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Our present invention relates to volume con~
trol-devices for -frequency, modulated (FM)  car-
rier wave receivers; and .more particularly to a
device for adjusting the: 11m1ter output level of an
FM receiver. .

One of the main objects of our 1nvent10n is-to.
provide a- device for varying the limiter out-
putof an FM receiver thereby to secure gain
control action,-and at the same t1me mamtam-
ing the 11m1t1ng action. -

-Another important object of the mvent;on 1s
to provide a-volume -control for an FM receiver;
the- control essentially comprising a device for
adjusting the limiter. tube input- output charac-
teristic -over -a famﬂy of -Characteristics.

Another object of our invention is to provide a
manual Volume_contro'l instrumentality. for an
FM - receiver, wherein the limiter tube screen
potentlal may be varied in such a manner as
to produce a variation in the effective thresh-
old value:of the limiter characteristic.

Stlll other-objects of the invention are to im-

prove- generally the 51mp11c1ty and efﬁmency of -

gain controls for FM receivers, and more es-

pecially to provide a highly simple type of volume :

control device which is economically manufac-
tured and assembled in an FM receiver.

The novel features which we beliéve to be
characterlstlc of our invention are set forth in
partlcularlty in the appended claims; the inven-
tion itself; however, as to both its organiza-
tion and method of operation will best be under-
stood by reference. to the following description
ta,ken in connection with the drawing in which
we have indicated diagrammatically a circuit or-
ganization whereby our mventlon may be car-
ried into effect. R .

In the drawing:

Fig. 1 shows an embodiment - of the mven—
t10n

Figs. 2 and 3 graphlcally 111ustrate the func-;
tioning of the invention.

Referrmg now to the accompanying drawing,
there is shown in detail the limiter stage of an
FM receiver of the superheterodyne type. . Let it
bé assumed that the receiver is constructed to
receive signals in the 43 to 50 megaeycle (mec.)

band of FM reception, and that it uses an in-
termedlate frequency (I. F.) of 2.175 me. The
networks preceding the limiter input mrcult f
may comprise the customary signal collector
feedlng into one or more tunable radio frequency
amphﬁers and a tunable local oscillator feeding
local oscillations to the first detector along with
the amplified FM signals’ from the amphﬁers
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“tube.

The FM signals at I. F. value may be passed
through one or more I. F. amplifiers each op-
erating at the 2.175 me. frequency. The circuit
2 tuned to the I. F. value, may be considered
as in the plate circuit of the last I. F. amplifier
- Cireuit I is reactively coupled to circuit
2,.and is also tuned to-the I. F, energy center

_frequency. 'The limiter functions to insure the

transmission to the second detector of solely FM
signals, no amplitude modulation effects being
transmitted. 'Those skilled in the art are fully
acqualnted with the circuit details of the net-
works prior to the limiter, and hence they need
not be described in any further detail. i

The limiter stage itself -comprises a tube: 3
which may be a pentode tube, say of the 6SJ7
type. - The signal grid 4 may be coupled to the
high potentlal side of the input circuit [ by the
condenser 5, the grid leak resistor 6 connecting
the grid end of condenser 5 to the grounded
cathode. :

The plate T of the limifer tube is connected
to a source of positive potential through-the pri-
mary winding 8 of I. F. transformer 9. The
winding 8 is shunted by a condesnser 10 which
resonates it to the operating I. F. value. ‘The
screen grid electrode 11 of the limiter tube is con--
nected to a predetermined point on the voltage
supply bleeder which comprises a plurality of re-
sistor sections arranged in series between the
plate potential supply terminal and the ground-
ed cathode.. The bleeder sections consist of a

potentiometer Ri—R2 which is adjustable and a
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section. Rz of constant magnitude. . The screen
grid 11 is by-passed to ground for intermediate
frequency currents by the condenser 2. There
is applied to screen grid electrode .11 a positive
potential which is of a predetermined magnitude.

When the magnitude’ of R is decreased, then
the magnitude .of Rz is increased. The poten-
tiometer arm A connects the screen lead -to
Ri—Rz so as to vary the magnitudes of said
sections in inverse senses. The arm A is desig-
nated as “Volume control,” and it will be under-
stood that adjustment of arm A results in varia-
tion of the signal output level at circuit 10—S8.
Before describing in detail the manner in which
adjustment of resistor sections Ri and Ra results
in variation of the limiter signal output level,
it is first pointed out that the network follow-
ing the limiter output circuit may consist of any
desired type of discriminator-second detector
network. For example, the numeral 14 desig-
nates a rectangle within which is shown the
typical S-shaped characteristic curve of an FM
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discriminator-second detector network. Those
skilled in the art are fully acquainted with the
various types of networks that may be employed
between the first audio frequency amplifier and
the limiter output circuit 10—a8.

It is sufficient for the purpose of the present
application, since the invention is confined to the
limiter stage, to point out that the input circuit
15 of discriminator-second defector 14 is tuned
to the operating I. F. valus, and the entire net-
work may follow the teachings disclosed by S. W.
Seeley, in U. S. Patent 2,121,103, patented June
21, 1938. In this type of circuit there is produced
across opposed load resistors of a pair of recti-
fiers rectified voltages in polarity oppcgiticn.
The substantially S-shaped characteristic curve
which relates carrier frequency deviation as ab-
scissae to rectified output voltages as ordinates
is shown within the rectangle (4. Of course,
there may be employed in place of the Seeley type
of network a pair of rectifiers which have input
circuits oppositely and equally mistuned from the
center frequency of the FM signals. As stated
previously, those skilled in the art are fully aware
of the construction of such discriminator-second

detector networks, and they all furiction to pro--

duce in the cutput circuit the modulation volt-
age comporents which correspond to the fre-
quency deviations of the FM carrier. The gudio
frequency voltage develoged in the output circuit
of the second detector miay be impressed upon
one or more stages of audio frequency ampli-
fication, and such stages may be followed by
any desired type of audio reproducer,

Returning now to the limiter stage, it is first *

pointed out: that the stage provides a certain
amount of gain over the range of frequency repre-
sented- by the I. . peak and the maximum fre-
quency deviation. The primary function of the
tube is to act in the manner of an amplifier
which is very easily overloaded. That is; grid
current is caused to flow and plate current sat-
uration is produced on one half of the signal
cycle, and plate current cut-off is created on the
other half of the cycle. The essential purpose of
the tube is to wipe out all amplitude variations
present in the output of the I. . amplifier net-
work ahead of the limiter, and to pass on to the
discriminator & constant amplitude-variable fre-
quency signal.
created by noise impulses, fading or by the se-
lectivity characteristics of the resonant circuit
preceding the limiter tube. The method of cre-
ating the required. operating conditions for the
limiter tube is by a combination of constants.
When using a tube of the 6SJ7 type, which is a
sharp cut-off tube, thereisemployed comparatively
low values of screen and plate voltage, and no ini-
tial control grid hias, so that the tuke will over-

load relatively easily and plate current cut-off is ¢¥

quickly reached. The coperating point is estab-
lished: at the center of the linear portion of the
plate current-grid voltage curve by the applica-
tion of the correct operating potentials, Under
proper conditions signals. of a comparatively
small amplitude will swing the grid. voltage into
that zone which causes plate current cut-off and
plate current saturation therehy limiting the
magnitude of signal plate current variations in
the plate circuit. The tube does not function in
any way to limit the frequency devisfion. of the
modulated I. F. signal.

If there are a number of noise peaks included
in the FM signal the limiting action of the tube
will result in clipping off those peaks which have

The amplitude variations may be ¢
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an amplitude exceeding the saturation point of
the tube characteristic. Hence, it is seen that by
virtue of the limiting action of the tube any sig-
nal or noise voltage in excess of that required to
drive the grid of the tube to plate current cut-off
in the negative region, and to plate current sat-
uration in the positive region, will not cause cor-
responding changes in the plate current. Hence,
the signal and noise peaks to the left of the cut-
off point, and to the right of the saturation
point, are effectively wiped out of the output
signal, which, though it corresponds in frequency
to the input signal, does not vary in amplitude.
The Iimiter behaves somewhat in the fashion of
an automatic volume control circuit. That is,
the output signal of the limiter remains prac-
tically constant for any increase in the amplitude
in the input signhal above that required for lim-
iting action. Therefore, the output of the lim-
iter is substantially independent of input, and
the signal voltage fed to the discriminator-sec-
ond detector will be of constant amplitude for all
signal voltages above the limiting threshold.
The actual sighal level which may oceur in the:
limiter output circuit is dependent upon the
changes in plate current. 'This cutput level can
be raised or lowered by ificréasing or decreasing
the operating voltages of the lirniter tube. The
effect of increasing the maghitude of the screen
voltage would be equivalent to moving apart the
points of plate current cut-off and plate current
saturation, and, therefore, increasing the spread
between the threshold limits in the negative and

_ positive regions of the plate current-grid voltage

characteristic of the tube. This would call for
a signal of greater amplitude to produce the lim-
iting action, but it- would also result in a cor-
respondingly larger signal output. On the other
hand, if the limiter tube screen voltage were re-
duced the plate current cut-off and plate cur-
rent saturation points would be brought closer
together. In such a casea signal voltage of much
less amplitude would sufiice to produce the limit-
ing action, but the signal output of the limiter
would be correspondingly reduced.

In Fig. 2 there is shown a family of limiter
signal input signal output characteri‘sti'cs;» It
will be realized, of course, that the limiter signal
output is equivalent to the output existing at the

* gutput circuit of the second detector. The curves

show the change which occurs in the limiting ac~
tion of the tube as the limiter screen potential is
changed from --10 volts to 4-150 volts. It will be

_ observed that as the screen potential is raised
- the signal output level at the limited output cir-

cuit is similarly raised, but that the efective
threshold point is also increased.

In a limiter of the screen grid type the plate
current cut-off value is largely dependent on
the screen potential, and, hence the detector out-
put for a given deviation is a function of the
limiter screen potential. This is well shown in
Fig. 2. For any given screen potential value,
then, the detector output may be made substan-

7 tially independent of input signal. Consequently,

the adjustment of screen potfential in the limiter
tube may be used to control the output from
the detector while at the same time maintaining
the limiting action. unimpaired. In Fig. 2 the
frequency deviation is assumed constant for all
curves. Signals below the limiter threshold value
are usually so marred by noise impulses as to
lack entertainment value. There is somie shift in
threshold value with screén voltage adjustment;
but most signals which are- listened to are-above



the threshold: value for:even the higher voltages.
Hence, the dotted vertical line in Fig. 2 has been
indicated as “Effective threshold.”

{Tt'is desired that the detector output, for a
given frequency deviation, be affected only by
the setting of the screen potential control arm A,
and not by any variation in signal level for sig-
nals above the threshold value. Changes in sig-
nal level affect the limiter grid bias, and; hence,
the screen ‘current. - In order that this var1at1on
"in screen current be prevented from affecting the
screen potentml materlally the screen should be
fed from a source of good regulation. For ex-
ample, such a source,” as shown, is 2 potential
divider which carries current appreciably larger
than the maximum screen current. -If the screen
potential is too great-theén limiting action would
be impaired. The resistor section Rs is ordinarily
chosen so that the maximum screen potential ob-
tainable by adJustment of the volume control does
not exceed the value for satisfactory limiting ac-
tion. This is necessary to prevent the maximum
current that may be drawn by the screen from
exceeding the safe maximum rating. Some trace
of this effect is illustrated in the curve represent-
ing +150 volts applied to the screen. For still
higher screen voltages, with the circuit parame-
ters assumed, the limiting action will be still less
effective, so it is desirable to limit the maximum
screen potential.

A plate dropping resistor 20 of about 100,000
ohms may be inserted in the plate lead of the
limiter tube. With zero signal applied to the
grid 4 the plate voltage is of the order of 10 volts.
The plate voltage rises to some 70 volts as signal
is applied, and depends, of course, on the relative
magnitude of the signal. This, also, depends
upon the potential applied to screen grid 1. Fig.
3 indicates the manner of variation of plate po-
tential as screen potential is varied in the limiter.

While we have indicated and described several
systems for carrying our invention into effect, it
will be apparent to one skilled in the art that
our invention is by no means limited to the par-
ticular organizations shown and described, bud
that many modifications may be made without
departing from the scope of our invention, as set
forth in the appended claims.

What we claim {s:

1. In combination with an electron d1scharge
tube having signal input and output circuits,
means for applying to said input circuit a sighal
of variable frequency and variable amplitude,
said tube comprising at least a cathode, a signal

grid, a screen grid and an- output electrode,

means for applying signals in said input circuit to
said signal grid, means for connecting said output
electrode to said output circuit, means for apply-
ing to said output electrode and screen grid posi-
tive direct current potentials, said screen potential
being so chosen that said tube functions as a lim-
iter thereby to remove from said variable fre-
quency signal amplitude variations above a prede-
termined threshold value, and a manual volume
control means comprising a device for varying
the magnitude of the screen grid potential over a
wide range of positive values without impairing
the limiting action of the tube at selected screen
grid potentials.

2. In combination with an electron discharge
tube having signal input and output circuits,
means for applying to said inupt circuit a signal
of variable frequency and variable amplitude,
said tube comprising at least a cathode, a signal
grid, a screen grid and an output electrode,
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output electrode to’ sa.ld output circuit, means for
applying to $aid output electrode and screen grid
positite direct current potentials, said screen po-
tential being ‘so-chosen that said tube functions
as o limiter thereby to remove from said variable
frequency signal amplitude variations: above a
predétermined  threshold ' value, and'a’ manual
volume c¢ontrol’ device: for varying the magnitude
of ‘thescreen ‘grid potential -without impairing:
thé limiting action -of the tube at selected screen.
grid potentials; said device comprising a poten-
tial- divider contected with'said ‘Potential apply-
ing’ means,- said-divider including at least two
series resistors, and meatis - for'varying the mag-
nitudes of said resistors-in opposing senses there-
by to vary the sereen: potentml over a. w1de range
of positive values. -

+'8.:In combination w1th an electron dlscharge
tube having signal input -and .output -circuits,
means: for applying to.said. input circuit-a sig=

.- nal of variable frequency and variable amplitude,
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said tube comprising at least a cathode, a signal
grid, a screen grid and an output electrode, means
for applying signals in said input circuit to said
signal grid, means for connecting said output
electrode to said output circuit, means for ap-
plying to said output electrode and screen grid
positive direct current potentials, said screen po-
tential being so chosen that said tube functions
as a limiter thereby to remove from said variable
frequency signal amplitude variations above a
predetermined threshold value, and a manual
volume control device for varying the magnitude
of the screen grid potential over a wide range of
positive values without impairing the limiting ac-
tion of the tube at selected screen grid potentials,
said varying device comprising a potential divider
included in said potential applying means, said
divider consisting of a resistor section of con-
stant value in series with a resistor of adjustable
magnitude, and the screen being connected to the
variable resistor.

4, In combination with the limiter tube of a
frequency modulation receiver having signal in-
put and output circuits, means for applying to
said input circuit a signal of variable frequency
and variable amplitude, said tube comprising at
least a cathode, a signal grid, a screen grid and
an output electrode, means for connecting said
signal grid to said input circuit, means for con-
necting said output electrode to said output cir-
cuit, means applying to said output electrode and
said screen grid positive direct current potentials,
means for maintaining said signal grid at a rela-
tively small bias with respect to the cathode, said
screen potential being so chosen with respect to
said grid bias that said tube functions as a limiter
thereby to remove amplitude variations above a
predetermined thresihiold value from said signals,
and volume control means for the receiver com-
prising a device for varying the magnitude of the
screen grid potential over a wide range of posi-
tive values without impairing the limiting action
of the tube at selected screen grid potentials.

5. In combination with an electron discharge
tube having signal input and outpubt circuits,
means for applying to said input circuit a signal
of variable frequency and variable amplitude,
said tube comprising at least a cathode, a signal
grid, a screen grid and an output electrode,
means for applying signals in said input circuit
to ‘said signal grid, means for connecting said
output electrode to said output circuit, means for
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applying to-said output:electrode and screen grid
positive -direct current-potentials; said screen po-

tential being’so chosen-that: said tube functions-

as a limiter thereby to remove from said vari-
able frequency signal amplitude variations-above
a predetermined threshold- value, and a manual
gain control device for varying the magnitude of
the screen grid potential over a- wide range of
positive values without-impairing the limiting ac-
tion-of the tube at selected screen grid potentials
and said potential-applying means comprising a
potential divider belween' said output- electrode
and cathode, said divider including at least two
resistors of adjustable magnitude, and. said con-
trol device varying the magnitudes: of said re-
sistors in oppesing senses:

6. In combination- with an electron- discharge
tube having. signal input- and oufput circuits,
means for applying to said input circuit a signal
of variable frequency and variable amplitude,
said:tube comprising at least a-cathode; a signal
grid, arsereen grid-and an output electrode, means
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for applying signals in- said input-eircuit- to-said:
signal grid, means- for connecting. said: output:
electrode to said output eircuit, means for main-
taining said output electrode at a positive direct
current potential, means for maintaining said.
screen grid at a positive direct current potential,
means for maintaining said signal grid at a bias
close to-the cathode, and said screen potential
being so chosen. with respect to said. grid bias.
that said-tube functions- as a limiter. thereby to-
remove amplitude variations from said variable
frequency signal above a predetermined threshold
value, and said: screen. grid. potential applying.
means including a-gain control means; the latter
comprising a. device for varying. the magnitude
of  the screen grid potential.over a.wide range
of positive -values -without impairing the limiting.
action of the tube at selected screen grid po-
tentials.
DUDLEY E. FOSTER.
JOHN A. RANKIN.
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