Such that R3C2=R3C'2; in these circum 
stances, substantially uniform amplification can 
be obtained over a considerable range of low fre 
quencies, but Such an amplifier is not, of course, 
capable of amplifying direct current. 

It is also known that, in the case in which the 
first valve is a triode, a similar compensation for 
the effect of the decoupling Condenser can be ob 
tained; since, however, a triode Valve differs from 
Screen grid and like Waives in that the anode cur 
rent varies markedly With Variations in anode 
voltage, the relationships between the values of 
the coupling elements are relatively more com 
plex. In the triode case, the dispositions of the 
coupling elements are the same as in the case of a 
screen grid valve, and the two cases have in com 
mon the feature that the coupling to the next 

(C. 179-11) 
Valve is so arranged as to introduce a measure of 
Compensation for the increase in effective anode 
load at low frequencies. The values which the 
coupling components should have in the triode 
Case can be readily arrived at by calculation in 
Well-known manner. 

It is an object of the present invention to pro 
wide improved coupling means which are par 
ticularly Suitable, for example, for coupling ther 
mionic Valve amplifying stages in cascade. 
The present invention provides a circuit ar 

rangement comprising a first thermionic valve 
coupled in cascade to a second thermionic valve, 
in which the anode, load impedance of said first 
valve, together with the anode impedance of 
that valve, can be represented over a working 
range of frequency down to and including Zero 
frequency by a pure resistance R, in Series With an 
impedance Z, in Which the anode of Said first 
Valve is coupled to the control grid of said second 
valve through a coupling impedance Z’, and in 
Which a leak resistance R.' is connected between 
the control grid and the cathode of said second 
Valve, if desired through a suitable Source of neg 
ative bias potential, characterized in that, in or 
der to ensure that the ratio of the amplitude of 
an oscillation applied to the control grid of said 
first Valve to the amplitude of an Oscillation set 
up at the control grid of said second valve is Sub 
stantially uniform throughout said working 
range, it is arranged that the relationship 

2. R. 
2 R 

is Substantially Satisfied. 
The part of the anode load impedance of the 

first Valve which may be represented by an im 
pedance Z usually comprises one or more de 
coupling condensers. 

Further features of the present invention Will 
appear from the following description and ap 
pended claims. 
The invention will be further described, by way 

of example, With reference to the accompanying 
Schematic drawing, in Which 

Fig. 1 illustrates an embodiment of the inven 
tion in which the first valve is a screen grid valve, 

Figs. 2 and 3 are circuits which are equivalent 
to that of Fig. 1, 

Fig. 4 is an equivalent circuit of an arrange 
ment of the kind illustrated in Fig. 1, but employ 
ing a triode first Valve, and 

Fig. 5 illustrates an arrangement employing 
two decoupling resistances and condensers in as 
Sociation with the first valve. 

5 

10 

20 

25 

30 

35 

40 

55. 



10 

5 

20 

2 
Referring to Fig. 1, a screen grid valve Wii has 

its anode connected through anode load resist 
ance R3 and decoupling resistance R2 in Series 
to the positive terminal of a source B of anode 
current, the negative terminal of which is re 
turned to the cathode of valve W1. Decoupling or 
by-pass condenser C2 is connected betWeen the 
join of resistances R2 and R3 and the cathode of 
Valve W1. 
The anode of valve V1 is coupled to the con 

trol grid of a Second Valve W2 through a con 
denser C'2, the latter being provided with leak 
resistance R.'3. Resistance R2 is connected in 
shunt with condenser C'2, and a resistance R4 is 
Connected between the cathode of Valve W2 and 
the negative terminal of source B. Oscillations 
to be amplified are applied to input terminals I; 
valve V2 acts as a so-called cathode follower 
valve, and the output of the device is taken from 
terminals O. 

In the equivalent circuit of Fig. 2, the resist 
ance R, and the impedance Z by Which the anode. 
load impedance of valve W1 may be represented, 
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the impedance Z" and the resistance R are given 
by the following expressions: 

R - Rs', 
and according to the invention, it is arranged 
that the relationship 

Z R. 

is substantially satisfied. 
Since the valve W1 is of the screen grid type, its 

anode impedance is large compared with the 
anode load impedance, and can accordingly safe 
ly be neglected. 
Now in the arrangement of Fig. 2, the change 

in the potential drop across the resistance R is 
given by 

V= R (R-I-Z) 
T'R-- R -- Z-27 

where ia is the change of current in the plate 
circuit of valve W1 for unit change in the instan 
taneous potential of the control grid of Valve W1. 

If now 

vi, RRC) aR-R-Rik Rik 
RR 
R-- R' 

ian, 1. (II) 
Where 

R 
ar R 

Thus for a current ia which, for a constant input, 
is constant OVer a range of frequency, V is also 
Constant. 

It will be noted from Expression (II) that W has 
its maximum value When m is much greater than 
i, and R' is accordingly preferably made much 
greater than, say several times, R. 
Now in the arrangement of Fig. 1, the imped 

ance Z is constituted by a resistance R2 shunted 

2,120,828 
by a condenser C2, and in order that the relation 
ship (I) above shall be satisfied, the coupling 
condenser Ca' and coupling resistance R2' are 
given the values 

C2 

and miR2 respectively. In these circumstances, 
R2C2 is equal to the time constant C2'R2', and 
it can readily be shown in view of this equality 
that 

Suitable values for the coupling elements are 
as follows: 

R2 =6000 ohms 
R'2=240,000 ohms 
R3 =1500 ohms 
R3=60,000 ohms 
C2 =4 nfd. 
C2=0.1 mfc. 

The Static positive bias on the control grid of 
Valve V2 due to its conductive connection to the 
anode of valve Wi may be neutralized by a suit 
able choice of the Value of R4, or means such as a 
bias battery or the like may be provided for bias 
ing the cathode of valve W2 to a Suitable positive 
potential. 
As has been pointed out, the invention is not 

limited to cases in Which the first valve VI is one 
of the screen grid type; when this valve is a tri 
Ode, the effect of its anode impedance as a shunt, 
across the anode load impedance must be taken 
into account, and the manner in which this is 
achieved will be described with reference to Figs. 
3 and 4. Fig. 3 is an equivalent circuit of the 
arrangement of Fig. 1, the resistances RA, RB and 
the capacity CA being given by the expressions 

The circuit of Fig. 4 is equivalent to an ar 
rangement of the kind illustrated in Fig. 1, but 
modified by the use of a triode as the first valve. 
For the arrangements of Figs. 3 and 4 to be 
equivalent, the relationship 

= -ll. RTR R, (III) 
must be Substantially Satisfied, where RV is the 
anode impedance of valve V1. The way in 
which the equivalent circuit of Fig. 4 may be 
transformed into a practical circuit of the kind ill 
lustrated in Fig. 1 need not be discussed in de 
tail, since transformations of this kind are well 
known to those versed in the art; similar trans 
formations are discussed in “Transmission cir 
cuits for telephone communication', by K. S. 
Johnson, New York, 1925. It is only necessary 
to point out here that OWing to the fact that the 
anode impedance RV of the first valve W1 must 
be taken into account in the triode case, as in 
dicated in Expression (III), the expressions relat 
ing the various circuit elements will differ some 
What from the eXpressions for the tetrode case. 

Reference is now directed to Fig. 5, which 
shows an arrangement of the kind shown in Fig. 
1, but modified by the use of an additional de 
coupling resistance R5 shunted by a further de 
coupling condenser C5. The condenser Camay be 
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regarding as effectively in shunt with both re 
sistances R2 and R5. 
The circuit of Fig. 5 can be redrawn in the form 

shown in Fig. 2, and in order that 
2. 
Z 

should again equal 
R 
R 

an additional coupling condenser C'5 and a fur 
ther coupling resistance R5 in shunt are pro 
vided, resistance R5 being arranged in series with 
resistance R'2, and both resistances being shunted 
by condenser C2. 
In order that the relationship 

2. R. 
2. R 

shall be satisfied, condenser C5 and resistance 
R5 are given the Values 

C 
2. 

and mR5 respectively, so that 

As in the arrangement of Fig. 1, it is arranged 
that the following time constant equalities also 
hold: 

CR = C'2R' and 

CR3 = CR's 
The arrangement of Fig. 5 may be modified by 

the use of a triode first Valve, the method of cal 
culating the values of the circuit elements being 
similar to that outlined with reference to FigS. 
3 and 4. 
The invention is not limited to the arrange 

ments described, and many modifications thereof 
within the scope of the appended claims will oc 
cur to those versed in the art. 

I claim: 
1. A circuit arrangement comprising a first 

valve having a cathode, a control grid, a Screen 
grid and an anode, a second valve having a cath 
ode, a control grid and an anode, a Source of po 
tential difference having its negative terminal 
connected to the cathode of said first Valve, a load 
resistance and a decoupling resistance connected 
in series between the anode of said first valve 
and the positive terminal of said source, a de 
coupling condenser effectively in shunt With said 
decoupling resistance, a leak resistance connected 
between the control grid and cathode of said 
second valve through a source of bias potential, 
and Connected in shunt between the anode of Said 
first valve and the control grid of said second 
valve, a coupling resistance and a coupling con 
denser of such values that the time constant of 
said load resistance and said decoupling con 
denser is substantially equal to the time constant 
of said coupling condenser and Said leak resist 
ance, and the time constant of Said decoupling 
resistance and decoupling condenser is substan 
tially equal to the time constant of said coupling 
resistance and coupling condenser. 

2. A circuit arrangement according to claim 1, 
wherein a further decoupling resistance effective 
ly shunted by a further decoupling condenser is 
connected in series with said first-mentioned de 

3 
coupling resistance, and wherein a further cou 
pling resistance effectively shunted by a further 
coupling condenser is connected between the 
anode of said first valve and the control grid of 
said second valve, the said further coupling re 
sistance and condenser together having a time 
constant substantially equal to that of Said fur 
ther decoupling resistance and condenser. 

3. In an amplifying circuit capable of trans 
mitting with substantially uniform attenuation 
oscillations covering a wide range of frequencies 
including zero frequency or direct current, a pair 
of electronic tubes connected in cascade, each of 
Said tubes being provided With at least an anode, 
a grid electrode and a cathode, a source of Space 
current for said tubes, said Source having a posi 
tive terminal and a negative terminal, means for 
impressing the oscillations to be amplified be 
tween the grid electrode of the first tube and the 
cathode thereof including a pair of input termi 
nails adapted to be connected to a Source of Sig 
nal energy oscillations, a connection between the 
anode of the first tube and the positive terminal 
of the source including a load impedance and a 
filter impedance in series, a connection between 
the negative terminal of the source and the Cath 
ode of the first tube whereby the anode of 
the first tube is maintained at a positive poten 
tial with respect to the cathode thereof, a filter 
condenser conneced between the cathode of the 
first tube and a point of Said first named con 
nection intermediate the two impedances, means 
connecting the anode of the second thermionic 
tube to the positive terminal of the source, means 
including a resistor element connecting the cath 
ode of the second tube to the negative termi 
nal of the source, a circuit for transferring en 
ergy from the first tube to the second tube com 
prising a connection between the anode of the 
first tube and the grid electrode of the second 
tube, said connection including a coupling con 
denser shunted by an impedance element, a leak 
resistance element connected between the grid 
electrode of the second tube and the Cathode 
thereof, and means including a pair of output 
terminals for connecting a utilizing device across 
the resistor element which is connected between 
the cathode of the Second tube and the negative 
terminal of the Source. 

4. A circuit arrangement as described in the 
next preceding claim in which the following re 
lationship is substantially Satisfied: 

- Y - 1-joCg'R'R''. 
R R. 

1--io, CR2 
where R2' is the ohmic resistance of the last 

named impedance element 
C2' is the capacity of the coupling con 

denser 
R3' is the ohmic resistance of the leak re 

sistance 
R2 is the ohmic resistance of the filter im 

pedance 
C2 is the capacity of the filter condenser 
R3 is the ohmic resistance of the load im 

pedance. 
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