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This invention relates to frequency modulg--'

tion -systems. More particularly, the invention
relates to frequency modulation-responsive cir-
cuits, and still more specifically to frequency mod-
ulation detection systems of the synchronized os-
cillator type.

In my co-pending application, Serial No.
876,057, filed February 3, 1945, there is disclosed
and claimed, a novel frequency modulation de-

tector of the synchronized oscillator type which
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is characterized in that it does not absorb power *

from the source of frequency-modulated signal,
and it is insensitive to amplitude variations and
therefore does not réquire the use of a limiter.

In the detector system of the said co-pending ap-_

plication, the oscillator is synchronized with the

frequency-modulated carrier signal by a radio
frequency control voltage which is in quadra,ture
relation to the oscillator signal. ‘

The present invention relates to a system which .
_embodies the broad principles of the system dis-"

closed in the said co-pending application, but
which differs specifically from that system in re-
spect to the manner in which the quadrature con-

trol signal is derived. Like the system of the said
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co-pending application, the system provided by

_ the present invention does not absorb power from
the source of frequency-modulated signal, and is
insensitive to amplitude modulation.

The principal object of the present invention,

30

therefore, is to provide a novel frequency modu-- -

lation-responsive circuit which is insensitive to
amplitude modulation.

Another object of the invention is to provide a
" circuit which is capable of transmitting frequency
modulation with substantial power gain. :

- A further object of the invention is to provide
‘an improved fréquency modulation detection sys-
tem comprising a novel frequency modulation
amplifier circuit and a frequency modulation de-

tector, by means of which combination the fre-"

quency-modulated signal is efficiently detected
without response to amplitude modulation and
without employing any amplitude limiter.

S5till another object of the invention is to pro-
vide a novel frequency modulation-responsive cir-
. euit of the synchronized oscillator type in which
theoscillator is synchronized by means of g quad-
rature signal derived by unique-operation of a
synchronizing tube, as described hereinafter.
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Other objects and features of the invention will
be apparent from the following detailed descrip-
tion in connection with the accompanying draw-
ings, in. which

Figs. 1 to 3 are schematic illustrations of dif-
ferent embodiments of the invention; and

Fig. 4 comprises a series of explanatory dia-

‘grams.

Referring first to Fig. 1, there is 111ustrated one
form of a frequency modulation detection system
embodying the present invention. The system
comprises essentially a vacuum tube I, an oscilla-
tor 2, certain connections hereinafter described
by which the tube I is adapted to synchronize the
oscillator with g frequency-modulated signal, and
a frequency modulation detector 3 connected to
the oscillator so as to receive a frequency-modu-
lated signal therefrom. - Since the purpose of tube
I is to synchronize the oscillator 2 with. the in-
coming frequency-modulated signal, tube | may
be aptly designated the “synchronizing tube,” and

"it will be thus referred to in the description. The

‘synchronization’ of - the oscillator 2 is accom-
plished, according to the present invention, by a
unique class C operation of the tube i, which will
be described later with' specific reference to the
explanatory diagrams of Fig. 4.

The synchronizing tube { is a multi-grid tube
having RF input grids 4 and ‘5, and an output
electrode or anode 6. The tube is adapted to re-
ceive a frequency-modulated signal by way of the
coupling condenser T and the grid resistor 8. It
desired, a cathode resistor 9 and shunt condenser
10 may be employed as a biasing means for the
control grid-4. ‘

The oscillator 2, as shown in Flg 1, may com-
prise a tuned plate oscillator circuit operating in
the usual class C manner. "Such circuit may com-
prise a tube i I, a resonant tank circuit 12 includ-
ing shunt-connected inductance and capacitance
elements {3 and 14, and an inductive feedback
cireuit 15-including-coil 16; condenser 171 and re-
sistor 18. The necessary plate voltage for tube
{1 may- be supplied by the connection 19 to the
mid-point of the inductance coil or winding {3,

The anode or plate 6 of the synchronizing tube
{ is connected to the upper end-of the tank circuit
The necessary plate
voltage for tube - is supplied through the plate
load reslstance 21. However the spec1ﬁc value




3
of the D. C. plate voltage is such as to effect a de-
sired operation of the tube | as will be described
further hereinafter. The grid 5 of tube [ is con-
nected to the lower end of the tank circuit 2
through the condenser 22, and this grid is also
supplied with a bias voltage by way of resistor 23.
The specific value of the bias voltage applied to
grid 5 is also important in that it helps to effect
the desired operation of tube [, as will be seen

later. 10

The frequency modulation detector .3 may be
of conventional foim, and therefore it is Tépre-
sented simply in block form. For example the
detector may be of the well known Seeley type,

and may be coupled in any suitable manner to the 15

plate circuit of the oscillator tube 11. The 'audio
output from the detector is derived by way of the
cutput connection 24. :

The operation of the system may best be de- _

seribed with the aid of the explanatory diagrams gg

of Fig. 4. In Fig. 4(a) there is represented the
alternating voltage €o generated by the oseillator
2, while in Fig. 4(e) there is represented the un-
modulated carrier signal es which is supplved to
the grid 4 of the swnchromzmg tube: {.
be noted that the oY rmal frequency of the oscil-
lator voltage €o is substqntlally equal to the fr
quency of the carrier signal es, but the osc111 or
voltage is in phase opposition to the' caxrler signial,
i.e., 180° out of phas‘e ther w1th .

applied to-the grid b of tube § throtigh.co
22, The D, C. bias, applied to this grid is such
that tHe plate current-m tube, I-is cut off dut

bit :,40%, of &

rent flows in tube I only durine "_'
vals, twice during each ycle each. al
about one-tenth of & ¢ycle in duration. .

quently, relativel shgrt pulses of plate current K

Fig, 4 () " there

the - dra.wmgs
es, mmden 1]y,

plate current wave shape G

When the frequency-modulated sxgnal 1s at 1ts
center frequency, the:plate current; pulses- ip "are
of substantially equal: amphtude. At such me,.._

the plate current contains no frequency com- 75 unhke’magmtude,‘ as 1n Flg 4(y,f) or g 4(g)

-nations of the signal voltage és.

. It should o5

40 ¢
Slgnal

" Eréages frbm its’
alent to a phase §
al o
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ponent at the oscillator frequency, but contains
only even harmonics thereof. Consequently the
pulses ip exert no effect on the oscillator fre-
quency. However, when the frequency-modu-
lated signal deviates from its center frequency,
the plate current is varied in a manner to produce
a frequency component at the oscillator fre-
quency, which component is in quadrature rela-
tion to the oscillator voltage e.. The quadrature
signal thus produced is applied to the oscillator
tank circyit. and varies. the oscillator frequency

s0'ais to synchromze the oscﬂlator with the incom-

ing sighal, substantlally as deseribed in the above- .
identified copending application.

Suppose, for example, that the frequency of
{he incoming carrier signal es increases, which is
equwalent o a phase shift slightly to the left in

A8y In s‘ch case, the odd-numbered plate
in'Fig, 4(d) occur during portions
of the pos1t1ve alternations of the signal voltage

es,. while the even-numbered plate current pulses

‘occur only during portions of the negative alter-

This means that

throughout the interval of each odd-numbered

plate current. pulse the signal voltage es aids the

1oW of plate"c, n‘t whﬂ throughout the mter-
. e sl

] c'
mcreasad in magmtude in proportlon to the fre-

_quency dev1atlon of ‘the 51gna1 while- the ‘6ven-

e_ cOrrespondmg-

age is in its ‘Tormal phase relatlon to the ¢arrier
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one or the other of the -quadrature sighals pre-
dominates and varies the frequency of the oscil-
lator. : :

tive to amplitude modulation. -Any amplitude
modulation of the incoming signal will not pro-
duce, nor affect, the control action above de-
scribed, and will not affect the oscillator. Thus
it will be seen that the system discriminates
against any amplitude variation or modulation
of  the incoming signal, without the aid of a
limiter. ; o _

Furthermore, the system does not absorb power
from the source of frequency-modulated signal,
and only a small input signal is required. The
quadrature signal for synchronizing the oscillator
is produced entirely by the Synchronizing tube
circuit under control of the input signal voltage.
Moreover, it should be noted that the current
bulses delivered from the synchronizing tube to
the oscillator tank circuit do not affect the energy
in the tank circuit, since the pulses are delivered
thereto when the tank voltage is midway between
its maximum and minimum values, 1. e. when the
tank voltage is passing through its Zero value.

By reason .of its novel features, the system is
adapted to discriminate completely against am-
plitude modulation and to transmit frequency
modulation with substantial power gain., The
frequency-modulated signal is readily detected
by a conventional frequency modulation_detector
as represented by the block 3.

In Fig. 2, there is shown a modified form of
the system in which the oscillator 2 is of a différ-
ent type than that employed in Fig. 1. In this
instance, the tank circuit 12 is connected in the
grid circuit of the oscillator tube (1, and-is-sup-
plied with feedback voltage by way of the coil
25 connected in the cathode circuit. Plate volt-
age for the synchronizing tube | is supplied by
way of the connection 26 to the midpoint of the
tank coil 13. It will be noted further that the
grid § of tube I is connected to ground, the bias
therefore being derived in part by means of the
resistor-condenser combination 8—i 0, and in part
by means of the grid condenser-grid leak com-
bination 22—23.

Except for the specific differences noted, the
system of Fig, 2 is similar to that of Fig. 1, and
the corresponding elements in Fig. 2 are simi-
larly designated. The system of Fig. 2 operates
in the same manner as does that of Fig, 1, as
hereinbefore described.

In Fig. 3, there is illustrated a further modi-
fication of the system in which the synchronizing
tube | has two grids 5¢ and 5b in place of the
grid § of the preceding figures., The two grids
5z and 5b are coupled to the opposite ends of
the tank circuit 12 through condensers 22 and
21 respectively. The oscillator 2 is similar to
that of Fig. 2.

In the operation of the system of Fig. 3, the
grids 5¢ and 5b control the production of the
plate current pulses. Thus the voltages applied
to the grids a and 5b control the plate current
pulses in the same way that the voltages ep and
€g in Fig. 4 perform this function. Except for
the brief pulse intervals, the voltage on one or
the other of the grids 5a and 5b is below the plate
current cut-off value, thus preventing plate cur-
rent from flowing during most of each cycle.
The two grids should of course be properly biased
to obtain the desired control action. The bias
for these grids may be obtained from the resistor-

As previously indicated, the system is insensi-
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6

condenser coimbination 8—10, or it may be ob-

‘tained:from an additional bias source.

Although the invention has been described with
particular reference to the several embodiments
illustrated, it will be apparent that it is capable
-of other forms of physical expression, and is not

‘o be limited by the disclosure herein, but only

by-the scope of the appended claims.
I claim: S

1. In a frequency modulation-responsive cir-
cuit, a vacuum tube adapted to receive an incomi-
Ing frequency-modulated signal, an’ oscillator
adapted to generate an alternating voltage whose
normal frequency is substantially equal to the
frequency of the unmodulated signal, means for

operating said tube so as to produce current

pulses . substantially centered about the zero-
voltage points. of the unmodulated signal, there

being two pulses for each cycle of said signal, and

means for utilizing said pulses to vary the fre-
quency of said oscillator voltage according to the
frequency variations of the modulated signal.

2. In a frequency modulation-responsive cir-
cuit, a.vacuum tube adapted to receive 4. fre-
quency-moedulated signal, an oscillator, means for
controlling said tube so as to produce two current
pulses during each cycle of the oscillator voltage,
said.pulses having their relative amplitiides varied
by the frequency variations of said signal, and
means for utilizing said pulses to control the fre-
quency of said oscillator. : .

. 3. In a frequency modulation-responsive cir-
cuit, a vacuum tube adapted to receive a fre-
quency-modulated signal, an oscillator including
a. resonant tank circuit, means for controlling
said tube so as to produce two current pulses
during each cycle of the oscillator voltage, said
pulses having their relative amplitudes varied by
the frequency variations of said signal, and means
for applying said pulses to said tank circuit to
control the frequency of said oscillator,

4. In a frequency modulation-responsive cir-

cuit, a vacuum tube including a plate, a control
grid, and at least one other grid, an oscillator, .
means for deriving opposite-phase voltages from
said oscillator and for applying said voltages to
said plate and said other grid respectively, means
for causing said voltages to produce pulses of
plate current in said tube, and means for applying
to said control grid a frequency-modulated signal
whose frequency variations produce variations of
sald pulses which vary the frequency of said oscil-
lator accordingly.
* 5. In combination, an oscillator whose fre-
quency is to be varied according to frequency
variations of a frequency-modulated signal, a
vacuum tube including a cathode, an anode and
a plurality of control elements, means for supply-
ing the frequency-modulated signal to one of said
control elements, means connecting said anode
and another of said control elements to said oscil-
lator so as to apply opposite-phase voltages to
sald anode and said other control elements, and
means for causing said voltages to produce pulses
of plate current in said tube whose relative am-
plitudes are affected by frequency variations of
said signal.

6. In a frequency modulation-responsive cir-
cuit, a vacuum tube including a control grid and -
at least two other grids, an oscillator, means for
deriving opposite-phase voltages from said oscil-
lator and for applying said voltages to said other
grids, means for causing said voltages to produce
pulses of plate current in said tube, and means
for applying to sald control grid a frequency-
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inodulabted signal whose frequeticy variations pro-
duce variations of said pulses which varythe fre-
quency of said oscillator-accordingly.

7. In a frequency modulation-responsive sys-

tem, an oscillator, means: for producing & pairef :

quadrature control signals-comprising: alternate-
ly occurring pulses which ‘are normally of the
same magnitude, ‘one -of said signals tending to
raise the frequency of said oscillator and-the-other

signal tending to lower the frequency of the-0s~

cillator, and means for Telatively varying- the
magnitudes of said: signals' in resporise to-a fre-
quency-modulated:signal, whereby to-vary the-0s-
cillator frequency ‘according to the frequeney
variations of ‘said -‘modilated sighal.

8. In a frequency modulatioh-rYesponsive -s¥s-
‘tem, an oscillator including a rresotiant tank -¢ir-
cuit, means for producing ‘s pair of -quadrature
control signals comprising alternately ‘occurring
pulses ‘which -are normally ‘of -fhe same mag-
nitude; means for-applying said signals ‘to- said
tank circuit, whereby- one of the- signals- tends
to raise the frequency-of said oseillator and the
other signal tends to lower-the frequency-of the
oscillgtor, and’ means for relatively- varying- the
magnitudes of said signaly itr response- to-a fre-
quency-moduiated signal, whereby to-vary the-os-
cillator frequency -according: to ‘itie: frequency
variations of ‘said-modulated siggal.

9. In 'a frequency modulation=responsive sys-
tem, an oscillator adapted to-produce an- alter-
nating voltage of predetermined-frequency; means
for producing & pairof’ control signaly comprising
alternately occurring: pulses-ifr coihcidence with

the zero-voltage poitts of ‘sait voltage; said pulses

being normally of the same magnitude, means
for relatively: varying: the magnitudes -of the
pulses:constituting, the-respective eontrot signals

B
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i Tesponse to-a frequency-modulated signal, and
-mmeans Tor utilizing said control signals to vary
the frequency of said oscillator voltage.

10. A method of symechrenizing dn oscillator
with a Efeqiiency-modulated carrier wave, which
comprises: operating the escillator ot & normal
frequeniey corresponding to the frequency of the
unmodudated cariier wave, producing two current
puises diiring each: cycle-of the unmodulated car-
fier wave-ahd the oseillater voltage, varying the
‘relative amplitudes of said pulses aceording to
frequency variations of the modulated- earrier
wave, and varying: the-operating frequericy of the
oscillator gccordifip to° the-amplitude variations
-of-said pulses: S

11, Tt & system wherein it is' desired’ to-syn-
chronize an oscillator with & frequency-modu-
Tated cafrier- wave, ar oscillator whose normal
freguency-corresponds-to’ that oftte unmodulated

- cartier wave;, means' for producing two- ctrrent

pulses duritrg-each cycle of the unimodulated car-
rier-wave and tie escillator-voltage, and forcaus-
irig-tire relative: amplitudes: of said pulses to vary
accorditiz  to frequerncy variations of the nrodu-
Jated carrier wave; snid mesns for utilizitg: said
pulses-to control the-osciliator fréquency- accord-
ing to-the: frequeney’ variations-of” the modulated
carrier-wave: ) o
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