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My present invention applies to radio receivers
of the type preferably wherein the tuning fre-
quency may be varied through a range of sub-
stantial width, and relates more particularly to
automatic control circuits for facilitating the
tuning-in .of the desired program,

In most receivers due to the high select1v1ty
thereof some difficulty is experienced iln exactly
tuning in the incoming signal. Of course when
the receiver is not sufficiently well in resonance
with the carrier frequency, this will result in a
distored reproduction. It is well known that
those receivers wherein the operator must rely
on visual or aural indications, are scarcely satis-
factory, since a considerable amount of care is
required, which most listeners are unwilling or
unable to expend. Frequently a so-called in-
ter-station noise suppressor means has been in-
corporated in modern receivers to render the
tuning apparently very sharp whereby to pre-
vent a distorted reproduction. However the op-
erator in such eventuality might tune past the
stations unless he tunes very carefully, this mak-
ing the ‘“searching” of the different programs
very tedious. This will readily be understood
when it is considered that in selective receivers
a program can be adequately listened over a very
restricted range of frequencies, not much in ex-
cess of 300 cycles wide on either side of the exact
position, whereas the spacing of the various sta-

(Cl 250—40)
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called A, F C. devme which may be of conven-
tional design, for automatically correcting de-
parture from exact resonance of the “physical”
tuning means i. e. the means which may be under
the direct control of the operator and which are
generally associated with the tuning dial; and
there are also provided means for controlling
the action of the A. F. C. system_so that, when
the operator tunes through the tuning band,
substantially each of the differerit carriers may
be properly tuned in and released.

. Whereas proper tuning-in of the carrier is not
so - troublesome with -a receiver equipped with
A, P, C, especially so if the receiver is pro- -
vided with a well-designed preselector, the op-
eratmg conditions as concerns the “dropping”
of the station are very severe since a large
amount of mistuning of the “physical” tuning
means usually corresponds to a very reduced de-
parture from exact resonance of the actual i. e.
“corrected” tuning frequency, and this actual
mlstunmg is all the smaller the more effectlve is
automatic correction; usually a large sen51t1v1ty

- of the automatic corrector system is desirable,
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tions usually is not less than 10 kilocycles, even

if it assumed that there are no idle channels.
According to the invention means are provided

for avoiding the above inconveniences - by

“spreading” the position of exact tuning where-

35

by the tuning control member, when approxi-

mately adjusted to provide the tuning-in of a
station may be moved in a moderate proportion
without causing a substantlal variation of the
tuning frequency of the receiver.

40

In accordance with the invention described

and claimed more particularly in parent appli-
cation Ser. No. 150,922, filed June 29, 1937, (now
Patent 2,207,467 issued July 9, 1940), the above
broad objects may be attained by means of elec-
tro-mechanical apparatus. According to the in-
vention specifically set forth in my present ap-
plication, which is a contl_nuatlon of parent ap-
plication Ser. No. 150,922, the above broad ob-
jects may be attained substantially in electrical
fashion, mechanically moving parts if desired
being entirely dispensed with.

To this end a tuning control circuit in accord-
ance with the invention is provided with. an
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for obvious reasons. It has been suggested that
reception conditions may be controlled by a cir-
cuit in substance designed along the lines of the
conventional noise suppressors. One of the
major drawbacks of such an arrangement is that
the initial adjustments are very difficult and the
stablhty of operation of the system risks to be
insufficient. It is desirable that substantially -at
no . time reproduction be possible with A. F. C.
in a condition of low sensitivity. A highly selec-
tive circuit is required in such case to detect
the rather minute amount of mistuning which
usually is left when A. F. C. is correcting a con-
siderable amount of physical mistuning, making
the arrangement expensive. Of course a minute
amount of misalignment of the selective means
of the suppressor circuit with respect to the fre-
quency of the so-called discriminator of A. P, C.
which serves to detect departure from exact
resonance and on which the corrector stays
locked, would be sufficient to make the system
fully inoperative or to give rise to considerable
distortion and to suppress the function of noise
suppression. It is to be noted in this connection
that & modest amount of misalignment between
the frequency of the discriminator and the tun-
ing frequency (e. g. the mean frequency of the
intermediate frequency - circuits in a super-
heterodyne type receiver) will not affect the op-
eration of A. P. C. and will cause negligible dis-

automatlc resonance adjusting: system or so- 55 tortion in the reproducer system. Another im-
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portant drawback of an arrangement of the
broad character referred to consists in the fact
that by adjusting the physical tuning means to-
ward resonance and through the point of exact
resonance, the suppressor circuit will permit the
reception only close to the resonance point
whereas it will drop the station a quite consider-
able amount past this point, while giving rise to
so-called hysteresis. This results in apparently
lessened dial calibration accuracy, the mean po-
sition of the station on the tuning dial being de-

Fig. 4 diagrammatically shows another form of
the invention, in which the automatic control
circuit is made effective substantially in the same
way as in Fig. 1, and wherein this circuit is
blocked again by the control channel serving to
make effective said tuning control circuit after
the selectivity characteristics of said channel
have been altered in response to the magnitude
of the automatic tuning control potential.

Fig. 5 is a graph illustrating the operation of

- the system in Fig. 4.

pendent on the sense of actuation of the tuning

member, and in a high mean value of the frack-"

Fig. 6 illustrates still another form of the in-

" vention, in which the threshold of operation of

ing error in the preselector circuits with respeet--

to the intermediate frequency eircuits in a su-
perheterodyne receiver.

It is an object of the different forms of circuils -
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in accordance with my invention to avoid the -

various drawbacks above set forth and to provide
among others the advantages of easy initial ad-
justments, entirely reliable operation under all
tuning conditions in spite of minute accidental
changes in the frequencies to which the different
circuits are adjusted, and substantially uniforin
effectiveness of the control system with respect
to the mean tuning frequency of the physical
tuning means and tuning dial.

According to one of its aspects the invention
provides means for properly “dropping” the sta-
tion on which A. F. C. gets locked, after tuning
is a desired amount away from the exact res-
onance point; these means are operated through
received energy of carrier frequency to provide
reliable operation, and their action is dependent

on that of A. F. C.  According to another of its g

aspects the invention provides distinet means for
respectively switching “on” and “off” the A. F. C.
channel and likewise if desired the reproducer
circuits of the receiver. In accordance with the
preferred form of the invention, means for
switching “on” the A. F. C. device and-if desired
the audio system, are closely associated with the
circuit of the A. F. C. system whereby errors due
to misalignment may be avoided.

The control circuit for switching “on” the
A. F. C. device after a carrier wave is tuned in,
may be constructed in different possible ways.
I may prefer in general to utilize a circuit capable
of discriminating between a carrier wave-and the

back-ground of noise due to “static”; thus the 5

tuning-in of comparatively weak stations-is per-
mitted when the local reception conditions per-
mit so without the necessity of providing sensi-
tivity control means or the like, which cannot
be actuated readily enough by the user of the
receiver,

Other objects of my invention will result from
the following detailed descnptmn which is illus-
trated in Figs. 1-7.

In the accompanying drawings:

Fig. 1 diagrammatically shows an embcdiment
of the invention wherein the circuit for auto-
matically controlling the tuning frequency is
made effective by means of a potential derived
from 2 carrier wave exceeding in a desired mini-
mum proportion the back-ground of noise, and
wherein said circuit is blocked again when the
magnitude of the potential for controlling the
tuning frequency exceeds a predetermined ampli-
tude.

Fig. 2 is a graph explaining the operation of the
control eircuit in Fig, 1.

Fig. 3 shows a modified circuit arrangement,
the operation being in the main the same gs-in
Fig. 1.
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the channel for making effective the automatic
tuning control circuit is normally given a rather
low value, which is increased in response to the

“¢ondition of effectiveness of the automatic tuning

control eifcuit; the operation of the system is im-
proved by the provision of means for limiting the
range of effectiveness of the tuning control cir-
cuit.

Fig, 7 graphically shows the cperation of the
system in Fig. 6.

Similar circuit elements are hereinafter given
the same or analogous reference numerals.

Reference should riow be had to Fig. 1, in which
the invention is arranged for use with a super-
heterodyne receiver. The signal energy from
collector | is applied to a tunable radio-fre-
guency amplifier 2, the output of which is coupled
to a frequéncy changer device comprising a . mod-
ulator stage or first detector 3 which co-operates
with a tunable loeal oscillator 4 so as to produce
oseillations of a fixed intérmediate frequency.
As-is-ecommon practice in modern reeeivers, the
different tunable circuits in the sections 2, 3 and
4 are uni-controlled by a control member which
may be-actuated manually.

The- intermediate frequenecy osecillations are
applied to a tuned amplifietr section 5, the output
cireuit of which is coupled to a further amplifier
tube: 9 through a transformer with a resonant
primary eircuit §& and with a resonant secondary
1, both cireuits being tuned to the intermediate
frequency, and being moderately coupled by mu-
tual inductance.. The-anode circuit of amplifier
8 includes a resonant circuit {8 tuned to the
intermediate frequency. The energy across this
circuit is fed through a condenser 108 to the
demodulating detector 8, which feeds the audio-
amplifier and reproducer. Resonant circuit 10
is also-coupled to a channel for automatically
controlling:the tuning frequency within restricted
limits in response to the amount of mistuning of
the receiver with respect to the desired carrier
wave, this device being hereinafter referred to as
A. P, C. system. Systems of this character are
known in the art and it may be stated that in
general they comprise a so-called diseriminater
circuit fed with signal energy: to derive a conirol
potential which is applied to a suitable variable
impedance system hereinafter referred to as the
corrector, the impedance being-a function of said
potential. -In the instance shown the diserim-
inator system by way of example is shown as of a
well-known type including twe resonant circuits
10+ and 102 respectively tuned to frequencies on
one side-and other of the intermediate frequency,
the amount of mistuning being for instance +4
kilocycles, and these two circuits are coupled to
the resonant circuit 10 referred to above. The
signal energy derived- through circuit 102 is
applied to a rectifier 112 of the diode type, to
produce a negative petential across a load resistor
202, whereas the energy derived through circuit
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101 produces a positive potential across a load
resistor 201 of the diode I11. These two poten-
tials are super-imposed with respect to ground
to produce a resultant potential in an outgoing
lead {2 provided with a filter 412. It is under-
stood that when the receiver is exactly in tune,
the two part potentials cancel each other, where-
as when the receiver is mistuned, at one side or
other of exact resonance, one or other of the
component potentials will be predominant and a
positive or negative potential with respect to
ground is accordingly effective in lead 12. This
potential is applied to a variable impedance de-
vice associated with the local oscillator & and
adapted for electrical control whereby-to effect
the required correction of the tuning. :

The signal energy across the tuned circuit 6
is maintained substantially uniform despite vari-
ations in the strength of the signals at the input
circuit of the receiver, by means of an automatic
volume control network of conventional -design,
which comprises a rectifier-amplifier device 16
fed with signal-energy from the resonant circuit
6 through a condenser 8. The uni-directional
potentials which are produced at the output of
device 16 are applied to the amplifiers 2 and 5
through a lead 18 whereby to regulate the gain
of these receiver sections.

The resonant circuit 6 is also coupled to a con-
trol channel for detecting the tuning-in and the
condition of approximate resonance of a carrier
wave. These means might be of the well-known
type in which the discrimination between the
carrier waves and static results from the proper
adjustment of the operating threshold associated
with the potential of a rectifier fed through a
sharply tuned circuit resonating at the inter-
mediate frequency, or the like. However the
means of this general class present the important
inconvenience in practice of requiring a manual
adjustment of the threshold in accordance with
prevailing static conditions, since an incorrect
manual adjustment would upset the correct oper-
ation of the device; for this reason they are in
practice suitable only for the reception of power-
ful stations. To avoid this inconvenience I pre-
fer to utilize a control circuit of the kind dis-
closed in U. 8. Patent No. 2,216,451 issued
October 1, 1940, which is capable of discriminat~
ing between the noise and the carrier wave of a
station,

The ‘“control” channel just referred to in-
cludes a high-frequency amplifier tube 28 the
input circuit of which is coupled to circuit 6.
The anode circuit of amplifier 28 includes a
resonant circuit 21, the selectivity properties of
which may be moderate or low and which is
tuned to the intermediate frequency. The high-
frequency energy across circuit 21 is transferred

to the rectifiers 25 and 23 which are indirectly ¢

heated diodes. Rectifier 25 is arranged to pro-
duce “negative” potentials across its load resistor
125 whereas rectifier 23 is adapted to set up posi-
tive potentials across load resistor 123. The load
resistors 123 and (25 are connected in series and
the resulting super-imposed potential variations
with respect to ground are transferred to the
main grid 27 of the amplifier 9 through line 26
and tuned circuit 1. The coupling path between
rectifier 25 and resonant circuit 2f comprises a
condenser 241 and a network 242—243 which
consists of a parallel-resonance circuit . 242
shunted by a series-resonant circuit 243, both
circuits being separately tuned to the intermedi-
ate frequency. - The resonance curve of such 2
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network is: double~humped, the peaks: of maxi-
mum response being for instance at 2.5 kilocycles
off resonance .on both sides of the exsct inter-
mediate frequency.  These response peaks should
be sufficiently: pronounced so that when the se-
lectivity: ‘characteristics: of - the receiver portion
ahead of condenser 241 are taken into. account,
the peaks:of maximum response are left suffi-
ciently. pronounced, for instance at =+ 1.5 kilo~
cycles-off resohance, ‘with a sufficiently marked.
response depression at the exact intermediate
frequency, the difference between the peak and
dip response values being for instance 1:2.5. . The
response to-the frequencies of the adjacent car-
rier waves is preferably kept very low. Rectifier
23 is :coupled to circuit 21 through a resonant
circuit 22 tuned to the intermediate frequency,
the selectivity thereof being preferably rather
sharp, although in actual fact this requlrement
is not essential.

- The level of energy of true intermediate fre-
quency is arranged to be the same across both
rectifiers.. The circuit of rectifier 25 includes a
biasing source: of potentials, the anode of diode

- 28 being for instance biased at —2.5 volts with re-

spect to ground, to prevent the appearance of
rectified potentials across load resistor 125 until
the high-frequency energy impressed on the rec-
tifier exceeds the threshold bias. The potentials
across the load resistors 123 and 125 are filtered
to aveid undesired inter-action between the as-
sociated circuits, the time constant of both filters
being conveniently given the same value. A fil-
ter 126 comprising a resistor and condensor may

) also be arranged in line 26. When no high-fre-

quency energy is impressed on the diodes 23 and
25, the potential of grid 27 is that of the biassing
source of potentials associated with load resistor
25, and the cathode potential of tube 9 is mod-
erately positive with respect to ground. The re-

.sulting negative bias of the (main) grid 27 of tube

9 with respect to its cathode is thus considerable
whereby the tube is normally ineffective. It will
be observed that tube 9 is in the path of signals
feeding the A. F'. C. channel as well as the chan-
nel of the second detector, whereby normally
both channels will be blocked. However if de-
sired these channels might be controlled sepa--
rately. . :

The amplifier actmn of tube 9 is also controlled
in response to the output of a second channel
closely associated with the A. F. C. potentials of
line 12. This further channel includes a tube 28,
to the control grid of which are applied the ‘A.
F. C. potentials of line 12. The cathode is ap-
preciably positive with respect to ground, so that
the tube amplifies correctly both the positive and
negative potential swings of the.A. F. C. line.
Amplified potential variations appear across an
anode load resistor 29, the sense of variation of
these potentials with respect to ground being
reversed as -compared with the input potentials
of the tube. .Part of the anode potential varia-
tions is tapped off by means of a potentiometer
30—31 connected between the anode and a source
of negative potential with respect to ground.
The tap is connected to the grid of a further
D. C. amplifier tube 32 and the magnitude of the
potential swings is approximately the same at
both control grids. The anode of tube 32 com-
prises a load resistor 33, and the amplitudes. of
the pofential variations across the resistors 29
and 33 are approximatively the same, but the

. senses thereof are in opposition. The anodes of

75

the two tukes are connected by a potentiometer
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including a diode 34 in series with: & resistor 35,

the: cathede of the diede being connected to the

anode of tube 28. The tap of the potentiometer
is connected to the series combination of & neon
lamp 3% with a resistor 38, and the second ter-
minal of the resistor is connected to a source of
negative potential with respeect to ground. The
common end of the neon lamp and of resistor 38
is associated with a. resistance-capacity filter 37

of moderate time constant such: as Vi second,

and the resulting potentials are applied over line
39 to a second confrol grid 40-of tube 8 to control
the gain of this tube, a hexode or a tube of sim-
ilar characteristics being for instance made use:
of. .

The operation of the control system in Fig. 1
is as follows:

Assume that by means of the tuning control
member the receiver is tuned broadly into reso-~
nance with a station of substantial. amplitude
with respect to the back-ground of noise. An
appreciable amount of energy will be: transferred
to the rectifiers 23 and 25 to set up potentials
across the associated load resistors 123 and 125,
The excess of influence of rectifier 23 will reach
a sufficient value to bring the potential of line
26 more nearly toward ground potential. Tube
§ will thereby be permitted to.pass a small amount
of energy to the A. F\. C. discriminator channel.
The small resulting potential in line 12 will bring.
the receiver near to the exact resonance point,
and the potential of line 26 will he closer to
ground potential, whereby tube 8 may amplify
more effectively. A trigger action thus rapidly
builds up, and line 26 will speedily be substan-
tially exactly at ground potential. It will be
observed that since at exact resonance equal
amounts of energy are effective across both rec-
tifiers 28 and 285, their influences will mutually
cancel exactly; the potential of line 26 as well
as the operation of the system do not therefore
depend on the effectiveness of the A. V. C. de-
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vice, and the potential variation of line 26 a cer- :

tain distance off resonance is solely defined by
the characteristics of the networks associated
with the rectifiers 23 and 25.

Tt will be observed that when the receiver is
too considerably off resonance with respect to
a carrier wave, no “negative” potential will be
set up across biased rectifier.25, whereas “posi-
tive” potentials will still be produced across rec-
tifier 28. By virtue of the provision of resonant
circuit 22 these cannot however reach a suffi-
cient value to bring about the effectiveness of
tube 8.

The receiver is prevented fromr responding to
intense static only, in the following way. Since
the “noise” energy is rather uniformly effective
over & wide range of frequencies and since the
feed path of rectifier 23 is predominantly effective
at; or about the exact intermediate frequency, it
will be clear that the output of rectifier 23 will
in the main be defined by the intensity of “static”
of the intermediate frequency, the effect thereof
being substantially that of a carrier wave hav-
ing exactly the intermediate frequency. On the
other hand since the feed path of rectifier 25 is
predominantly effective at frequencies moder-
ately spaced from the intermediate frequency and
more particularly at the peak response frequen-
cies, the potential due to static for a certain am-
plitude of static at the input of the receiver will
predominantly be defined by the sensitivity of
response at about the peak frequencies, the ef-
fect being rather analogous to that of a carrier
wave moderately off resonance as considered
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above. Since the sensitivity ot résponse at these
peak frequencies is. comparatively higher than
the: sensitivity at the intermediate frequency
and since the latter response is approximatively
the same as the predominant response at the
intermediate frequency across rectifier 23, there
will be a predominant influence of the negative:
output of rectifier 25. The grid bias of tube 9
cannot therefore reach a sufficiently lowered neg-
ative bias, so that “static” will never cause the
erroneous operation of the device. Furthermore
the excess output of 25 is practically constant
whichever may be the intensity of static and
depends only on the ratio of peak to crevasse
response of the resulting resonance curve char-
acteristic efiective across rectifier 25.

Brief interfering impulses due to atmospherics
or to sparking engines or the like will simul-
taneously set up potentials across both rectifiers,
the potential due to rectifier 25 being somewhat
higher than in the above case of uniform “stat-
ic”, and they cannot therefore cause an erroneous.
operation. of the control channel.

When a station is exactly in tune, line 26 being
at ground potential as indicated in the foregoing,
the anodes of the tubes 28 and 32 and the tap of
potentiometer 34—35 will assume a predeter-
mined reference potential, which is such that the
striking. voltage of the neon lamp 36 is appre-
ciably exceeded. A potential is accordingly set
up-across resistor 38; this potential may be rather
constant for moderate changes of the neon lamp
voltage, the neon tube being for instance given
an appropriate saturation characteristic.

When line 12 carries a positive or negative
potential with respect to ground, the potential of
the anode of one of the tubes 28 or 32 jis de-
creasing, whereas the potential of the other tube
is increasing. The tap of elements 34 and 35 at
any time assumes the potential of that one of
the two associated anodes which has the rela-
tively lower potential. For instance when the
potential of the anode of tube 28 decreases with
respect to its reference value, diode 34 is con-
ducting and its resistance is low as compared with
the resistance of resistor 35. When the anode
potential of tube 32 is relatively lower, the diode
presents a nearly infinite resistance, resistor 35
being given a moderate value. In either case
the meon lamp is extinguished as soon as the
variation of the potential of line {2 with respect
to ground exceeds a predetermined value. Ac-
cordingly current will no longer flow through re-
sistor 3% as soon as the amount of mistuning
is excessive. The grid 40 is thus overbiased
negatively so as to inhibit the amplification of
tube 9. 'This control action may take place
when the A. F. C. potential tends to correct an
ammount of mistuning of some 2.5 or 3 kilo-
cycles. At the instant at which tube 9 is being
disabled, the amount of “physical” mistuning
just indicated may be reduced to a low value of
actual mistuning of some 50 cycles. '

After tube 9 has been blocked again, the cor-
rector action disappears rapidly since the time
constant of A, P. C, line 12 is very small, e. g.
Yoth second. The time constant of filter 37 in
line 8% for blocking again tube 9 is given a larger
value so that the neon lamp may be lightened
rapidly as soon as the potential of A. F. C. line 12
has reached a value sufficiently close to ground
potential, without the blocking action of line 39
being thereby affected. However after about %4th
second the bias of grid 40 also is again close to
its initial value. However tube 9 cannot now
" amplify by virtue of the excess bias of grid 2T
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~through line 26, and the receiver is restored to
its initial condition in readiness for the reception
‘uf the next station.

. 'The above operation of the receiver will be
more fully. understood with reference to the
double graph in Fig. 2, in which the left-hand
portion shows the actual tuning frequencey of
the receiver on the ordinates whereas the
potential due to a carrier wave of line 26 is in-
dicated on the abscissae. The right-hand por-

A0

tion shows the actual tuning frequency (ver- -

tically) as a function of the “physical” tuning
setting as shown off by the tuning dial, the
tuning frequency varying in the sense of the

arrow. The A. F. C. channel is rendered effec- .
tive as soon as the potential of line 26 -exceeds -

the threshold value s, and the actual amount of
mistuning, which was considerable, falls to a
very low value. At the . instant at which the
A. F. C. device is blocked again after mistuning

20

LV
has reached an excessive value, the amount, of

“physical” mistuning - is somewhat larger than
the initial value, so that the threshold s may not
be- exceeded again, whereby the device is now
prevented from hbeing controlled again in re-

25

sponse to the carrier wave originally tuned in. "~

-The arrangement shown in Fig, 3 serves to
.illustrate some modifications in the disposition
of the channels for, producing the potentials

responsive to the selection of the carrier wave .
-and responsive tc the magnitude of the A. F. C.

potential respectively, and, of the means for ap-
plying these potentials to control the action of
the A. . C. device.

The control channel for producing a potential
in response to the broad selection of the desired
carrier wave includes the amplifier’ tube 20,
which is fed from the intermediate frequency
circuit 6 whereat the signal level is substantially

uniform as in the foregoing arrangement due to i
the automatic gain confrol device 16, and the

two rectifiers 26 and 23 associated respectively
with load resistors {25 and 123 effectually con-
nected in series and performing the functions
of the corresponding elements in the foregoing
arrangement. The anode of tube 20 is connected
to the high-tension supply through the series-
connection of three rejector circuits 41, 44, 46,
of which circuit 41 is sharply tuned to the inter-

‘mediate frequency whereas the circuits 44 and.

46 are tuned separately. to frequencies on one
side and other respectively of the intermediate
frequency, mistuning being about 2.5 or 3 kilo-
cycles. Rectifier 23 which produces. positive

vpotentials is associated with a tuned circuit 42 -

which may be flatly resonating at the .inter-
mediate frequency, and which is coupled by
mutual inductance to resonant circuit 41; - the
relative response across this circuit-does not de-
pend appreciably on the response across the
further eircuits 44, 46. 'The biased rectifier 25
which produces potentials of negative -polarity
is coupled capacitatively to the Junctlon of the
resonant circuit 41 and of the series-connected
circuit 44 and €3. The relative response across
the series-connected circuits 44 and 46 pre-
sents a substantial value at frequencies moder-
ately spaced from the intermediate- frequency,
and 3 very low response at the exact intermediate
'freauency and it will be observed that the
response .curve characteristic - of network
810446, from the point of view of rectifier
28, is substantially similar to that of network
242243 in Fig. 1. The super-imposed potentials
of the rectifiers 23 and ‘25 serve to control the
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‘resistors 47 and 48, the resistance value of re-
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gain. of the tube 91 of the A F. C channel, as
detailed hereinafter.

The control channel for producing a potent1al
responsive to the magnitude of the A. F. C. poten~
tial includes a D. C. amplifier tube 81, which -
may he considered as performing the functions
of the tubes 23 and 382 in Fig. 1; tube 81 is pro-
vided with a cathode resistor 292 and with an
anode load resistor 291, which are connected be-
tween the cathode and ground and between the
anode and the high tension supply respectively.

‘The A. P. C. discriminator schematically in-

dicated at (1{—112 is of conventional design and
may for instance be constructed as.illustrated

in Fig. 1. The output line 12 of the A. F. C. de-

vice is connected to the grid of tube 81 and is

effective between the grid and ground. The

potential variations across the cathode load re-
sistor 282 are approximately those of the A. F. C.
potential, the gain. of the tube effective .across
this load resistor being slightly less than unity
and not denendent in practice on the resistance
values of. the cathode and anode: load. resistors.
The resistance of -anode Ioad resistor- 291 is con-

siderably higher than the resistance of -cathode

load resistor 292, and in a practical embodiment
may- be approximately ten times higher, and

-the magnitude of the A. F. C. potential across

load resistor 281 may accordingly be about 10
times “higher than across load resistor 292;
furthermore the polarity of the potential changes
is reversed, with respect to the variations of the
A, P. C. potential -across the input of. tube 81

and of the potential across the resistor 292. The

anode of ‘tube 81 is connected to ground through

sistor 47 .connected to the anode.-being aboub
8 -times higher, in:the numerical:instance just
considered, than the resistance of resistor 48

-connected to ground; thus the magnitude of the
-potential variations - effective. between ground

and the junction ‘of resistors 47, -48 may  be
about ¥eth the magnitude ‘available across :the
anode load resistor 291, and may be about the
same as the magnitude of the-potential changes
available across the -cathode load re51stor 292
but of opposite polarity.

"Means including - the " series- connectlon of a

~diode 80 and of -a resistor 49 are provided be-

tween the cathode of tube 81 and the tap 471-—48;
the cathode of the diode is connected to the
cathode of the'amplifier tube and the “free” ter-
minal of the resistor :is connected “to ‘the tap
471—A48, whereby the control line 5! connected to

“the junction of said diode and resistor may have
'its potential defined by the lowest potential rela-

tive to "ground which may be assumed at any
particular instant by the cathode and the junc-
tion 47—48 respectively. In the embodiment
shown, the ‘diode 59 is enclosed in the same bulb

‘as the amplifier tube 81, and utilizes part of the

common cathode sleeve construction, thermionic
tubes of such constructlon being well known in
‘the art:

To improve the operation of the control chan-
nel which causes the A. F. C. device to resume
the ineffective condifion, means are provided
whereby after the potential of line 5i just-re-

A. F. C. potentials has reached a certain eritical
value, a minute further change of that potential
caused by an increased magnitude of the A. F. C.
potential may give rise to a considerable varia-
tion of the control potential causing the blocking
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of the A. F. C. device. In the embodiment shown
these means rely on the considerable variation
of the internmal resistance of a diode indicated
at 52 (or of some other rectifier) in response to
the impression thereacross of a certain critical
potential. The associated circuit is of the type
disclosed in the specification of Luxemburg Patent
No. 22,997 issued March 3, 1937, (see also U. S.
application No. 181,317 filed December 23, 1937).
Diode 52 is connected in the grid circuit of an
auxiliary amplifier tube 54 which may amplify
at high-frequency; the input of tube 54 is cou-
pled to an auxiliary generator 55 of A. C. poten-
tials of a desired frequency which is not critical;
such a generator in many cases may serve for
various other purposes in the receiver. Diode 52
is connected in series with a resistor $3 of high
resistance value; the “free” end of the resistor
is connected to line 51 and the anode of the-diode
is connected to the other términal of the resistor,
while the ‘cathode of the diode is connected to a
point of fixed potential 56 which is lower, by a
predetermined amount, than the reference po-
tential of line 51, i. e. the potential assumed in
the absence of any A. F.'C. potential. The junc-
tion of 'diode 52 and resistor 53 is connected to
the grid-of tube b4; the cathode potential of tube
54 is a few volts higher than the potential of
point 56 which latter may conveniently be tapped
off from the cathode circuit of tube 54. The
output of generator 55 is connected to the grid
of ‘tube 54 through a condenser [54 and a resistor
81 of a comparatively high resistance; this resis-
tor from the ‘point of view of the high-frequency
voltages ‘effectually ‘forms ‘a potential divider in-
-cluding ‘diode '52 and resistor 53 'as the second
impedance -arm, the two latter impedances being
effectually connected in parallel from the high
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frequency point-of view. Since as stated -above

the potential -of ‘the cathode of ‘diode 52 is-lower
than the reference potential of line 51, the diode
is normally conducting and its internal resistance
is low with respect to the resistance of 57, so that
the ‘A, C. voltage éffectively impressed upon the
‘grid of ‘tube 54 ‘may be very low. This condition
is left unchanged when the poteritial of line ‘51
decreases moderately with “respect to the refer-
ence potential.

The anode circult of amplifier 84 ‘is provided
with ‘g load resistor 58, rand the voltage across
this resistor 'is applied to rectifier 59 of the
diode type through lead 1. The rectified po-
tential of negative polarity which is produced
across load resistor 60 ‘of this rectifier is derived
through a resistance~capacity filter 61 and serves
to .comtrol the action of the A. F. C. device, ahd
-more particularly the :gain of amplifier tube 91
in the high-frequency path thereof. Normally
‘there is o appreciable potential across load re-
sistor 60. Tube 91 may have a single control
grid, and the potential across load resistor 60
is super-imposed upon the potential across load
resistor 123 and 125 and thus injected in ‘the
circuit of said control grid.

The operation as a whole of the circuit in Fig. E

3 will ‘be understood more easily with reference
to Fig. 2 and is as follows: By & proper adjust-
‘ment of the cathode potential of tube 91 it is

arranged ‘that ‘this tube is'biased to cutofl in the
‘absence of 'a carrier wave, the grid potential -

being defined hy the ‘delay bias of rectifier 25.
This condition is 1eft unchanged during the recep-
tion of static ‘whichever may be the intensity of

reception, since the peak response across rectiﬁer:.:
25 is higher than the peak response across rec-
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tifier 28, whereby the negative rectified potential
across 25 is predominant. If the receiver is tuned
broadly to the frequency of a carrier wave, the
amount of mistuning being lower than some 2.5
kilocycles, ‘the input of rectifier 23 may become
nearly as high as the input of rectifier 25, and
the super-imposed potentials may cause the grid
of tube 91 to reach a potential slightly less than
ground potential and may reduce accordingly
the negative bias thereof. Tube 91 may now am-
plify in a reduced proportion and a certain A. F.
C. potential may become effective, which im-
proves the tuning of the receiver. Due to the
‘consequent improved response across rectifier 23,
a further ‘decrease of negative bias of tube 91
‘may take place, and normal operation of thetube
‘may be ensured speedily. The A. F. C. device and
the reproducer ‘channel 8 under these conditions
nigy -operate correctly. Since the misalignment
‘of the physical tunihg means is supposed to be
Tather considerdble, ‘a- comparatively high con-
trél potential will be applied to the control grid
«of -tilbe 91, and ‘the potential of line 51 will be
decreased 'in -a substantial proportion. Point 56
is arranged reliably to have a lower potential
than said line % so that diode 52 may be left
-conducting, and there will consequently be no
-appreciable potential across Tesistor 60 suscep-
tible of changing:-the grid bias of tube 91. Now
‘suppose that the amount of mistuning is in-
.creasing appreciably, the operator for instance
tuning past the station, gs indicated by the arrow
in the right-hand portion of the graph in Fig. 2.
The magnitude of the A. P. C. potential will be
increased, and according as this potential is nega-
tive or positive with respect to ground, the po-
tential of the cathode of tube 81 or of the junc-
tion 47—48 will decrease appreciably with respect
-to the reference value (. e, its potential in the
absence of ‘a ‘signal).. In the first case the diode
‘will ‘be conducting, whereas in the second case
it ‘will ‘be non-conducting, and in either case the
-decrease of ‘potential will be transferred to line
51; as the magnitude of the A. F. C. potential
reaches :a sufficient value, the potential of line
‘51 ‘may become more-considerably negative than
point 56, and diode 52 may become non-conduct-
ing ‘or at least its internal resistance may be in-
.creased very considerably, so that the effective
‘resistance in 'shunt across the grid-cathode path
-of amplifier tube 4 may be increased consider-
ably and an appreciable A. C. voltage from source
55 may bhecome effective across the grid and the
cathode. This A. C. voltage after amplification
‘in the tube is applied to rectifier 59, and the thus
produced negative potential substantially in-
creases the negative bias of tube 91.

The effectiveness of the A. F. C. device may
thereby -be-considerably lowered, and the result-
-ing ‘higher amount of mistuning of the receiver
may:cause & substantial drop of potential of line
26, hence :a further decreased gain of tube 91,
which inturn:causes a further increased amount
~of mistuning. The A. F. C. device may thus be
rendered .ineffective ‘speedily and the reproducer

~channel 8 may simultaneously be restored to
. the ineffective condition.

:As the A. F. C. potential is disappearing, the
-potential of line 51 simultaneously is reaching
.ggain ‘its reference ‘value, and the high-fre-
‘quency energy due tosource 55 applied to rectifier
59 may speedily disappear, while' the potential
‘of line 26 still is 'continuing to decrease as set
forth :above. However an appreciable negative
potential is maintained for a brief period of time
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such as Yth second across the condenser of
filter 61 associated with rectifier 59, and serves
to ensure 'a sufficient reliable operation by dis-
abling amplifier 91 until the potential of line 26
reaches its reference value. -

Refererce should now be had to the alternative
form of the invention illustrated in Fig. 4. The
control channel for producing a potential in re-
sponse to the tuning-in of a carrier wave includes
an amplifier tube 201, to the main control grid
60 of which is applied signal energy from the
intermediate frequency amplifier 5, through the
resonant circuit 6 whereat the signal level is
maintained substantially uniform by means of
the automatic gain control network {8. The rec-
tifier 23 may be considered as coupled to the
anode circuit of amplifier tube 201 through a
transformer with a resonant primary 4{ and a
resonant secondary 42, both circuits being
normally tuned exactly to the intermediate fre-
quency. The negatively biased rectifier 25 is
coupled capacitively to the anode circuit of tube
201 through the intermediary of a network in-
cluding the series-connected resonant circuits
41, 44, 46, the two latter cireuits being tuned to
frequencies on cone side and other respectively
of the intermediate frequency to provide a
double-humped resonance curve characteristic
with a sufficiently pronounced dip or crevasse
at the intermediate frequency. It will be observed
that the disposition just considered is quite
similar to those shown in Figs. 1 and 3. The
rectified potentials across load resistors 123 and
125 of rectifiers 23 and 25 are of positive and
negative polarity respectively and are super-im-
posed in the lead 26; these super-imposed poten-
tials are utilized to render effective amplifier tube
92 in the feed path of the A. F. C. device in re-
sponse to the broad selection of a carrier wave,
through the intermediary of a device repre-
sented schematically and marked “trigger de-
vice,” having its input connected to line 26, and
its output connected to the lower terminal of
circuit 7 in the grid circuit of tube 92 through a
resistance-capacity filter 137 having a rather
small time constant and through lead 226.

This device serves to provide a comparatively
sharp variation in the amplitude of the control
potential derived through lead 26, when said po-
tential assumes a certain critical value, whereby
the grid bias of tube 92 may bhe altered compara-
tively abruptly and the operation of the system
may be improved. This “trigger device” may be
of any well-known construction and may per-
form substantially the function of neon lamp 36
and resistor 38 in Fig. 1 or of the thermionic
circuit in PFig. 3 including auxiliary A. C. source
55, tube 54, impedances 52, 53, 51 and rectifier
59.

The A. F. C. discriminator {1{—I112 is coupled
to the anode circuit 10 of amplifier tube 92 and
may be of any well-known construction, for in-
‘stance as explained with reference to Fig. 1.
The A. F. C. potential besides controlling the fre-
quency of the local oscillator associated with the
frequency changer device,; is applied to control
the level of signal energy applied to rectifier 23,
by causing a progressive mistuning of resonant
circuit 42 at the input of this rectifier in accord-

ance with the amplitude of the A. F. C. potential, 7

at a desired high rate and in the same sense as,
or in the sense opposite to, that of the oscillator
circuit. Mistuning of circuiit 42 is toward one side
or other of the intermediate frequency according
as the A. F\. C. potential, responsive to the small
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mistuning of the receiver in the “corrected” con-
dition thereof, varies in the sense of positive or
negative changes out of the reference potential
condition; it will be understood that in either
case the level of signal energy transferred
through circuit 42 is decreased as the magnitude
of the A. . C, potential and the resulting amount
of mistuning of circuit 42 is increased.

Whereas a great variety of arrangements may
be used to cause the said mistuning of circuit 42,
including purely electrical circuit arrangements
for instance relying on the so-called Miller effect,
it is believed that these circuits are sufficiently
well known in the art, and for the sake of sim-
plicity electromechanical mechanism is used in-
cluding a motor of the galvanometer type indi-
cated at T4. The galvanometer coil is included
in the anode circuit of a D, C. amplifier tube 21, .
the grid of which is connected to the output line
i2 of the A. F. C. discriminator {i{—1i2. The
spindle {41 of the motor 74 is grounded and car-
ries the moving vane of a condenser 275 con-
nected in shunt with the principal condenser of
resonant circuit 42 through lead 175. The move-
ment of the motor spindle may simultaneously
control the-oscillator frequency of the frequency
changer device by means of a similar condenser
3175.

The operation of the circuits in Fig. 4 will now
be considered, reference being also had to the
double graph in Fig. 5, wherein the right-hand
portion shows the actual tuning frequency of the
receiver as a function of the tuning frequency
defined by the “physical” tuning means of the
receiver, and the left~-hand portion shows the
potential of the channel responsive to the tuning-
in of the carrier wave with respect to the asso-
ciated operating threshold s indicated by the
vertical dash-line as a function of the actual
tuning frequency, the abscissae and ordinates
being similar to those in Fig, 2.

Tube 92 is left excess-biased while no signal
is being received, the A. F. C. device as well as
the receiver portion 8 fed from the output of
this tube being thereby inoperative; and the tun-
ing frequency of the receiver being solely.defined
by the normal or principal tuning means, Just
as in Fig. 3, conditions are not changed in this
respect when static is received.

However when -a signal is broadly tuned in,
mistuning being less than some 2.5 kilocycles,
high-frequency energy of substantial amplitude
which may be slightly less than the level of en-
ergy at rectifier 25 may be applied to rectifier
23, and the resultant rise of the potential of
line 26 is transferred through the “trigger de-
vice” and through filter 137 to the grid of tube -
92, whereby to remove the cutoff bias from this
tube so that the reproducer channel 8 may be-
come effective as well as the ‘A, F. C. device. By
the way it will be observed that while the excess-
bias of tube 92 is being lowered or removed as
just indicated, a small A. F. C. potential may
take place which on account of the thereby im-
proved resonance conditions may increase some-
what- the level of energy at rectifier 28 and de-
crease the level of energy at rectifier 25, thus
bringing about a further increased potential of
line 26 which in turn is fed back to the grid of

“tube 92 and which is cumulative with the action

of the-“trigger device.” . Normal operating con-
ditions of tube §2 may thus be attained still
more speedily. '

Tt will be observed -that at the instant of tun-
ing-in of the carrier wave, the effective response
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curve of the control channel including tube 281
and represented by the potential variation of line
26 with variations of the tuning frequency
around the resonance frequency, may be indi-

cated by the plain curve at the left of Fig. 5. :

During the small fraction of a.second in which
the actual tuning frequency of the receiver is
brought into resonance with the received signal
through the A. F. C. device, the effective re-
sponse curve of this channel is however modified
due to the mistuning of the resonant circuit &2
through the A. F. C. potential; it is arranged
however that the corresponding decreased re-~
sponse of the control channel with respect to the
associated operative threshold may reliably con-
tinte to exceed the said threshold, as long as the
amount of mistuning, suppcsed above to ke about
2.5 kilocycles, is not further increased.

Now suppose that the misalignment of the
“physical” tuning means of the receiver is fur-
ther increased, up to say, 3 kilocycles, as when
the operator tunes through the exact rescnance
point and sufficiently past that point. On ac-
.count of the resultant considerable (and pro-
‘gressive) mistuning of circuit 42 by the A. F. C.
device and condenser 215, the effective response
curve of the control channel including the said
circuit may be that indicated by the dotted line
at the left of Fig. 5. It will be appreciated that
progressively the response may hecome insufii-
cient to further exceed the operating threshold
s, which may be the operating threshold of the
“trigger device” in Fig. 4. The level of signal
energy across rectifier 23 may: thus become in-
sufficient as compared with the energy level
across rectifier 25, and the thus decreased poten-
tial of line 26 causes a still more substantially
decreased potential of line 226 which may be
effective with the desired abruptness and may
speedily ensure that the ‘initial exeess-bias of
tube 92 is restored. The A. F. C. potential may
therefore disappear speedily, whereby the initial
conditions as concerns the selectivity of the am-
plifier channel responsive to the tuning-in of the
signal may be restored, and the said channel may
quickly have insufficient response to the signal
whiich was tuned in. -It may be observed that
until this condition is effective i. e. until the
full amount of mistuning due to the physical
tuning means becomes effective, the amount of
mistuning of the receiver with respect to the sig-
nal that was tuned in will increase whereas the
amourt -of ‘mistuning of circuit 42 will simul-
tanecusly vanish; accordingly the delay filter 131
serves to maintain in the meanwhile tube 92
blocked. The potential across this filter may
disappear after say %th second, whereby the re-
ceiver may resume its initial condition.

Referring now to the form of invention shown
in Fig. 6, the A. F. C. device includes an ampli-
fier 93 fed with intermediate frequency energy
through the resonant transformer 6—171. The
anode circuit comprises a resonant circuit 10
tuned to the intermediate frequency, coupled to
the rectifiers 111 and (12 of the A, F. C. dis-
eriminator through the resonant mistuned cir-
cuits 10+ and 182 respectively. These rectifiexs
are provided with load resistors 20§ and 202,
effectually connected in series and serving to
derive potentials of relatively opposed polarities;
the super-imposed potentials for A. F. C. control
‘are derived through lead 12 and the disposi-
tion is substantially as shown in Fig. 1.

Tt is arranged that the A. F. C. device may
have a limited range of effectiveness, with a view
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‘to leaving a sufficiently appreciable amount of
mistuning when the “physical” -tuning mesns
of the receiver are mistuned by several kilocycles,
so that the operation of the control device may
be facilitated. The sensitivity as a whole of the
A. T, C. device might be low to this-end, at all
times, but this is undesirable, and it may there-
fore be arranged that a reduction of the sensi-
tivity takes -place more particularly while the
“physical” tuning means are acbuated, as by
causing such reduction. in response to the opera-
tich of the tuning knob or-other operating means
of the principal tuning means, by mechanism
well known per se, However I have preferred -to
ensure a sensitive operation of the A. F. C. device

-as long as the amount of mistuning of the “phys-

ical” tuning means is not -excessive.

The A. P. C. control line to this end is asso-
ciated with two limiting devices for limiting the
amplitude of the A. PF. C. potential derived
through line 12 in the sense of positive and nega-
tive potential variations, including respectively
a ‘diode -81 associated with a resistor 80, and a
diode 83 associated with a resistor 84. The se-
ries-connection of the diode 8f and resistor 89
is connected between the output line 12 of the
A, P. C. discriminator and a point 82 of fixed
potential, moderately -positive with respect to the
veference potential of line 12, i. e. the potential
of that line in the ahsence of a-carrier wave, and
which as shown is at ground potential. As
shown the potential of point 82 is tapped off
from & potential divider connected across the
terminals of the high-tension supply of the re-
ceiver, a desired intermediate -point of which is
grounded. The cathode of diode 81 is connected
to line 42, and the “free” end of the resistor is
connected to point 82, whereby the diode ‘may
normally be conducting -and may:have a very low
internal resistance. The junction of diode -8
and -of resistor 80 is eonnected to a point 85 of
fizxed potential, moderately negative with respect
to :the reference potential .of the A. F. C. line,
through the series-connection of diode:83 and re-

sistor 84, The anode of diode 83 is connected to

the junction -of -88—81, -the free -end of resistor
84 being connected -fo -a-point 85 which may be
tapped off from the potential divider just re-
ferred to. Diode 83 may accordingly be normally
conducting and may have-a very low-internal re-
sistance. The A, F..C, potential of the junction
of diode 83 and resistor -84 is applied through
line 212 to control the:oscillator frequency of the
receiver in well-known -fashion. -

The -control channel for producing a potential
serving to make effective the :A. F. C. :device in
response to the broad selection of a -carrier wave
includes an amplifier tube 202, the normal con-
trol grid of which is fed with intermediate fre-
quency -energy from the resonant circuit 6
whereat the signal level is maintained -substan-
tially constant by means of the automatic gain
control device 16. The:anode circuit of tube 202
comprises-a flatly resonant circuit 21 separately
coupled to:the rectifiers 231 and:25{ through the
intermediate-frequency circuit 22 and through
the network -242-—243 respectively; this network
has a sufficiently pronounced -double-humped
resonance curve characteristic, -and the disposi-
tion is similar to that of corresponding elements
in Fig. 1. N

The biased rectifier 251 produces potentials of
positive polarity across its load resistor 1251,
whereas rectifier 231 produces potentials of -neg-

‘ative polarity -across -the :associated load resistor
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{231, which is effectually connected in series with
load resistor 125(, the super-imposed potentials
being derived through line 261, Whereas the po-
tential of this line is normally slightly or mod-
erately positive with respect to ground due to
the biasing source of potentials of rectifier 251,
the same is caused substantially to assume
ground potential when the desired signal is ex-
actly in resonance, the level of intermediate fre-
quency being in. substance the same.across the
rectifiers 231 and 251.

Line 261 is connected to the normal control
grid of the amplifier tube 202 through the nor-
mal grid leak thereof, tube 282 being accessorily
utilized to perform the function of a D. C.; ampli-
fier. The cathode of tube 202 is at a desired
positive potential, so that the control grid of the
tube may normally be biased shghtly or mod-
erately negatively relative to the cathode,
whereby the tube may efficiently amplify the
signal energy impressed upon its input. The
lower terminal of resonant circuit 21 in the anode
circuit of tube 202 is connected to the positive
terminal of the high-tension supply though a
D. C. load resistor 81, which is by-passed from
the high-frequency point of view. Between the
junction of resistor 87 and the lower terminal
of circuit 21 on one hand, and the negative ter-
minal of the high-tension supply on the.other
hand, is connected a potential divider formed
by a neon lamp 86 connected in series with a
resistor 88, the free terminal of the resistor be-
ing connected to the negative potential. Since
there is normally a comparatively substantial
potential drop across the D. C. load resistor 87,
the junction of the neon lamp and of resistor 81
is normally at a comparatively moderate poten~
tial with respect to the negative terminal of‘the
high-tension supply, and the neon lamp may
normally be extinguished, so that no current
may flow through the associated resistor 88.
The junction of the neon lamp 86 and resistor
88 may accordingly assume normally the poten-
tial of the negative terminal of the high-tension
supply, and is connected to the control grid of
amplifier tube 23 in the feed path of the A. F. C.
device through a resistance-capacity  filter 92
and through the normal input circuit 7 of tube
93. The cathode of tube 93 may be at the de-
sired potential, adjusted in such a way that tube
93 is normally biased approximately to cutoff.

The lower terminal of the funed circuit 10 in

the anode circuit of amplifier tube 93 is con-

nected to the high- temwn supply through a D. C.
load resistor 89. The junction of this resistor
and of the lower terminal of circuit {0 on the
other hand is connéected to the negative terminal
of the high-fension supply through a potential
divider comprising the series-connected resistors
80, 9¢. The junction of these resistors is con-
nected through a filter 82a to an auxiliary con-
trol grid of tube 282, of which a decreased poten-
tial brings about an increased anode current, the
said auxiliary control grid being for instance the
screen grid of a tetrode or a similar tube being
used at 282, the attainment of such a tube char-
acteristic with conventional tube constructions
under suitable operating conditions and more

particularly when using a not too low grid poten-

tial, being sufficiently well known in the art, the
proper adivstment of the steady bias of this
auXiiiary grid being easily had by potentiometer
90—981. "~ Tube 93 being normally excess -biased,

there will be no potential drop across load re-

sistor 89.
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The operation .of the system shown in Fig. 6
will now be considered; reférence being also had
to the double graph in Fig. 7, the right-hand
portion of which ‘shows the actual tuning fre-
quency. as. a function of the tuning frequency
defined by the ‘“physical” tuning means: (i.-e. in
the absence of the tuning corrector means), and
the left-hand portion of which shows the am-
plitude. of the control potential of line 261 or of
the. output of the D. C. amplifier 202 as a func-
tion of the actual tuning frequency.

Tube 93 is excess-biased in the absence of a
carrier - wave, and the A. ', C, device and the re-
producer are inoperative.. When high-frequency
energy. due to static is impressed upon the input
of the receiver, energy will predominantly be im-
pressed on rectifier 251, as compared with the
energy impressed on rectifier 234, and the nega-
tive grid bias of tube 202 will be somewhat de-
creased, whereby the resultant, even more intense
anode current of tube 202 causes a substantial
potential drop across resistor 87 and leéaves. the
neon lamp 86 extinguished; the aniplifier 83 be-
ing accordingly left excess-biased.

However when the receiver is-broadly tuned to
the frequency of a carrier wave, the amount of
mistuning being less than say, 2. 5 kilocycles, the
high-frequéncy energy: applied to 'rectifier 231
will be but slightly lower than the energy applied
to the biased rectifier 251, and the consegiient
decreased potential of line 26! will increase the:
negative bias of the normal control grid of tube
202 and will cause a decreased anode currént and:
an increased potential of the tap 86—87; thismay.
be represented by the full line at the lower left-
hand portion of the graph in Fig. 7. - The thresh--
old value of the system, represented by the ver-.
tical dash-line marked s, at the left of Fig. 7,
and representing in the construction of Fig. 6
the striking voltage of neon lamp 85, will be ex-
ceeded, whereby .the neon lamp will be lightened
and a current of substantially predetermined in-
tensity may traverse resistor 83. The junction
of 86-—88 together with the associated grid po-.
tential of tube $3 may thus rise sufficiently to
cause normal amplification of tube 93, hence nor-
mal operation of the A. F. C. system and normal’
reproduction of channel 8. It will be noted that
both diodes 8! and 83 are conducting under these
conditions; the potentials 82, 85, are to this end
adjusted in such a way that potential 82 may re-
liably be miore considerably positive or potential
85 more considerably regative than the potential
of lead 12 as defined by the magnitude of the

5 A, F. C. potential when the signal is broadly se-:

lected; the outgoing control line as applied to
the ‘A, F. C. impedance (not shown) is accord-
ingly virtually connected directly to line 12.

“'The ‘receiver is now speedily brought in sub-
stantially exaet resonance with the carrier wave,
due to-the action ‘of the correcting A. F..C; im-
pedance, and the response across rectifier 231 is
slightly - increased whereas the response across
rectifier 251 is slightly. decreased; this causes a
further decreased. potential of line 26i and a
further increased potential of.junction 86—87:
the bias of tube 93 may however be left substan-
tially unchanged. On the other hand as $o01y,
as the excess-bias of tube 83 is removed, ahsuhu

sistor 89 and lowers the potgntlar of fh
tions 89——90 and 80--91; aftir % JErd briad delc v
due to filter 82a, the GuXilfy y‘*contrfoi”*gn '
tube 202 has 1ts potential lowered amd,T e & g’uﬁ
current of tub&’ 2@231§Si1 PHEY Boraasta s au%ﬁig :

Tt
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an increased potential drop across resistor 87,
hence a decreased potential effectively applied to
the neon lamp, which may nearly compensate the
decreased potential drop which tends to take place
on account of the improved resonance condition
considered above. As will be seen. more par-
ticularly with reference to the left-hand portion
of Fig. 7, despite the fact that the receiver is sub-
stantially exactly in tune with the carrier wave,
the threshold value s indicated by the vertical
dash-line is but slightly exceeded, and a com-
paratively low amount of mistuning with respect
to exact resonance is sufficient to cause the neon
lamp to be extinguished. However on account
of the action of the A. F. C. device illustrated
more particularly in the right-hand portion of
the graph, this small mistuning corresponds to a
comparatively large amount of mistuning of the
“physical” tuning means. The actual amount of
mistuning of the receiver may be as low as 50
cycles as long as the amount of misalignment of
the physical tuning means is lower than some 2.5
kilocycles; this is shown by the slightly incurved
and nearly horizontal response curve portion in
the right-hand portion of the graph. However
after the amount of misalignment of the physical
tuning means is further increased, the corre-
sponding increased magnitude of the A. F, C, po-
tential causes the potential of line 12 to exceed,
in the sense of positive or negative potential
changes as the case will be, the potential either
of point 82 or of point 85. One or other of the
diodes 81 and 83 may accordingly be effectually
connected directly to point 82 or point 85, as the
case’ will be.
physical tuning means of the receiver cannot
therefore be compensated in appreciable propor-
tion by the A. F. C. device; this is represented
by the considerably incurved portion of the re-
sponse curve in the graph, this portion tending
to become parallel to the response curve portions
representing uncorrected tuning. )
As the resulting actual mistuning of the re-
ceiver reaches a value of about 500 cycles, the
correspondingly increased potential of line 261
and decreased potential of tap 86 causes the neon
lamp to become extinguished and thus causes the
suppression of the potential drop across resistor
88; this latter potential variation is rather
quickly transmitted through filter 92 to the grid
of tube 93 to cause excess-bias. ‘The reproducer
channel will now be muted again, and the A.F.C.
device will rather abruptly become ineffective,
making the full mistuning of the physical tuning

means effective, as shown by the vertical response !

eurve portion in Fig. 7. The potential of control
line 261 may now spesdily resume its reference
potential to define a comparatively low negative
bias of the main control grid of tube 282, thus
causing a substantial anode current: On the
other hand the decreased anode current of tube
93 taking place as this tube is again excess-
biased, speedily causes a rise of the poténtial of
tap 90—91; however the corresponding increased
potential of the auxiliary control grid of tube 202
tending to decrease the anode current is delayed
by filter 92a during Y¥%th of a second, say, so that
a sufficiently low negative bias of the main con-
trol grid may be ensured as explained above,
and the anode current may be left sufficient to
maintain the neon lamp extinguished. The sys-
tem- is now ready for a fresh sequence of oper-
ations. ‘

Having thus described certain typical embodi-

Any further mistuning of the !
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ments of my invention, I declare that what I
claim is: .
1. In a radio receiving system, the combination
of tuning means, automatic resonance adjusting
means for bringing the receiver into substantially
exact resonance with a carrier broadly selected
by said funing means; means for maintaining
said automatic resonance adjusting means in-
effective during the absence of a carrier; carrier-
operated means for causing the effectiveness of
said automatic adjusting means in response to
the broad selection of a carrier by said tuning
means; a second carrier-operated means for con-
trolling the action of said automatic resonance
adjusting means, applied to release said carrier
and operated in response to the reception and
departure from exact resonance of said carrier;
means for leaving said second carrier-operated
means ineffective during the absence of a carrier;
and means for rendering said second carrier-
operated means effective substantially concur-
rently with said automatic adjusting means.

2. In a radio receiving system, the combination
of tuning means, automatic resonance adjusting
means for bringing the-receiver into substantially
exact resonance with a -carrier broadly selected
by said tuning means; a reproducer channel for
utilizing the modulation: conveyed by said- car-
rier; means for maintaining said automatic ad-~
justing means and said reproducer channel in-
effective during the absence of a carrier; carrier-
operated means for causing the effectiveness of
said automatic adjusting means in response to
the broad selection by said tuning means of a
carrier; further carrier-operated means for re-
spectively controlling the action of said auto-
matic resonance adjusting means to release said
carrier, and for controlling  the condition of re-
production of the modulation in said reproducer
channel, said further carrier-operated means
operating in response to the reception and de-
parture from exact resonance of said carrier;
means for leaving said further carrier-operated
means ineffective during the absence of a carrier;
and means for rendering said further carrier-
operated -means effective substantially concur-
rently with said automatic adjusting means.

3. In a radio receiving system, the combination
of tuning means; automatic resonance adjusting
means for bringing the receiver into substantially
exact resonance with a carrier broadly selected
by said tuning means; a reproducer channel for
utilizing the modulation of said carrier; a car-
rier amplifier stage fed from a desired point in
the receiver, having its output connected to the
input of both said automatic adjusting means
and said reproducer channel;- means for mini-
mizing the gain in said stage during the absence
of a carrier; a first carrier-operated means, for
making ineffective the action of the gain-mini-
mizing means in response to the broad selection
by said tuning means of a carrier; a second car-
rier-operated means for controlling the gain of
said stage, applied to minimize the gain regard-

5 less of the operation of said first carrier-operated

means, and operating in response to the recep-
tion and departure from exact resonance of said
carrier; and means for rendering effective said
second carrier-operated means substantially con-
currently with said automatic resonance adjust-
ing means.

4. In a radio receiver, the combination of tun-
ing means, automatic resonance adjusting means
for bringing the receiver into substantially exact
resonance with a carrier broadly selected by said.
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tuning means; means for making said automatic
resonance adjusting means ineffective during the
absence of a carrier;  a first carrier-responsive
means, for restoring the effectiveness of said
automatic resonance adjusting means responsive
to the broad selection of g carrier by said tuning
means; a second carrier-responsive means, for
causing said automatic resonance adjusting
means to resume the ineffective condition regard-
less: of the operation of said first carrier-respon-
sive means, when the amount of automatic ad-
justment exceeds & desired value; said automatic
resonance adjusting means including 'a discrimi=
nator unit provided with selective means provid-
ing progressively varying carrier response with
departure from exact resonance; and said second
carrier-responsive means including a: connection
to said selective means for causing resuming of
the ineffective condition through energy of car-
rier frequency derived through said selective
means. N

5. In a radio receiver, the combination of tun-
ing means, automatic resonance adjusting means
for bringing the receiver into substantially exact
resonance with a carrier broadly selected by said:
tuning means; means for making said automatic:
resonance adjusting means ineffective during the
absence of a carrier; a carrier-operated means
for restoring the effectiveness of said automatic
adjusting means in response-to the broad selec-
tion of a carrier; a second carrier-operated
means- for: controlling the action of said:auto-
matic adjusting means, and applied to cause the
resuming of the ineffective condition when the
amount of automatic adjustment exceeds g de~
sired value; said- automatic resonance adjusting
means:including a discriminator unit for produc-
ing a unidirectional potential in response to the
reception of the carrier, progressively varying:in
magnitude with departure from exact resenance
and applied to detect and correct inacecurate tun-
ing at least on one side.of exact resonance; and:
said second carrier-operated means being pro-
vided with an operative coupling to said discrimi-
nator unit for utilizing said.uni-directional poten-
tial to cause resuming of the ineffective condition
as aforesaid.

6. In a radio receiver; the combination of tun-
ing means, automatic resonance adjusting means.

for bringing the receiver into substantially exact
resonance with a carrier broadly selected by said:

tuning means; means. for making said automatic
adjusting means ineffective during the absence of
a carrier; a carrier-operated means, for restoring
the effectiveness of said autematic -adjusting
means, in response to the: broad- selection:of a
carrier;-a second carrier-operated means-for con-
trolling the action of said automatic adjusting
means, and applied to cause the resuming of the
ineffective condition when the. amount of aute-
matic adjustment exceeds a desired value; said

automatic adjusting means including a- discrimi--

nator unit provided with selective means provid-
ing two output points, the carrier response across
one point and other increasing progressively with
increasing departure from exact resonance on one
side and other respectively frem the resonance
point; uni-directional potential providing means
for said second carrier-operated means, respec-
tively coupled to said two output peints, for pro-
ducing potentials in response: to the reception of
said : carrier, increasing progressively in magni-
tude with departure from exact. resonance;. said
second. carrier-operated meansg being provided
with means for utilizing both of said two poten-
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tials, to cause resuming -of the ineffective condi--
tion when' the magnitude of either potentlal ex-
ceeds a desired-value. -

7. A combination according to clalm 6, char-
acterized-by the provision of means for additorily
combining the effects of said two uni-directional
potentials to produce a resultant potential pro-
gressively increasing in magnitude in the desired:
sense-with departure from resonance:- on.either
side of the resonance point; said second earrier-
operated means being’ operated by said resultant
potential.

‘8.-In a radio receiver; the combination of tun-
ing means; automatic resonance adjusting means
for bringing the receiver into substantially exact
resonance with a carrier broadly selected by said
tuning means; means for making said automatic
resonance adjusting means ineffective during the
absence of a carrier; carrier-operated means for
restoring the effectiveness of said automatic res—
onance adjusting means in response to the broad
selection ‘of & carrier; further- carrier-operated
means- for contrelling the-action of said auto-~
matic resonance adjusting -means, - applied: to
cause ‘the resuming of ‘the ineffective condition:
when the amount of automatic adjustment ex-
ceeds a desired: value; said automatic resonance.
adjusting means including a - discriminator unit
provided with meang for producing a uni-direc=
tional potential progressively varying in one sense:
and other with respect to' a reference value with
departure from exdct resohance on one side: and:
other of the resonaiice point, for detecting and-
correcting inaccurate-tuning on both sides - of
exact resonance; wherein - said . further carrier-
operated means- are provided with: two. distinet:
connecetions to said uni-directional potential pro--
viding' means’ of discriminator unit; for utilizing
potential changes in one sense and other respec-
tively; each of sdid connections including means
establishing a threshold -of ‘opetation whereby
said - automatic resonance -adjusting. means  is
caused to resume the iteffective condition, irre-
speetive of the: further operation of said first.car-
rier-operated means; when the magnitude of said
potential changes: derived through either conhec-:
tion exceeds. the associated  value' of threshold.:

9. In a radio receiver, the combination of tun-
ing means, automatic resonance adjusting means.
for bringing the receiver into substantially exact
resonanee with a carrier broadly selected by said
tuning means; means for making said automatic
resonance adjusting means ineffective during the
absenice of ‘a carrier; a first carrier-operated

. means, for restoring the effectiveness 'of said atl-.

tomatic' resonance: adjusting means in response
to the broad selection of a carrier; g second ear-
rier-operated’ means, for causing said automatic
resohance ‘adjusting means to resume the inef-
fective condition when the amount of automatic
adjustment exceeds a desired value; said auto-
matic resonanee adjusting means including a dis-
criminator unit provided with means for produc-
ing a uni-directional potential progressively vary-
ing in one sense and other with respect to a refer-
ence value with departure from exact resonance
on one: side and other; wherein changes of one:
polarity of said -potential are transferred to a-
first point without phase reversal, and changes
of reverse polarity are transferred to a second
point -through- means providing reversal of: po--
larity; a potentiometer connected across said two
points ard including an element having predom-.
inant conductivity in one direction; one arm. of:
said potentiometer being predominantly: perme-
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able to potential changes of one polarity and the
second arm being substantially. permeable to po-
tential changes of the reverse polarity; and said
second .carrier-operated means being operatively
connected to the tap of said potentiometer where-
by a potential of predetermined polarity may be
derived through said connection irrespective of
the polarity of said uni-directional potential of
discriminator unit, to cause the resuming of the
ineffective condition when the magnitude of said
potential exceeds a desired threshold value.

10. In a radio receiver, the combination of tun-:

ing means, automatic resonance adjusting means
for bringing the receiver into substantially exact
resonance with a carrier broadly selected by said
tuning means; means for making said automatic
resonance adjusting means ineffective during the
absence of a carrier; a first carrier-operated
means, for restoring the effectiveness of said au-
tomatic resonance adjusting means in response
to the broad selection of a carrier; a second car-
rier-operated means, for causing the said auto-
matic resonance adjusting means to resume the
ineffective condition when the amount of aufo-
matic adjustment exceeds a desired value; said
automatic resonance adjusting means including a
discriminator unit provided with means for pro-
ducing a uni-directional potential varying pro-
gressively in one sense and other with respect to
a reference value with departure on one side and
other from exact resonance; wherein there are
provided means for impressing said potential
across the input circuit of a direct-current ampli-
fier tube having a load resistor in its output cir-
cuit; means for deriving two control potentials
having relatively reversed polarity, from two
points in the input and output circuits respectively
of said amplifier tube, the magnitude of said two

control potentials being approximately the same.

for a given amount of automatic resonance ad-
justment, and the potentials of said two points
in the condition of exact resonance being approxi~
mately the same; a direct-current potentiometer
connhected across said two points and including in
at least one arm an element having predominant
conductivity in one direction, each arm of po-
tentiometer being permeable to potential changes
in a sense providing desired control effect; and
an operative coupling including means providing
a definite operating threshold, between the tap of
said potentiometer and the said second carrier-
operated means.

11. A combination a.ccord.lng to claim 10, char-
acterized in that both the anode and cathode of
said amplifier tube are provided with load re-
sistors; said tube having its control grid connect-
ed to the output of said discriminator unit; and
in that the said two points for deriving control
potentials are the cathode and a point tapped off
from the anode circuit, respectively, further char-~
acterized in that one arm of said potentiometer
comprises a diode having one electrode connected
to the cathode of said tube, said tube and said
diode being constructed as a unit.

12. In g radio receiving system, the combina-
tion of tuning means, an automatic resonance ad-
justing system for bringing the receiver info sub-
stantially exact resonance with a carrier broadly
selected by said tuning means; means for main-
taining said automatic resonance adjusting sys-
tem ineffective during the absence of 3 carrier; a
first carrier-responsive device for restoring the
effectiveness of said automatic adjusting system
in response to the broad selection of a carrier;
a second carrier-responsive device, for causing
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said automatic adjusting system to. resume the
ineffective condition, operated in accordance with
departure from exact resonance, and operatively
associated with means for maintaining said sec-
ond carrier-responsive means ineffective during
the absence of a carrier and with further means
for restoring the effectiveness substantially con-
currently with the restoration of the effectiveness

‘of said automatic adjusting system, wherein said

first carrier-responsive device comprises a chan-
nel; coupled to a desired point in the carrier-
amplifying section of the receiving system, sub-
stantially distinct from said automatic adjusting
system and connected in parallel with a receiving
channel serving for reproduction; said channel
including selective means providing substantially
symmetrical relative response on. both sides of
exact resonance. .

13. A combination according to claim 12, addi-
tionally characterized in that said first carrier-
responsive device is provided with two uni-direc-
tional potential providing means fed through se-
lective paths having unequal selectivity, said two
potentials having broadly the same magnitude at
exact resonance of a received carrier; and means
for combining said two potentials whereby the
output effect of said device is substantially pre-
determined irrespective of received carrier
strength and responsive in substantially prede-
termined fashion to departure from: exact reso-
nance.

14, In a radio receiver, the combination of tun-
ing means; automatic resonance adjusting means
for bringing the receiver into substantially exact
resonance with a carrier broadly selected by said
tuning means, and including a carrier amplifier
stage; means for minimizing the gain in said
stage during the absence of a carrier; a first car-
rier-responsive means, for making ineffective the
action of said gain-minimizing means, in response
to the broad selection of a carrier; a second car-
rier-responsive means, for minimizing the gain
of said stage regardless of the operation of said
first carrier-responsive means when the amount
of mistuning exceeds a desired value; means for
maintaining said second carrier-responsive
means ineffective during the absence of a car-
rier; and means for rendering. said second car-
rier-responsive means effective substantially con-
currently with said automatic adjusting means;
including a connection to said stage of the auto-
matic adjustment means for deriving a direct-
current potential from said stage substantially
reaching the value required to make said second
carrier-responsive means effective after the ac-
tion:of said gain-minimizing means has been
made ineffective by said first carrler responsive
means.

15. In a radio receiver, the combination of tun-
ing means; an automatic resonance adjusting
system for bringing the receiver into substan-
tially exact resonance with a carrier broadly se-
lected by said tuning means; means for main-
taining said aubtomatic resonance adjusting
means ineffective during the absence of a carrier;
a first carrier-responsive means, for restoring *he
effectiveness of said automatic adjusting system
in response to the broad selection of a carrier:
said carrier-responsive means being provided
with an operative threshold of sufficiently low
value to be exceeded comparatively easily by in-
cident carrier energy when the carrier is still a
substantial amount from exact resonance, where-
by to restore the effectiveness; a second carrier-
responsive means, substantially distinet from said
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automatic adjusting -system, - for ‘causing- said
automatle adjuscng system to -resume -the in-
efiecilve conaition when the amouns ol -mistun-
ing exceeds & qesired 10W value; regaraiess or the
further operation oI sald first carrier-respoasive
means; said second carrier-responsive means pe-
ing eperativety -associated with a shresaord of
comparatvely high value wherepy the inewient
carrier energy drops comparatively easily and in
response to comparatively small departure ‘from
€Xact resonance, below the vaiue required toleave
said automatic adjusting system eifective; and
means for making said second carrier-responsive
means inefiective during the absence of a -carrier
and for rendering said second means effective
substantially concurrently with said automatlc
adjusting system.

" 16. In a radio receiver, the combiniation of tun-
ng means; an automatic resonance adjusting
system for bringing the receiver into substan-
vially exact resonance with a catrier broadly se-
lected by said tuning means, and ihc¢luding a dis-
criminator unit provided with selective means
for detecting departure irom exaci resonance;
means for making ineffective an element in said
automatic resonance adjusting system, in the ab-
sence of a carrier, to disable norinally said sys-
tem; a first carrier-responsive means, for derlv-
ing a uni-directional potentlal in response to the
broad selection of a carrier utmzed to restore the
effectiveness of the aforesaid element; a second
carrier-responsive means, including a connectlon
to said discriminator unit, for deriving a second
uni-directional potential in accordance with the
amount of automatic resonance adjustment, uti-

lized to cause the resuming of the disabled con- -

dition of said element when said amount exceeds
a desired value; wherein there are- provided
means for combining the control effects upon said
element of said two uni-directional potentials
whereby increased effectiveness of carrier re-
ception of said first carrier-responsive means
tends to neutralize the action of said means dis-
abling the said element; and said second poten-
tial tends to enhance the action of said means
disabling the aforesaid element.

17. In a radio receiver, the. combination of
tuning means; an automatic resonance .adjust-
ing system for bringing the receiver into sub-
stantially exact resonance with a carrier broadly
selected by said tuning means and including a
discriminator unit and a carrier-amplifier stage;
means for minimizing the gain of said stage in
the absence of a carrier; a first carrier-responsive
means for deriving a unidirectional potential in
response to the broad selection of a carrier, uti-
lized to restore the gain of said sftage; a second
carrier-responsive potential having a substan-
tially predetermined amplitude after said auto-
matic adjusting system is rendered effective; a
second carrier-responsive means ihcluding a con-
nection to said diseriminator unit and output of
said stage, for deriving a second uni-directional
potential in accordance with the amount of auto-
matic resonance adjustment, utilized to cause the
resuming of the condition of minimized gain
when said amount- exceeds a desired value;
wherein there are provided means for algebrai-
cally superposing said two potentials; and an
operative coupling with the aforesaid gain-mini~
mizing means for utilizing the algebraic sum of
said two potentials, said .coupling including
means providing a definite .threshold 6f opera-
tion.
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-18,-In'a radioreceiver, the combination of tun-
ing -means; an automatic resonance adjusting

‘systemi for ‘bringing the recelver into substan-

tially-exact resonance with-a carrier broadly se-
lected by said tuning means, means for render-
ing ineffective an‘element in said automatic ad-
justing system in the shsence of a carrier,’ to
dlsable normally said system; ‘a first carrier-re-
sponsivé ‘means, -fof deriving a -unidirectional
potential in response to the broad selection of
& -carrier, ufilized through means providing a
threshold of operatiéon: to restore the effective- -
ness of the: aforesaid -element when, and only
when, said potential exceeds a desired compara-
tively low threshold; a second carrier-responsive
means; made effective substa,ntm,lly ‘concurrently
with said automatic adjusting system, for deriv-
ing a ‘second uni-directional potential, in ac-
cordance ‘with departure from exact resonance,
utilized to cause the resuming of the disabled
condition -when saidamount of departure ex-
ceeds & desired Value; wherein there is provided
an operative coupling between said first carrier-
responsive means and the output of said second
carrier-responsive means for effectively altering
the relation of the amplitude of said first car-
rier-responsive potential and associated operative
threshold to raise said threshold to a compara-
tively more unstable value.

19. In a radio receiver, the combination of tun-
ing means; an automatic resonance adjusting
system for bringing the receiver into substan-
tially exact resonance with a carrier broadly se-
lected by said tuning means, and including a

discriminator unit; means for rendering inef-

fective an element in said automatic adjusting
system in the absence of a carrier, to disable
normally said system; a first carrier-responsive -
means, for deriving a unidirectional potential in
response to the broad selection of a carrier,
utilized through means providing a threshold of
operation, to restore the effectiveness of the
aforesaid element only when said potential ex-
ceeds a desired comparatively low threshold
value; a second carrier-responsive means, .in-
cluding a connection to said discriminator unit;,
for deriving a second umi-directional potential
in accordance with the amount of automatic ad-
justment, utilized to cause the resuming of the
disabled condition when said amount exceeds a
desired value; wherein there is provided an oper-
ative coupling between said first carrier-re-
sponsive means and the output of said second
carrier-responsive means for effectively altering
the relation of the amplitude of said first poten-
tial and associated operative threshold to pro-
gressively urge said threshold toward an un-
stable condition.

20. In a radio receiver, the combination of
tuning means; an automatic resonance adjust-
ing system for bringing the receiver into sub-
staritially exact resonance with a carrier broadly
selected by said tuning means and including a
discriminator unit and a carrier-amplifier stage;
means for minimizing the gain of said stage in
the absénce of & carrier; a first carrier-responsive
device for deriving a uni-directional potential in
response to the broad selection of a carrier, for
réstoring the gain of said stage only when sa,1d
potential exceeds a desired. threshold value; said

‘device including a. selective circuit operatlvely

associated with means for -altering the resonant
properties of said circuit whereby effecuvely to
alter the adjustment of said first potential rela,-
" tive to said operative threshold value; a second
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carrier-responsive means, provided with a cou-
pling to said dlscrrmmator unit, for. denvmg a
uni-directional potential applied to cause - said
stage to resume the condition of minimized gain
when - the amount of automatic adjustment ex-
ceeds a desired value; wherein there is provided
an operative coupling between said second car-
rier-responsive potential and said resonance al-
tering means, to make said threshold progres-
swely unstable,

21. A combination as defined in claim 20,
wherein said discriminator: unit is adapted to
produce a uni-directional potential progressively
varying in one sense and .another with respect
to a reference value with departure on one side
and the other from exact resonance, applied to
detect and correct inaccurate tuning on both
sides of “exact ~resonance; and said resonance
altering means is adapted to produce mistuning
of said selective circuit on one side and other
from a reference frequency substantially cor-
responding a exact resonance; and wherein said
resonance altering means is provided with an
operative coupling to said diseriminator unit and
second carrier-responsive means, for utilizing
the said uni-directional potential to cause pro-
gressive mistuning.

22. In a radio receiver, the combination of tun-
ing nieans; automatic resonance adjusting means
for bringing the receiver into substantially exact
resonance with a carrier broadly selected by said
tuning means, and including a carrier amplifier
channel and a discriminator unit; means for
minimizing the gain in said channel during the
absence of a carrier; a first carrier-responsive
means, for rendering ineffective the action of said
gain-minimizing means in response to the broad
selection of a carrier; a second carrier-responsive
means, including means for producing a second
potential, responsive to the amount of automatic
adjustment, derived through said channel and
discriminator unit and utilized to cause said
channel to resume a condition of minimized
gain when the amount of departure from exact
resonance in the supposed absence of said auto-
matic adjusting means exceeds a desired value;
characterized in that the control connection for
utilizing said second potential is provided with
auxiliary means providing a comparatively sharp
rise of the control effect when said potential ex-
ceeds a threshold value, whereby to cause said
resuming of the condition of minimized gain com-
paratively abruptly, and wherein furthermore
said control connection includes a time-delaying
network for maintaining said potential effective
for a brief while after said channel is caused to
resume said condition.

23. In a radio receiver, the combination of tun-
ing means; automatic resonance adjusting means
for bringing the receiver into substantially exact
resonance with a carrier broadly selected by said
tuning means and including a carrier amplifier
stage and a discriminator unit; means for min-
imizing the gain in said stage during the absence
of a carrier; a first carrier-responsive means for
producing a potential in response to the broad se-
lection of a carrier; means for utilizing said po-
tential to control the gain of said stage in a
sense such as to make ineffective said gain min-
imizing means; & further -carrier-responsive
means for producing a second potential, respon-
sive to the amount of automatic adjustment, de-
rived through said stage and discriminator unit
and utilized to control the gain of said stage in

a sense such as to sustain the action of said gain 7§-
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Jminimizing means; wherein there are provided

means for combining the control effects upon the
aforesaid utilizing means in such a way as to
produce a resultant control potential; and aux-
iliary means between. said last-named potentlal-
comblmng means and the aforesaid utilizing
means for provrdmg a comparatrvely sharp
cha,nge of the control eﬁect when said resultant
potentlal exceeds a threshold value whereby con-
‘trol in said utilizing means may be comparatlve-
1y a,bruptly, and wherein there is furthermore
provided a time- delaymg net—work between said
potential-combining means and said utxhzmg
meais; for maintaining the éffect of said re-
sultant potential for a brief while after said stage
is caused to 1esume the condltlon of mlmmrzed
gain. Py

24, In a radio receiver, the combination of
tuning means; an automatic adjusting system
for bringing the receiver into substantially exact
resonance with a carrier broadly selected by said
tuning means; means for normally maintaining
said automatic adjusting system ineffective; &
carrier-responsive means effective at all times for
producing’ a potential responsive to ‘mistuning,
said means including a selective circuit making
said means responsive to comparatively small de-
parture from exact resonance; means having a
definite threshold of operation for utilizing said
potential to-make said automatic adjusting sys-
tem effective, said threshold being sufficiently
low to be exceeded in response to the broad selec-
tion of a carrier wave, whereupon said automatic
adjusting - systemn may bring the receiver fre-
quency close to exact resonance; means for de-
riving an auxiliary potential of substantially pre-
determined amplitude in response to the condi-
tion of effectiveness of said automatic adjusting
system; means for utilizing said auxiliary poten-
tial to counteract the influence of said first-
named- potential responsive to mistuning upon
said - means having a threshold of operation
whereby to leave a comparatively small excess in-
fluence of said first-named potential despite the
improved resonance condition as set forth so
that said means having a threshold of operation
may become responsive to small departure from
exact resonance; and a time-delaying filter be-
tween said means for deriving said auxiliary
potential and the means for utilizing said aux-

" iliary potential.

25. In a radio receiver, the combination of tun-
ing means; automatic adJustlng means for bring-
ing the receiver into substantially exact res-
onance with a carrier broadly selected .by said

" funing means including a discriminator for de-

riving a potential; means for normally maintain-
ing said automatic adjusting system ineffective;
8 first carrier-responsive means, for restoring
the effectiveness of said automatic adjusting

" means in response to the broad selection of a

carrier; a second carrier-responsive means, for
causing said automatic adjusting system to re-
sume the ineffective condition when the amount
of mistuning exceeds a desired comparatively very

' low value; said second’ means being normally

maintained ineffective and being rendered effec-
tive substantially concurrently with said automat-
ic adjusting means; characterized by the provision
of means at the output of said discriminator unit

" for substantially limiting the effective magnitude

of said potential of the discriminator, and fur-
ther characterized in that said meéans includes a
diode associated with a biasing threshold.
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