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AUTOMATIC FREQUEIICY CONTROL AND
TUNING INDICATOR

Muray G. Crosby, Riverhead, N. Y.
Application June 29, 1956, Serial No. 594,984
15 Claims, (Cl. 250—20)

This invention relates to receivers, especially those
receiving intelligence characterized by harmonically re-
lated frequencies.

The primary object of the invention is to gemerally
improve such teceivers. A more specific object is to
provide a system for obtaining automatic frequency con-
trol or/and tuning indicator potentials for a receiver of
voice transmission using carrier eliminated single-side-
band modulation.

In the prior art of single-sideband reception, automatic
frequency control or/and tuning indicator potentials were
obtained from discriminator networks which were fed by
the carrier, either the transmitted full carrier, or a trans-
mitted pilot carrier. Such a system operates successfully
for transmission in which either a full carrier or a reduced
pilot carrier is radiated, but is not adaptable to that type
of single-sideband transmission in which only the modu-
lation sidebands are radiated, while the carrier is wholly
suppressed. It is an object of this disclosure to provide
an automatic frequency control or/and tuning indicator
system which will operate on such transmission, that is,
on carrier-eliminated single-sideband transmission.

Operation of my new system depends upon an inherent
quelity of the voice, which is that the complex wave
which makes up the voice sound consists of a series
of frequencies which are harmonically related. The
basic structure of the speech wave is such that a
fundamental wave is radiated, and the resonances of the
mouth and larynx are shaped to select the proper har-
monics of this fundamental wave in order to mold the
speech sound. Data which describes this spectrum
analysis of the voice wave is contained in a book entitled
“Visible Speech” written by Potter and Green and pub-
lished by S. Van Nostrand & Co. The many speech

spectrnm analyses given in that reference book clearly .

show this harmonic relation of the voice wave. It is thus
known that the voice wave in its normal condition is
comprised of fundamental and harmonics of a basic
frequency.

The new system also may be used on any other com-
plex wave similarly made up of frequencies which are
harmonically related to a basic fundamental frequency.
There are certain types of tone telegraph modulation
which fall into this category. For instance, one standard
tone system used in multiplex tone telegraphy uses 425
cycles, 595 cycles, 765 cycles, 835 cycles, etc. These are
separated by a spacing of 170 cycles. The tones.all may
be derived from a generating system having a basic or
fundamental frequency of either 42.5 or 85 cycles. The
present invention is applicable to such a telegraph system,
as well as to voice.

In accordance with a feature and object of the present
invention, apparatus is provided which indicates, or which
provides a potential in respomse to, a departure from
harmonic relationship. For instance, let it be assumed
that one of the voice frequencies is 300 cycles, and that
a second harmonic component is present at 600 cycles.
1f this voice wave is being received on a single-sideband
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system, a detuning of 10 cycles will change the 300 cycle
component to 310 cycles and the 600 cycle component
to 610 cycles. The two freguencies then have lost their
harmonic relationship, because the second harmonic of
310 cycles would be 620 cycles rather than 610 cycles.
The present invention takes advantage of this difference.

To accomplish the foregoing general objects, and other
more specific objects which will hereinafter appear, my
invention resides in the receiver elements, and their rela-
tion 'one to another as are hereinafter more particularly
described in the following specification. The specifica-
tion is accompanied by drawings, in which:

Fig. 1 is a diagram partially in block form, showing
one form of the invention;

Fig. 2 is a diagram in block form, showing a receiver
system utilizing the invention;

Fig. 3 is a diagram partially in block form, showing
a modified form of the invention; and

Fig. 4 is a graph explanatory of a detail of the
invention.

Referring to the drawing, and more particularly to
Fig. 2, the antenna 59 receives intelligence transmitted
by sideband only, that is, without a carrier, and more
specifically in the present case om a single sideband.
Most of the diagram comprises means including one or
more local oscillators, in this case the oscillators 53 and
57, for heterodyning the received energy to obtain iow
frequency energy. This is supplied to amplifier 82 and
transducer 84, and in the presemt case also to another
amplifier 86 and transducer 88, but a single amplifier
and transducer may be used. Some of the low frequency
energy is supplied to apparatus located in box 61, the
output of which may have a potential indicative of depar-
ture from proper tuning.

This is supplied through conductor 90 to either a tuning
indicator, the meter of which is shown at 65, or a means
to alter the frequency of one of the local oscillators, in
this case the oscillator 53, in that direction which correcis
the tuning of the receiver. Two forms of the apparatus
in box 61 are shown in Fig. 1 and Fig. 3, respectively.

Referring now to Fig. 1, there is a filter 11 which
selects one frequency component or band, another filter
12 arranged in parallel, to simultaneously select ancther
frequency component or band which is “n” times the first,
and a frequency multiplier 13 which multiplies the output
of filter 11 “n” times. The apparatus shown at the right
end of Fig. 1 is a means for compariag the resulting
frequencies to see if they are alike, as they should be, and
in the event of discrepancy, to deliver a potential which
may be used to indicate or/and correct amy such
departure.

Continuing with Fig. 1, the input may be assumed
to be a voice frequency input, obtained from a single-
sideband receiver. The filter 11 is a mid-frequency fitter
which may be tuned at, say, 350 cycles, with a band width
of from, say, 300 to 400 cycles. The filter 12 has a
frequency multiplied by an integer “n” which, in the
present case, may be assumed to be two, in which case
it has a mid-frequency of 700 cycles, and 2 band width
of from 600 to 800 cycles.

Frequency multiplier 13 multiplies the output of band-
pass filter 11 by “n” times, in order to raise its frequency
to exactly the same range of frequencies as that of the
pandpass filter 12. Accordingly, in the present case fre-
quency multiplier 13 will multiply by two, and will have
a bandpass filter in its circuits which select the same
range as filter 12, which is assumed to be 600 to 800
cycles. )

After the selection and multiplication of filter 21 and
multiplier 13, and the selection of bandpass filter 12,
there are two selections of the voice wave which should
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be at the same frequency and the same bandpass. These
two outputs may be fed to limiters 14 and 15 to provide
more constant energy for feeding to the detector, and can
be adjusted to the proper phase by a phase adjuster 16.
One of the outputs is fed to the transformer 17, and the
other to the transformer 18, of a phase -detector system
which uses diodes 19 and 20, together with diode resistors

21, 22, and bypass capacitors 23, 24. Thus one output is .

fed in push-pull,-while the other is fed in parallel. -

The phase detector system provides potentials at termi-
nal 25 which are positive if the detuning departs in one
direction, and negative if the detuning departs in the other
direction. Phase adjuster 16 is so adjusted as to bring
the voltages at transformers 17 and 18; 90 degrees apart
in phase, for the condition of zero departure (i. e. proper
tuning). Any departure then from proper tuning will
cause the two selected channels to depart in their fre-
quency synchronism, and the phase detector will provide
an indication of the departure.

Fig. 2 shows how the system of Fig. 1 may be con-
nected to a single-sideband receiving system. - This system
comprises an antenna 59 feeding a superheterodyne re-
ceiver 51, which feeds an intermediate frequency output
to a. converter 52. - This intermediate frequency output
‘may be at the conventional frequency of approximately
455 kilocycles. Converter 52, together with oscillator
53, heterodyne the 455 kc. intermediate frequency output
down to a lower. frequency, with upper and lower side-
bands. The intermediate frequency is sufficiently low for
satisfactory filtering by an upper sideband filter 56, and a
lower sideband filter 55. Examples of typical suitable
frequencies for filters 55 and 56 are 25 ke. or 100 ke. or
250 kc., or others in the same range.

A carrier is then supplied by another oscillator 57,
Detectors 58 and 59, in conjunction with carrier: oscil-
lator 57, detect the output of the single sideband filters55
and 56, in order to provide an audio output. Only one
output or the other is used. These detectors may be prod-
uct detectors, . preferably - of the triple-triode type de-
scribed in detail in my article in the May 1956 issue of
QST. . : o o

The detected audio output of one -or other of the side-
band filters is selected by a switch 68, and thence is fed to
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an antomatic frequency control system 61, which may com-

prise the circuits shown and described in Fig. 1. Either
the upper or lower sideband output may be chosen by
means of the switch 60.  The direction of the automatic
frequency control potentials or/and indicator potentials
obtained therefrom reverses as the switch is thrown from
one sideband to the other. Hence a polarizing switch may
be used at the output of the automatic frequency control,
and such a switch is shown at 68 in Fig, 2.

The antomatic frequency control or/and indicator po- .

- tentials from unit 61 are fed to a time constant network
62, 63, and thence to a reactance tube 54, This reactance
tube controls the frequency of oscillator 53.  Thus if the
frequencies start to depart from proper tuning, a poten-

. tial will appear at the grid of the reactance tube to control
oscillator 53 in the proper direction to correct the tuning,

-in the normal manner of known automatic frequency
control systems. ‘ ) o

Twin triode 64, together with resistors 66 and 67, and
meter 65, comprise an indicating system which will show
the direction of frequency departure on the meter 65, there-

. by providing a tuning indicator meter. - Thus there is both
indication and control, but either could be used alore.,

In'Fig. 2 I show two amplifiers 82, 86, and two trans-
ducers 84, 88. This is customary in receivers such as that
shown, but is not essential. Cne amplifier and transducer
could be connected to the poles of switch 69, and so would
be connected to-the selected channel along with the cir-

“cuits of box 61. ’
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Fig. 3 shows an alternative method of providing the - -

aut_omatic—frequency—'cbntrol or/and indicator  potentials.
" This alternative method provides a potential which is more

75

4

responsive to frequency than to phase. The same filters

11 and 12, frequency multiplier 13, limiters 14 and 15,
and phase adjuster 16 are used, as were used in Fig. 1.
The two synchronized and selected outputs are fed to two
product detectors, preferably of the triple-triode type 29,
21 and 2¢,21". Thus conductor 78 goes from limiter 15 -
to one grid of tube 28, while conductor 71 goes from lim-
iter 14, ahead of the phase adjuster 16, to the other grid.
Conductor 72 goes from phase adjuster 16 to one grid of
tube 20, while conductor 73 goes from limiter 15 to the
other grid of tube 20°. The object is to detect the beat note
difference frequency between the two selected channels.

Thus if the frequency of one channel is 610 cycles,
and the frequency of the other 620 cycles, whict
represents a departure -in tuning of 10 cycles, a beat
note will appear at the output of the product detectors
of 10 cycles. Each product detector is fed at one of
its grids by one of the channels, and at the other of.its
grids by the other channel:. Cathode resistors 22; 23 and
bypass condenser 24, as well as 22’; 23’ and 24, provide the
usual couplings and bias of the triple-triode -detectors. ‘
Plate resistors 25 and 25’ feed low-pass filters 26, 27, 28
and 26, 27’ and 28’. - Resistors 42 and 42’ damp the
low-pass filters. - Condenser 29 is a blocking condenser
to prevent direct current from passing through transformer
34.  The cutoff frequency of the low-pass filters might be
approximately 200 cycles. The two product detectors -
then would provide a beat note of up to 200 cycles for tun-
ing departures of up to 200 cycles.

Phase adjuster 16, which is in the circuit of the lower
product detector only, produces a shift of $0°. A shift
of one of two beating frequencies shifts the beat 90°.
Thus adjuster 16 is- adjusted so that phase relations are
proper- to shift the beat note from one of the product de-
tectors to be 90° out of phase with that from the other.
A further shift of 90° is produced by means of an audio
phase shifter 32, comprising a resistor 31 and a condenser
'30. This makes-the two beat notes add in phase on one
side of zero beat, and subtract out of phase on the other
side of zero beat. .

Thus when these two frequencies are fed to 2 balanced
modulator detector system 33, 34, 35 and 36, a positive
potential is obtained at terminal 41 for a departure of
frequency in one direction, and a negative potential for a
departure of frequency in the opposite direction. Diode
resistors 37, 38 together with bypass condensers 39, 40,
add the two detector outputs of the in-phase and: out-of-
phase combination provided by transformers 33 and 34,

- The simple type of phase shifter shown in box 32 has
an.important advantage. It has a response characteristic
which is proportional to frequency, so that the output
of ‘the channel feeding transformer 33 falls off as the
frequency goes towards zero. - This provides- a linear
output potential-from the ‘detector system, as the fre-
quency departs from ‘the “in tune” condition.- This is
shown by Fig. 4, in-which response curve 89 is Linear
for an adequate portion of its length.

The- phenomenon of the phase reversal of the two
beat note outputs of -the product detectors in Fig. 3
-‘may not be apparent. Hence the following example is
‘given to show ‘how it takes place. Let it be assumed
‘that ‘the freéquency departure is the ~amount “f’ cycles
in: the negative direction.

A ‘frequency component passing the upper path
‘11—13~-15 will be given by the following:

ey=F; sin 2an(F—f)t (1)

The frequency component passing the lower channel

12—14—16 will be given by:

ey=FEy sin 2u(nF—f)t+8 2)

'It will be noted that the wave in the upper channel
differs from that in 'the lower channel by -the manner
in which the multiplier. “n” operates. In the upper chan-

jn»¢1, the multipliéatiqn___,f‘lz”.timeks eﬁe‘c’ted; by multiplier
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13 operates to multiply the error “f” by “p”. In the
lower channel, multiplication is not 1nv01ved SO that the
error remains at the value “f.”

When the two waves of Equations 1 and 2 are fed
to the product detector a difference frequency phase angle
is obtained given by:

wgf=27(nF—f) 16— 2w (nF—nf)t 3)
which reduces to:
wot=2w (—f+hf)t}-6 4)
In Eguation 4; “n”=2; and §=90°. Hence:
wol=27ft-+90° (5)
The beat note is therefore given by:
fo=f+90° (6)

When the error is
1 and 2 beceme:

in the opposite direction, Equations

ey=F, sin 2zn(F--f)t (1a)

=F, sin 2o {nF4f)t+0 (2a)

which, when solved for the difference frequency resulis
in

fo=f—50° )

The 90° phase difference present on the two inpuis
of the preduct detector is thus converted to a plus 90°
error on one side of zero beat, and a —9G° error on
the other side of zero beat. The additional 90° pro-
vided by audio phase shifter 32 converts the +90° and

—90° {0 --185° and 0°, which is the desired phase differ-
ence to provide cancellation or addition of the two de-
tected notes as the tuning goes through zero beat.

The system of Fig. 3 is connected to a single-side—
band receiving system in the manner shown in Fig. 2,
that is, the system of Fig. 3 is lccated in the box 61
shown in Fig. 2.

it is belisved that the construction, operation and
underiying theory of my improved autcmatic frequency
control er/and tuning indicator, as well as the advantages
therect, will be apparent from the foregoing detailed
description. It will also be apparent that while I have
showil and described my invention in several preferred
forms, changes may be made in the circuits shown, with-
cut departing from the scope of the inveation, as sought
to be defined in the following claims.

1 claim:

i. Apparatus for automatic frequency control for a
eceiver for intel h gence made up of harmomcally related
udio frequencies, said apparatus comprising a receiver
or rg.gr’*uhc: the audio frequency intelligence, a filter
ect one ru}.lrncy component cr band, another filter

ed in parailel to simultaneously select another
ncy componeni or band “n” times the first, a
n:y multiplier for multiplying the output of th‘=

means for comparing the resultin
if they are alike as they should b~,
G any departure in one direction or
the other JL, funing of the receiver in that direc-
tion which re s the departure.

2. Apparatus for automatic frequency centrol for a
receiver for intelligence transmitted by sideband with-
out a carrier, said intelligence being made up of harmoni-
cally related frequencies, said apparatus comprising
mezns including one or more local oscillators to hetero-
dyne the received energy to gbtain low frequency energy,
a filter io select one frﬂouency component ¢r band, an-
other filter arranged in parallel to simultaneously select
another ‘rfmiafcy component ¢r band “n” times the

nultiplier for multiplying the output
a” t! mes, means for comparing the
¢ if they are alike as they should
fsponmv to any departure in one direc-
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be, and means
ticn or th other to alter the frequency of one of the
aforesaid local osciilators in that direction which reduces
the departure,
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3. Apparatus for automatic frequency control for a
receiver for voice intelligence transmitted by single side-
band without a carrier, said intelligence being made up of
harmonically related freguencies, said apparatus com-
piising means including one or more local oscillators
to heterodyne the received enmergy to obtain low fre-
quency energy, a filter to select one frequency component

-or band, ancther fiiter arranged in parallel to simultane

ously select another frequency component or band “n”

times the ﬁrst a frequency multiplier for multiplying the
suiput of the first filter by “a” times, means for com-
paring the resulting frequenmes and balancing the same
if they are alike as they should be, and means responsive
to any unbalance or departure in one direction or the
other to alter the frequency of one of the aforesaid local
cscifjators in that direction which reduces the departure.

4. Apparatus for automatic frequency control for a
receiver for intelligence tramsmitted by sideband with-
out a carrier, said intelligence being made up of harmoni-
cally related frequencies, said apparatus comprising
means including one cr more local esciliators to hetero-
dyne the received energy 10 cbiain low frequency eneigy,
a filter to select one ﬁuy‘xenf‘y component or band, an-
ciher filter arranged in paraliel to simuitaneousiy select
anciher Irequency compenent or band “n” times the
first, a frequency maltiplier for multipiyil ¢ the oufput
of the first filier by “n” times, limiters for the resulting
ouiputs, means to shut the phase of one of the ouipuis
by 90 degrees, and a detecior system including means to
supply one of the outputs {0 a pair of tubes in paraliel
and aacther of the outputs tc said pair of tubes in series,
whereby the outputs are balanced when alike and are
unbalanced when there is a departure from proper tun-
ing, and circuilry from said phase detecior system to
utilize any unbalance in one direction or the other to
alter the frequency of one of the aforesaid local oscil-
lators in that direction which redaces the unbalance.

5. Appamms for automatic frequency control for a
receiver for voice infelligence fransmitied by single side-
band without a carrvier, said intelligence being made up
of harmonically related frequencies, said apparatus com-
prising means including one or more local oscillaters io
heterodyne the received energy to obtain low frequency
energy, a filter to select one frequency component or
band, another filter arranged in paraliel to simultanscusly
select ancther frequency component or band “n” times
the first, a frequency multiplier for multiplying tnf’ cut-
put of the first fliter by “»n” times, limiters for the re-
sulting cutputs, means to shxft the phase of one of the
cutputs by SG degrees, and a phase detector system in-
cluding means to supply one of the outputs to a pair of
tubes in parallel and another of the outputs to said pair
of tubes in series, whereby the outputs are balanced when
alike and are unbalanced when there is a departure from
proper tuning, and circuitry from said phase detector sys-
fem to utilize any unbalance in one direction or the
other to alter the frequency of one of the aforesaid local
oscillators in that direction which reduces the unbalance.

6. Apparatus for automatic frequency contrel for a
receiver for intelligence tramsmitted by sideband with-
out a carrier, said intelligence being made up of har-
monically related frequencies, said apparatus comprising
means including one or more local cosciilators to hetero-
dyne the received energy to obtain low frequency energy,
a fiter to select one frequency component or ‘o‘md, an-
other filter arranged in parallel to simultanecusly select
another frequency component or band “»” times the first,
a frequeacy multiplier for multiplying th“ output of the
first filter by “n” times, limiters for the outpuis, means
to shift the p‘lase of one of the limited outputs by 20
degrees, a pair of product detectors, means feeding both
of the outpuis ahead of the phase shifter to one of the
product detectors in such fashion as to bzat the same to
cbtain a very low frequency beat, means to fzed both
outputs to the other product detector to obtain a very
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_low frequency beat, one of the outputs in the latter case
following ‘the. phase shifter, whereby the low frequency
beat produced by the second preduct detector is also
shifted 90 degrees, means to shift the latter an additional
90 degress, the last means comprising-a capacitance and
a resistor, whereby its output varies with frequency; a
detector system. including means for feeding one of the
low frequency outpufs. to a pair of tubes in parallel and
the other of the low frequency outputs. to said pair of
tubes ‘in. series, and circuitry for utilizing the output- of
said detector system to alter “the frequency  of one of
the aforesaid local oscillators in that direction which re-
duces the departure.

7. ApparaLus for automatic frequency control for a

receiver for voice intelligence transmitted by single side- -

band without a carrier, said intelligence being made up
of harmonically related frequencies, said apparatus com-
prising. means including one .or more local oscillators to
heterodyne the receiver energy to obtain low frequency
energy, a filter to select one frequency component or
band, ancther filter arranged in parallel to simultaneously
select ancther frequency compenent or band “a” times
 the first, a frequency multiplier for multiplying the out-
put of the first filter by “n” times, limiters for the out-
puts, means to shift the phase of one of the limited out-
puts By 90 degrees, a pair of triple triode product detec-
tors, means feeding both of the outputs ahead of the
phase shifter to one of the product detectors in such
fashion as to beat the same to.cbtain a very low fre-
quency beat, means to feed both outputs to the other
product detector to obtain a very low frequency beat,

10
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30

one.of the outputs in the latter case following the phase

shifter, whereby the low frequency beat produced by
the second product detector is also shifted 90 degrees,
means to shift the latter an additional 90 degrees, the last
means comprising a capacitance and a resistor, whereby
its output varies with frequency, a
including means for feeding one of the low frequency
outputs to a pair of tubes in- parallel and the other of
the low frequency outputs to said pair of tubes in series,
and circuitry for utilizing the output of said phase de-

tector system to alter the frequency of one of the afore- -

said local osciliators in that direction which reduces the
departure.

8. A detecting system, responsive to a hetercdyne ac- -4

tion between a first energy from a local gererator and a
second energy comprised of harmonically related com-
ponents, including means whereby one or more detected
lower frequency components of said. heterodyne action

are multiplied and compared with corresponding unmul- !

tiplied higher frequency componenis of said hetero-
dyne action, and means tc produce an indication or con-
_ trol potential in proporticn to the depariure of sald de-
tected components from harmonic relation.

9. Apparatus for automatic frequency indication for a
receiver for intelligence made up of harmonically re-
lated audio frequencies, said apparatus comprising a re-
ceiver for reproducing the audic frequency intelligence,
a filter to select one frequency component or band, an-
other filter arranged in parallel to simultaneously select
another frequency component.or band “n” times the first,
a frequency multiplier for multiplying the cutput cf the
first filter by “n” times, means for comparing the result-
ing frequenmes to see if they are alike as they should

be, and means responsive to any departure in one di-

rection or the other to indicate the departure.

10. Apparatus for automatic frequency indication for
a receiver for intelligence transmitted by.sideband with-
out a carrier, said intelligence being made up of har-
monically related frequencies, said apparatus comprising
means including one or more local cscillators to hetero-
dyne the received energy to obtain lew frequency en-
ergy, a filter to select one frequency component or band,
another filter arranged in parallel to simultaneously se-
lect another frequency component or band “a” times the

phase detector system -

35

40
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first, a frequency multlpher for. multiplying the output
of the first filter by “n” times, means for comparing the
resulting frequencies to see if they are alike as they should
be, and means responsive to any departure in one direc-
tion or the other, to indicate the departure.

11. Apparatus for automatic frequency indication for
a receiver for voice intelligence transmitted by single
sideband without a carrier, said intelligence being made
up of harmonically related - frequencies, said - apparatus
comprising means including one or more local oscillators -
to heterodyne the received energy to obtain low frequency
energy, a filter to select one frequency component: or
band, another filter arranged in parallel to simultaneous-
ly select ancther frequency component or band “a” times
the first, a frequency multiplier-for multiplying the cutput:
of the first filter by “»”™ times, means for comparing the
resulting frequencies and balancing the same if they are
ajike-as they should be, and means responsive to any un-
balance or departure in one direction or. the other to
indicate the departure.

12. Apparatus for automatic frequency- indication for .
a receiver for intelligence transmitted by sideband with-
out a carrier, said intelligence. being made: up_of har-
monically related frequencies, -said apparatus comprising
means including one or more local oscillators to heterc-
dyne the received energy. to obtain low frequency energy,

‘a fiiter to select one frequiency component or band; an-

other. filter arranged in parallel to simultaneously -select
another frequency component or band “n” times the first,
a frequency multiplier for multiplying the output of the- -
first filter by “r” times, limiters for the resulting outputs,
means to shxft the phase of one of the outputs by 90 :
degrees, and a detector system including means to sup--
ply one of the outputs to a pair of tubes in parallel and
another  of the outputs to said pair of tubes in series,
whereby the outputs- are balanced when alike and’ are
unbalanced when there is a departure from proper tuning,
and circuitry from- said phase detector system to utilize
any unbalance in one d‘rectlon or the -other to indicate .
the same.

13. Apparatus for automatic frequency mdlcatlon for
a receiver for voice mtelhgunce transmitted by single
sideband without a carrier; said intelligence being made
up of harmonically related frequencies, said apparatus
comprising means including one or-more local oscillators
to heterodyne the received energy-to obtain low fre-
quency energy, a filter to select one frequency component -
or band; another filter arranged in parallel to simultane-
ously select another: frequency component or band “»” )
times the first, a frequency multiplier for multiplying the
output of the first filter by “n” times, limiters for the re-
sulting .outputs, means to shlft the phase of one of the
outputs by 90 degrees, and a phase detector system in-
ctuding means to supply one of the outputs to a pair of
tubes in parallel and another of the ouiputs to said pair -
of tubes in series, whereby the outputs are balanced when
alike and are unbalanced when there is-a departure from:
proper tuning, and circuitry from said phase detector
system to. utilize any unbalance in one dlrectlon or the
other to indicate the same.

14. Apparatus for automatic frequency indication for
a receiver for intelligence transmitted by sideband with-
out a carrier, said intelligence being made up of har-
monically related -frequencies, said apparatus comprising
means including one or more local oscillators to hetero-

dyne the received energy to obtain low frequency energy;

a filter to select one frequency component -or band; an-
other filter arranged in parallel to simultaneously select
another frequency component or band “n” times the first,
a frequency multiplier for multiplying the output of the
first filter by “n” times, limiters for the outputs, means
to shift the phase of one of the limited- outputs by 90
degrees, a pair of product detectors; means feeding both
of the outputs ahead of the phase shifter to one of the
product detectors in such fashion as to beat the same to
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cbtain a very low frequency beat, means to feed both out-
puts to the other product detector to obtain a very low
frequency beat, one of the outputs in the latter case fol-
lowing the phase shifter, whereby the low frequency
beat produced by the second product detector is also
shifted 90 degrees, means to shift the latter an additional
90 degrees, the last means comprising 2a capacitance
and a resistor, whereby its output varies with frequency,
a detector system including means for feeding one of the
low frequency outputs to a pair of tubes in parallel and
the other of the low frequency outputs to said pair of
tubes in series, and circuitry for utilizing the ouiput of
said detector system to indicate a departure from tuning.

15. Apparatus for automatic frequency indication for
a receiver for voice intelligence transmitted by single
sideband without a carrier, said intelligence being made
up of harmonically related frequencies, said apparatus
comprising means including one or more local oscillators
to heterodyne the received emergy to obtain low fre-
quency energy, a filter to select one frequency component
cr band, another filter arranged in parallel to simultane-
cusly select another frequency component or band “n”
times the first, a frequency multiplier for multiplying the
output of the first filter by “n” times, limiters for the
cutputs, means to shift the phase of one of the limited

T
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outputs by 90 degrees, a pair of triple triode product de-
tectors, means feeding both of the outputs ahead of the
phase shifter to ome of the product detectors in such
fashion as to beat the same to obtain a very low fre-
quency beat, means to feed both outputs to the other .
product detector to obtain a very low frequency beat,
one of the outputs in the latter case following the phase
shifter, whereby the low frequency beat produced by the
second product detector is also shifted 90 degrees, means
to shift the latter an additional 90 degrees, the last means
comprising a capacitance and a resistor, whereby its out-
put varies with frequency, a phase detector system includ-
ing means for feeding one of the low frequency outputs to
a pair of tubes in parallel and the other of the low fre-
quency outputs to said pair of tubes in series, and cir-
cuitry for utilizing the output of said phase detector sys-
tem to indicate a departure from tuning.
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