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This invention relates to frequency or phase-
modulation receiving systems and more especially
to-improvements in the frequency discriminating
and detecting portions of such systems.

A principal object of the invention is to pro-
vide an' improved frequency discriminator and
detector arrangement employing a multi-grid
tube in conjunction with a frequency-phase re-
sponsive bridge.

Another object is to provide a simplified fre-
quency discriminator and detector for frequency-
modulated receivers, employing a single multi-
grid tube in conjunction with special alternat-
ing current bridge network, thereby obviating
the drawbacks of the usual two-tube differential
detectors.

A feature of the invention relates to the com-
bination of a special alternating current bridge
of the frequency-phase variation type, in con-
junction with a demodulator tube of the multi-
grid type, whereby the disadvantages of so-called
square law detectors are avoided.

A further feature relates to the novel organiza-
tion, arrangement and relative interconnection

of parts which cooperate to provide an improved 2:

and simplified discriminator and detector ar-
rangement for frequency-modulated carriers or
phase-modulated carriers.

In the drawing,

The figure is a schematic witing diagram of a
receilving system emboedying the invention.

Referring to the figure, there is shown a receiv-
ing system employing s receiver of the well-known
superheterodyne type. The signals to be de-

tected are picked up by any suitable means such a5

as the antenna 18, and are amplified in the
radio frequency amplifier 1! and are converted
into corresponding intermediate frequency sig-
nals by the mixer device {2 and its associated
local oscillator 13. The intermediate frequency
signals are then amplified in any suitable inter-
mediate frequency amplifier {4, whose output
includes a tuned coupling transformer with pri-
mary winding {9, and a pair of secondary wind-
ings 16, 11.. Windings {5 and {6 are tuned by
respective condensers (8, {9, to the mean fre-
quency of the received frequency-modulated car-
rier, it being understood of course that this cou-
pling transformer is designed to pass the neces-
sary frequency band representing the limits of
frequency deviation of the said mean or center
frequency of the carrier. Winding {7 is untuned
50 as to apply a portion of the frequency-modu-
lated intermediate frequency earrier directly to
the conjugate points 29, 21, of a special alternat-
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ing current bridge 22.- The remaining two con-
Jugate points 283, 24, of this bridge are connected
to the primary winding 25 of a coupling trans-
former whose secondary winding is connected
to the second control grid 28 of a multi-grid tube
27, such for example as a so-called pentagrid
tube having an electron-emitting cathode 28:
& first control grid 29; interconnected shield
grids 39, 31 which shield the second control grid
28; a suppressor grid 32, and a plate or output
electrode 83. The winding 16 is connected across
the control grid 29 and cathode 28 which is self-
biased with respect to ground by the ususal cath-
ode bias resistor 34 and its shunt condenser
35. The shield grids 30, 3{, are connected in
the usual way through a resistor 36 to the +B
terminal 87 of the D. C. plate power supply, the
plate 33 likewise being connected to this termi-
nal through a suitable plate load resistor 38. In
the conventional way, the resistors 38 and 38 are
by-passed to ground for the intermediate fre-
quencies by the respective by-pass condensers
39 and 490.

The bridge 22 comprises two equal resistor
arms 41, 42, and two similar resonant arms.
One of these resonant arms includes capacitor
43 in series with adjustable inductance 44. The
other resonant arm includes a similar capacitor
45 in series with an adjustable inductor 48. The
bridge is balanced for example by the inductors
44 and 48 so that when the mean center fre-
quency -of the received carrier is present at the
points 20, 21, the voltage Es is zero. The wind-
ings I8 and i5 are loosely coupled and are re-
spectively tuned to the same frequency for cou-
pling the voltage E1 to the grid 29 of tube 27.
When the carrier frequency excursion is in one
direction from the center frequency, the bridge
22 is unbalanced and produces a corresponding
amplitude variation in the voltage Ez. However,
this voltage Ez will be either at the same phase
as voltage Ei, or will be 180° out of phase with
respect to the voltage Ei, depending upon the
direction of excursion of the carrier frequency
from its center frequency. Thus the bridge 22
performs the double function of producing zerc
or 180° phase difference between the voltages
Ei1 and Ez, and at the same time causes the volt-
age HEq to be amplitude modulated in accordance
with the deviation of the carrier from its center
frequency. The grids 26 and 29 of tube 27 are
hiased by resistor 34 so as to operate preferably
on the linear portions of their respective plate-
current grid-voltage characteristic curves. The
net result is that the two voltages applied to
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the grids 26 and 29 appear as a corresponding
demodulated variable amplitude audio frequency
signal at the output terminals 47. For a de-
tailed description of the demodulating action of
the tube 27, reference may be had to my prior
Patent No. 1,945,814, While the said patent dis-
closes g triode as the demodulator, the electrodes
28, 29 and 28 of this application function simi-
larly to the cathode, grid, and plate of the triode
demodulator in said patent, in so far as the de-
modulating action is concerned.

Trom the foregoing described arrangement, it
will be seen that the demodulation is effected
withous the use of the conventional double diode
or differential detector tubes which operate on
the square law principle. If desired, any of the
weli-known amplitude limiters may be inserted
between the intermediate frequency amplifier 14
and the coupling transformer {53—i6, so that the
detected output at the terminals 47 is a true
replica of the original signals to be transmitted
and received. Tt will be understood of course that
any suitable audio frequency amplifier and signal
translating device may be connected to the termi-
nals 47.

‘While one particular embodiment has been de-
scribed herein, it will be understood that various
changes and modifications may be made therein
without departing from the spirit and scope of
the invention. Thus, while the discriminator-de-
tector unit is shown in connection with a fre-
quency-modulated intermediate fregquency car-
rier, it will be understood that the bridge 22 may
be used in conjunction directly with a frequency-
modulated radio frequency carrier.

What is claimed is:

1. A frequency discriminator and demodulator
arranzement for frequency-modulated receivers
and the like, comprising an alternating current
bridge of the Wheatstone type, a multi-grid elec-
tron tube having a cathode, an anode, and at least
two control grids, means to impress a first portion
of the frequency modulated carrier on one of
éaid control grids, means to impress a second
portion of the frequency-modulated carrier on
two conjugate points of said bridge to derive at
the other two points a voltage whose phase angle
with respect to the phase angle of the first por-
tion is either zero or one-hundred eighty degrees,
said voltage having amplitude modulations repre-
senting the frequency deviation of the carrier
from its center average frequency, and means to
impress cn the other of said control grids the said
derived voltage at said other two conjugate points.

2. A frequency discriminator and demodulator
arrangement for frequency modulation receivers
and the like, comprising an alternating current
bridge having a pair of balancing arms including
adjustable reactance elements, a multi-grid de-
modulator tube having a cathoede, an anode, and
at least two control grids, means to impress a re-
ceived frequency-modulated carrier directly on
one of said control grids, means to impress on the
other control grid the frequency-modulated car-
rier after being acted upon by said bridee, and
means including said reactance elements to bal-
ance said bridge at the average center frequency
of said frequency-modulated carrier.

3. A freguency discriminator and demodulator
arrangement for frequency modulation receivers
and the like, comprising a multi-grid demodulater
tube having g cathode, an anode, and at least two
control grids, an alternating current bridge of
the Wheatstone type having a pair of balancing
arms each including an adjustable reactor, means

4
for coupling the frequency-modulated waves to
one pair of conjugate points of the bridge, means
for coupling the other pair of conjugate points to
one of said control electrodes, means for coupling
the fregquency-modulated waves to the other con-
trel grid independently of said bridge, said bridge
Leing halanced at the mean center frequency of

said carrier.
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4, A frequency discriminator and demodulator
arrangement according to claim 3 in which said
bridge is of the rescnant type which when bal-
aneed produces zero output for input waves ab
the rasonant frequency of the bridge.

5. A frequency diseriminator and demodulator
arrangemens for frequency modulation receivers
and the like, comprising a coupling transformer
excited by frequency-modulated carrier, means to
tune said transformer to the mean center fre-
guency of said carrier, a multi-grid demodulator
tube having a cathode, an anode, and at least
two control grids, means connecting said trans-
former 0 one of said control grids, an alternating
nt bridge of the resonance type, means cou-
piing one pair of conjugate points of said bridge
o said transfermer, and means coupling the other
pair of conjugate points of sald bridge to the other
control grid.

G. A frequency discriminator and demodulator
arrangement for freguency modulation receivers
and the lixe comprising, a coupling transformer
having input and output windings respectively
tunsd to the center frequency of a received fre-
quency-modulated carrier, a multi-grid demodu-
lator tube having a cathode, an anode, and at
least two econtrol grids, means coupling said out-
put winding of said transformer to one of said
coutbrol grids, an additional winding coupled to
the primary of said transformer, an alternating
current bridge of the resonant type, means to
balanece said bridge at the center frequency of said
earrisr, two conjugate peints of said bridge being
connacted to said additional winding and the
other two conjugate peoints of said bridge being
connected to the other of said control grids.

7. A frequency discriminator and demodulator
arrangement comprising a plural grid demodu-
lator tube having a cathode, an anode, and ab
least two control grids, an input device for sup-
plying a frequency-modulated carrier, a pair of
paths coupling said device respectively to the
two control grids of said tube, the first of said
paths having a voltage ninety degrees out of
phase with the received carrier, the second of
said paths including means to control the phase
angle of the carrier to be zero or 180 degrees with
respect to the carrier phase angle in the first
path, the last-mentioned means comprising an
alternating current bridge having two of its
balancing arms each consisting of capacitance
and adjustable reactance for balancing the bridge
at the mean center frequency of the carrier.

8. A frequency discriminator and demodulator
arrangement comprising, a source of frequency-
modulated carrier, a carrier demodulating device,
a, pair of paths coupling said source to said de-
vice, the second one of said paths having means
to control the carrier to be zero or 180 degrees
with respect to the carrier phase in the first path
while producing an amplitude variation corre-
sponding to the deviation of the carrier from
its center frequency, and means tc impress the
carriers from both said paths simultaneously on
said demodulator device.

9. A frequency discriminator and demodulator
arrangement comprising, a source of frequency-
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modulated carrier, s carrier demodulating device,
a pair of paths coupling said source to said device,
the second one of said paths having means to
control the carrier to be zero or 180 degrees with
respect to the carrier phase in the first path,
means to impress the carriers from both of said
paths simultaneously on said demodulator device,
said second path including a Wheatstone bridge
of the alternating current type which is normally

balanced to produce zero amplitude output at 10

the center frequency of the frequency-modulated
carrier,

LOUIS W. PARKER.
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