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Patented Jan. 7, 1941 

UNITED STATES 

2,227,590 

PATENT OFFICE 
2,227,596 

FREQUENCY SELECTIVE NETWORK 
Wei's on D. Landon, iaddonfield, N. J., assign oil" 

to Radio Corporation of Aranerica, a corporation 
of Delaware 

Application Nov: Races 36, 938, Seria, No. 243,213 
4. Caixas. 

This invention relates to frequency selective 
networks, such as are utilized to pass a desired 
frequency band and to reject undesired fre 
quency bands. It has for its principal object 

5 the provision of an improved frequency selective 
network and method of operation whereby the 
frequency-amplitude characteristic of the passed 
frequency band is rendered substantially flat and 
a sharp line of demarcation is maintained be 

10 tween the passed and rejected bands. 
It is well known that (1) a frequency selective 

netWork usually includes reactors and capacitors, 
(2) the lower the effective resistance of these 
elements, the more complete the transmission 

15 and rejection of the respective desired and un 
desired frequencies, and (3) the size and cost 
Of these elements increase as their resistance is 
reduced. 
In accordance with U. S. Patent 1,725,154 of 

20 Tester O. Marsteller, it is proposed to regenerate 
a frequency selective network for the purpose 
of reducing the effective resistance. To this end, 
the network currents are utilized to produce, at 
the network reactors and capacitors, potentials 
of such phase and magnitude as to minimize or 
obviate the effect of the resistance of these ele 
ments. - 

The present invention is in Sonne respects sini 
lar to that of the aforesaid Marsteller patent, but 
differs therefron in that it involves simplified 
and improved means for deriving the regenera 
tive potentials whereby the effective resistance 
of the network is maintained at the relatively 
low value required for efficient operation of the 

More specifically stated, the present 
invention involves the provision of nears 
whereby regeneration of the network is stabilized 
and the deleterious variations otherwise encouin 
tered in the operation of the network are avoided. 
The invention Will be better Understood from 

the following description considered in connec 
tion with the accompanying drawings, and its 
Scope is indicated by the appended claii in S. 

Referring to the drawings: 
Figure 1 is a wiring diagram of a frequency 

selective network wherein separate anpifiers are 
utilized to regenerate the different circuits 
through which the undesired frequency bands 
are rejected; 

Figure 2 is the frequency-aimplitude character 
istic curve of the network of Figu?'e 1; 

Figure 3 is a wiring diagram of a modified net 
work wherein a single amplifier is utilized to re 
generate the rejector circuit.S of the network; 

Figure 4 is a curve illustrating certain operat 

(C. 73-44) 

ing characteristics of the modified network of 
Figure 2; and - 
Figures 5 to 13, inclusive, are a series of ex 

planatory diagrams relating to the adjustment 
of the filter network. 

Broadly considered, the networks of FigS. i and 
3 include two acceptor circuits CL1 and C4I4, 
tuned to the center of the desired frequency 
band, and two rejector circuits C2E2 and C3T3 
(Fig. 1), tuned respectively on the opposite sides 
of the pass band. As indicated by the curve of 
Fig. 2, this well known circuit gives a flat top 
or three slight peaks with steep sides in the pass 
band part of the frequency-amplitude charac 
teristic. With high loss reactors or with a nar 
row pass band, the shoulders of this character 
istic tend to droop. Regeneration of the rejec 
tor circuits C2L2 and C3L3 functions to maintain 
the desired flat pass band characteristic irre 
spective of the reactor losses and the paSS band 
Width. 
The network of Fig. 1 includes an electron dis 

charge amplifier 0 which is provided with in 
put terminals f -2 and with output terminals 
3-4 coupled through reactor-capacitor units 
C1L1 and C4L4 to the input terminals 5-i6 of 
an amplifier 7. A resistor R1 of the order of 
100,000 ohms may be connected in shunt to the 
reactor L1 for reducing the center peak of the 
curve of Fig. 2 to about the same height as the 
other two peaks, and a resistor R2, which may 
be smaller than the resistor R1, may be con 
nected in shunt to the reactor L14. 

Interposed between the acceptor or coupling 
units C11 and CAL4, and connected in shunt to 
the main signal channel, are the low frequency 
filter or rejector C2L2 and the high frequency 
filter or rejector C33. Regeneration of the low 
frequency rejector CaL2 is effected by means in 
cluding an amplifier 9 provided (1) with an in 
put circuit including a cathode lead series re 
Sistor 2-2 and a grid leak resistor 22 co 
nected in shunt to the capacitor C2 and (2) with 
an output circuit including the resistor 2-2, 
a suitable plate voltage source and a feedback 
coil L5 which is inductively coupled to the re 
actor 2. Regeneration of the high frequency 
rejector C3T3 is likewise effected by means in 
cluding an amplifier 23 having in its input cir 
cuit a cathode lead Series resistor 25-26 and a 
grid leak resistor 24 which is connected in shunt 
to the capacitor C3, and in its output circuit the 
resistor 25-25, a plate voltage source and a 
feedback coil L6 inductively coupled to the re 
actor I-3, 
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2 
It will be noted that regeneration is effected 

through the tickler coils L5 and L6 in the usual 
manner except that the regenerative effect is 
stabilized by the cathode lead resistors 20-2 
and 25-26. The lower terminals of these sta 
bilizing resistors are subjected to a negative po 
tential such as -32 volts for neutralizing the 
d. c. drop of the resistor and maintaining a nor 
mal voltage of about --3 volts On the feedback 
amplifier cathodes. 
The cathode lead resistor 20-2, for example, 

has a Stabilizing influence in two Ways. First, 
any change in the plate Voltage or mutual con 
ductance of the feedback tube results in a com 
pensating change in the grid bias potential of 
the tube and, as a result, the tube mutual induc 
tance varies but slightly. In addition, this Small 
change in the effective tube characteristic is fur 
ther reduced by the action of the resistor at radio 
frequency. When a radio frequency voltage is 
applied to the grid, a voltage appears upon the 
cathode of the same phase and almost equal am 
plitude. The true input to the tube is the differ 
ence between the grid and cathode voltages, and 
a radio frequency plate current flows due to this 
difference voltage. This plate current is used for 
regeneration through the tickler L5 or L6. 

If the mutual conductance of the tube should 
decrease, a smaller voltage will appear on the 
cathode. Hence the difference between grid and 
cathode voltages is greater, giving a larger input 
Voltage to the tube. Thus it can be seen that 
the variation in plate current is a very much 
Smaller percentage than the variation in tube 
characteristic. Thus the cathode resistor is the 
means of stabilizing the amplification of the 
Wacuum tube, and such amplification is then used 
as a means of applying regeneration to the re 
jector circuit. While a fixed coupling is shown 
between the plate and grid coils and regeneration 
is adjusted to a critical value by adjusting the 
cathode resistor section 2 and 26, the same re 
Sult could be obtained with a fixed cathode resis 
tor and a variable tickler adjustment. 

It is apparent that the present invention is dis 
tinguished from that of the Marsteller Patent, 
1,725,154 in that stabilization of regeneration is 
effected by means of the cathode resistors, where 
as the circuit of Marsteller is adjusted to critical 
regeneration. If the plate voltage or tube mutual 
conductance of Marsteller varies, a different 
amount of regeneration is obtained and this re 
Sults in undesirable variations in filter character 
istics or oscillation which are avoided by the pres 
ent invention. 
The modified network of Fig. 3 differs from 

that of Fig. 1 in that the two shunt rejector cir 
cuitS C2L2 and C3L3 are replaced by a shunt cir 
Cuit which includes a capacitor C7 and a reactor 
L7 connected in series with the parallel connected 
capacitor C8 and reactor L8. In this modification, 
the parallel resonant circuit is regenerated 
through means including a single amplifier 27, 
a cathode lead resistor 28, and the ticker coil L5 
which is inductively coupled to the reactor L8. 
When the effective series resistance of CaLa is 

slightly negative, the negative resistance compo 
nent of this parallel resonant circuit is as indi 
cated by the curve of Fig. 4. At the rejection 
frequencies, C7, L7, C8 and L8 form a series reso 
nant combination and the effective series nega 
tive resistance of C88 should equal the resistance 
of CL7. Oscillation does not occur because of the 
grid and plate coil resistances. In the pass band, 
the entire rejector circuit Li-C1-L2-C2 has a 

2,227,590 
negative effective resistance, but suitable adjust 
ment of the grid and plate circuit losses resultS 
in a flat paSS band. 
In lining up a single stage filter Such as that 

of Fig. 1, a signal generator is connected to the 5 
grid of the amplifier tube and a tube voltmeter 
is connected to the output of the filter. The first 
Operation is to line up the rejectors for maximum 
attenuation at the rejection frequencies. This 
involves adjusting both tuning and regeneration 10 
for maximum attenuation. The two acceptor cir 
cuits 1C1 and 2C2 are then tuned for maximum 
response in the center of the pass band. Align 
ment may be found easier if less than optimum 
damping is used for this preliminary tuning ad- lis 
justment. A head and shoulders curve will then 
be obtained in the pass band. The steps involved 
in Correcting this to the desired shape are indi 
cated in Figs. 5 to 13, inclusive, and in which a 
Series of curves are plotted. Each curve repre- 20 
Sents a possible shape of the pass band character 
istic. (The relative height of one curve to an 
other is of no significance here.) The top curve 
is a SSumed to be the desired one. The other 
Curves are obtained when one or more circuit 25 
constants have inaccurate values as indicated on 
the figure. 

If R1 is too large, the curve shown in Fig. 6 is 
obtained. As R1 is decreased, the curve assumes 
progressively the shape of the curve of Fig. 5 and 30 
the curve of Fig. 7. If R2 is too large, the two 
valleys will be too deep after R1 is adjusted for 
equal peaks. 

If the curve of Fig. 8 is obtained and R2 is de 
Creased, a curve similar to that of Fig. 6 Will re- 35 
Sult. So that R1 must also be decreased. The result 
is then as shown in Fig. 5. 

If R1 and R2 are kept equal, the head (or cen 
tral peak) of the curve is always higher than 
the shoulders no matter what value is chosen for 40 
R1 and R2 (Figs. 8 and 9). 
To equalize the height of the two shoulders, 

the tuning of the low loss circuit L4C4 should be 
used (FigS. 10 and 11). Gain is increased in 
the shoulder toward which this circuit is tuned. 45 
The high loss circuit L1C has the reverse ef 

fect, but to a much smaller extent. The major 
effect of mistuning L1C1 is to raise and lower 
the relative response in the valleys as indicated 
in Figs. 12 and 13. 

I claim as my invention: 
1. In a frequency selective network including 

a Signal channel tuned to pass a predetermined 
band of frequencies, the combination of a rejec 
tor circuit including a capacitor and a reactor 55 
Connected in shunt to said channel and tuned 
Outside Said band, a resistor, a tickler coil coupled 
With Said reactor, and a rejector circuit regen 
erating amplifier provided with an input circuit 
including Said resistor and capacitor and with an 60 
Output circuit including said resistor and said coil. 

2. In a frequency selective network including 
a channel tuned to pass a predetermined band 
of frequencies, the combination of a rejector cir 
cuit including a parallel connected capacitor and 65 
reactor and a Series capacitor and reactor con 
nected acroSS Said channel in series with said 
parallel connected capacitor and reactor, a resis 
tor, a tickler coil coupled with one of said reac 
tors, and a rejector circuit regenerating amplifier 70 
provided with an input circuit including said re 
Sistor and capacitor and with an output circuit 
including said resistor and said coil. 

3. In a frequency selective network including 
a channel tuned to pass a predetermined band 75 

50 
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of frequencies, the combination of a rejector cir 
cuit including a parallel connected capacitor and 
reactor and a Series capacitor and reactor con 
nected acroSS said channel in series with said par 
allel connected capacitor and reactor, a resistor, 
a tickler coil coupled with said parallel connected 
reactor, and a rejector circuit regenerating an 
plifier provided with an input circuit including 
said resistOr and capacitor and with an output, 
circuit including Said resistOr and said coil. 

4. In a frequency selective network, the com 
bination of two acceptor circuits tuned to the 
center of a desired frequency pass band and 
means providing two rejector circuits tuned re 
Spectively on the Opposite Sides of said pass band, 

3 
each of said rejector circuits including an induc 
tive reactor and capacitor serially connected and 
providing a shunt circuit for each of Said accep 
tor circuits, means providing a signal conveying 
coupling connection between said acceptor Cir 
cuits, and means for introducing stabilized regen 
eration into said rejector circuits comprising in 
connection with each of Said circuits an ampli 
i.e. tube a Wing an an Ode Circuit inductively colu 
pied to the inductive reactor therein, a grid cir 
cuit including the capacitor for said rejector cir 
cuit, and a cathode having a return connection 
to said anode and grid circuits, and a Variable 
controlling resistor in Said connection. 
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