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Patented Dec. 7, 1948 2,455,711 

This invention relates generally to 
plifying systems, and more particula 
proved bidirectional high, gain thermioni 

i amplifiers for selective transmission of. 

video freque ignals in a television receiving 
system. An additional object of the invention is 
to providera: bidirectional high gain.amplifier 

dif- system: having great stability of operation, and 
eferent wave bands, or frequencies. 5 low-noise, characteristics. , ' 

Basically, the system. empl. riode The operation. will be described in greater, de 
thermionic tubesw reconnected i h a reference to the accompanying drawing 
manner that both act separately as cathode fol- of which Figure 1 is a block schematic diagram 
lowers and grounded grid amplifiers for - of one embodiment, of the invention, Figure 2 is 
plied signal frequencies.o - - - - - - s.r.l.0, a blockschematic diagram of a second embodi 
The grid and anode circui fith invention providing cascade opera 
include band-pas ion of a plurality of systems, as shown in Figure 
high impedance ci and Figure 3 is a schematic circuit. diagram 
frequencies, and extremely low impeda of a bidirectional reflex amplifying system. 
cuits at the other applied frequen Similar reference characters are applied to sim 
cathode circuits of both tubes are ilar elements throughout the drawing. 
ground through a common reactive ,, . . . . . ; Referring to Figure 1, signals of a first fre 

: resistive network. Thus, for each app quencyfare.applied through a first bandpass 
quency, the first tube is a cathode follow the filter network 3, having a shunt impedance char 
cathode output voltage of which drives, theiso acteristic as illustrated, for example, in the graph 
cathode of the secon a 5, to... the grid electrode of a first thermionic 
grounded grid amplifier. 
is applied to the grid electrode of one of th 
- and the second frequency is applied 
“of the other of the tubes. Amplified 
the first frequency are derived from t 

* the second of the tubes, and amp i 
of the second 'frequency 

Similarly, signals of a second fre 
- - applied through a second bandpass 
network 9: having a shunt impedance char 
istic as illustrated, for example, in graph 
to rid electrode of a second triode 

thermionic stube 3. ''The cathodes of the first 
- and second triodes 7, 13, are connected together, 
- and are connected to ground through an inductor 

'em-80-5 and a series connected resistor f7. The first 
and seeond thandpass filters 3, 9, also ill are 

:grounded." . . . . . . .'; . . . . . . . . . . . ' . 
The first bandpassi filter 3 is selected to pro 
ide a high input shunt impedance for signals 

35 of the first frequency fi applied to the grid elec 
trode of the first thermionic tube 7, and to have 
substantially, zero-shunt impedance-between the 

it system or similar circuit. 
&Among the objects of the inventio 

; vide an improved method of and 
splifying: simultaneously; and into 

i two different: frequency 
: through a common amplifying circuit rui 
3:object of the invention is to provide animproved 
thigh-gain bidirectional: amplifying system. An r-i. 
additional object of the invention is to provide 
animproved high: gain bidirectional cascaded -1.-1. - - - - - - 
amplifier. Another object of the invention is torso triode 3-includes: a fourth bandpass' filternet 

sprovide an improved reflex amplifier employing work 23:...havings similar impedance characteris 
a novel bidirectional high gain amplifiercircuit. litics, to the first bandpass filter network 3 as in 

:-Still another object of the invention is to pro- 'dicated in the graph (25. Thus, the first triode 
fvidecan; improved: reflexicircuit for simultaneous node: circuit is at relatively high-impedance to 
samplificationicoflintermediate iofrequency i and 3562 ground at:the second signal-frequency f2, while 

first triode 1 includes 
twork 19 having similar 
to those of the second 

is illustrated in the 
circuit of the second 
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it is substantially short-circuited to ground at 
the first signal frequency f1. Also, the anode of 
the second triode 3 is at relatively high in 
pedance with respect to ground at the first Sig 
nal frequency f1, while it is substantially short- 5 
circuited to ground at the second signal fre 
quency f2. . . Y. '.' ... r.: 

A source of anode energizing potential is ap 
plied across a first bypass capacitor 27 which is 
connected in series with the ground connection 
of the third filter network 9 for energizing the 
anode of the first triode 7. Similarly, anode : : 
voltage for the second triode i3 is applied across 
a second bypass capacitor. 29 which is connected 
in series with the ground connection of the 
fourth filter network 23. 

In operation, signals of the first applied frei: 
quency band, or frequency, f1 are cathode-coupled 
from the first triode 7 to the cathode of the sec 
ond triode 3, and the second triode operates as 
a grounded-grid amplifier to provide output sig 
nals of the frequency f1 at the output terminals 
of the fourth filter network 23. Simultaneously, 
signals of the second frequency f2, which are 
amplified in the second triode 13, are cathode 
coupled to the cathode of the first triodel, which 
operates as a grounded grid amplifier, and the 
amplified output of which is derived from the 
output of the third filter network 9. i; 
For simple bandpass networks comprising, for 

example, two inductively or capacitively coupled 
parallel tuned circuits, such as are shown in the 
signal input circuit of Figure 3, the applied signal 
frequencies preferably should have a frequency, 
ratio of at least 3 to 1 to provide the required 35. 
selectivity and proper operation of the circuit. 
For more complex and more highly selective filter 
networks, the frequency ratio between the applied 
signals may have a lower value. . . ' ' , , , . . 

20 

to ground for the other of these frequencies. 
In effect, the output filter networks from each of 
the triode sections also are employed as input 
filter networks for the next succeeding tube Sec 
tion. 
A first input filter 3 is similar to that described 

heretofore with respect to Figure 1 and may have 
an impedance characteristic as shown, for exam 
ple, in graph 5 of Figure 1. Input signals of the 
frequency f1 are applied to the grid electrode of 
the first triode section , which may comprise, 
for example, one section of a double triode '. 
The common cathode of the double triode 7' is grounded through the serially-connected induct 

5 tor 5 and resistor it. The anode of a Second 
triode section. T’’ of the double triode is con 
nected, through a second fl bandpass filter 23, 
having an impedance characteristic, for example, 
as shown in graph 25 of the circuit of Figure 1, 
to the grid of the first triode section 37 of a sec 
ond double triode 39. The common cathode of 
the second double triode 39 is grounded through 
a second inductor 41 and a serially-connected 
second resistor 43. . 
The anode of the second diode section 45, of 

the second double triode 39, is connected through 
a similar third f1 bandpass filter 47 to the grid 
of the first triode section 49 of a third double 
triode 51. The common cathode of the double 
triode 5? is grounded through a third serially 
connected inductor 53 and resistor 55. The anode 
of the second triode section 57 of the third double 
triode 5 is connected through a similar fourth 
f1 bandpass filter 59 to the output terminals for 
the first applied frequency f1. . . . . 

Similarly, the second input frequency f2 is 
applied through a fifth fe bandpass filter 6t, 
having a characteristic as illustrated in graph 2 
of the circuit of Figure 1, to the grid electrode 

Since the first amplifier tube for each of the 0 of the second triode section. 57 of the third double 
applied signals is a cathode follower, and since 
the second amplifier tube in each instance, is a 
grounded grid amplifier, great stability of opera 
tion is obtainable with relatively high amplifiers 
gain, since the anode currents of the two. triodes 
vary in opposite sense while the input and output 
signals at each frequency are of the same polar 
ity, and substantially no regeneration is encoun 
tered. Also, at each of the applied, signal fre 
quencies the input reactance is substantially high, 
permitting effective amplification of signals, of 
relatively wide band width; while the second tube 
in either direction employs a grounded grid which 
acts as a shield between the input and output. 
Signals. v as 

Due to the fact that triodes thus may be em 
ployed to provide relatively high gain, the sta 
bility and signal-to-noise ratio of the amplifier 
is substantially superior to circuits employing 
pentodes, and the effects of variations of energiz 
ing potentials are minimized. . . . . . 
The series resistor f7. in the common cathode 

circuit is optional, and may be required only in 
instances wherein one of the applied signal fre 
quencies is, relatively low or includes low fre 
quency or D.-C. components. . . . . . 
In the circuit of Figure 2, the principles of the 

bidirectional amplifier. of Figure.1 are employed 
to provide a cascaded high gain bidirectional 
amplifier for two frequency bands fi and f2. All 
of the bandpass filters employed in the circuit are 
tuned to pass either of the applied frequencies 
fi or fa, and to provide effective short-circuits 

60 
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triode 5t. The anode of the first triode section 
49 of the third double triode 5 is connected 
through a sixth f, bandpass, filter 63 to the grid 
of the second triode section 45 of the second 
double triode 39. 
... The anode of the first triode section 37 of the 
second double triode 39 is connected through a 
seventh f. bandpass filter network 65 to the grid 
of the second triode, section of the first double 
triode 7 . The anode of the first triode section 7 
of the first double triode 7 is connected through 
an eighth f, bandpass filter 67 to the output 
terminals for the second applied frequency f2. 

ss. The sixth, seventh and eighth fabandpass filters 
63,65, 67 may have similar impedance character 
istics to the fifth fe bandpass filter 6, as described 
heretofore... 1 - . 

Thus, in operation, signals of the frequency f1 
applied to the input terminals of the first fi 
bandpass filter network 3 are successively ampli 
fied in the two sections of the first double triode 
7. The amplified signals are: then applied 
through the second fl. filter network 23 and again 
amplified through the sections of the second 
double triode 39. The signals then are passed 
through the third fi filter network 47, amplified 
further in the third double triode 5 and applied 
through the fourth fi filter 59, to the output 
terminals for the first frequency f1. 

Similarly, signals of the frequency f2 applied 
through the fifth f. filter 6 are amplified by the 
two sections of the double triode 5, passed 
through the sixth fa filter network 63, amplified 

75' by the two sections of the second double triode 

  

  



2,681 
5. 

39, passed through: the seventh fifter SS, anpi. 
fied by the two sections of the first double triode 
T, and thence passed through the eighth fifthter 
network 6 to the output terminals for the second 
frequency ... . . . . . . ... . 
Thus the cascade arrangement of the bidirec 

tional amplifier system provides independent uti 
Elizations of three double triodes for separate 
amplification of the two applied frequencies or 
frequencytibands fr and fa. As described hereto 
foreiwith respect to the circuit of Figure 1, the 
filter networks, indicated as resonant to either 

- of the applied frequencies if and f, must be so 
designed, in accordance with known practice, 
that the desired selectivity is provided. Since 
the input and output signals for each frequency 
from: each of the double triodes are in phase, re 
generation is minimized, and high gain with great 
stability and high signal-to-noiseratio are pro 
vided without the necessity of employing 
pentodes with their known disadvantages. 

EC) 

2) 

* In Figure 3 the principles of the bidirectional 
amplifier are employed to provide a reflex ampli. 
fiers for use; in television receiving systems. 
Intermediate frequency signals having the desired 
video frequency: nodulation, derived from the 
first detector of a conventional television receiver, 
not shown, are applied to the input terminals 7 
which are connected across the tuned primary 
sections of a first intermediate frequency trans 
former . . The tuned secondary section TT of 
the first intermediate frequency transformer T5 
is connected across the grid-cathode circuit of a 
first triode section 9 of a double triode 8. The 
common cathoider of the double triode 8 is a 
grounded through aiserially-connected cathode 
resistor 83 and cathode inductor 85. The grid 
of the 'second:triode section 87 of the double 
triode 81 is grounded through a serially-con. 
nected grid resistor. 89 and grid inductor 9. The 
distributed capacity across the grid resistor and 
inductor 89, 91 is indicated by the capacitor 93, 
shownindash;in ". . . . . . . . . . . . . . 
: Thetanode of the second triode section 87 is 
econnected to the tuned primary winding 95 of a 
second intermediate frequency transformerly 97. 
The tuned secondary winding 99 of the second 
intermediate:frequency transformer 97 is con. 
nected through a diode for to the grid of the 
second triode section: 87 of the double triode 8. 
The anode of the first triode section T9 is eon. 
nected to the control-electrode 03 of a conven 
tional kineoscope television tube iO5 to control 
the intensity of the electronbeam applied to the 
television, receiver fluorescent screeni. A second 
grid resistor OT, serially connected through a 
second-grid inductor. Os3 is interposed between 
the kineoscope grid"; 13 and ground...There 
maining connections to the kineoscope: 105 ma 
be in accordance with conventional practi 

: The video-modulated I. F. signals, 
through the first I.F. transformer. T5, 
fied in the two sections of the doubl trode 8, as 
explained heretofore in the circuits of Figures 1 65 
and 2, and are then applied through the second 
I.F. transformer 9tto: the diode detector i? 01. 
The intermediate frequency signal components 
derived from the diode detector felt are bypassed 
to ground through the grid network: 89,59, 93, 
while the video signal components are applied 
to the grid of the second triode section 87 of the 
double: triode: ef.. The amplified video signal 
componentsiderived from the anode of the first 
triode section thence are applied to the control electrode 03 of the kineoscopeii OS. Thus the 75 queeey" 

5 
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rents of a different frequency to the grid cir 

and an anode circuit and having a common 

6. 
double triodel provides two-stage anpitfeatfon 
of both ranodulated: E.F. and of: video signals de 
rived from the diode detector fef for operation 
efthe kineoscope. . . . . . . . . . ; ::, ... : : 

It should be understood: that the principles of 
the reflexsamplifieation combined with the bi 
directional amplification described heretofore may 
be employed ini combinatio ith: athers) of the 
known types of radio; and communication cire 
euits, and that the embodiment of the invention 
illustrated in Figure 3 is not limited to its tele. 
vision application: . . . . . . . . . . . . . . ' ', 
Thus the invention described comprises 

proved method of and means for providing high 
gainstable amplification of two frequencies by 
means of a novel bidirectional amplifier system: claimasiny invention: . . . . . 

k. Abidirectional amplifier for 
of different frequency including first and 'se 
airplifying:tobes, eachineluding an input circuit 
and lar output: circuit and having "a conno 
cathode circuit: whereby said tubes may be 
operated as mutual cathode followers, means for 
applying signal currents of one frequency to the 
input circuit of said first tube, means for apply 
ing signal currents of a different 'frequency to 
the input, circuit of said second tube, means for 
deriving fromisaid second-tube amplified currents 
of said one frequency, and means. for deriving 
fromisaid: first tube amplified currents of said 
different frequency. . . . . . . . . . . . . . . . . . . . 
2: A bidirectional amplifier for signal currents 

of different frequency including first and second 
amplifying tubes each including an input circuit 
and iian Toutput: circuit and having a common 
cathode chrcuit', whereby's said: tubes may be 
operated as mutual cathode followers, means for 
applying signal currents, of one frequency to the 
input circuit of said first tube, means for apply. 
ing signal currents of a different frequency to the 
input chrcuit of said seconditube, means Aal 
riving from said output circuit of said 
tube amplified currents of said one frequency, and 
means for deriving fron said output circuit of 
said first tube amplified currents of said different 
Di 3. Abidirectional amplifier for signac 
of different frequency including first and second 
amplifying tubes each including a grid circuit. and 
an anode circuit and having a common cathode 
circuit, whereby said, tubes may be operated as 
mutual cathode followers, means for applying sig 
nai currents of one frequency to the grid circuit 
of said first tube; means for applying signal cur. 
of said: second tube, seconditurbezanplif 

tube: amplified: currents of said differentifre 
quency. . . . . . . . . . . . . . . . . . . . 
is 4. A bidirectional amplifier for signal currents 
of different frequency including: and second 
amplifying tubes; each including is a grid circuit 

at. 

ode circuit whereby said tubes may be operated 
as mutual bidirectional cathode followers, means 
for applying signal currents of one frequency to 
the grid circuit of said first tube, means for ap 

signal currents of a different frequency to 
tetreuit of said second tube, means for 

deriving from said anode circuit of said second tube amplified currents of said one frequency, and 
means for deriving from said anode circuit of said 

  

  



2,455,711. 
7 

5. Abidirectional amplifier for signal currents 
of different frequency including first and second 
amplifying tubes each including a grid circuit 
and an anode circuit and having a common cath 
ode, circuit whereby said tubes may be operated 
as mutual bidirectional cathode followers, means 
tuned to pass currents of one of said frequen 
cies and substantially to short-circuit currents of 
a different frequency for applying said signal 
currents of said one frequency to the grid cir 
cuit, of said first tube and for short-circuiting 
currents of said different frequency between-said 
grid and cathode circuits of said first tube, means 
tuned to pass currents of Said different frequency 
and substantially to short-circuit currents of said 
one frequency for applying said signal currents of 
said different frequency to the grid circuit of said 
second tube and for short-circuiting currents of 
said one frequency between grid and cathode cir 
cuits of said second tube, selective means for de 
riving from said second tube amplified currents 
of substantially only said one frequency, and ad 
ditional selective means for deriving from said 
first tube amplified currents of substantially only 
said different frequency. 

6. A bidirectional amplifier for two frequen 
cies including a pair of thermionic tubes, each 
having at least grid and anode circuits and a 
common cathode circuit, a first input circuit 
tuned to pass currents of one of said frequencies 
and substantially to short-circuit currents of the 
Other of Said frequencies, a Second input circuit 
tuned to pass currents of said other of said fre 
quencies and substantially to short-circuit cur 
rents of said one of said frequencies, means for 
applying currents of said one frequency through 
said first input circuit to the grid-cathode cir 
cuit. of one of said tubes, means for applying cur 
rents of said other frequency through said sec 
ond input circuit to the grid-cathode circuit of 
the other of said tubes, a first output circuit tuned 
similarly to said first, input circuit and connected 
to the anode circuit of said other of said tubes, a 
second output circuit tuned similarly to said sec 
Ond input circuit and connected to the anode 
circuit of said one of said tubes, means for de 
riving amplified currents of substantially only 
Said first frequency from said first output cir 
cuit, and means simultaneously, for deriving am 
plified currents of substantially only said second 
frequency from said second output, circuit. 

7. A bidirectional amplifier for two frequen 
cies including a pair of thermionic tubes each 
having at least grid and anode:circuits and a 
common cathode circuit, whereby said tubes may 
be operated as mutual bidirectional cathode foll 
lowers, a first input circuit connected across the 
grid-cathode circuit of one of said tubes and 
tuned to pass currents of one of said frequencies 
and substantially to short-circuit currents of the 
other of said frequencies, a second input circuit 
connected across the grid-cathode circuit of said 
other of Said tubes and tuned to pass currents of 
said other of said frequencies and substantially 
to short-circuit currents of said one of said fre 
quencies, means for applying currents of said one 
frequency through said first input circuit to said 
grid-cathode circuit of said one of said tubes, 
means for applying currents of said other fre 
quency through said second input circuit to said 
grid-cathode circuit of said other of said tubes, 
a first output circuit tuned similalrly to said first 
input circuit and connected to the anode circuit 
of said other of said tubes, a second output cir 
cuit tuned similarly to said second input circuit 
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8. 
and connected, to the anode circuit of said "one 
of said tubes, means for deriving amplified cur 
rents of said first frequency from said first output 
circuit, and means simultaneously for deriving 
amplified currents of said second frequency from 
said second output circuit. . . . . . . . 

8. A bidirectional amplifier for two frequencies 
including a pair of thermionic tubes each having 
at least grid and anode circuits and a common 
cathode circuit whereby said tubes may be oper 
ated as mutual bidirectional cathode followers, a 
first input circuit connected across the grid-cath 
ode circuit of one of said tubes and tuned to pass 
currents of one of said frequencies and substan 
tially to short-circuit currents of the other of Said 
frequencies, a second input circuit connected 
across the grid-cathode circuit of the other of 
said tubes and tuned to pass currents of said other 
of said frequencies and substantially to short-cir 
cuit currents of said one of: said frequencies, 
means for applying currents of said one frequency 
through said first input circuit to said:grid-cath 
ode circuit, of said one of said tubes, means for 
applying currents of said other frequency through 
said second input circuit to said grid-cathode cir 
cuit of said other of said tubes, a first output cir 
cuit tuned similarly to said first input circuit and 
connected across the, anode-cathode circuit of 
said other of said tubes, a second, output circuit 
tuned similarly to said second input circuit 
and connected across the anode-cathode circuit 
of said one of said tubes, means for deriving am 
plified currents of substantially only said, first 
frequency, from said: first output circuit, and 
means simultaneously for deriving amplified cur 
rents of substantially only said second frequency 
from said second output circuit. . . . . . . . . . 

9. A cascaded bidirectional amplifier compris 
ing, in combination, a pair of amplifiers as de 
Scribed in claim 1 and including, third and fourth 
amplifying tubes each including grid and anode 
electrodes and having a common cathode circuit 
whereby said third and fourth tubes may be oper 
ated as mutual bidirectional cathode followers, 
means for applying amplified currents of said one 
frequency derived from said second tube of the 
first of said pair of amplifiers to the grid of said 
third tube, means for applying amplified currents 
of said different frequency derived from said first 
tube of the other of said pair of amplifiers to the 
grid of said fourth tube, means connecting the 
anode of said third tube to the input circuit of 
the Second tube of the first of Said pair of ampli 
fiers, and means connecting the anode of said 
fourth tube to the input circuit of the first tube of 
the other of said pair of amplifiers. . . . . . . . . . 

10. A cascaded bidirectional amplifier compris 
ing, in combination, a pair of amplifiers as de 
scribed in claim 8 and including third and fourth 
amplifying tubes each including grid and anode 
electrodes and having a common cathode circuit 
Whereby said third and fourth tubes may be oper 
ated as... mutual bidirectional cathode followers, 
means for applying amplified currents of said one 
frequency derived from Said. Second tube of the 
first of said pair of amplifiers to the grid of said 
third tube, means for applying amplified currents 
of said different frequency, derived from said first 
tube of the other of said pair of amplifiers to the 
grid of said fourth tube, means connecting the 
anode of said third tube to the input circuit of the 
second tube of the first of said pair of amplifiers, 
and means connecting the anode of said fourth 
tube to the input circuit of the first tube of the 
other of said pair of amplifiers. . . . . 
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11. A reflex amplifier for modulated signals in 
cluding first and second amplifying tube means 
each including grid and anode circuits and having 
a common cathode circuit, whereby said amplify 
ing tube means may be operated as mutual bi 
directional cathode followers, band pass filter 
means for applying said modulated signal to said 
amplifying tube means, a signal detector re 
sponsive to signals from said amplifying 
tube means, means for deriving the modula 
tion component of said detected signals, means 
for applying said modulation signal component to 
said amplifying tube means in the Opposite direc 
tion to said modulated signal, and means for uti 
lizing amplified modulation signals derived in said 
opposite, direction from said amplifying tube 
eas, 
12. Abidirectional amplifier for signal Currents 

of different frequency including first and Second 
a.inplifying tubes each including an input circuit 
and an output circuit and having a common coup 
ling circuit whereby said tubes may be operated as 
mutual cathode followers, means for applying sig 

O 

5 

20 

10 
nal currents of one frequency to the input circuit 
of Said first tube, means for applying signal cur 
rents of a different frequency to the input circuit 
of Said second tube, means for deriving from said 
Second tube amplified currents of Said one fre 
Cuency, and means for deriving from said first 
tube amplified currents of said different fre 
Cuency. 

GEORGE C. SZKLA. 
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