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This invention relates to signal-translating 
vacuum-tube stages and particularly to such 
Stages of a type comprising a feedback circuit 
in which the filter properties of the stage are 
utilized to incorporate the stage as one of a 
Serieg of confluent filter networks. Specifically 
the invegation comprises a network in which the 
ignage impedence characteristics of the feedback 
stage are matched in the confluent series of net 
Works with the image impedance characteristics 
of other similar stages or with the image imped 
&Eace characteristics of conventional filter sec 
to 3. 

Wactuari-tube stages comprising feed-back cir 
cits have been utilized for various purposes. 
For example, in nodulated-carrier signal-trans 
attishg Systems, stages comprising a pair of ter 
E?saal circuits and a vacuum-tube coupling means 
coSping the termiral circuits in one direction, 
together with an additional coupling means cou 
ping the circuits is the opposite direction, have 
been utilized as band-pass selectors in the inter 
mediate-frequency channel of superheterodyne 
signal receivers. In prior art circuit arrange 
Zaents utilizing an a plifier stage with feedback, 
the terminal circuits of the stage have been indi 
viciusly loaded or danged by terminal resistances 
to provide suitable damping for the stage. As 
thus terminated, the feedback stages of the prior 
art have had the required damping within the 
feedback stages themselves and have been loosely 
coupled to adjacent similar stages or to other cir 
cuits. If such arrangements are utilized for pass 
ing a wide band of frequencies, the width of the 
pass band is inited by the inherent capacitances 
of the tubes and the circuit elements. Also, the 
gain of an amplifier comprising such a stage is 
materially decreased by the elements provided for 
individually damping the terminal circuits of the 
stage. 

It is an object of the invention to provide a 
feedback vacuum-tube amplifier and filter having 
a relatively large amplification and passing a wide 
and of frequencies. 
It is another object of the invention to provide 

a confluent fiter network comprising a filter see 
to including a vacuum-tube coupling a one 
direction and an additional coupling in the other 
direction, the stage being matched with adjacent 
sections of the network on an image impedance 
basis. 

It is a further object of the invention to pro 
wide & confluent filter network comprising an ace 
tive filter section, as contrasted with a passive 
filter section, at least one terminal circuit of 

(C. 9-1) 
which is matched with an adjacent section of 
the network on an image impedance basis. 

In accordance with the invention, there is pro 
vided 8 filter section comprising a vacuum-tube 
coupling in one direction and an additional cou 
pling in the other direction, at least one terminal 
circuit of the stage being matched on an image 
in pedance basis with an adjacent terminal Cir 
cuit of an adjacent filter section to which the 
stage is coupled in a confluent network. 

In one embodiment of the invention, a filter 
Section comprises a vacuum-tube amplifier stage 
including terminal circuits, a vacuum-tube cou 
pling means coupling the terminal circuits in the 
forward direction, and a second Vacuum-tube 
Coupling near as coupling the terminal circuits in 
the backward direction. The input and output 
terminals of the stage are individually coupled 
to circuits having constant-fc image impedances. 
the terminal circuits of the filter section and the 
eative transconductances of the vacuum tubes 
utilized in the stage are so proportioned that the 
image impedance at each pair of terminals closely 
matches the constant-k image impedance of the 
adjacent filter section to which it is directly co 
pled. This manner of coupling the amplifier 
stage to adjacent filtersections obviates the neces 
sity of individually loading or damping each of 
the terminal circuits of the stage, since the load 
ing or damping of the entire network is adequately 
secured at the input, and output terminals of the 
system a.s. a whole. The filter properties of the 
feedback stage of the invention make it possible 
to insert additional filter sections between the 
stages for any purpose for which they are useful. 
Added sections may be inserted for Securing more 
attenuation outside the pass band, for Securing 
phase correction within the band, or for both 
purposes. 

In a preferred embodiment of the invention, 
the vacuumi-tube stage comprises terminal cir 
cuits coupled in the forward direction by a 
vacuum-tube transconductance coupling means. 
and coupled in the backward direction by pas 
sive coalductance or resistance coupling means. 4 
A phase-shifting circuit Inay be associated with 
the backward coupling means, the amount of 
phase shift being proportioned to effect regener 
stion just sufficient to copensate, at the Cutoff 
frequency, for the losses caused by the self-con 
ductance or other dissipation in the terminal cir 
cuts and coupling means of the stage. The result 
is to maintain the sharpness of cutoff which 
would be obtained in a filter if the filter had no 
inherent dissipation. 
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For a better understanding of the invention, 
together with other and further objects thereof, 
reference is had to the following description, 
taken in connection with the accompanying draw 
ings, and its scope will be pointed out in the 
appended claims. 

Fig. 1 of the drawings is a simplified circuit 
diagram of a low-pass amplifier filter of the in 
vention, an image impedance of the vacuum-tube 
feedback section of which is matched with that 
of an adjacent circuit to form a confluent series 
of Sections; Figs. 20-2e, inclusive, are graphs 
illustrating certain theoretical characteristics of 
the feed-back stage of Fig. 1; Fig. 3 is a simplified 
circuit diagram of a feedback filter similar to 
that of Fig. except that a conductance feed 
back circuit is provided in the feedback section 
of the network; Big. 4 is a circuit diagram of a 
band-paSS amplifier filter corresponding in type 
to the low-pass filter of Fig. : Figs, 5 and 6 are 
circuit diagrams of different types of confluent 
amplifier filters of the invention, each comprising 
two feedback sections, 

Referring now more particularly to Fig. 1, 
there is shown a vacuum-tube amplifier stage 
Comprising One of a confluent series of filter 
sections. The stage comprises input terminals 
8, 8 and output terminals, across which are 
Coupled, respectively, condensers C1 and C2, 
forming shunt arms of the stage. The terminal 
circuits are coupled in the forward direction by a 
unidirectional coupling means primarily trans 
conductive, such as a vacuum tube to and are cou 
pled with opposite polarity in the backward di 
rection by a vacuum tube f. Sources of oper 
atting potentials (not shown) and other elec 
trodes such as screen grids, if desired, are pro 
vided for tubes to and in a conventional 
manner. The image impedance of the circuit 
between the input terminals 6, 6 is indicated by 
Z'. Wacuum tube f is so connected as to have 
effectively a positive transconductance in con 
trast to the ordinary negative transconductance 
of a vacuum tube; that is, the output circuit of 
vacuum tube is taken from a screen circuit. 
This manner of utilizing a vacuum tube to pro 
cure positive transconductance is more fully ex 
plained in United States Letters Patent 1997,665, 
granted April 16, 1935, on the application of 
Harold A. Wheeler. The output terminals 7, 7 
Of the amplifier stage are connected to a con 
stant-ki filter section comprising series induct 
ance arm 2 and shunt condenser arms 3 and 
4. Condensers 3 and 4 have approximately 

the same value of capacitance as condenser Ca. 
The output terminals 8, 8 of the series of net 
works shown may be coupled, with image in 
pedance matching, to any other network. The 
image impedance at the output terminals 8, 8 
is indicated by Z', the image impedance ter 
mination of the output circuit being represented 
by resistor R''. 
The Operation of the filter network described 

may be explained with reference to Figs. 2a-2e, 
inclusive, which represent certain theoretical 
characteristics of the feedback amplifier filter 
section of Fig. 1, each of the figures having 
frequency as the abscissae. Thus, Fig. 2a rep 
resents the impedance of the feedback amplifier 
filter section of Fig. 1 on either side, with the 
other side on short circuit; Fig. 2b shows the 
corresponding open circuit impedance; Fig. 2C 
shows the corresponding image impedance; Fig. 
2d shows the attenuation; while the full line 
curve of Fig. 2e shows the filter phase shift of 

2,185,889 
the feedback amplifier filter section. The upper 
and lower dotted-line curves of Fig. 2e show the 
actual phase shift for a stage having, respec 
tively, negative and positive forward transcon 
ductance. It will be understood that the char 
acteristic curves of Figs. 2a-2c, inclusive, are 
equally applicable at either the input terminals 
6, 6 or the Output terminals , . 
Thus it is seen that the feedback amplifier 

filter section has input and output image im 
pedances which exactly conform to constant-k 
mid-shunt image impedances. The system may, 
therefore, be connected in a confluent series of 
networks on an image impedance basis with 
other similar amplifier stages or with filter sec 
tions having the constant-k form of image im 
pedance. The low-pass amplifier filter stage 
shown has a cutoff frequency: 

o-Wiggi CC WLC: where 
L =one-half the inductance of winding 2; 
gi2=the transconductance of vacuum tube f; 
g21=the transconductance of vacuum tube . 

Resistor R', representing the image impedance 
of both circuits connected at the terminals 6, 6, 
and resistor R', representing the image imped 
ance of both circuits connected at the terminals 
8, 8, or terminating resistors to match such im 
age impedances, have the values: 

(1) 

1. R’re --- 12 2 V-algaWC, (2) 
C R's --- / 3. 

-W-aiadai WC (3) 
The respective image impedances for any fre 
quency w are: 

2'-JEE, (4) 
R 

2. (5) Wi-ce.) 
The image impedance ratio of the network 

shown is: 

R2C R727c, (6) 
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Ordinarily this image impedance ratio is unity . 
in a low-pass filter network. However, due to 
the fact that the amplifier filter section of the 
invention is an active section, the image imped 
ance ratio of the circuit of Fig. 1 can have any 
desired value. The gain of the amplifier filter 
section of Fig. 1, which is the voltage ratio when 
connected between equal impedances, is: 

varies over a range of 180 degrees over the pass 
band. It will be seen from the phase-frequency 
curves of Fig. 2e that the phase of the low-pass 
active filter section of Fig. 1 varies over a range 
of 90 degrees over the pass band. 

It will be understood that the transconductance 
of an ordinary vacuum tube is negative as regards 
its coupling effect. The transconductance sym 
bols in the above formulae are evaluated on the 
basis of positive transconductance coupling. 
Thus, in an actual circuit, one of the transcon 
ductances has a positive value and the other a 
negative value, the negative value cancelling the 
minus sign appearing before their product in 
the formulae. Utilizing a screen-grid circuit as 
an output circuit, as in the case of tube in 
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Fig. 1, is one way of securing a negative trans 
Conductance. Other means for accomplishing 
this are two conventional tubes coupled in cas 
cade in the normal manner, or a phase-reversing 
transformer utilized with a normal tube having 
a negative transconductance. Preferably the 
tubes utilized in the filter networks of the in 
vention have a very small anode conductance, 
which is a property of high-mu tubes, such as 
screen-grid tubes or high-mu triodes. If the 
amplifier filter section is designed for operation 
at very high frequencies, the tubes must be 
shielded against internal capacitive coupling and 
in such cases the use of screen-grid tubes is es 
Sential. 

he circuit of Fig. 3 is, in general, similar to the 
circuit of Fig. i and similar circuit elements have 
been given identical reference numeras. In the 
circuit of Fig. 3 the coupling provided by vacuum 
tube of Fig. 1, of opposite polarity to the co 
pling of vacuun tube 8, has been replaced by a 
primarily conductive coupling. This conductive 
coupling is obtained by aneans of a resistor dis 
Corrected directly between the anode and the 
grid of vacuun tube . If the conductance G3 
of the feedback circuit comprising resistor S is 
Ritch eSS than the transcondictance gm of vac 
uum tube 9, the operation of the circuit of 3.g. 3 
is in aii respects similar to that of the circuit of 
Fig. i. The amplifier filter section of Fig. 3 has 
the characteristic of a mid-shunt constant-kina 
age impedance across each of condensers C1 and 
Ca similar to that across corresponding elements 
in the circuit of Fig. 1. the following additional 
equations express the effective transconductsnces 
in the circuit of Fig. 3: 

- 612 = g- Gs 
gate G3 (8) 

in Fig. "4 there is shown a band-pass filter ann 
plifier Section of the invention connected in a 
confuent network with irnage impedance match 
ing. The circuit is generally gnar to the circuit, 
of the lov7-pass filter of E.g. and similar circuit 
eiements have been given identical reference nun 
merels. Era addition to the circuit, elements of 
Fig. 3, Fig. 4 comprises an inductance 1 connect 
ed in ga'ale with condense C1, and an in 
ductance is connected in parallel with codense 
C3. The positive transconductance in the feed 
back circuit of Fig. 4 is obtained by vacun tube 
it coinected in the normal nanner together With 
proper polarity of the rattual inductances of the 
transfor ners provided by Windings 6 &nd 
coupled to inductances 1 and L2, respectively. 
The inductance element 3 of the constant 

(7) 

section of the circuit of Fig. 1 has been replaced 
in Fig. 4 by inductance network 20, the reactive 
constants of which effectively provide inductance 
elements for a band-pass modified constant-e 
fter section comprising shunt condensers 3 and 
68. The operation of the circuit of Fig. 4 may be 
understood from the description of the operation 
of the circuit of Fig. given above. The follow 
ing equations define the characteristics of the 
amplifier filter section of Fig. 4: 

--- 

o woo WC CL (9) 

03-01-R7Rf (10) 
where wasnean frequency of the band; 

w1=lower cutoff frequency of the band; 
oss-upper cutoff frequency of the band 

3 
In Fig. 5 there is shown a confluent series of 

filter sections coupled with image impedance 
matching and comprising two amplifier filter sec 
tions in accordance with the invention. The first 
amplifier filter section comprises a shunt reactive 
arm including a series-connected inductance 22 
and condenser 28 and a second shunt reactance 
arm comprising a condenser 2. These shunt re 
actance arms are coupled in the forward direca 
tion by the vacuum tube 24 and are coupled in the 
backward direction with opposite polarity by a 
conductance coupling with the addition of series 
inductances 25 and 26, resistor is being replaced 
by resistors 5, 6'. A condenser 2 is con 
nected from the junction between inductances 25 
and 26 and the low-potential terminal of con 
denser 28. Grid-leak resistor 28 is provided for 
vacuum tube 26, while the resistance of its load 
circuit is represented by resistor 29. Across the 
input terminals of the circuit of Sig. 5 is con 
nected a resistor 39 matching the image impede 
ance between the terminals and which is nearly 
constant over the pass band. Coupled to the out 
put circuit of the first amplifier filter section of 
Fig. 5 is a constant-k low-paSS filter Section Com 
prising series inductance arm 3 and shunt arms 
consisting of condensers 32 and 33, the value of 
each of which is equal to that of condienser 2. 
The second amplifier filter section of the circuit 
of Fig. 5 comprises a shunt capacitance armicone 
sisting of a condenser 36 and a shunt arm includ 
ing a series-connected inductance 3 and con 
denser 33. The shunt arm comprising COdenser 
36 and the shunt arm comprising series-connect 
ed; inductance 35 and condenser 36 are coupled 

. in the forward direction by vacuum tube 37 and 
are coupled in the backward direction. With op 
posite polarity by a resistor 38. A grid leak 38 
is provided for vacuum tube 37, while resistor 66 
represents the resistance in the output circuit of 
vacuum tube 3. Across the output terminals of 
the confluent network of Eig. 5 is connected a re 
sistor 3 matching its image inpedance. Operate 
ing potentials are provided for the vacuum tubes 
in a conventional manner, while blocking cons 
densers 32, 43, 88, and 6 are provided to confire 
direct currents to their proper channels. 

In considering the operation of the circuit of 
gig. 5, it will be seen that the conductance ele 
ments 5’, 8 S' provide a feedback coupling from 
the output circuit of vacuum tube 24 to the in 
put circuit thereof. inductances 25, 26 and con 
denser 2 are proportioned to shift the phase of 
the feedback coupling slightly to provide regen 
eration in the amplifier falter section just sufi 
cient to compensate, at the cutoff frequency, for 
the losses caused by the feedback conductance of 
resistors G 3', S' and the dissipation in the termi 
nal circuits of the stage. The result is that the 
sharpness of cutoff is maintained just as if the 
filter had no dissipation. Inductance element 22 
provided in the shunt reactance arm of the in 
put circuit of vacuum tube 24 completes an m 
derived termination having an image impedance 
which matches the constant resistance 3. no 
ductance 36 is provided for the same reason in 
series with condenser 38; that is, to complete an 
n-derived termination for the output circuit of 
the amplifier filter section comprising tube 3 
which more closely matches the impedance of the 
load, represented by resistor 4, over the pass 
band of the system. 

In Fig. 6 there is shown another embodiment 
of the invention comprising two amplifier filter 
sections of the invention coupled in cascade in a 
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first amplifier filter section of Fig. 6 comprises a 
shunt reactance arm including the Secondary 
winding 5 of transformer 50 and a shunt react 
ance arm comprising the primary winding 53 of 
transformer 52. Winding 5 is coupled in a for 
ward direction to winding 53 by a vacuum tube 
54 and is coupled in the backward direction with 
opposite polarity by a circuit comprising series 
connected resistor 55 and condenser 56. The 
electrode capacitances of tube 54, represented by 
condensers 5’ and 53', are effective to tune the 
transformer windings to which the electrodes are 
coupled. The primary winding 5 of transformer 
50 is tuned by a shunt condenser 58 across which 
is coupled a resistance element 59 representing 
the impedance of the preceding circuit to which 
the input circuit of Fig. 6 is coupled. The cir 
cuit of the second amplifier filter section of Fig. 6 
is in all respects similar to the first amplifier 
filter section described above, and comprises a 
vacuum tube 64 coupling the secondary winding 
6 of transformer 52 in the forward direction to 
the primary winding 63 of transformer 62, and a 
feedback circuit coupling windings 6 and 63 in 
the backward direction with opposite polarity 
comprising a series-connected resistor 66 and 
blocking condenser 67. A shunt condenser 68 is 
connected across the secondary winding 69 of 
transformer 62 to which is coupled resistance 
70 representing the impedance of the succeeding 
circuit to which the output terminals of the 
filter network are coupled. The inherent input 
and output capacitances of vacuum tube 64 are 
represented respectively' by condensers 6 f' and 
63'. 
The operation of each amplifier filter Section 

of Fig. 6 is similar to the operation of the cir 
cuit of Fig. 3, rendering a further description 
thereof unnecessary. The feedback circuits of 
Fig. 6 are tapped down on their respective trans 
former windings in order that a lower value of 
resistance may be utilized in the feedback cir 
cuits and for the purpose of reducing the capaci 
tive coupling associated with the resistance ele 
ments. It will be seen that the circuit of Fig. 6 
provides a means for coupling two vacuum-tube 
amplifier filter sections in cascade, there being . 
minimum dissipation within the filter Stages. 
The circuit of each of the amplifier filters of Fig. 
6 is similar to that of Fig. 4 in that each relates 
to a band-pass filter. However, the feedback 
coupling paths of the amplifier filters of Fig. 6 
are similar to the conductance coupling including 
resistor 5 of the low-pass filter of Fig. 3. The 
damping necessary to provide proper terminal 
impedances for the amplifier filter sections is se 
cured mainly by resistors 59 and 70 at the ends of 
the confluent network. 
The coefficient of coupling k between windings 

53 and 6 of transformer 52 is much less than 
would be required to couple conventional vac 
uum-tube amplifier stages. If Aa is the width of 
the pass band and 0 is the mean frequency of 
the pass band, the required coupling is, 

k=Aw/200 
where AC0. This is half that required without 
feedback in the adjacent stages. 
while there have been described what are at 

present considered to be the preferred embodi 
ments of this invention, it will be obvious to 
those skilled in the art that various changes and 
modifications may be made therein without de 
parting from the invention, and it is, therefore, 

2,335,889 
airned in the appended claims to cover all ch 
changes and modifications as fall within the 
true spirit and scope of the invention. 
What is claimed is: 
1. A wave filter network comprising a first 

filter section having a predetermined image in 
pedance at one end and an active second filter 
section comprising input and output pairs of 
terminals, a reactance arm individual to and 
coupled to each of said pairs of terminals, unin 
directive coupling means between said arms pri 
marily, transconductive in the direction of cou 
pling, and means coupling said arms with oppo 
site polarity in the other direction, whereby said 
second filter section has a predetermined pass 
band and a predetermined image impedance 
across one of said pairs of terminais, said one 
of said pairs of terminals being coupled to said 
end of said first filter section, said coupling 
means being so proportioned with respect to the 
reactive constants of said arms that the image 
impedance of said second filter Section matches 
the image impedance of said first section at their 
junction. 

2. A wave filter network comprising a first fill 
ter section having a predetermined image im 
pedance at one end and an active second filter 
section comprising input and output pairs of ter 
minals, a reactance arm individual to and cou 
pled to each of Said pairs of terminals, unidirec 
tive coupling means between said arms primarily 
transconductive in the direction of coupling, 
coupling means primarily conductive coupling 
said arms with opposite polarity in the other 
direction, whereby said second filter section has 
a predetermined pass band and a predetermined 
image impedance across one of said pairs of ter 
minals, said one of Said pairs of terminals being 
coupled to said end of said first filter Section, 
and said coupling means being so proportioned 
with respect to the reactive constants of said 
arms that the image impedance of said second 
filter section matches the image impedance of 
said first section at their junction. 

3. A wave filter network comprising a first fil 
ter section having a predetermined image in 
pedance at one end and a second active filter 
section comprising input and output pairs of ter 
minals, a reactance arm individual to and cou 
pled to each of Said pairs of terminals, unidirec 
tive coupling means between said arms primarily 
transconductive in the direction of coupling, 
coupling means primarily transconductive cou 
pling said arms with opposite polarity in the other 
direction, whereby said second section has a pre 
determined pass band and a predetermined image 
impedance across one of said pairs of terminals, 
said one of said pairs of terminals being coupled 
to said end of said first filter section, and said 
coupling means being so proportioned with re 
Spect to the reactive constants of said arms that 
Said image impedance of said second filter sec 
tion matches said image impedance of said first 
filter section at their junction. 

4. A low-pass filter network comprising a first 
filter section having a predetermined image im 
pedance at One end and a second active filter 
Section comprising input and output pairs of 
terminals, a shunt reactance arm individual to 
and coupled to each of said pairs of terminals 
and comprising shunt capacitance, said reactance 
arms having coupling means between said arms 
primarily transconductive in the direction of 
coupling, means coupling said arms with opposite 
polarity in the opposite direction, whereby said 
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9, 86,888 
second section has a redetermined pass band 
&End a predeterrained image inpedance across one 
of said pairs of terminals, said one of said pairs 
of terminals being coupled to said end of said 
rst Slter section, and said coupling eans being 

so proportioned. With respect to the reactive Con 
stants of said arras that said image impedance 
of Said second filter section natches the image 
impedance of said first filter section at their 
it action. 

5. A 3.2d-pass liter network comprising a first 
filter section having a predetermined image in 
pediaRace at Ole end &nd an active second filter 
Section comprising is at 3rd Output pairs of tea 
Eainals, 8 parallel-resonant shunt an individual 
to and coupled to each of said pairs of terminals, 
unidirective coping Eneans between said arms 
primarily transconductive in the direction of 
coupling, means coupling with opposite polarity 
said arms in the other direction, whereby said 
second section has a predetermined pass band 
and a predeters igned inage impedance across 
one of said airs of terrainals, Said. One of Sald 
pairs of termirals being coupled to said end of 
said irst filter section, &nd said coupling means 
being so proportionedi With respect to the reactive 
const8ts of said arms that the image impedance 
of said second filter section matches the image 
impedance of said first section at their junction. 

6. A low-pass ster Ketwork comprising a first 
filter section, having a nid-shunt constant-k 
inage impedance at one end and 8 active sec 
old filter section comprising input and output 
pairs of terrainals, & shunt reactance arm includ 
ing capacitance individual to and coupled to each. 
of said pairs of terminals, unidirective coupling 
neers in one direction between said arms pri 
marily transconductive in the direction of cou 
pling, means co-pig said 32ns with opposite 
pierity in the other direction, whereby said sec 
ord filter section has a predeter nined pass band 
and constan-i Amid-saugat image impedance 
scross one of Said pairs of terEnnis, Said one 
of saic pairs of terrinities, being coupled to said 
ead of said first site section, and said cogling 
Ineens being so proportioned with respect to the 
reactive constarts of said arris that Said irriage 
impedance of said second ster Section is atches 
the Eage is typecace of said first filter Section 
at their tactica, said second alter section having 
a phase shift, which varies over a reage of 90 de 
grees over the pass being as said Zetwork. 

2. A wave fite network coin prising a first 
fiter section having a 2aid-staurat constant- in 
pedance at one end and as active second filter 
section corprising in at and output pairs of 
terminals, 8, eactance airin individual to and co 
pled to each of said pairs of terminals, unidirec 
tive coping Eneans between said arms primarily 
transconductive in the direction of coupling, 
means coping said arts with opposite polarity 
in the other direction, whereby seid second filter 
section has a predetermined pass 33rd and 8. 
indi-shunt coRSt&Ratek image impedance across 
each of said pairs of terminals, one of said pairs 
of terriages being coupled to said ea of said 
first filter section, said couping means being SO 
proportioned with respect to the reactive con 
stants of said arms that the ignage in pedance of 
said secondi lite section inaces the image in 
pedance of said first filter gester at their juice 
tion and said it age ipecatases of said second 
section have a constant ratio substantially dif 
ferent fron SEity. s 

8. A loyapass iter network comprising & fites 

network including a first filter section having a 
predetermined image impedance at one end and 
an active second filter section comprising input 
and output pairs of terminals, a shunt reactance 
arm individual to and coupled to each of said 
pairs of terminals and having substantial capaci 
tances C1 and C2, unidirective coupling means 
between said arms in one direction consisting 
primarily Of transconductance g12 in the di 
rection of coupling, unidirective coupling means 
of opposite polarity between said arms in the 
other direction consisting primarily of transcon 
ductance g21, Whereby said second filter section 
has a cutoff frequency. 

and whereby said second section has a constant-c 
mid-shunt image impedance across one of said 
pairs of terminals, said one of said pairs of ter 
minals being coupled to said end of said first filte: 
Section, and said coupling means being so pro 
portioned with respect to the reactive constants 
of said arms that said image impedance of said 
Second filter Section matches the image imped 
ance of Said first filter section at their junction. 

9. In a wave filter network, an active filter sec 
tion comprising input and output pairs of ter 
Enimals, a reactance arm individual to and cou 
pled to each of said pairs of terminals, unidirec 
tive coupling means between said arms in one di 
rection primarily transconductive in the direction 
of coupling, coupling nears of opposite polarity 
between said arms in the other direction, an in 
derived termination for said filter section coin 
prising one of said arms, whereby said filter sec 
tion has a predetermined cutoff frequency and a 
predetermined constant image inlpedance across 
One of said pairs of terminals over said band, and 
a constant resistance circuit connected across 
Said one of said pairs of terminals. 

10. In a wave filter network, an active filter 
Section comprising input and output pairs of 
ter:minals, a, reactance arm individual to and 
coupled to each of said airs of terminals, di 
rective coupling Eneans in one directics between 
said arms primarily transconductive in the direc 
tion of coupling, and coupling means primarily 
conductive coupling said arms with opposite po 
larity in the other direction, an in-derived ter 
mination for said filter section comprising one 
of said arms, whereby said filter section has a 
predetermined cutoff frequency and a predeter 
mined constant image impedance across one of 
said pairs of terminals over said band, and a 
constant resistance circuit connected across said 
One of said pairs of terminals. 

11. In a low-pass filter network, an active fil 
ter section comprising input and output pairs of 
terminals, a reactance arm individual to and 
coupled to each of said pairs of terminals, di 
rective coupling means in One direction between 
said arms primarily transconductive in the direc 
tion of coupling, and means coupling said arms 
with opposite polarity in the other direction, one 
of said arms consisting of a series-connected in 
ductance and condenser, whereby said section 
has a predetermined cutoff frequency and a subs 
stantially constant resistive image impedance 
across the pair of terminals to which said one 
of said arms is coupled, and 3 constant resist 
ance circuit connected across said lastonentioned 
pair of terminals. 

2. An active filter section coaprising input 
and output pairs of terminals, a reactance aria 
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6. 

of terminals, directive coupling means in One 
direction between said arms primarily transCOA 
ductive in the direction of coupling, and cou 
pling means primarily conductive coupling said 
arms in the other direction with opposite po 
larity, phase-shifting means included in said Con 
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ductive coupling means effective to provide re 
generation at a cutoff frequency of said section 
just sufficient to compensate for dissipation in 
Said section, Whereby said section has a prede 
termined pass band and a predetermined image 
impedance across one of said pairs of terminals. 

13. An active filter section comprising input 
and output pairs of terminals, a reactance artin 
individual to and coupled to each of Said pairs 
of terminals, unidirective coupling means in One 
direction between said arms primarily transcon 
ductive in the direction of coupling, and coul 
ping means primarily conductive coupling said 
arms with opposite polarity in the other direc 
tion, phase-shifting means comprising induct 
ance in series with Said conductive coupling means 
and capacitance in shunt therewith effective to 
provide regeneration at the cutoff frequency of 
said section just sufficient to compensate for 
dissipation in said section, whereby said section 
has a predetermined cutoff frequency and a pre 
determined image impedance across One of Said 
pairs of terminals. 

14. A band-pass filter comprising a plurality 
of coupled filter Sections with image impedance 
matching at their junctions, each of two of Said 
sections comprising a transformer having pri 
mary and secondary windings, transconductive 
coupling means comprising a vacuum tube have 
ing inherent input and output capacitances coul 
pling the secondary winding of one of said trans 
formers with the primary winding of the other 
of said transformers, coupling means of opposite 
polarity in the other direction between said two 
last-mentioned windings, the coupling effect of 
said coupling means being proportioned with re 
spect to the reactive constants of said transform 
ers to provide constant-k mid-shunt image in 
pedances across said capacitances and a prede 
termined pass band for said filter, said image 
impedances matching the image impedances of 
adjoining ones of Said sections. 

15. A band-pass filter comprising a plurality 
of coupled filter sections with image impedance 
matching at their junctions, each of two of said 
sections comprising a transformer having pri 
mary and secondary windings, transconductive 
coupling means comprising a vacuum tube hav 
ing inherent input and output capacitances coll 
pling the secondary winding of one of said trans 
formers with the primary winding of the other 
of said transformers, coupling means of oppo 
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individual to and coupled to each of said pairs. site polarity in the other direction between said 

two last-mentioned windings, said coupling means 
comprising a resistor coupled between points of 
said two last-mentioned windings, the coupling 
effect of said coupling means being proportioned 5 
With respect to the reactive constants of said 
transformers to provide constant-k mid-shunt 
image impedances across said capacitances and 
a predetermined pass band for said filter, said . 
image impedances matching the image imped 
ances of adjoining ones of said sections. 

16. A band-pass filter comprising a plurality 
of coupled filter Sections With image impedance 
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matching at their junctions and including two 
similar sections, two shunt reactance arms for 15 
each of said Sections, a transformer having pri 
nary and secondary windings individually com 
prising One of Said arms in each of said Sections, 
transconductive coupling means comprising a 
vacuum tube in each of said sections coupling 20 
its respective arms, coupling means between said 
arms in each of said Sections coupling said arms 
With Opposite polarity in the other direction, the 
Colpling effect of said coupling means being pro 
portioned with respect to the reactive constants 25 
of said similar sections to provide constant-k . 
mid-shunt image impedances and a predeter 
mined pass band for said similar sections, said 
image impedances matching the image imped 
ances of adjoining Ones of Said Sections, said 80 
transformer having a coefficient of coupling 
Ac=Ac/20, where Aw is the width of the pass 
band of Said similar sections and two is the mean 
frequency of said similar sections, Aw being Sub 
stantially less than wo. 

1. A wide band filter network COmprising a 
first filter section having a predetermined image 
impedance at one end and an active filter Sec 
tion comprising input and output pairs of ter 
minals, two capacitive shunt arms coupled to 
said terminals and having unidirective coupling 
means between said arms primarily transconduc 
tive in the direction of coupling, said coupling 
means comprising a vacuum tube having input 
and output capacitances, One of Said capacitances 
of said tube comprising the capacitance of a 
full-shunt element of said filter network, and 
means coupling said arms with opposite polarity 
in the other direction, whereby said section has 
a predetermined pass band and a predetermined 
image impedance across said one of said arms, 
said one of said pairs of terminals being cou 
pled to said end of said first filter section, and 
said coupling means being so proportioned with 
respect to the reactive constants of said arms 
that the image impedance of said second filter 
section matches the image impedance of said 
first filter section at their junction, 
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