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This invention:relates to -automatic: frequency
control systems suitable for use in:radie; and like;.
receivers. ) .

Automatic. frequency control. systems:are:now

in:common use in radio receivers, but.such:sys= .

tems as.are at present:known fall short.of:re-
quirements: in certain. important operating: pars
ticulars. - As-will be appreciafed a main:purpoese.
of: an:automatic frequency: control, hereinafter
termed. (AFC), system s to.take:charge of-the

tuned to within a- predetérmined degree: of.ac-
curacy. so that the necessity. for: skilled: tuning
on the part of the operator of the receiver is re-
duced, or eliminated. Ohviously from the: point
of view of the extent to. which.skilled: manual
tuning is rendered unnecessary:. it: is: desirable:
that- the- AFC: system shall: “take:charge’” when.
the :manual . tuning has. been. set- quite- a -long
way: from the accurate ‘tuning. position.. This
requirement;, however, is: inconsistent. with: the
maintenance of “closely. accurate: tuning by the:
AFC system, and; accordingly, in known. AFC:
systems  a compromise has- been. sought;: the:
“sharpness” of the system being:chosen:at some
value which. is not.so great as: to make-the:set:
difficult to tune by  an  unskilled: operator;. but:
which is nevertheless great enough: to- give: &
reasonable degree .of ‘accurate ‘tuning.:- Thus:

10
tuning-of the receiver onice.it has . been: manually: -

system-may: be .effected. manually, quasi-auto-
matically; ox wholly. automatically,. For example,
for-manual:variation (which is not: preferred.in
practice) ;-there, would. be . provided : a: manually;

5 operable switch:which varies.the sharpness of the

AFRE. system-. in.one:or. more.steps, and. which
should be:moved: from. a “broad’ position to.a
“sharp? pesition: when-the manual tuning-oper-
ation is-.completed.. In. a quasi-automatic sys-
tem: the. control. of: the. sharpness of: the: AFC:
system: would.be: effected: by -a:switch:.operated.
attomatically, from. the:normally provided tuning
handle:of-the.receiver. sa.that: when said - tuning
handleis: being operated: the switch.is automati-
cally: seti-to - a: position giving “broad” AFC. ac-.
tion; the switch position changing automatically.
to: ane:giving: “sharp’ action. when: the manual
tuning-cperation is.completed. - Switches adapted.
ta be.automatically. operated; by a.tuning control:
-handle: are; of course, known: per se for-other

purposes.. It is.preferred, however;; to. employ.

fully automatic. variation-of: the: AFC sharpness,.

and:in a system: of ‘this nature the.actual control,

ar-output, voltage. from the. AFC: system; is .em-

28 ployed: to. vary: the: sharpness -of said: system.

Preferably;. particularly; in fully.automatic sys-
tems.in- accordance: with_this.invention; the. ar-
rangement . is made- such. that the.selectivity of
the receiver: is automatically -varied: at. the same.

“sharpness” in a known AFC: system -is-a.com-. 3% time:as the sharpness.of the AFC system so.that.

promise, and, therefore, is not wholly satisfactory..
It is believed that none of the known:AFC systems:
is.of sufficient “sharpness” to.obtain and main-.
tain really accurate tuning, for example: tuning-
accurate enough for a homodyne: receiver:
According to this invention: a.radio, or-like,
receiver is provided with:-an AFC system of-vari-~:
able “sharpness’” so that a-fairly ‘broad’’: AFC:
action is obtained when tuning in a-station;, and:
a-“sharp” action is obtained at other:times:once
the: AFC' system has “taken: charge.”” It is-
thought that the expressions “broad” and “sharp?!"
as applied to an AFC system:-will:be found fairly-
self-explanatory, but it may-be remarked: that an:
AFC system may be said to be “sharp? when:large
tuning control output- veltages are provided for
short departures: from- correct tuning, while-
conversely, the system is “broad” -if a-large de--
parture frem. correct tuning is required- to-pro-.
vide a large confrol: voltage. It will: be- appre~
ciated that it is inherent in any-AFC system-that:
if the: system is sharp -the-range: over- which- it
takes: charge 'is small; whereas if it-is-bread: the-
range-over: which-it takes-charge:ig-large: -

the-receiver: becomes. more -selective: as the AFC
system becomes sharper. )

The. invention; is.illustrated in: the accom-
panying: drawings, wherein

35  Figs. 1:and 2 show:two embodiments:of the in-

vention: .

Figure 1'illustrates.one way.of carrying.out this
invention:as .applied. to.a homodyne receiver. A
valve: V:to. which received carrier and.side: band:

40: signals . are.-applied, has in its cathode leg:a.feed-

back: impedance-Z of:any suitable. frequency.se-
lective: type: Preferably, and as shown, the.im-
pedance- consists. ‘of a .piezo-electric crystal. C;
resonant at: the.carrier frequency. in.shunt. with

4% an inductance. I and: with. a- condenser. Ki, the.

combination being adjusted -to neutralize the
shunt: .capacity: of said crystal. The received.
carrier-and side band signals are:applied.to.the.
control grid. I: of valve .V, and the said control.

80 grid is connected-through two resistances Ri. Ra.

in:series: to-earth; the second resistance-—that on
the- ground. side—being shunted by -a condenser
K2 The: junction:point of these two resistances
is-connected: to: one of a:pair of: contacts. of a.

The variation of--the-sharpness-of the AFC'56* switch S, the-other contact.of which is.connected.
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to a point of negative bias potential, this point
being connected to ground through a suitable
resistance, or as shown derived from a battery
having its positive terminal earthed.

The switch is operated in any convenient man-
ner known per se as by a cam CA on the actuating
shaft of the normally provided tuning condenser
gang shaft so that when the said shaft is moved
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tuned circuits in series one resonant a little
above the operating I. F. and the other a little be-
low the operating L. F.

In the above described specific embodiments
the change in sharpness of the AFC system is
obtained by varying the mutual conductance of
a valve to which frequency selective feedback is

_applied. 'This, of course, is not a necessary fea-

in manual tuning the switch is closed. Output -

which may contain chiefly I. F. (intermediate
frequency) carrier component is taken from the

10

anode of the valve, and is utilized as in the usual -

manner in homodyne receivers. Fig. 1 shows
schematically a receiver of the superheterodyne
type employing ahomodyne detector with the car-
rier output of tube V applied thereto. The anode
circuit of the valve is also coupled to a double
diode rectifier network, known as a “discrimina-
tor,” comprising the usual tuned circuit TC con-
nected between the anodes of two diodes Di, D2
whose cathodes are connected together by a
capacity-shunted resistance Ri.. One end of this.
resistance serves as the output terminal from

which rectified AFC voltage is derived for ap-.

plication, as in the usual well known way, to con-
trol the mutual conductance of a frequency con-
trol tube connected, in the usual manner, to the
local oscillator tube. The mid-point of the re-
sistance in the diode network is, of course, con-
nected to the mid-point of the inductance there-
in, and input signals consisting of I. F. carrier
and side bands are applied to these two mid-
points as well as to the input grid of the valve.

Tt will be seen that with this arrangement, in
one position of the switch, the degenerative crys-
tal feedback network is practically ineffective to
produce feedback effect by reason of the high bias
applied to the grid of the valve, but in the other
position of the switeh the feedback network is
effective and a substantial amount of negative
feedback is provided. Accordingly the selectivity,

or sharpness, of the valve circuit is.very dif-

ferent for the two positions of the switch, being
largest for the least bias. Change over from one

condition of sharpness to the other is not effect-.
ed suddenly, but smoothly and gradually by rea-.

son of -the fact that when the switch is opened,
after having been closed, the bias on the valve
does not change suddenly but only smoothly dur-
ing the period in which the charge in the con-
denser across the second of the two resistances in
the grid circuit leaks away.

Tt will be seen that with this arrangement not
only are two widely different degrees of sharpness
of AFC action obtained, one being suitable for
“searching” and the other being suitable for
maintaining accurate tuning once a station has
been “found,” but, also, in the case of homodyne
reception the selectivity of the receiver itself is
simultaneously varied. This action is obtained
by reason of the fact that the valve which is in
the AFC discriminator network, i. e. the valve V
with the crystal network in its cathode leg, is
also the valve which is employed to provide the
carrier component for homodyne action. )

Although the use of a crystal network is no
an essential in carrying out this invention, its
use is preferred for the homodyne case where a
very high degree of selectivity and a very high
desree of AFC sharpness is necessary. In many
cases however, and especially in broadcast super-
heterodyne receivers, it may be found commer-
cially more economical to use in place of a crystal
feedback impedance in the cathode leg of the
valve, a feedback impedance consisting of two
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ture of the invention for the feedback could be
varied in other ways, for example, by providing a
variable resistance across the crystal network in
the first described arrangement and altering the
value of this resistance by the switch.

Again, asalready stated, the variation of sharp-
ness of the AFC system and, if desired, the simul-
taneous variation of selectivity of the receiver
may be accomplished entirely automatically. In
broad principle this may be effected by deriving
from the AFC system a potential which is de-
pendent upon the magnitude of departures from
correct tuning but independent of the sense - of
such departures and utilizing the saic voltage to
control the sharpness. ’

- Thus, in the first embodiment herein described
the switch:.and associated. circuit elements could
be dispensed with and instead there could be em-
ployed a rectifier. bridge B as shown in Fig. 2,
having the opposite ends of one diagonal con-
nected .between the . cathodes of the  diodes
D’1—D’2 in the AFC rectifier network. One end
of the other diagonal is connected through a
resistance .to the.low potential end of the sig-
nal ;input circuit of the valve V and the other
end .of said diagonal is connected to ground.
With this arrangement, of course, the grid bias
on the .valve, and.therefore the effectiveness of
the frequency selective impedance in the cathode
leg of the valve for feedback, would be made di-
rectly dependent upon the magnitude of the rec-
tified output voltage obtained from the AFC net-
work out independent of the polarity of that volt-
age. Thus a change in the magnitude of the de-
rived AFC.output:.voltage produces a change in.
the bias.of the valve V in the discriminator net-
work; and, therefore, a change in the AFC sharp-
ress: In this case, as in the previous embodi-
ments, if the valve in the AFC discriminator net-
work were also a valve in the signal channel si-
multaneous. variation of AFC sharpness and of
selectivity ‘would be obtained.” The diodes D1—Dz
function as the rectifiers for producing AFC bias,
as in the case of Fig. 1.  The bias delivered over
line S: increases in proportion to the departure
from correct: tuning in either direction, thus les-
sening the selectivity and giving a broader AFC
control. As the signal is brought into tune the
bias over S decreases and selectivity increases so.
that the AFC action is sharper and holds the
tuning very close.. - o -

The invention is, of course, not limited to the
use of variable negative frequency selective feed=
back: in-order. to obtain variation in sharpness,
for variable positive feedback circuits, of any.
suitable form known per se, could be employed.

What is claimed is: - .

1. In combination with a source of modulated
carrier energy,-a transmission path for said en-
ergy coupled to the source, said path being selec~
tive -to energy of said carrier frequency, -a ire-
quency: discriminator network comprising an in-
put circuit- coupled to said path, said network
having an output ecircuit constructed and ar-
ranged to develop a direct current voltage from
applied carrier energy whose magnitude and po--
larity is a function of the extent and sense of
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carrier frequency. change,. and: means.-connected
to:said: disérirhinator-input:circuit responsive to
a:- departure.of :saidicarrier: frequency from:a.pre-
determined: frequency.- value - for controlling the
selectivity: of-said transmission-path:

2. In combination: with a.source. of: modulated
carrier energy, a transmission:path for said ener-
gy..coupled to:the source; saidipath: being: selec-
tive.to. energy -of said carrier frequency, a fre-
quency diseriminator network comprising an in-
put ¢ircuit. coupled to- said: path, said network
having an output circuit. constructed and ar-
ranged. to develop a.direct: current. voltage from
applied carrier: energy: whose magnitude and po-
larityis.a- function: of: the- extent and. sense of
carrier frequency..change, and-means.responsive
to a departure of said carrier frequency from a
predetermined ; frequency, value for controlling
thesselectivity-of-said transmission path, said last
means comprising a rectifier network whose in-
put circuit is the said discriminator input circuit.

3. In combination with a source of modulated
carrier energy, a transmission path for said
energy coupled to the source, said path being
selective to energy of said carrier frequency, a
frequency discriminator network comprising an
input circuit coupled to said path, said network
having an output circuit constructed and ar-
ranged to develop a direct current voltage from
applied carrier energy whose magnitude and
polarity is a function of the extent and sense of
carrier frequency change, and means responsive
to a departure of said carrier frequency from a
predetermined frequency value for controlling
the selectivity of said transmission path, said dis-
criminator comprising a pair of rectifiers, and
said last means comprising a pair of rectifiers
having a common input circuit coupled to said
path.

4, In an automatic frequency control system
for a super-heterodyne receiver of the type com-
prising a first detector, a local oscillator, an in-
termediate frequency network coupled to the first
detector, means coupled to said intermediate
frequency network, responsive to a frequency
difference between the intermediate frequency
signals and a predetermined frequency value, for
adjusting the local oscillator frequency in a sense
to correct for said difierence; the improvement
which is characterized by said intermediate fre-
quency network being selective for said inter-
mediate signals, and means coupled to the same
point of said intermediate network as said first
means, and responsive to said intermediate
signals, for decreasing the selectivity of said in~
termediate network during periods of said fre-
quency difference.

5. In an automatic frequency control system
for a super-heterodyne receiver of the type com-
prising a first detector, a local oscillator, means
for tuning the detector and oscillator over a
range of signal frequencies, an intermediate fre-
quency network coupled to the first detector and
means, responsive to a frequency difference be-
tween the intermediate frequency signals and a
predetermined frequency value, for adjusting the
local oscillator frequency in a sense to correct for
said difference; the improvement which is char-
acterized by said intermediate frequency network
being selective for said intermediate signals, and
meahs concurrently operative with the tuning
means for decreasing the selectivity of said in-
termediate network during periods of said fre-
quency difference, said intermediate network
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circuits, means common: to said output.and input
circuits for. providing: degenerative:. feedback
therebetween; and said: selectivity -decreasing
means being; arranged to: control the gain of said
tube : ;

6.-.In-an automatlc frequency control. system
for: a:super=heterodyne: receiver: of the.type com-
prising a. first.detector, a.: local oscillator, an.in-
termediate. frequency  network: coupled. to: the
first: .detector and: means, responsive to a fre-
quency: difference: hetween the .intermediate fre=
guency: signals: and: a:predetermined. frequency
value;. for adjusting the local oscillator frequency
inra sense:to:correct for said difference; the im-
provement . which_ is. characterized by said inter-
mediate frequency network being- selective for
said:intermediate signals, and means for-decreas-
ing:the selectivity. .of: said intermediate network
during periods of said frequency  difference,
means. féroadjusting. the: tuning: of said first: de-
tector and oscillator over a desired modulated
carrier range, and means for adjusting said
selectivity decreasing means concurrently with
said tuning means.
- 7. In an automatic fregquency control system
for a super-heterodyne receiver of the type com-
prising a first detector, a local oscillator, an in-
termediate frequency network coupled to the
first detector and means, responsive to a fre-
quency difference betwen the intermediate fre-
guency signals and a predetermined frequenhcy
value, for adjusting the local oscillator frequency
in a sense to correct for said difference; the im-
provement which is characterized by said inter-
mediate frequency network being selective for

~said intermediate signals, and means for de-
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gomprising a tube having signal input and output 75

creasing the selectivity of said intermediate net-
work during periods of said frequency difference
and gdditional means for simultaneously adjust-
ing the tuning of said receiver and said selectivity
decreasing means.

8. In a radio receiver of the type having a main
tuning means for selecting different carrier fre-
quencies of a modulated sighal carrier frequency
range, a supplemental tuning means, responsive
to a frequency difference existing between re-
ceived modulated carrier energy and a prede-
termined carrier frequency value, for adjusting
the receiver tuning in a sense to correct for said
frequency difference; the improvement which is
characterized by said supplemental means hav-
ing a relatively sharp action at settings of said
main tuning means at which said difference is a
minimum, means for broadening said action in
response to said difference exceeding said mini-
mum and means for decreasing the receiver
selectivity concurrently with actuation of said
broadening means.

9. In g radio receiver of the type having a main
tuning means for selecting different carrier fre-
quencies of a modulated signal carrier frequency
range, a supplemental tuning means, responsive
to a frequency difference  existing between re-
ceived modulated carrier energy and a prede-
termined carrier frequency value, for adjusting
the receiver tuning in a sense to correct for said
frequency difference; the improvement which is
characterized by said supplemental means hav-
ing a relatively sharp action at settings of said
main tuning means at which said difference is
a minimum, and means for broadening said ac-
tion in response to said difference exceeding said
minimum and means for simultaneously varying
the selectivity of the receiver in the same sense
as said supplemental tuning action.
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10. In a radio réceiver of the type having a
main tuning means for selecting different carrier
frequencies of a modulated signal carrier fre-
quency range, a supplemental tuning means, re-
sponsive to a frequency difference existing be-
tween received modulated carrier energy and a
predetermined carrier frequency value, for ad-
justing the receiver tuning in a sense to correct
for said frequency difference; the improvement
which is characterized by . said supplemental
means having a relatively sharp action at settings
of said main tuning means at which said differ-
ence is a minimum, means, responsive to said
modulated carrier energy, for broadening said
action in response to said difference exceeding
said minimum and additional means responsive
to said carrier energy for decreasing the receiver
selectivity conjointly with. actuation of said
broadening means.
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11. In a radio receiver of the type having a 29
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main tuning means for selecting different carrief
frequencies of a modulated signal carrier fre-
quency range, a supplemental tuning means, re-
sponsive to a frequency. difference existing he-
tween received modulated carrier energy and a
predetermined carrier frequency value, for ad-
justing the receiver tuning in a sense to correct
for said frequency difference; the improvement
which is characterized by said supplemental
means having a relatively sharp action at settings
of said main tuning means at which said dif-
ference is a minimum, means for simultaneously
decreasing the receiver selectivity and broadening
said action in response to said difference exceed-
ing said minimum, and means for simultaneously
adjusting said main tuning means and said last
means. .
NOEL MEYER RUST.
- OSWOLD EDWARD KEALL,



