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9. Claims.

My present 1nvent10n relates to detectors for -

frequency modulated carrier waves, and more
especially - to detectors of the multi-grid type
capable of deriving modulation components from
angular velocity-modulated carrier -waves.

“T$ has been shown in the past that if angular

velocity-modulated carrier waves. are applied in
phase quadrature relation to spaced electrodes in
a common. electron. stream to an output. elec-

trode, there will be produced in the outpub cir- 3

cuit modulation volfage - corresponding - to the

modulation-representative deviations of the cen-

ter frequency of the applied waves.

"My present invention. has for an oBbject the
provision of various arrangements for securing
the aforesaid phase gquadrature relation.

. Another object of my invention is to provide
in- the cathode circuit of a multi-grid “detector
tube for frequency modulated carrier waves, a

network acting to maintain modulated carrier o
voltage at one grid in phase quadrature with the °

‘carner voltage. at a second grid.

Still another object of my invention is.to
1mprove frequericy: modulated carrier wave de-
" tectors of the type wherein. wave yoltages are
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applied in' phase quadrature to spaced grids of -
a multi-grid. tube, and the improvement. resid-

ing in & ‘tuned device employed in association
with one: of the grids for producing the phase
dquadrature relation.

&0

The novel features which I beheve to be char- -

acterlstlc of my invention are set forth in.par-

tigtilarity in the appended claims; the invention

»1tself however, as to both its organization and
- method of operation will best be’ understood by

‘reference. fo. the following descriptiontaken in ™

conriection with the drawings in which I have
indieated - diagrammatically several circuit . or-
‘ginizations whereby my 1nvent1on may be car-
‘rled into effect. - .

[ Tn . the drawings: g

" Fig. 1 shows a circuit embodymg the invention,

" Fig 2 illustrates a mod1ﬁcat1on of the cathode
cireuit of Fig. 1,

‘Figs. 3 and 4 show respectwely d1fferent ad- 5

ditional modifications, . :
Figs. 5 and 6 show two dlﬁerent embodlments,
Pig. 7 shows still another form of the inven-
tion.

Refernng, now to Fig. 1 of the accompanymg] %

40

of tube | through a. path comprising coil 3 and
resistor 5.  'The coil 3 is shunted by condenser
4, and the two are tuned to the operating inter-
med1ate frequency (I. F.) of the system, as-
suming the latter is a superheterodyne receiver.
The I. F. 'may have a value of 4.2 mec. (mega-
cycles), where the FM (frequency modulated
carrier wave) band covers 42 to 50 me. Asis
well known, there are impressed upon circuit 1
frequency modulated carrier waves whose center
frequency is.of the 4.2 mec. value.  The circuits
prior to tuned circuit T may include. a 51gna1
collecting circuit, a converter, one or more I F.
amplifiers and. a limiter stage. .

As is well known to those skilled in the art;
the function of the limiter is to eliminate am-
plitude modulation effects in the.carrier. The
limiter tube may be a saturated amplifier, and
the circuit 7° will be located in the plate 01rcu1t
of -the limiter tube. . Hence there will be deliv-
ered to input circuit. 3—4 frequency. variable
waves of constant amplitude, It is, of course,
well known that in frequency modulatmn trans-
mission the modulating. sighal amphtude ap-
pears as. a frequency deviation of the carrier, or
center, frequency, while. the modulating fre-
quencies: themselves correspond.to. the 1ate of
devigtion of the center frequency. : The functlorn

“of tube 1 and its associated circuits is to derive

from the frequency-vanable wave the modula-

tion voltage which corresponds to ‘the original

modulating signals.”

The grid T of tube {is located between & pair
of . positively biased screen grids 8 and 9, while
the output electrode, or plate, A0 is connécted
to" the positive termmal of 5 source of direct:
current by a load resistor If.. The plate end of
resistor 11-is by-passed to ground by condenser
12 which has-.a low 1mpedance to I F currents.
Modulation voltage developed across “vesistor 11
is' transmitted to a succeeding: audio frequency
utilization network by condenser’ 13 which has a
Jow impedance to modulation frequency. ‘voltage.

The cathode of tube | is connected to ground
through a path including ‘coil #4 and hy- passed
biss resistor (5. The dotted 1ecta,ng]e 15 en-

" closes the leads i7-and (8, the latter being ter-

. drawings, wherein like reference characters in
‘the d1fferent -figures designate similar circuit -
: elements, the tube | may be a multi-grid tube.

of the 6A8 type. The grid 2 is the signal voltage

’, mput grld and it 1s connected to the ca.thode:

minated by the series termmatlon 14, The net-

_work’ within rectangle 16 is a ‘one-quarter wave

length - transmission line, and functions. as ‘&
phase shifting network.. The grid T1is connected

by lead 20 to the junction of resistor 15 and coil

14, The ‘resistor. 5 develops thereacross. a uni-
d1rect1onal -voltage . which may  be utilized” for

automatlc volume control (AVC) and the lead
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21 is connected to the grid end of resistor 5
through a filter resigstor; the voltage trans-
mitted over lead 21 is to be understood as being
applied to the grid circuits of amplifier tubes
preceding the limiter stage. Condenser 6 acts
as an I. F. by-pass condenser across resistor 5.
It has been shown in the past that when fre-
quency modulated carrier waves of the same cen-
ter frequency are applied to grids 2 and 7 in sub-
stantially phase quadrature, then there will be
developedi modulation voltage across load re-
sistor t{. In other words, the circuit functions
as a demodulator. Of course, where the by-
passed resistor § is inserted in the grid circuit
of tube | then there will be provided further lim-
iting action in the grid circuit of the demodulator.
In that case a special limiter stage prior to the
input circuit of detector tube | may be dispensed
with,
- Those skilled in the art know that the one-
quarter wave length transmission line in rec-
tangle 16 produces a phase shift thereacross
which is 90 degrees. Thus, the voltages on grid
2 and grid T differ 90 degrees in phase. The line
impedance at the cathode end of lead 11—I8 is
very low and the radio frequency voltage drop
at that point is very small. At the terminating
end. of the line the impedance is high and.the
radio frequency voltage drop is high. In other
 Words, the network in rectangle 16 may be con-
sidered as an open end line, and the radio fre-
quency choke coil 14 closes the line to direct cur-
rent. Of course, the line can be of any con-
venient wave length such that gives a 90 degrees
phase shift, as, for example, a one and a quarter
wave length or two and a quarter wave length.
‘Bince the impedance of the cathode end of
line 17—I18 is very iow and the radio frequency
voltage drop is low, the end of resistor 5 shown

connected to the cathode in Fig. 1 may be re- 4

turned to ground. This is shown in Fig. 2. In
this case grid 2 has degeneratively applied. to it
radio irequency voltage developed across (4.
However, there is but small degeéneration applied
to.grid 2 compared to a large voltage developed
for grid 1 by the resonant rise due to the trans-
mission line in the cathode circuit of the tube.

Another method of producing a 90 degrees.

phase shift between the frequency.- modulated
voltages applied to grids 2 and T is shown in
Fig.'3. In this fisure the cathode of tube I is
connected to ground through a coil 22 which is
shunted by condenser 23. Circuit 22—23 is tuned
to- the center frequency F. of the applied FM
waves.- A small resistor 24 is placed in series
-with condenser 23 to provide quadrature voltage
thereacross. Grid 1 is connected to the junction
of condenser 23 and resistor 24 and takes off the
quadrature voltage across the latter. In this way
FM voltage: developed across the cathcde net-
work of tube I is applied to grid 1 in phase quad-
rature with the FM voltage applied to grid 2 by
input circuit 3—4. :
 In'Fig. 4 there is shown still another modifica-
tien. - This arrangement differs from that shown
In Fig. 3 in the arrangement of the cathode phase
shifting. network. Here coil 22’ and condenser
23’ are arranged in series between the cathode
and ground. The series path 22'—23’ is series
tuned to Fe, the junction of the series elements
“being connected to grid 1. In shunt with con-
denser 23’ is connected radio frequency choke

coil 25-in series with resistor 26. The radio fre- .

-quency- current through condenser 23’ is 90 de-
grees out of phase with the voltage across tuned
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circuit 22’'—23’. Thus, voltage applied to grid T
is 90 degrees out of phase with voltage at grid 2.

The circuit modification in Fig. 5 differs from
that shown previously in the other figures in that
the grid 7 is connected to ground through a
piezo-electric crystal element which is tuned to
Fe. Thus, the numeral 30 designates the crystal
which is tuned or cut to F., those skilled in the
art being fully aware of the manner of mounting
the crystal between appropriate electrodes or
crystal holder elements. One of the crystal elec-
trodes is connected to grid 7, while the opposite
one is connected to ground. The electrical equiv-
alent circuit of the crystal would appear as an
inductance, capacity and resistance, all constants
of the crystal, arranged in series between grid 1
and ground, whereas the capacity of the crystal
holder would be arranged in shunt with the afore-
said series constants. These equivalent com-
ponents may be made to appear as a tuned cir-
cuit.

In Fig. 6 is shown another modification where-
in the piezo-electric resonator 30 of Fig. 5 is re-
placed by a mechanical resonant line. The lat-
ter comprises an cuter metallic tube 40 having
one end thereof grounded, whereas there is dis-
posed concentrically within the tube 40 a second
metallic tube 41 connected to grid 1. Of course,
the grid T will be tapped to a proper point on the
inner tube 41. The mechanical resonator 40—41
is adjusted to tune to Fe.

It often happens that it is desirable to arrange
an FM detector so that it will deliver a pair of
audio voltages 180 degrees out of phase whereby
a push-pull audio amplifier may be driven. In
Fig. 7 there is shown such an arrangement. Here
the tube f has its grid T connected to ground
through the coil 53 of resonant circuit 50—5i.
The laiter circuit is tuned to Fe, and develops
across it FM voltage which is in phase quadra-
ture with the voltage applied to grid 2. Screen
grids 8 and 9 are connected to the positive ter-
minal of a direct current source through a load
resistor {1, the latter being shunted by an I. F.
by-pass condenser {2’. A modulation voltage de-
veloped across plate load resistor ff is trans-
mitted through condenser 13 to the grid of one
of a pair of push-pull connected amplifier tubes,
while the voltage developed across resistor 11’ is
transmitted through condenser 13’ to the oppo-
site push-pull amplifier. As the FM voltage ap-
plied to grid 2 has its instantaneous frequency
shifted above and below F. more or less voltage
is built up across circuit 50—51 by virtue of
space charge coupling between grids 2 and T.
The mutual conductance of tube { changes as
the voltage of grid 7 changes. When more plate
current flows, less screen grid current flows and
vice versa. This is, of course, the proper polarity
sense for the audio voltages developed across
resistors {1 and 11’. Of course, the phase quad-
rature voltage for grid T may be developed by
using any of the cathode load networks shown in
Figs. 1, 2 and 3 and 4 instead of relying upon
space charge coupling of the detector tube.

The following explanation of the operation of
Fig. 7 is equally applicable to Figs. 5 and 6.
Electrons are first attracted by the positive screen
8. Some go through the open mesh of the screen
and are attracted by the positive plate. Due
to grid T being less positive than the screen 8
many electrons are slowed down in speed. A
cloud, or pile, of.electrons gather in front of
.grid 1. This is the virtual cathode. The plate
draws electrons from the virtual cathode. The
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virtual cathode waxes and wanes in relation to
the voltage applied to grid 2. This motion of
electrons causes a current to flow in grid T and
tuned cireuit Ls¢—Csi. At resonance Lio~=Cs1
iooks like a resistor, and it has been found that
the voltage across Ise—Cs: at resonance is 90
degrees out of phase with the voltage applied to
grid 2. The actual plate current flowing' is pro-
portional to the voltage on grid 2 and the voltage
on grid 1. As the carrier shifts Lse—Csi is not
& resistor any longer, but either a capacity or
inductance depending upon whether the applied
frequency is abové of below the tuned frequency
of Lsi—Cst - Thus, the voltage dcross Lse—Cs:
i§ either more or less than 90 degrees out from
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the applied grid 2 voltage. Thus, as the modula- -

tioir causes the voltage .of grid 2 to vary in fre-
quency the plate currént varies in step with' the
modulation, and provides the audio output.

While I have indicated and described several
systems for carrying my invention into effect, it
will be apparent to one skilled in the art that my
invention is by no means limited to the particu-
161 urgatlzaLOLs snown and described, but- that
inany moaincations may be made without depart-
ing from the scope of my invention, as set forth
in the appended claims.

What I claim is:

1. In an angular velocity modulated carrier
wave detection network, a tube provided with at
least a cathode, an output electrode and a pair
of spaced control grids in the electron stream be-
tween the cathode and output electrode, a modu-
lated carrier input circuit connected between one
control grid and the cathode, an output load €le-
ment across which is developed modulation volt-
age connected to the oufput electrode, a.phase
shifting network connected in the space current
path of said tube between said cathode and a
point of relatively fixed alternating potential,
said shifting network developing modulated. car-
rier voltage which is in phase quadrature with
the voltage at said input circuit, and means for
applying said quadrature voltage to the second
control grid of said tube.

2. In an angular velocity modulated carrier
wave detection network, a tube provided with at
least a cathode, an output electrode and a pair
of spaced control grids in the electron stream

_between the cathode and output electrode,. a
modulated carrier input . circuit connected be-
tween one control grid and the cathode, an out-
put load element across which is developed modu-

" lation voltage connected to the output electrode,
a phase shifting network connected in the space
current path of said tube between said cathode
and a point of relatively fixed alternating poten-
tial, said shifting network developing modulated
carrier voltage which is in phase quadrature with
the voltage at said input circuit, and means for
applying said quadrature voltage to the second
control grid of said tube, said phase shifting net-
work consisting of a quarter wave length trans-
mission line.

3. In an angular velocity modulated carrier
wave detection network, a tube provided with at
least a cathode, an output electrode and a pair of
spaced control grids in the electron. stream be-
tween the cathode and output electrode, a modu-
lated carrier input circuit connected between one
control grid and the cathode, an output load ele-
ment across which is developed modulation volt-
age connected to the output electrode, a phase

- shifting network connected in the space current

20

25

30

35

40

45

50

65

40

65

70

18

3

path ‘of said tube between said cathode and a
point of relatively fixed alternating potential,
said shifting network developing modulated car-
rier voltage which is in phase quadrature with
the voltage at said input circuit, and means for
applying said quadrature voltage to the second
control ¢rid of said tube, said phase shifting net-
work comprising & resonant circuit tuned to the
center frequency of the carner wave of said mput
circuit.

4, In an angular Veloclty modulated carrier
wave detection network, a tube provided with at -
least a cathode, an . output electrode and a pair
of spaced control grids in the electron stream be-
tween the cathode and output electrode, a modu-

‘lated carrier input circuit corinected between one

control grid and the cathode, an output load €le-
nient across which is developed modulation volt-
age connected to the output electrode, a phase
shifting network connécted in the space currént
path of said tube betweéen said cathode and a
point of relatively fixed alternating potential,
said shifting network developing modulated car-
rier voltage which is in phase quadrature with
the voltage at said inpuf circuit, and means for
applyinig said quadrature voltage to the second
eontrol grid of said tube, said phase shifting net-
work consisting of a coil and condenser series
resonant to the center frequency of the waves of
said input circuit, and said second control grid
being connected to the junction of said coil and
condenser.

5. In an angular velocity modulated carrier
wave detection network, a tube provided with at
least a cathode, an output electrode and a pair
of electrodes arranged to control the electron
stream between the cathode and output elec-
trode, a modulated carrier input circuit con-
nected between one control electrode and the
cathode, an output load element across which
is developed modulation voltage connected to
the output electrode, a reactive phase  shifting
network- connected between the cathode and a
point of relatively fixed alternating potential and
developing modulated carrier voltage which is
in phase quadrature with the voltage at said in-
put circuit, and means for connecting a point
of said shifting network to the second control
electrode of said tube. ) :

6. In an angular velocity modulated carrier
wave detection network, a tube provided with
at least a cathode, a plate and at least two con-
trol grids in the electron stream - between the
cathode and plate, a modulated carrier input
circuit connected between one control grid and
the cathode, an output resistor element across
which is ‘developed modulation voltage con-
nected to the plate, a phase shifting network
connected in the space current path of said tube
between said cathode and ground, said shifting
network consisting of a transmission line of a
length such as to develop modulated carrier
voltage which is in substantial phase quadrature
with the voltage at said input circuit, and means
for applying said quadrature voltage to the sec-
ond -control grid of said tube..

7. In an angular velocity modulated carrier
wave detection network, a tube provided with at
least a cathode, an output electrode and at least
a pair of spaced control grids in the electron
stream between the cathode and output elec-
trode, a modulatéd ecarrier input circuit con-
nected between one control grid and the cathode,
an output load element across which is developed
modulation voltage connected to the output
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electrode, a phase shifting network connected in
the space current path of said tube between
said cathode and a point of relatively fixed alter-
nating potential, said shifting network includ-
ing an open ended transmission line of a wave
length. chosen to develop modulated carrier
voltage which is in substantial phase quadrature
with the voltage at said input circuit, and means
for applying said quadrature voltage to the sec-
ond control grid of said tube. .
8. In an angular velocity modulated carrie
wave detection network, a tube provided with
at least a cathode, an output electrode and a
pair of spaced control grids in the electron
stream between the cathode and output elec-
trode, a modulated carrier input circuit con-
‘nected between one control grid and the cathode,
an output load element across which is de-
veloped modulation voltage connected to the out-
put electrode, a phase shifting network con-
nected in the space current path of said tube
between said cathode and a point of relatively
fixed alternating potential, said shifting net-
work developing -modulated carrier voltage
which is in substantial phase quadrature with
the voltage at said input circuit, and means for
applying said quadrature voltage to the second
control grid of said tube, said phase shifting net-
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work comprising a coil and condenser arranged
as a parallel resonant circuit tuned to the center
frequency of the carrier wave of said input cir-
cuit, a resistor in series with the condenser, said
applying means including a connection between
the second grid and the junction of the resistor
and condenser.

9. In an angular velocity modulated carrier
wave detection network, a tube provided with
at least a cathode, an output electrode and a
pair of spaced control grids in the electron
streamn between the cathode and output elec-
trode, a modulated. carrier input circuit con-
nected between one control grid and the cathode,
an output load element across which is developed
modulation voltage connected to the output
electrode, a phase shifting network connected
in the space current path of said tube between
said cathode and a point of relatively fixed alter-
nating potential, said shifting network develop-
ing modulated carrier voltage which is in phase
quadrature with the voltage at said input cir-
cuit, means in circuit with said one grid for
limiting the response of the network to carrier
amplitude variation, jand means for applying
said quadrature voltage to the second control
grid of said tube.

SEYMOUR HUNT.



