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Patented May 6, 1947 2,420,248 

UNITED STATES PATENT office 
2,420,248 

AMPLTUDEMTER, CIRCUIT 
Winfield R. Koch, Haddonfield, N.J., assignor to 

Radio Corporation of America, a corporation of 
Delaware 
Application July 19, 1944, Serial No. 545,664 

(C. 250-20) 6 Claims. 
1. 

My present invention generally relates to am 
plitude limiting Systems, and more particularly to 
amplitude limiter circuits adapted for use in re 
ceivers of angle modulated carrier Waves. 

In the reception of angle modulated carrier 
Waves it is necessary that the demodulator of 
the receiver be presented with modulated carrier 
Wave energy whose amplitude variations are an 
accurate representation of the angle modulations 
of the received waves. This is insured by em 
ploying an amplitude limiting device prior to 
the discriminator Section of the demodulator to 
prevent undesired amplitude variations in the 
received angle modulated waves from causing a 
response in the output of the demodulator. The 
generic term “angle modulated' is to be under 
stood as including frequency modulation (FM), 
or phase modulation (PM), or hybrid modula 
tions having characteristics of both FM and PM. 
By Way of specific illustration the present de 
Scription will be explained in connection with a 
System for receiving FM carrier waves, although 
my invention is not restricted to such reception. 
One of the most widely known and used forms 

of discriminator-rectifier circuits is that dis 
closed and claimed by S. W. Seeley in his U. S. 
Patent No. 2,121,103, granted June 21, 1938. As 
commonly used in accordance with the Seeley 
patent, the discriminator section comprises a 
pair of coupled resonant circuits each tuned to a 
predetermined operating frequency (usually the 
intermediate frequency of a receiver of the wide 
ly-used superheterodyne type). The amplitude 
limiter tube usually includes in the plate circuit 
thereof the primary of the two coupled circuits, 
While a pair of opposed rectifier devices are con 
nected to Opposed ends of the secondary circuit 
coil which is center-tapped. The rectified volt 
tages of the rectifier devices are combined in 
polarity opposition, and the resultant voltage is 
accurately representative of the frequency varia 
tions of the received FM waves. 
The Well known frequency deviation vs. volt 

age output characteristic of the Seeley demodu 
lator System is generally an inclined, approxi 
mately linear characteristic whose upper and 
IoWer ends are bent in opposite directions. The 
linearity of the characteristic depends upon the 
degree of coupling between the primary and sec 
ondary circuits of the discriminator section, and 
the effective selectivity of these circuits. Usually 
the coupling is approximately critical coupling, 
under which condition the primary circuit volt 
age response has a pronounced double hump. 
Unlike the normal I. F. transformers preceding i 
the limiter tube, the response curve of the pri 
mary of the discriminator transformer is of large 
importance. The pronounced, double-hump re 
Sponse of the primary provides a “correction' for 
inherent central curvature in the normal fre 
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2 
quency deviation vs. Voltage output character 
istic of the demodulator. 
The amplitude limiters employed in the past 

with the Seeley discriminator, or more generally 
any discriminator Wherein the primary one of 
coupled tuned circuits possesses a double 
humped response curve, have generally been so 
constructed as inherently to alter under varying 
conditions of operation the optimum response 
curve of the discriminator primary circuit. For 
example, in one form of prior amplitude limiter 
circuit the object has been to maintain a constant 
signal voltage at the plate of the limiter tube. 
The effect of such a constant voltage Source 
across the discriminator primary circuit is ef 
fectively to shunt the latter by a Substantially 
zero impedance, . As a consequence the response 
curve of the primary circuit is flattened out 
under conditions of operation which will herein 
after be further described, and the Voltage re 
Sponse characteristic of the Secondary may ap 
proach that of a single tuned circuit. Because 
of this the linearity and length of the discrimi 
nator characteristic are reduced. Hence, the 
advantages of a pair of coupled tuned circuits 
are largely lost. The frequency deviation WS. 
voltage output characteristic Will depend on the 
strength of the received FM - Waves, and for 
Strong Signal reception the characteristic Will 
have a shorter length, and be of increased slope, 
than for Weak signals. 

It may, therefore, be stated that it is an im 
portant object of my present invention to provide 
an improved amplitude limiter, and, more par 
ticularly, an amplitude limiter which affords an 
output of uniform amplitude and which does not 
deleteriously affect the operation of the succeed 
ing discriminator. More specifically, one of my 
objectives is to preserve under varying conditions 
of operation the desirable double-humped re 
sponse curve of the primary circuit of the dis 
criminator transformer by feeding FM waves 
thereto through an amplitude limiter tube circuit 
which possesses a substantially constant plate 
current characteristic in contradistinction to a 
constant plate voltage characteristic. 
Another important object of my invention is 

to provide an amplitude limiter tube of the screen 
grid type, wherein the control grid and screen 
grid voltages are varied at a relatively fast rate 
in response to applied signals. So as to maintain 
the plate current flow substantially constant over 
a range of signal voltage amplitudes above a 
predetermined value. Another object of my invention is to provide 
an amplitude limiter whose tube has the plate 
thereof operated at a positive direct current volt 
age of relatively high value, while the tube is 
provided with a screen grid whose positive direct 
purrent voltage is lower than the plate voltage 
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and is varied at a relatively fast rate in response 
to relatively excessive increases in amplitude of 
applied high frequency currents thereby to main 
tain the signal frequency component of the plate 
current substantially constant. 
Another object of my invention is to improve 

the efficiency and construction of FM receivers 
by improving the amplitude limiter operation and 
preventing the limiter from adversely affecting 
the desired response characteristic of the dis 
criminator. 
A more specific object of my invention is to 

provide an amplitude limiter tube whose signal 
input grid circuit and Screen grid circuit each 
include resistor-condenser networks of relatively 
short time constants, and whose plate circuit con 
tains only very small direct current impedance. 
A further object of my invention is to provide 

an amplitude limiter tube of the type including 
a screen grid having means in circuit therewith 
to permit it to vary over a wide range of positive 
voltages thereby to co-operate in maintaining a 
substantially constant plate current, and other 
means being operative to prevent the screen volt 
age from becoming too low and causing the gain 
of the tube to fall for weak signals. 

Still other objects of my invention are to im 
prove amplitude limiter circuits for FM reception, 
and more particularly to provide a limiter-dis 
criminator network of desirable characteristics. 3 

Still other features of my invention will best 
be understood by reference to the following de 
Scription, taken in connection with the drawing, 
in which I have indicated diagrammatically sev 
eral circuit organizations whereby my invention 
may be carried into effect. 

In the drawing: 
Fig. 1 shows one embodiment of the invention; 
Fig. 2 shows idealized response curves of the 

discriminator transformer; 
Fig. 3 illustrates typical discriminator charac 

teristics, both with and without the invention; 
Fig. 4. shows limiter characteristics both cal culated and experimental; 
Figs. 5d., 5b, 5c show graphically the operation 

of the limiter tube for week, medium and strong signals respectively; 
Fig. 6 illustrates graphically the effect of vary 

ing the value of R in the Screen grid circuit of 
the limiter tube; 

Fig. 7 shows a modification of the system of 
Fig. 1, and 

Fig. 8 illustrates a further modification of Fig.1. 
Referring now to the various figures of the 

accompanying drawings, wherein like reference 
letters and numerals in the different figures des 
ignate similar elements, there is shown in Fig. 1 
So much of an FM receiver as is essential to a 
proper understanding of my invention. It is 
assumed that the limiter and demodulator of 
Fig. 1 are embodied in a superheterodyne receiver, 
since that form of receiver is most widely em 
ployed at present. The customary selective radio 
frequency amplifier, converter and I. F. amplifier 
precede the input transformer which feeds the 
I. F. signals to the signal grid 2 of limiter tube 3, 
Those skilled in the art of radio communication, 
and more specifically FM communication, are 
fully aware of the details of circuit design prior 
to limiter tube 3. The received FM waves may 
have a carrier or center frequency in any of the 
known frequency bands allocated to FM or PM 
reception. The present FM broadcast range ex 
tends from 42 to 50 megacycles (mc.). 
ASSuming operation in the 42-50 m.c. range, the 

4. 
Selector circuits of the receiver between the an 
tenna, and discriminator network will each be 
designed satisfactorily to pass a band of fre 
quencies of the order of 200 kilocycles (kc.). This 
relatively wide band pass selector characteristic 
is required, because in compliance with present 
standards of FM broadcasting the maximum fre 

10 

5 

20 

40 

5 5 

60 

65 

70 

75 

quency deviation at each FM transmitter is up to 
75 kc. On either side of the normal carrier fre 
quency. As pass band width of 200 kc. insures 
the acceptance of the overall 150 kc. frequency 
SWing of a Selected modulated carrier. The fre 
quency Variations of the signal energy are, of 
course, representative of the modulation applied 
to the carrier wave at the transmitter, the extent 
of the frequency variation or deviation being pro 
portional to the amplitude of the modulating 
Signals while the rate of deviation is dependent 
on the modulation frequencies per se. Since a 
PM wave essentially differs from an FM wave in 
that the extent of frequency deviation is propor 
tionately higher for the higher modulating fre 
qllencies, it will be clear that the FM receiver 
may be employed for detection of PM waves with 
de-emphasis correction subsequent to the de 
nodulator. 
ASSuming, now, that there has been applied to 

the primary circuit 4 of I. F. transformer the 
FM energy whose center or carrier frequency has 
been reduced to the I. F. value of 4.3 mc., each 
of circuits 4 and 5 is tuned to the I. F. value. 
The circuits 4 and 5 are coupled to provide a 
Substantially band pass response characteristic 
about 200 kc. wide. As previously stated, this 
is also true of the Selector circuits prior to trans 
former . Limiting is accomplished by means of 
tube 3, shown as a pentode tube by way of specific 
illustration. The cathode 6, either indirectly or 
directly heated, is preferably connected directly 
to ground, while the low potential side of input 
circuit 5 is connected to ground by a resistor R1 
shunted by condenser C1. The magnitudes of 
these components R1 and C1 are so chosen as to 
provide a relatively short time constant. For 
example, and in no way restrictive, R1 may be 
150,000 ohms while C1 may be 22 micro-micro 
farads. The control grid 2 is connected to the 
high alternating potential side of circuit 5. 
The plate or anode 7 of limiter tube. 3 is con 

nected to Operate at a relatively fixed direct cur 
rent potential. Thus, the plate 7 is connected 
through the inductance 8 of the primary circuit 
P of the discriminator network to a point on a 
direct current Source (not shown) having a 
potential of, for example, --250 volts. It will 
be observed that between the --250 volts point 
and the plate 7 there is no material direct cur 
rent resistance, the direct current resistance of 
coil 8 being very Small. This is the reverse of 
the construction of limiters well known in the 
prior art, wherein substantial resistance is de 
liberately introduced into the plate circuit to 
reduce the normal plate voltage to such a low 
positive value that the tube will readily Saturate, 
The screen grid 9 of tube 3 is connected to 

the --250 volts point through a resistor R, whose 
upper end is connected to ground by condenser 
C. The values of R and C are so chosen that 
network R., C has a relatively short time con 
stant. By Way of Specific example, and in no 
Way restrictive, R may have a value chosen from 
a range of 33,000 ohms to 120,000 ohms. The 
condenser C may have a value of the order of 
68 micro-microfarads. The normal, no-signal 
voltage of the screen grid 9 will be relatively small 
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compared to the plate voltage, For example, the 
no-signal screen Voltage may be as low as --70 
volts. However, during signal reception the volt 
age of the screen will vary at a relatively rapid 
rate by virtue of the short time constant of net 
work R. C. Here, again, the present limiter con 
struction is, the reverse of that employed in the 
prior art, since in the past it has usually been 
proposed. to maintain the Screen voltage invari 
able throughout signal reception While permit 
ting the plate voltage to vary. The suppressor 
grid O. is connected to the cathode 6 within the 
tube envelope, and performs its usual function 
of Suppressing. Secondary electron emission from 
plate 7. 
The coils. 8 and are of the respective primary 

and secondary windings of the discriminator 
transformer. Coil 8 and condenser 8' provide the 
resonant. primary circuit P, while the secondary 
coil ... and condenser fl' in parallel with it 
provide the resonant secondary circuit S. Each 
of circuits P and S is tuned to the operating I. F. 
value of 4.3 mic. These circuits are preferably 
Coupled so as to provide a Substantially double 
humped response curve for the primary circuit 
P, While providing a band pass curve for the Sec 
ondary circuit. The high alternating potential 
side of primary circuit P is connected to the mid 
point of coil through a direct current block 
ing condenser 2 which functions as a direct con 
nection so far as the I. F. currents are con 
cerned. In other words condenser 2 imparts 
no phase shift to the I. F. currents applied to 
the mid-point of coil f. 
The circuits P and S constitute a discriminator 

network of the type described in the aforesaid 
Seeley patent, and referred to herein as a "Seeley 
discriminator.' It is relatively widely used in 
FM receivers, and its functions are well-known 
to those skilled in the art of radio communica 
tion. It is sufficient for the purposes of the 
present application to explain that at the in 
stant, when the applied I. F. energy has a fre 
quency equal to the resonant frequencies of 
circuits P and S, then the signal voltage across 
circuit. S Will be 90° out of phase with the Wolt 
age across primary circuit P. This is due to the 
magnetic coupling between resonant circuits P 
and S. However, the connection including con 
denser f2 will also inject into the circuit S pri 
mary signal voltage which has not been sub 
jected to any phase shift. 
Due to the fact that the primany Voltage is 

applied to the mid-point of coil , it will be 
seen that from each end of Coil if to ground 
there. will exist primary signal voltage in phase 
quadrature, with the induced phase-shifted Signal 
voltage, the induced voltages in each half of the 
secondary coil f being of opposite polarity. 
Hence, there will exist between each end of coil 

and ground a resultant voltage which is the 
vector sum of the phase quadrature-related 
voltages across each. half of secondary Winding 

and the primary voltage. These resultant 
voltages will be of equal magnitude at the in 
stant when the I. F. energy applied to circuit 
P is equal to the resonant frequencies of the 
discriminator circuits. However, should the in 
stantaneous signal frequency deviate or shift With 
respect to the predetermined reference fre 
quencies of circuits P and S, then the resultant 
voltages at the opposite ends of coil will be 
come unequal because of phase changes away 
from the quadrature phase relation. The in 
equality Will be dependent upon the magnitude 
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6. 
of frequency deviation from the reference fre 
quency, while the direction of the inequality. 
Will depend upon the direction of frequency, de 
viation. In this way the frequency-variable 
waves are translated or transformed into a pair of Voltages which are equal in magnitude at the 
instant when the signal frequency is equal to 
the discriminator reference frequency, but which 
vary with respect to each other for frequency. 
deviations from the center frequency. The func 
tion of the tube f3 is to provide a pair of rec 
tifier devices for rectifying the aforesaid pair. 
of variable voltages: " . . . . . . . Tube f3, while shown by way of example as a 
6H6 type tube embodying a pair of separate, di 
odes, may be replaced by a pair of independent 
diode tubes or other suitable rectifiers. The anode. 
f4 and cathode 5 of the upper diode device are: 
connected between the upper side of circuit S-and 
the upper end of load resistor 6. The lower diode. 
device fl, 8 is connected between the grounded 
end of load resistor 9 and the lower side of cir 
cuit S. The midpoint of secondary coil it is con 
nected by I. F. choke coil 20 to the junction of 
load resistors f6 and 9. Hence, the resultant I.F. 
voltage applied to anode f4 will be rectified, and 
the rectified voltage will appear across resistor: 
6. In the same way the resultant I. F. voltage. 
applied to diode anode 7 will be rectified, and 
the rectified voltage will appear across resistor 9. 
Since the rectified voltages across resistors S 
and 9 are combined in polarity opposition rela 
tive to ground, the resultant potential at the end 
of resistor 6 connected to cathode 5 will be zero. 
at the instant when the frequency of the applied 
FM waves is equal to the reference frequency of 
the discriminator circuits P and S, and will vary 
in magnitude and polarity depending upon the 
extent and direction of frequency deviation. The 
resistors 6 and 9 are each bypassed by suitable 
E. F. bypass condensers, and the modulation fre 
quency component of the resultant rectified volt 
age is applied through coupling condenser'2 to 
any suitable audio frequency modulation ampli 
fier.network. . . . . . 

In Fig. 2 there are shown the primary and sec 
ondary response curves P. and S1 of circuits.P and 
S-respectively. These curves are secured by plot 
ting “frequency” as abscissa against “response' 
as ordinate. As explained previously, it is highly 
desirable to have the response curve P1 markedly 
double-humped. The secondary response curve. 
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S1 is relatively flat-topped with somewhat of a 
depression at its center. In practice the trans 
former windings 8 and are coupled approxi 
mately to the critical coupling value, which pro 
Wides the curve; Pl. It should be noted that the 
primary is coupled to the diodes. 4, 5 and 7, 8 
both through the transformer windings and 
through condenser f2. Because of the connection 
including condenser f2, the response curve of the 
primary circuit. P. (as welI as the secondary cir 
cuit S) is important to the operation of the dis 
criminator. The best overall discriminator char 
acteristic, both as to linearity and length, is ob 
tained when the response of primary P is sub 
stantially in accordance with the double-humped 
curve-P in Fig. 2. - . En Fig. 3 the curve D relates “frequency', as 
abscissa against "voltage output' as ordinate.: 
The portion of curve D. between the peaks thereof. 
is substantially linear by virtue of the correction 
introduced by the double-humped primary re 
sponse curve Pt. If, now, there occurs any flat 
tening of the primary response curve, say to P1’ 

  



7 
(Fig. 2) the effect will be to change the overall 
discriminator characteristic from D toward. Or 
beyond the curve D’ (Fig. 3). Such a change 
would be highly undesirable, since it shortens and 
otherwise deleteriously affects the linear portion 
of the discriminator characteristic. 
Returning now to the limiter tube, the known 

arrangements of the prior art wherein a constant 
signal voltage is maintained at the limiter plate 
may cause upon reception of signal energy of 

varying intensities approximately the change in 
primary response curve from P1 to P1’. This may 
be explained as follows. If the screen grid voltage 
is maintained invariable, and the direct current 
plate voltage is permitted to vary in order to pro 
vide a constant signal voltage output from the 
primary circuit, there is provided the equivalent 
of a zero impedance across the primary Winding 
8. That is, no matter what impedance is put in 
the plate circuit of tube 3 the voltage across it 
will be the same. Since this means in effect that 
the primary 8 is being shunted by a very low re 
sistance, the effect is greatly to dampen the pri 
mary response curve. Hence, the desirable 
double-humped curve P1 may in the reception of 
strong signals be changed to the relatively flat 
tened response curve P1’. At the same time the 
selectivity due to circuit P will largely be can 
celled, and the tendency will be for the secondary 
circuit S alone to supply selectivity whereby the 
discriminator transformer will act like a single 
tuned circuit with a rounded top, instead of the 
relatively flat top S1 of Fig. 2. If the voltage 
across the primary of the discriminator trans 
former were held constant, the overall discrimi 
nator characteristic Would depend on the strength 
of the received signal, would be narrow for signals 
strong enough to cause limiting, and might ac 
tually change from curve D to One even Worse 
than D'. If, on the other hand, as in the use of 
my invention, the limiter plate voltage is kept 
high so that it never Swings over the knee of the 
plate-current vs. plate-voltage characteristic, the 
discriminator characteristic will remain like D. 
What is desired, however, is a constant signal 

frequency current in the plate circuit of the 
limiter tube. This corresponds to a very high 
plate resistance of the limiter tube. If this is 
many times as high as the impedance of the pri 
mary circuit P, as is usually the case, then the 
overall discriminator characteristic D will be the 
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same for Weak signals as for strong signals. Fur 
ther, the linearity of the characteristic Will be 
preserved, since the desirable double-humped re 
sponse curve Pi will be maintained and will not : 
be degenerated to response curve P1’. 
I secure the desired limiter action by the rela 

tively simple arrangement shown in Fig. 1. The 
resistor R in the screen voltage lead and associ 
ated condenser C cause the screen voltage to vary 
at a fast rate so that carrier amplitude variations 
due to amplitude modulation Will vary the elec 
tron flow to the plate 7 in a manner to maintain 
a Substantially constant signal frequency plate 
current. In Fig. 4 I have shown four curves 
secured by plotting “voltage on grid of tube pre 
ceding limiter' as abscissa against “voltage ap 
plied to diodes' as ordinate. Curve is a calcu 
lated curve using an idealized tube characteristic 
with an invariable screen voltage, but with 
R1=10 megohms. In other words, R is not in 
circuit with the screen grid 9, and the condenser 
C is removed. Also no plate limiting impedances 
are employed. The "calculated' curve shows that 
the output of the limiter tube drops appreciably 
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8 
as the signal voltage rises above the threshold 
value of 0.02 volt on the preceding grid. Curve 
2 shows the actual characteristic secured with 
R1=10 megohms. - 
Upon decreasing the value of R1 to 150,000 

ohms and C1 being chosen as 22 micro-micro 
farads (and elements. R and C still being omit 
ted), the improved limiter characteristic depicted 
by curve 3 is obtained. Reducing the grid re 
sistor value caused the excessive droop of curve 2 
to be reduced. However, there is still a substan 
tial droop in the horizontal part of the charac 
teristic. The effect of introducing suitable re 
sistance, shunted by suitable capacity, into the 
screen grid circuit is shown by curve 4. Here 
the resistor R is given a value of 33,000 ohms, and 
C is chosen of the order of 68 micro-microfarads; 
R1 is 150,000 ohms and C1 is 22 micro-micro 
farads. The limiter characteristic is now flat 
above the signal input Voltage of 0.04 volt on the 
grid at the preceding tube. My present view is 
that what has been done is that, the screen grid 
has been given a rapid time constant so that it 
functions in the manner of a fast-acting auto 
matic gain control element and provides self 
regulation of the limiter tube, augmenting the 
fast-acting gain control action of the grid 2 
caused by network R1 and C1 in the grid circuit. 
A point involved in my invention is that grid 
circuit limiting alone does not give a uniform 
output from the limiter-discriminator circuits 
for different intensities of applied signal voltages. 
Plate circuit limiting when used with grid circuit 
limiting changes the discriminator characteristic, 
By including a fast time constant resistor-con 
denser combination in the screen grid circuit, the 
limiter can be made to give a uniform output, and 
the discriminator characteristic can be main 
tained without change at varying signal intensi 
ties. 
The magnitude of screen resistor R determines 

the threshold or limiting point of the limiter tube. 
In order to provide limiting action at as low an 
input voltage as possible, a low normal screen 
voltage is desired. This necessitates a relatively 
high value of R. Hence, in Fig. 6 I have shown 
a family of "applied signal voltage' vs. “effective 
limiter output current' curves to show the effect 
On the limiting point of the magnitude of R. At 
lower initial or normal operating voltages of the 
screen grid, say --70 volts for example, the lim 
iting will commence at lower signal input volt 
ages. It is desirable, therefore, to use higher 
values (say of the order of 120,000 ohms) for R 
When receiving weak signals than when receiving 
strong signals. There could be provided an ad 
justment for the value of R, so as to permit the 
set operator to adjust the limiting point depend 
ing upon the reception area, he finds himself in. 
It will be noted from Fig. 6 that the value of R. 
may be chosen in order to provide the flattest 
limiting characteristic, or a second value may be 
chosen which will start limiting sooner for weaker 
Signals, but which will not be quite so flat. V 
Since it is highly desirable to provide the net 

Works R., C and R1, C1, with as short time con 
stants as possible, it may be found under some 
Conditions that condensers C and C1 do not have 
sufficiently low impedances for optimum opera 
tion. In Fig. 7 I have shown means enabling 
use of a time constant of each of R., C and R1, C1 
while using condensers C and C1 which might 
otherwise present more than the desired imped 
ance. Each of condensers C and C1 is shunted 
by a series-resonant circuit consisting of a coil 
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30 and 30’ and condenser 3 and 3 f’ respectively, 
each tuned to the operating I. F. value. These 
respective series-tuned circuits 30, 3 and 30', 31' 
provide a very low impedance for the I. F. cur 
rent. The condensers C and Ci are necessary 
to bypass harmonics, but can be of smaller capac 
ity and consequently higher impedance than 
where the series-tuned circuits 30, 3 are not 
used. The time constants used should be short 
enough to insure that limiting will be the Same 
for all rates of amplitude variation from very 
slow up to the upper limit of audibility. It may 
be possible, if desired, to dispense With each of C 
and C1 when using the respective series-tuned 
circuits 30, 3 and 30', 3’. 

It may be desirable to prevent the screen volt 
age from becoming too low and thereby dropping 
the gain for Weak, or low amplitude, input sig 
nals. By employing diode 40, shown in Fig. 8, in 
association with screen grid 9 it is possible to 
use a higher Value for Screen resistor R than 
would normally be the case Without the diode. 
The higher the value of R the lower the value of 
signal input voltage for which limiting begins. 
Diode 40 has its cathode connected to the screen 
grid end of R. While its anode is connected to a 
suitable point 42 on potentiometer resistor 4 
connected between the --B voltage terminal and 
ground. Hence, point 42 is normally less posi 
tive than the --B end of resistor 4. A condenser 
43 bypasses point 42 and the diode anode to 
ground for I. F. currents. The signal grid net 
Work R1, C1 is shown in an electrically equivalent 
arrangement relative to that shown in Fig. 1. 
The diode 4 is normally conductive for Weak Sig 
nal input to circuit 5. Hence, the voltage of 
screen 9 Will be at the potential of point, 42 dur 
ing weak signal inputs. However, when the in 
put voltage at signal grid 2 becomes stronger the 
screen current through R becomes less, with the 
result that the cathode of diode 40 may for rap 
idly recurring potentials become more positive 
than its anode, inasmuch as the latter is ground 
ed for I. F. currents, thereby disconnecting the 
screen grid 9 from point 42. The full voltage 
across the series resistor R is, therefore, applied 
to the screen grid, and the limiter tube from this 
point on acts as it does in the circuit of either 
Fig. 1 or Fig. 7. Diode 40, therefore, provides a 
controlled minimum screen voltage for the lim 
iter tube, but without affecting the plate voltage. 

Regardless of whether or not the modifications 
of Figs. and 8 are used, the limiter circuit of my 
present invention functions to provide a substan 
tially uniform and constant signal frequency cur 
rent in the plate circuit of the limiter tube. This 
corresponds to a very high plate resistance of the 
limiter tube. It is preferred that the plate resist 
ance of the limiter be many times as high as the 
impedance of primary circuit P. In this way the 
desirable response curve P1 shown in Fig. 2 Will 
be maintained. 

in Figs. 5d., 5b and 5c I have graphically and 
ideally shown the manner in which the limiter 
tube acts to maintain the desirable constancy of 
signal frequency current in its plate circuit. Each 
Of these figures shows "control grid voltage,' i.e., 
signal voltage on grid 2, plotted against “current 
to plate' and also plate current as against 'time.' 
For weak signal reception the curve a in Fig. 5d. 
depicts signal wave voltage applied to the signal 
grid 2 of limiter tube 3. The signal grid is nor 
mally at ground potential. Upon the signal en 
ergy charging the grid 2 positive during the first 
few positive cycles thereof, grid current flows and 
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10 
produces a voltage across R1 thereby charging 
condenser C1 negative. This negative bias, indi 
cated by broken line X, of grid 2 determines the 
operating point of the tube. As the signal passes 
through its alternate negative and positive cycles, 
the screen and plate currents each will follow the 
curve b as to contour, the plate current in the 
tubes which I have used being, however, of the 
order of four times the screen grid current. 
Upon the signal intensity increasing to a', for 

example as shown in Fig.5b, the negative bias for 
grid 2 increases to the point where the tube char 
acteristic looks like a class B amplifier character 
istic. The positive half of each signal wave pro 
duces a rectified plate current pulse b’. Since the 
time constant of R1, C1 is fast, the bias on grid 2 
will quickly follow the signal amplitude varia 
tions, i.e., Will become more negative as indicated 
in Fig.5b by the lineX being moved further to the 
left. The fast-acting control network R., C will 
function to provide a gain control voltage due to 
Screen current flow decrease which tends to re 
duce the drop in resistor R, causing higher Screen 
Voltage Which in turn tends to prevent a reduction 
in instantaneous plate current flow. This effect is 
also shown in Fig. 5b which indicates that such 
increase in the positive screen voltage raises the 
plate current curve from the full line A to the 
broken line B. This allows the plate current upon 
a positive half-cycle of signal voltage to be in ac 
cordance with the broken lineb' in Fig.5b instead 
of the shaded area which shows what the opera 
tion Would be if the resistor R. Were not present 
in the screen grid circuit. This further means 
that the signal frequency current in the plate cir 
cuit is increased from that corresponding to curve 
3 of Fig. 4 to that corresponding to curve 4 of that 
figure. In other Words, each fast change inscreen 
Voltage : causes the tube to operate along a new 
characteristic of the family of possible plate cur 
rent-control grid (grid 2) characteristics. The 
gain control by the screen grid is in a sense to op 
pose the signal carrier variations due to amplitude 
modulation which would otherwise occur follow 
ing curve 3 in Fig. 4. Although the peak value 
of-plate current has been increased in Fig.5b over 
Fig. 5d, the average plate current tends to re 
main uniform because the average plate current, 
under the conditions of Fig. 5b, will be only of 
the Order of 30% of peak value, as compared with 
a much larger percentage in Fig. 5a. This is 
largely due to the breaks in the plate-current as 
the negative grid potential reaches or exceeds cut 
off value. . . 

In Fig. 5c there are shown the curves a’ and 
b' for strong signal reception. The tube now 
acts in the manner of a class C amplifier, and the 
average plate current may be only 10% of peak 
Value or less. The effect of the fast-acting-gain 
control by the variable screen voltage is again 
shown. It Will be noted that the plate current 
control grid characteristic has been raised further 
to the position B', and the bias line X has been 
moved still further negative. The rise in the 
plate current peaks is compensated by increased 
time Spacing between the plate current pulses. 
The shaded area again illustrates the decreased 
plate current which would result if resistor R. 
Were omitted from the screen grid-circuit. 
Summing up the action of the limiter tube Figs. 

5a, 5b and 5c show that as the applied signalam 
plitude increases, the average screen current de 
creases by reason of the increased negative bias 
on grid 2. The voltage drop across the screen 
resistor R is dependent on the average screen cur 
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rent flowing through the resistor. Consequently 
when the average screen current decreases, the 
effective. Screen voltage increases by Wirtue of a 
decrease in voltage drop across the screen resistor. 
This tends to increase the average screen current. 
The higher Screen Voltage, also tends to bring up 
the average plate current. The overall action is 
such as to tend to maintain a constant average 
plate current. This, in turn, will tend to produce 
a signal frequency component of the plate cur 
rent that is uniform for all input amplitudes 
above the threshold value. So far as the relations 
between the R., C networks in the control grid 
circuit and Screen grid circuit are concerned, it 
may generally be stated that the time constant 
in the screen grid circuit is relatively faster than 
that in the control grid circuit. Generally speak 
ing both time constant networks may be chosen 
from a range of the order of 1 to 10 microseconds. 
While I have indicated and described several 

Systems for carrying my invention into effect, 
it Will be apparent to one skilled in the art that 
my invention is by no means limited to the par 
ticular organizations shown and described, but 
that many modifications may be made without 
departing from the scope of my invention. 
What I claim is: 
1. In combination between a source of fre 

quency modulated wave energy and a frequency 
discriminator circuit having a predetermined re 
Sponse characteristic, an amplitude limiter tube 
including a cathode, signal grid, plate and aux 
iliary cold electrode adjacent the plate, means 
for applying a positive potential to each of the 
auxiliary cold electrode and the plate, means in 
circuit with each of Said signal grid and auxiliary 
cold electrode for providing a fast-acting gain 
control over the limiter tube for carrier ampli 
tude variations in excess of a predetermined 
value, and means in circuit with the auxiliary 
electrode for providing a controlled minimum 
voltage therefor. 

2. In combination between a source of fre 
quency modulated wave energy and a frequency 
discriminator circuit having a predetermined re 
Sponse characteristic, an amplitude limiter tube 
including a cathode, signal grid, plate and aux 
iliary cold electrode adjacent the plate, means 
for applying a positive potential to each of the 
auxiliary cold electrode and the plate, means in 
circuit with each of said signal grid and aux 
iliary cold electrode for providing a fast-acting 
gain control over the limiter tube for carrier aim 
plitude variations in excess of a predetermined 
value, said last means consisting of a resistor 
and a condenser cooperating to provide a rela 
tively short time constant, and a series resonant 
circuit, tuned to the center frequency of said 
wave energy, electrically connected to each re 
sistor and associate condenser for rendering more 
rapid each time constant. 

3. In a system for receiving frequency modu 
lated carrier wave energy, an amplitude limiter 
tube provided with a cathode, a signal grid, a 
plate and a screen grid interposed between the 
signal grid and plate, a signal input circuit con 
nected between said signal grid and cathode, a 
frequency discriminator comprising a primary 
circuit and a secondary circuit tuned to a com 
non frequency, Said primary and secondary cir 
cuits being coupled to impart a substantially 
double-humped response curve to the primary 
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circuit, means for establishing said plate at a 
substantially constant positive potential of rela 
tively high magnitude, a first resistor and con 
denser network in circuit with said signal grid 
and cathode providing, a relatively short time 
constant, a second resistor and condenser net 
work in circuit with said screen grid for providing 
a relatively shorter time constant than the first 
time constant and auxiliary means in circuit 
with said screen grid providing a controlled mini 
mum voltage therefor. 

. . 4. In combination between a source of fre 
quency modulated wave energy and a frequency 
discriminator circuit having a predetermined re 
sponse characteristic, an amplitude limiter tube 
including a cathode, signal grid, plate and aux 
iliary cold electrode adjacent the plate, means for 
applying a positive potential to each of the aux 
iliary cold electrode and the plate, means in 
circuit with each of said signal grid and aux 
iliary cold electrode for providing a fast-acting 
gain control over the limiter tube for carrier 
amplitude variations in excess of a predeter 
mined value, and diode means in circuit with said 
auxiliary cold electrode for providing a con 
trolled minimum voltage therefor. 

5. In combination, between a source of fre 
quency modulated wave energy and a frequency 
discriminator circuit having a predetermined re 
Sponse characteristic, an amplitude limiter tube 
including a cathode, signal grid, plate and aux 
iliary cold electrode adjacent the plate, means 
coupling Said grid to said source, means for ap 
plying a positive potential to each of the auxiliary 
cold electrode and the plate, means in circuit 
With each of Said signal grid and auxiliary cold 
electrode for providing a fast-acting gain control 
over the limiter tube plate current, for carrier 
amplitude variations in excess of a predetermined 
value, Said last means consisting of a resistor and 
a condenser co-operating to provide a relatively 
short time constant, and means connected to 
each resistor to render more rapid each time con 
stant. . . . 

6. In combination between a source of fre 
quency modulated wave energy and a frequency 
discriminator circuit having a predetermined re 
Sponse characteristic, an amplitude limiter tube 
including a cathode, signal grid, plate and aux 
iliary cold electrode adjacent the plate, means 
for applying a positive potential to each of the 
auxiliary cold electrode and the plate, means in 
circuit with each of said signal grid and aux 
iliary cold electrode for providing a fast-acting 
gain control over the tube space current for car. 
rier amplitude variations in excess of a predeter 
mined value, said frequency discriminator con 
sisting of a primary circuit and a secondary cir 
cuit coupled to impart a double-humped char 
acteristic to the primary circuit, and means op 
eratively associated with the means in circuit 
With the auxiliary cold electrode to provide a con 
trolled minimum auxiliary cold electrode voltage. 
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