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UNITED STATES PATENT OFFICE 

2,281,821 
BAND-PASS Fo 

Noel Meyer, Rust, Chelmsford, Joseph Douglas 
Brailsford, London, and Ernest Frederick Good 
enough, Springfield, Chelmsford, England, as 
signors to Radio Corporation of America, a 
corporation of Delaware 
Application April 30, 1941, serial No. 391,205 

in Great Britain October 5, 1939 
Claims. (C. 19-11) 

... This invention relates to band-pass filters and 
has for its object to provide improved filters 
which are comparatively flexible in design and 
will facilitate the production of wide band am plifiers of high gain and large signal-to-noise 
ratio, or narrow band amplifiers of great selec 
tivity and with a flat topped response curve such: 
as will give a good signal-to-noise ratio. Though 
not limited to its application thereto the primary 
applications of the invention are to television O 
amplifiers, and to intermediate frequency ampli 
flers for broadcast and like receivers. 
The present invention may be regarded as a 

development or variation of the invention con 
tained in our co-pending application Serial No. 5 
359,182, filed October 1, 1940. According to this 
said invention a band-pass filter effect is obtained 
by Superimposing upon the frequency-impedance 
characteristics of one network, the frequency 
impedance" characteristic of at least one further 
network which is coupled to the first in such 
manner that the impedance elements in the 
second network are, in effect, reversed. In other 
words, there are employed, in accordance with 
the invention contained in the specification of 
the above application, two networks coupled to 
gether in such manner that the second network 
acts as though it were directly included in and 
as part of the first network but with its im 
pedance elements reversed. The expression 're 
versed' as employed in this connection is used 
to mean inversion and sign reversal of an im 
pedance as set out in the said specification. In 
the various arrangements described in the co 
pending application referred to negative imped 
ances of a value comparable to positive imped 
ances and varying in the same manner as the fre 
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tive and in the other of which the effective 
parallel resistance is negative the said two tuned 
circuits being connected together by means of a 
quarter wave line and the values of the resist 
ances in each case being equal to that of the 
characteristic impedance of the said line. 
The invention is illustrated in and explained 

in connection with the drawing accompanying 
the specification, in which Fig. 1. represents a 
circuit which will serve to explain the principles 
underlying the invention, Figs. 2 and 3 are 
modifications of an embodiment of the invention, 
Fig. 4 is a practical circuit arrangement embody 
ing the invention, and Fig. 5 represents the elec 
trical equivalent of the circuit shown in Fig. 4. 

In order that the invention may be the better 
understood there will first be given a brief and 
simplified description of the phenomena upon 
which the invention is based. 
Consider first a circuit as shown in Figure 1 

which is an explanatory diagrammatic figure. 
In this circuit a quarter wave line (convention 
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quency is varied, are used to produce an imped 
ance which is substantially constant over a band 
of frequencies and is of a higher value than the 
Original positive impedance to be operated upon. 
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In other words, negative resistance effects are 
used to compensate positive resistance effects, and 
negative reactance effects to compensate positive 
reactance effects. In these arrangements both 
negative effects are produced by valve circuits. 
The present invention differs from the previ 

ous invention above referred to in that, although 
pure negative resistance produced by a valve ar 
rangement is still used to cancel positive resist 
ance, the cancellation of reactive effects is pro 
duced by a quarter wave line action. The pres 
ent invention offers the advantage of being 
rather more practical and economical for narrow 
band working, e.g. for handling ultra shortwave 
television carriers and sidebands. 
According to the present invention a band 

pass filter comprises at least two tuned circuits 
including similar reactive elements and in One 
of which the effective parallel resistance is posi 
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cuit at the far end over a frequency band near 
resonance. 
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equal and opposite. 

ally indicated by the dimension M/4, A being the 
wave length) is terminated by impedance ine ---- 
works which are similar as regards reactive 
properties but whose resistive components are 

In other words, the equiv 
alent shunt resistance is positive in one im 
pedance network and negative in the other. 
Each, moreover, is numerically equal to the char 
acteristic impedance Zo of the line. - 
In accordance with the well known properties 

of a quarter wave line the impedance looking 
into the line with the near end termination dis 
connected is Zo at the in-tune frequency, but at 
frequencies off-tune, this impedance behaves as 
the inverse of that terminating the far end of the 
line. Thus a parallel resonance circuit will ap 
pear as a series resonant circuit of approximately 
the same Q as that of the parallel resonant cir 
cuit and its reactance will change in the Oppo 
site direction and at approximately the same rate 
Over a small band of frequency near resonance. 
The change in reactance (or rather suscept 

ance) of a circuit shunting the near end will 
therefore be cancelled by that of a similar cir 

At frequencies further from reso 
nance, the susceptance changes differ and no 
longer cancel completely. 

If the resistive component of one terminating 
impedance be negative, it will produce a nega 
tive admittance at the other end of the line, 
which will cancel the positive admittance of the 
circuit shunting that end, giving (theoretically) . 
Zero admittance, i. e. infinite impedance at and . 
near the in-tune frequency. The line admittance 
Will change an increasing amount with increas 
ing departure from this in-tune frequency and 
cancellation will no longer be complete. 

  



2 
Measurements taken at point A (to earth) 

would reveal that at the tune frequency of the 
circuits the negative and positive resistance 
effects would cancel and the impedance would be 
very high (theoretically it would be infinite). 
About the tune frequency for a small frequency 
band the impedance would remain resistive. Owing 
to the quarter wave reactance cancellation, but 
the net value would drop, owing to the negative 
resistance component thrown over by the quarter 
wave line varying. Finally as the divergence 
from tune increased, the reactance cancellation 
would not hold further, and the net impedance 
would not only further decrease in value but also 
swing in phase angle. A useful but limited com 
pensation effect with an increase of impedance 
would be obtained, therefore, the limitation be 
ing imposed firstly by incomplete resistance can 
cellation, and secondly by incomplete reactance 
cancellation. 
With an arrangement as shown in Figure 2 the 

reactance swings (with frequency variation) in 
the two tuned circuits are identical, but the re 
sistance effects are of opposite sign. The com 
bined result is therefore a cancellation of re 
sistance effects and a summation of the reversed 
reactance effects thrown over by the quarter 
wave lines. A parallel tuned circuit of relatively 
high Q value shunting the junction of the two 
lines as in Figure 3, gives reactance Swings of 
opposite sign to those thrown over by the quarter 
wave lines, and, (over a small band of frequen 
cies) produces reactance cancellation, the re 
sistance component of this circuit stabilising the 
circuit over all, 
--Actially the susceptance thrown over by the 
two lines increases uniformly at first with change 
of frequency from resonance, then more slowly 
and finally decreases. If the initial susceptance 
change of the center circuit be made slightly less 
than the initial Susceptance change of the lines, 
at some frequency off-tune, the susceptance of 
the center circuit will equal that of the lines and 
exact cancellation will take place. This arrange 
ment will then give a treble humped response 
curve, viz., one hump at the tune frequency Fo 
and two at the frequencies F1 and Fa of sus 
ceptance cancellation, 
equidistance from Fo. Outside F and F the 
curve drops sharply because the susceptance of 
the middle circuit increases much more rapidly 
than that of the lines, and compensation is in 
creasingly reduced. 
The resistance component remains unchanged 

(expressed as a parallel resistance) since the only 
resistance that changes is that of the lines, each 
of which changes to the same amount and cancel 
one another out. Between F and F the in 
pedance is substantially constant and is raised 
very considerably by the action of the negative 
impedance. f 

In practice the required conditions can be ob 
tained with simple circuits, as shown in Figure 4. 
In Figure 4 actual values are indicated by Wa 

of example. - 

The circuit illustrated in Figure 4 is designed to 
give at 50 megacycles with a band width sub 
stantially flat of 2 megacycles, a stage gain of 
the order of 50 with television pentodes. It will 

spaced logarithmically 

2,281,621. 
valve has a condenser of 26 mm.fds. and the grid 
load of the output valve one of 16 mm.fds-in 
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both cases these can be realised with valve and wiring stray capacities: The arrangement of 
cathode impedance in the output valve limits the 
negative impedance applied by the uack coupling 
to 3 1,000 ohms, or more logically, the negative 
admittance applied cannot exceed 1/1000 or .001 
ohn. 
As will be seen from Figure 5, the coupling Sys 

tem between the circuits is equivalent to quarter 
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wave lines. In this figure the quarter wave lines 
are conventionally indicated as A/4 and the re 
actance correction circuit is indicated as R.C. 
The shunt inductance of the quarter wave line 

systems are, of course, lumped in with the tuning 
coils of the tuned circuits, just as the valve and 
wiring stray capacities are lumped in With the 
CondenSerS. 
What We clain is: 
1. A band pass filter circuit comprising at least. 

two tuned circuits including similar reactive ele 
ments and in one of which the effective parallel 
resistance is positive and in the other of which 
the effective parallel resistance is negative, the 
said two tuned circuits being connected together 
by means of a quarter wave line and the values 
of the resistances in each case being equal to 

30 
that of the characteristic impedance of the said 
line. 

2. A filter in accordance with claim 1 wherein 
the two tuned circuits are connected together 
by two quarter wave lines in series, there being , 
connected across the filter at the junction of the 
two lines a parallel tuned circuit of relatively 
high Q value. 

3. A filter circuit comprising a valve having a 
tuned anode circuit, a parallel tuned circuit hav 
ing a positive effective parallel resistance COn 
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nected to said anode circuit over one quarter 
wave line and a further parallel tuned circuit 
having a negative effective parallel resistance 
connected to said anode circuit Over a second 
quarter wave length line, 

4. A filter circuit as claimed in claim 3 wherein 
the said further tuned circuit is connected to the grid of an output valve. 

5. A filter circuit as claimed in claim 3 wherein 
the said further tuned circuit is connected to the 
grid of an output valve and there is included in 
the cathode leg of said output valve a resistance 
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be seen that the anode circuit load of the first 70 

of value equal to said positive effective resistance 
of the first parallel tuned circuit and wherein the 
anode of said output valve is coupled back to the 
inductance of said further tuned circuit. 

6. A filter circuit as claimed in claim 3 wherein 
the said further tuned circuit is connected to 
the grid of an output valve and wherein the 
capacitances of said parallel tuned circuits are 
constituted, at least in parts, by the capacities 
of the valves and Wiring. 

7. After circuit as claimed in claian 3 wherein 
the said further tuned circuit is connected to 
the grid of an output valve and wherein the in 
ductances of the quarter wave line are con 
stituted by the inductances of the tuned circuits. 
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