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This invention relates to electrical networks 
Suitable for use as inter-stage coupling networks 
in electron-discharge tube amplifiers and has 
for its main object to provide improved ampli 
fiers of Substantially uniform response over a 
Wide frequency range, adapted for use at high 
frequencies, and of relatively high amplification 
having regard to the performance in other re 
spects. The invention is of wide application but 
two important applications are (1) to video sig 
nal amplifiers in high-fidelity television appara 
tus and (2) to high frequency amplifiers. 
At the present time whenever an amplifier of 

Substantially uniform response over a wide fre 
quency range and/or for amplifying very high 
frequencies is required, it is customary to resort 
to resistance-capacity coupling between the 
Stages. This type of coupling, however, has se 
rious defects and limitations as follows: 

i. With increase in the frequency the effect of 
stray capacities (effectively in shunt across the 
anode and grid resistances) becomes increasing 
ly important and this puts a limit upon the per 
formance at high frequencies, the limit depend 
ing upon the relationship between the values of 
the stray capacities and the values of the re 
sistances. 

2. With decrease in: the frequency the imped 
ance of the coupling condenser becomes increas 
ingly important and imposes a low frequency 
limitation which is governed by the relationship 
between the value of the coupling condenser and 
the values of the resistances. 
The present invention seeks to reduce or avoid 

these limitations and defects. 
According to this invention an electrical net 

Work, Suitable for use as an inter-stage coupling 
network in an electron discharge tube amplifier, 
is a four terminal netWork having an input. 
terminal and an output terminal effectively com 
mon and comprises two resistances one between 
the input terminals and the other between the 
output terminals, an inductance in shunt across 
each resistance and a coupling condenser con 
nected between a tapping point on One inductance 
and a tapping point on the other. As Will be 
appreciated each of the inductances thus com 
prises in effect, a series coil (on One side of the 
tapping point thereon) and a shunt coil (on the 
other) and the provision of these coils enables 
the: above mentioned defects to be largely over 
come thus: permitting the use of higher resistance 
values than would be possible were the coils not 
provided and therefore higher, amplification. It 
is broadly true. to say that... the Series coils, in 
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conjunction with the stray capacities (in effect. 
across the resistances) increase the response at 
higher frequencies, while the shunt coils compen 
sate for low frequency losses due to the high: 
impedance of the coupling condenser at low fre 
quencies. The values of the Series coils. Should 
be properly selected with regard to the stray. 
capacities and the values of the shunt coils. 
should be selected in relation to the coupling: 
condenser with regard to the upper and lower 
frequency limits required. A convenient de 
sign technique will be described later herein. 
The invention is illustrated in and further ex 

plained in connection with the accompanying 
drawing, wherein Fig. 1 illustrates diagram 
matically one embodiment of the invention as ap 
plied to an amplifier for long and medium broad 
cast Wave bands, Fig. 1d. is the electrically equiva 
lent circuit of Fig. 1, and Figs. 2a, 2b and 2C illus 
trate the design development of a coupling net 
Work according to the invention. 

Referring now to Fig. 1, the amplifier com 
prises two pentodes , 2: each having its cathode 
3 or 4 earthed through the usual capacity shunt 
ed bias resistance combination 5 or 6. Input 
is applied between the first grid 7 of the pentode 
and earth and output is taken from between the 

anode 8 of the pentode 2 and earth. The sup 
pressor grids 9 and 0 are connected to their 
respective cathodes and the screen grids and 
2 are positively biased as in the customary way. 
The network between the two stages is in accord 
ance With this invention and, in describing the 
network, reference letters, which identify in 
dividual elements and also represent their values, 
Will be used in order to facilitate understanding 
of the design description to be given later. The 
coupling netWork comprises an inductance L in 
Series with a condenser C' in series with another 
inductance L in series in the order stated be 
tween the anode of the first valve and the first 
grid of the second. The positive terminal of a 
Source of anode potential is connected to the 
anode of the first pentode through a resistance 
R and is also connected to the anode side of the 
condenser C through an inductance L2. A 
Source of grid bias is connected to the first grid 
of the second pentode through a resistance R, and 
also to the grid side of the condenser C’ through 
a second inductance L2. The condenser C may, 
for theoretical purpose, be regarded as consisting 
of two condensers C2 in series each equal to 2C 
and the stray capacities may be regarded as con 
sisting of two condensers. C, connected across. 
the respective resistances. R at the anode of the 



2 
first valve and the control grid of the second. 
This is shown by Figure a which is the electri 
cally equivalent circuit of Figure 1. In some 
cases a Small “trimmer' condenser (shown in 
broken lines in Figure 1a) may be used to Sup 
plement one of the condensers C. but this will 
usually not be required. 
This network may be regarded as a back-to 

back compound line impedance transformer 
made up of two similar compound sections ter 
minated (by resistances R) at both ends. Since 
a pentode is a high impedance valve a separate 
anode resistance R is connected between the an 
Ode of the first valve and the Source of anode 
potential but if the first valve Were a triode Or 
other valve of internal impedance R, the separate 
anode resistance could be omitted. Similarly, as 
regards the grid termination, if the Operating fre 
quency were so high that the grid impedance 
was (due to electron transit time effects) low 
enough, a separate grid terminating resistance R 
could be dispensed With. 
ASSume the above described amplifier to be 

required to operate over a frequency range of 
150k. c.-1500 k. c. the log, mid-band frequency 
(Fo) being thus 474 k, c. The recommended 
method of design is as follows: Taking the first 
Section comprising Li C? C2 and L2 and writing 
ia for L; ib for Ci; 

-i. c 
for C2; and -ibc for L2 and assuming that C is 
20 micro-micro-farads We have 

b=20x10-12X2arX474x103-0000596 
Take the upper limiting frequency (FC2) as 1530 
k. c. and the lower (FC1) as 144 k, c. 
Then 

Fc. =3.3y=10... ab=.1 
and 

C==1 11. -0-1. 
Match the sections at 

F 
=3.05 B-6 

(matching frequencies 155 k. c. and 1450 k, c.) 

-- - - a -t, -ooooo-1675 

L. -2'-31-563 micro-henries. 
A==2.58x10 -4. 

Zob (the characteristic impedance looking in to 
ib) = 

VAB=-V2.53X10X6=12,300 ohms 
... R = 12,300 ohms 

'-1510 ... C2=000222 

bc=.0000596)x1.11... L2= 5,050 microhenries. 
It may be shown that at the matching fre 

quencies of 155 and 1450 k. C. and at the nid 
band frequency (474 k. C.) the gain is quite close 
to that given by a straight resistance-capacity 
coupling network with anode and grid resistances 
each equal to 12300 ohms but without loss due to 
stray capacity. The deviation in gain between 
the limits should, at its Worst, not exceed about 
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2 decibels. Some difficulty may, no doubt, be 
experienced in realising the inductance L2 at 
5050 micro-henries but departure from the 
theoretical as respects the Value of this con 
ponent is not seriously disadvantageous and re 
Sults Only in a little asymmetry in the gain 
frequency characteristic. Care should be taken 
to avoid self-capacity in If and to reduce it as 
far as conveniently practicable in L2. 
In the above described method of design the 

significance of the symbols employed is at foll 
IOWS: 

d=impedance of Series arm at log mid band 
frequency 

b=admittance of shunt arm at log mid band 
frequency 

c=internal impedance ratio 
and the formulae used are as follows: 

C-1, 
200. = ==ji=Zoa.Zob Z3 

where Zod is the image impedance from the low 
impedance end of the section, and Zob is the 
image impedance from the high impedance end 
of the section and Zo is the geometric mean 
impedance. 

- C -Zob T1-abyZoa 

- ab8 
Tanh 9= Wii, 

Where 

3-(-) VFo F 
FY2 / FoY2 y-(F)+()'-1 

Zoa = f 

Zob=-VAB 
at FC 

aby = i 
Or 

=l. 
Yai, 

A television I. F. amplifier for one video side 
band was constructed to the same circuit as 
above described. The single side band range was 
1.5 megacycles, the mid-band frequency being 
5.3 megacycles so that the band Was 5.3+.75 
negacycles. The Valves Were pentodes With a 
mutual conductance of 3 milli-amperes per volt 
and the following component values were used: 

Lls 56 micro-henries each 
R=7000 ohms each 
Li2=4.5 micro-henries each 
C’=.03.08 micro-farads 

The gain realised was over 10 per stage. 
In Some cases it may be required for the at 

tenuation outside the pass range and adjacent 
the cut off frequencies to increase as rapidly as 
possible, e.g. to eliminate a strong interfering 
Signal adjacent the desired frequency spectrum. 
This may be achieved by so designing the shunt 
arms of the network (other than shunt arms 
representing shunt capacities due to valves and 
strays) to be series resonant at the unwanted 
frequency or frequencies or, in general, at fre 
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quencies just outside the cut-off frequencies. In 
Such a case the values of the inductance and 
capacity in each series-resonant shunt arm is so 
chosen that the net reactance at the log-mid 
frequency are as required by the above described 
design principles. Figures 2a, 2b and 2C illus 
trate the design development of such a netWork 
with series resonant shunt arms from What may 
be termed the “prototype' network, Figure 2a 
showing the prototype, Figure 2b an equivalent 
circuit and Figure 2c the final network. For the 
sake of simplicity in description actual values of 
inductance, capacity and resistance are indicated 
in these figures in micro-henries, micro-micro 
farads and ohms respectively. 

It will be understood, however, that these fig 
lures are given only for the particular filter chOS 
en by Way of example. 
The prototype filter of Figure 2a has a log 

mid-frequency of 10 megacycles and a band 
width of 2 megacycles. The shunt capacities 
of 20 ufos. include valve capacities and 'strays.' 

It will be seen that the two halves of the filter 
are symmetrical about the line AB each half 
constituting a “compound' section, the two sec 
tions being “back-to-back.' 
Now if the shunt arms-each of 2.15 micro 

henries-are to be replaced by Series resonant 
arms, one of which is to be tuned above the up 
per cut-off frequency, (say to 14 Mc) and the 
other below the lower cut-off frequency, (say 7 
Mc) then at the log mid-frequency of 10 Mc, the 
14 Mc arm will appear as a capacity reactance, 
whilst the 7 Mc arm will appear as an inductive 
reactance. The equivalent prototype structure 
therefore assumes the form shown in Figure 2b, 
where the sign of each reactance to the right of 
line AB is changed from the corresponding One 
in Figure 2a, but retains the same numerical Wal 
ue. Here the shunt inductance of 6.4 pH. is of 
such reactance at 10 Mc, that taken in parallel 
with the 20 upf. capacity due to the valve and 
strays, the resultant reactance will be equal to 
that of 20 uplif., but of opposite sign (i. e. positive). 
In Figure 2c the shunt arm comprising 4.2 pH. 

in series with 123 up.f. is resonant at 7 Mc, and 
at 10 Mc its reactance is equal to that of a 2.15 
uH. inductance. Similarly, for the other Series 
resonant arm, comprising 2.23 u.H. in series with 
58 auf., the resonant frequency is 14 Mc, and at 
10 Mc its reactance corresponds to a capacity of 
119 pupf. 
It will be noticed that the two series reactances 

given by the two 144 pupf. condensers in Figure 2a 
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have been replaced in Figure 2b by two equal and 
opposite reactances and therefore cancel Out, so 
that no corresponding reactance is shown in 
Figure 2c. 
In Figures 2a, 2b and 2c. A represents the 

anode of Valve and G the control grid of Valve 2. 
I claim: 
1. A coupling network between a pair of Wac 

uum tubes for extending the frequency range in 
which uniform amplification is obtained over 
that obtainable with the conventional resistance 
capacity coupling network, comprising a resist 
ance connected in the anode circuit of the first 
tube, a second resistance Connected in the grid 
circuit of the second tube, a first inductance, a 
coupling capacity and a second inductance con 
nected betWeen the anode side of the first resist 
ance and the grid side of the Second resistance, 
and a pair of additional inductances, one con 
nected between the low potential end of the first 
resistance and the junction between the first 
inductance and the coupling condenser, and the 
other Connected between the low potential end 
of the Second resistance and the junction be 
tWeen the second inductance and the coupling 
COndenser. 

2. A coupling network as defined in claim 1 
Wherein the first and second inductances in com 
bination respectively with the stray capacities of 
the plate and grid resistances have the effect of 
increasing the response at the high frequency 
end of the range and the additional inductances 
have the effect of increasing the response at the 
loW frequency end. 

3. In a resistance-capacity coupled amplifier, 
an interstage coupling network comprising in 
combination, an output anode resistor, an input 
grid resistor, an inductance connected in shunt 
across each of said resistors, and a coupling 
condenser. Connected between an intermediate 
point on One of the inductances and an inter 
mediate point on the other inductance, said in 
ductances being Subdivided by Said points of 
connection that the portions which together with 
the coupling condenser are serially connected be 
tween the high potential ends of the anode and 
grid resistors combine With the Stray capacities 
effectively in shunt across the anode and grid re 
sistors to increase the response at high frequen 
cies, and the remaining inductance portions have 
such values relative to the coupling condenser as 
to increase the response at low frequencies. 
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