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United States Patent Office

Re. 24,407
Reissued Dec. 17, 1957

1

24,407
FREQUENCY SHIFT MEASURING SYSTEM

Alton O. Christensen, Rolfe, Iowa, assignor, by mesne
assignments, to the United States of America as repre-
sented by the Secretary of the Navy

Original No. 2, ‘802 985, dated August 13, 1957, Serial No.
431,309, May 21, 1954. App]lcatlon for reissue
September 217, 1957 Serial No. 686,805

3 Claims. (Cl. 324—79)

The present invention relates to a circuit for measur-
ing the difference between two frequencies, and more
particularly to a circuit for measuring the difference in
frequency between two signals without particular regard
to the finite frequencies of the two signals.

In certain types of radio transmission, the intelligence
is transmitted by changing the frequency of the trans-
mission carrier from one predetermined value to another.
When such a wave is received, a very stable receiver is
used, and its output is used to actuate printing or indicat-
ing devices. In the operation of this system, known as
frequency-shift keying, it is desirable to be able to deter-
mine the amount the carrier frequency is varied in keying.
The actual transmitted frequencies, as applied to such
measurement, are not important, since they may be read-
ily changed by heterodyning: aoalnst a variable local oscil-
lator.

In radio teletype transmission employing frequency-
shift keying a “mark” is indicated by a first frequency
and a “space” is indicated by a second frequency, the
transition from one frequency to the other being made by
switching. The two frequencies are normally spaced only
a small percentage apart so that static or other inter-
ference will be substantially the same with either fre-
quency and may be substantially eliminated by “bucking”
the signals. The two frequencies occur sequentially and
repetitiously at a rate determined by the rate of trans-
mission.

Presently available frequency deviation measuring cir-
cuits employ resonant circuits which require that the fre-
quencies impressed thereon be accurately controlled.
Such accurate adjustment of the receiving equipment is
undesirable, since time and extra equipment are required,
and stability requirements of the receiving apparatus are
increased. '

The present circuit for measuring the difference be-
tween two frequencies can accommodate signals of fre-
quencies varying over a wide range. The adjustment of
the receiver is therefore not critical, and minor fre-
quency drifting does not affect the accuracy of the meas-
urement. For this purpose, the signals of the two fre-
quencies are separated, converted into direct current volt-
ages having a magnitude varying directly with frequency,
and the difference 'in the magnitudes thereof is indicated.

It is an object of the present invention to provide.a
system for indicating the difference between two fre-
quencus impressed thereon,

It is a further object of the present invention to pro-
vide a device for indicating the difference in frequency
between two signals which is uncritical as to the absolute
frequencies thereof.

1t is a still further object of the present invention to
provide a device for indicating the difference in frequency
between two signals which are alternately impressed there-
on.

It is another object of the present invention to provide
a device to’indicate the shift produced in a frequency-
shift keying system.
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Further objects of the present invention, together with
its many attendant advantages will be made apparent to
those skilled in the art by reference to the following de-
tailed description and to the appended drawings, in which:

Figure 1 is a diagrammatical showing of a preferred
embodiment of the present invention;

Figure 2 is the circuit of a frequency-responsive net-
weork usable in the present invention;

Figure 3 is the circuit of a biased amplifier usable in
the present invention;

Figure 4 is the circuit of a switching voltage-generator
vsable in the present invention; and

Figure 5 is the circuit of gated amplifier usable in the
present invention.

Referring now to the drawmgs wherein like or corre-
sponding parts are indicated by the same reference char-
acter, there is shown in Figure 1 a frequency-shift re-
ceiver 11 having a signal output comprising one or the
other of two frequencies which correspond to the
mark and space frequencies of the transmission. The
mark and space frequencies occur alternately, and the
difference in frequency between them is the factor which
is measured by the present invention.

The signal output of the receiver 11 is impressed on
the limiter 13 to produce a square wave of constant ampli-
tude and having the same frequency as the signal output.
The square wave is impressed on the electronic gate 15
which separates the two component frequencies and im-
presses them upon the high frequency circuit 17 and the
low frequency circuit 19, respectively.

The operation of the gated amplifier 15 is controlled
by the switching circuit 21. In the switching circuit,
the square wave output of the limiter 13 is impressed on
a frequency-responsive network 23 which operates to
produce a voltage varying inversely with frequency.
While not limited thereto, a suitable circuit for the fre-
quency-responsive network 23 is shown in Figure 2,
wherein a simple resistance-capacitive network is em-
ployed.

Referring now to Figure 2, the frequency-responsive
network 23 may comprise a resistor 25 serially connected
with a capacitor 27, the capacitor 27 being paralieled by
the discharge resistor 29. The charging time constant of
the network is made longer than the duration of the low-
est frequency square wave pulse to be applied thereto,
while the discharge time is made short. It will be ap-
parent to those skilled in the art that square wave pulses
will be converted into saw-tooth pulses of the same fre-
quency, but that lower frequency pulses will be accentu-
ated because the capacitor 27 charges to higher voltages
during longer time intervals. The amplitude of the saw-
tooth pulses thus varies inversely with frequency, since
the amplitude of the square wave impressed thereon is
constant.

The output voltage of the frequency-responsive network
23 therefore consists of pulses of different magnitudes,
the magnitude varying in inverse proportion to the fre-
quency at the output of the receiver 11. The output of
the frequency-responsive network is impressed on a biased
amplifier 31 to remove the higher frequency portion of
the signal. Since the frequencies and hence the magni-
tudes of the component “mark™ and “space” sections of
the signal are variable, the bias on the biased amplifier
is made variable with the magnitudes thereof.

The biased amplifier 31 may, for the purposes of illus-
tration, comprise a circuit similar to that shown in Fig-
ure 3. The saw-tooth output of the frequency-responsive
network 23 is impressed on the control grid of a pentode
tube 33 through capacitor 35 and grid resistor 37. The
pentode tube is self-biased by a cathode resistor and has
its anode connected to the anode supply through a load
resistor 39, The screen grid of the pentode tube is con-
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nected to a source of positive potential in the usual man-
ner.
anocde conduction of the tube.and hence the cut-off poten-
tial of the control grid with respect to the anode.

The output voltage of the frequency-responsive network
23 is a series of positive-going pulses, which- pulses are
impressed through capacitor 41 and potentiometer 43 to
the control grid of triode phase inverter 45, the triode
serving to convert the positive input.pulses to negative-
going pulses at the output. The output of the phase
inverter 45 appears between the anode and ground, and
is impressed through- the coupling capaciter 47 to the
cathode of rectifier 49. The rectified pulses from- the
diode 49 are impressed on the filter 51 which provides
a direct- current voltage having a value corresponding
to the peak voltage impressed thereon, the tlme constant
being made several cycles long. '

The voltage appearing on the filter 51is 1mpressed on -

the suppressor grid 53 of pentode tube 33, and is adjust-
able by means- of the potentiometer ‘43 to provide the
desired degree of biasing desired.” It will be noted -that
the bias applied to the suppressor grid 53.causes the tube
to pass the high -voltage pulses and to. _gate out the Tow
voltage pulses of the signal from network 23.. The mag-
nitude of the bias voltage varies as a function of the
amplitude of the low frequency signal from network 23
to automatically maintain the correct bias voltage. The
output signal from the biased amplifier is inverted but
otherwise similar to the input thereto with the high-fre-
quency component removed, and is used to control ‘a
switching voltage generator 35

The switching voltage generator 55 operates to produce
a square wave voltage having the same frequency as,
and approximately in phase with, the keying rate of the
transmission. While any desired fype of circuit may be
employed, a suitable circuit is illustrated in Figure 4.
The negative-going pulses. from the biased amplifier 31
are impressed through the coupling capacitor 57 and grid
resistor 59 on the control grid of limiter tube 61. The
limiter tube is operated with a large bias resistor and a
large anode load resistor, so that it may be readily cut
off and saturated, and therefore ‘produces a square-wave
output. The square wave output of the lmiter is im-

pressed on the paraphase amplifier 63 through the cou-

pling capacitor 65 which removes the direct current com-
ponent therefrom.

The paraphase amplifier 63 comprises a triode tube 67
baving equal cathode and anode-load" resistances to pro-
duce substantially equal and opp051te rephcas of the input
signal.

The negative peak inverter 69 comprises a pair of tri-
odes 71 and 73 having a common anode resistor 75, the
respective grids being biased to cut off by means of the
potentiometer 77 which has at its arm a voltage of ap-
proximately — 50 volts. The two voltages from the para-
phase amplifier 63 are impressed on the respective grids
of triodes 71 and 73. It will be apparent that negative
signals will produce no output across the load resistor
75, but that positive signals will cause_ conducuon .through
tube 71 or 73 which will produce an output voltage there-
across. Since equal and opposite voltages are impressed
on the grids, both halves of the square wave output of
the limiter tube 61 appear as negative voltages across
load resistor 75. The output of the sthchmg circuit 21
is therefore a negative-going pulse appearing at the anodes
of triodes 71 and 73.

As previously mentioned, the square wave output from
the limiter 13 is impressed on the gated amplifier . 15
which is controlled by the voltage pulses from the switch-
mg circuit 21, the output of whlch is.a uquale wave hav-
ing a frequency concspondmg, to the Leymg rate of the
trandmission. The square wave is apphed in phase op-
position to two c1rcu1ts whlch transmrt ‘the. high or low
{fréquency component of the 81gna] from the !umter 13
and block the other

However, the suppressor grid is used to control-the-
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While many types of circuits may be used, a suitable
circuit for -the - electronic -gate - 15-is shown-in- Figure - 5;
wherein two pentode tubes 79 and 81 are arranged to be
controlled jointly by the output of the limiter 13 im-
pressed on the grids in parallel and by a switching voltage
applied on the suppressor-grids. The switching voltage
from the switching-circuit 21 is impressed on. the grid 82
of control tube 83 through coupling capacitor 85, the
control tube 83 being connected in a -circuit including-
cathode load resistor 87 and anode load resistor 89 ‘across
which appear voltages in-phase with and in phase oppo-
sition. to the switching voltage, respectively. The cathode:
91 is connected to.a negative voltage through the voltage
divider comprising resistors:93 and 95 to a:source-of
negative potential (—255 v.), and the juncture thereof

is connected to the suppressor grid 97 of pentode tube

79. Similarly, the anode 99 of control tube 83 is con-
nected to a point of negative potential ( —255 v.) through
a voltage .divider composed of resistors 101 and 103 and’
the juncture .of ‘the resistors is conmnected  to .the- sup-
pressor grid 165 -of pentode tube 81.

The voltages impressed on the suppressor-grids 97 and
105 are such that when a negative signal is applied to
the control grid 82, the voltage at the anode 99 is raised,
thus raising the voltage on suppressor grid 195 to allow
pentode tube 81 to conduct a current through anode resis-
tor 107 under the control of the input from limiter 13.
However, the voltage on suppressor grid 97 is made more
negative at the .same time. A positive signal applied
to control grid 82 renders pentode tube 79 responsive
to its control grid, thus producing a signal voltage across
load resistor 189.

The low.frequency component of the signal from the
limiter 13 occurs when the voltage from the switch-
ing circuit 21 is negative, so that this portion of the sig-
nal occurs across load resistor 107, while the high fre-
quency component occurs across load resistor 109. . The
signal is thus separated into its two components.

The low frequency component appearing across load
resistor .107 is applied to the frequency responsive net-
work 111 which may take the form shown in Figure 2,
and produces a voltage varying inversely with frequency,
which voltage is impressed on the peak detector 113.
The peak detector may be of any type desired but may
be similar to circuit shown in Figure 3 including tube
45, rectifier 49, and filter 51, and provides a direct cur-
rent voltage proportional to the peak voltage produced
by the frequency-responsive network 111.

The high frequency component of the signal from
limiter I3 is impressed on the frequency-responsive net-
work 115 and peak detector 117, which may be similar
to the frequency-responsive network 111 and peak de-
tector 113.. The output of the peak detector 117 is a di-
rect current voltage varying inversely with the frequency
of the high frequency section of the signal.

The direct current voltages from peak detectors 113
and 117 are combined in opposition to each other and
impressed on the voltmeter 119. Where the voltages are
of sufficient magnitude,- they may be directly combined.
However, if desired, direct current amplifiers may be in-
serted in the circuit as indicated by 121 and 123 in
Figure 1. Obviously, any direct current amplifier cir-
cuit may be used as desired, since good high-frequency
response is not required.

Since the voltages impressed on the voltmeter 119 both
vary inversely with the frequencies of the mark and space
signals, the difference between these voltages is directly
proportxonal to the difference between the two frequen-
cies. The voltmeter 119 may . therefore be. calibrated
directly _In frequency. Variations in the absolute fre-
quencies: of the signals automatically balance out, and
the switching circuit automatically adjusts itself to op-.
erate over a wide frequency range.

While only a preferred embodiment .of the present-
invention has been described herein, it .will be: obvious.
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to those skilled in the art that many changes and modi-
fications thereof are possible without departing from
the spirit thereof, and it is desired to protect all such
modifications as fall within the scope of the appended
claims.

I claim:

1. A device for measuring the difference in frequency
between a first and a second repetitiously applied sequen-
tial signals comprising, a first frequency-responsive net-
work connected to receive said signals for accentuating
the first signal over the second, means responsive to said
first signal to produce a switching voltage having a fre-
quency equal to the repetition rate of the signals, elec-
tronic gating means connected to receive said first and
second signals and said switching voltage, said electronic
gating means separating said first signal from said sec-
ond signal, second and third frequency responsive net-
works connected to said gating means and to which said
first signal and second signals, respectively applied for
producing output voltages proportional to the respective
frequencies of said first and second signals, and means
connected to said first and second frequency-responsive
networks for indicating the difference between said out-
put voltages whereby to indicate the difference in fre-
quency between said first and said other signals.

2. A device for measuring the difference in frequency
between a first and a second repetitiously applied se-
quential signals, a limiter connected to receive said first
and second signals and to produce therefrom constant
amplitude square waves having the same frequencies as
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said first- and second signals, switching voltage generat-
ing means connected to said limiter for producing a
switching voltage having a frequency equal to the repe-
tition rate of said two signals, first circuit means con-
nected to said limiter and to said switching voltage gen-
erating means for producing a first voltage having a mag-
nitude proportional to the frequency of said first signal,
second circuit means for producing a second voltage pro-
portional to the frequency of said second signal, and
means connected to said first and second circuit means
for indicating the difference between said first and sec-
ond voltages, whereby to indicate the difference in fre-
quency between said first and said other signals.

3. The device as claimed in claim 2 wherein said first
and second circuit means each comprise a frequency-re-
sponsive network for producing a sawtooth voltage in-
versely proportional to the frequency of the constant am-
plitude square waves impressed thereon, a rectifier con-
nected to said frequency responsive network, and a filter
connected to said network, whereby to produce a direct
current voltage varying inversely with the frequency of
the waves impressed thereon.
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