Oct. 3, 1933. L. E. THOMPSON - 1,929,086
RADIO TELEGRAPH AND TELEPHONE RECEPTION
Filed Oct. 7, 1929
P o : I Tyl

N s

neilt) 5 - o . 7

~£’ ?ﬂq \ S/ / (é' / é, ~ 7 '//5
—0/4(1&'00—
Amplefeer

TEGLEN
/4//2/[Zé/2é)"/

o ¥ o
//w-p U
izt

INVENTOR.

Qelanmd Duerell 872’04%3:,.:0%;

BY &/
ATTORNEY /




Patented Oct. 3, 1933

UNITED STATES

1,929,086

PATENT OFFICE

1,929,086

RADIO TELEGRAPH AND TELEPHONE
RECEPTION

_ Leland Everett Thompson, Schenectady, N. ¥."
. Application October 7, 1929. Serial No. 397,899

15 C!a_ims.

The invention relates to arrangements for
eliminating d'sturbing effects when' receiving
messages from radio telegraph and telephone sta-
tions.. The arrangements allow the reception of

& all electromagnetic waves which can produce beat
currents ‘of. audic frequency with a local oscilla-
tor. Waves which do not produce beat currents
of audio frequency with the local oscillator have
no effect on the head teléphones or other indi-
cator. Atmospheric disturbances and all other
effects ‘producing, in the receiver, oscillations of

10

an -aperiodic or- highly -damped nature do not.

produce audio beat currents with the oscillator
effectively -and thus -do not intérfere with the
reception of ‘desired signals. According to. the
invention, radio waves which are aperiodic, or
highly damped, are received-in two circuits which
are in opposition ahd are therefore not passed on
_ to the ‘ndicating instrument. The local oscillator
20 is"used to produce beat currents.in only one of
these.‘apposing - circuits, - consequently the beat
currents are not opposed and are passed on ‘to
the indicating instiument.

The invention is shown by way of example in
the accompanying drawing, in which Figure 1
shows. the application of two four-element tubes
for the detector circuit and Figures 2 and 3 the
application of two three-element tubes.

In Figure 1, the antenna 1 and radio fréquency
amplifier 2 may be-of .any type: ' The tuned cir-
cuit 3 is connected to the grids of the two tubes
5 and 6. Tube b5 is provided with-a cathode 5qa, a
control grid 5b, an anode 5¢ and a screen grid 5d.
The electron tube 6 is provided with a cathode 6a,
a_control grid 6b, an anode 6¢-and a screen grid
6d.- Arrangements 7 and 8 are provided for se-
curing individual bias voltages on the control
grids of the two tubes. 'Through the coupling
coils 9, the oscillator 10 superimposes an oscillat-
ing voltage on the second grid 6d of the tube 6.
This osc’llating voltage produces a corresponding
oscillating current in the plate eircuit of the tube.
Thus in the plate circuit of tube 6 there is pro-
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frequency and the oscillator frequency. The local
oscillator may be adjusted to a frequency differ-
ing from the signal by any desired amount. This
beat frequency current in the plate circuit of tube
6 is rectified if either component or-both compo-
nent currents are rectified. That is, the grids
connected to the signal frequency circuits may
be operating on the straight portion of their grid
voltage-plate current characteristic curves, while
the grid connected to the local oscillator circuit
is operating on-a curved portion of its voltage-
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. duced a beat current between the desired signal-

(CL. 250—20)

plate current characteristic curve. 'This local
oscillator voltage is then rectified in the plate cir-
cuit of tube 6 and consequently the combination
or beat frequency voltage between the signal and
the local oscillator is rectified in the plate cir-
cuit of the tube 6. In this condition the tube 5
is used to balance out any aperiodic oscillations
which are rectified slightly due to a small curva<
ture of the straight portion of:the grid voltage-
plate current characteristic curve of tube 6.

The bias voltages 7 and 8 are adjusted so that
the tubes 5 and 6 operate on the same portion of
their grid -voltage-plate current characteristic
curves. The source of. potential 20 is employed
for energizing the anodes 5¢.and 6c¢ of tubes 5
and 6. A tap 20a is taken. from the source of
potential. 20 to the screen grids 5d and 6d
for applying the required screen grid potential to
the tubes 5 and 6. Detection causes audio fre-
quency currents to flow through the resistances
11.and-12 in-the output circuits of the two tubes
5and 6. The resistances 11 and 12 are arranged
in ‘a form-:of bridge circuit. ‘When-the proper
adjustment is made, the currents flowing through
11 and-12 caused by a detector or rectifier action
in the two tubes 5 and 6 will not cause a corre-
sponding current to flow through circuits 15 and
16. That is, received disturbing effécts are im-
pressed on the grid- circuit of both. tubes 5 and 6
in the same manner. - Through the resistances 11
and 12 therefore flow currents of the same fre-
quency. Circiiit 15 is therefore connected to two
points on the resistances 11 and 12 which are
always at the same potential with respect to
each other and consequently the disturbing cur-
rents do not flow through the circuit 15. If how-
ever, an- additional current flows. through -only
one of the resistances, this current produces-a
potental difference across circuit 15 and a corre-
sponding current therefore flows through the said
circuit. The oscillator 10 is coupled through 9
to the second grid 6d of tube 6, and adjusted to
such a frequency that beat currents of audio fre-
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quency are produced with the rsceived currents. .

These beat currents flow through the resistance
12 and the circuits 15 and 16 and may be amplified
and used to operate some form of indicator. In
Figures 1, 2, and 3, 17 represents an audio fre-
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quency amplifier and 18 represents an indicator. -

Thus no audio frequency currents flow through
circuits 15 -and 16 except the beat currents pro-
duced by the local oscillator. The bias voltages
7 and:8 may be adjusted so that radio frequency
currents in the grid circuits of the two tubes
are not rectified. In this case the local oscillator
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current must be rectified before being applied to
the second grid of tube 6, or, this second grid
must be worked on the proper point of its volt-
age, plate current characteristic curve in order
8 that the resultant beat current shall be rectified.
Thus the beat currents are rectified although the
incoming signals alone are not.
An important feature of the invention is the
use of the resistances 11 and 12. The phase re-
10 lations of the currents and voltages in the out-
put circuits of tubes 5 and 6 must be the same.
Condensers 13 and 14 serve to by-pass any radio
frequency currents present but are so small that

they do not materially change the current-voltage -

18 phase relations of the circuit. They can, how-
ever, be made variable. Inductance coils may be
used for 11 and 12 if the inductance and resistance
is of such a value that the phdse relation. be-
tween current and voltage is substantially the

20 same in each circuit.

The use of inductance coils or transformers for
resistances 11 and 12 offers practical difficulties
due to the distributed capacity and capacity to
ground of the windings. These capacities are

25 difficult to match in the two circuits, and the ef-
fectiveness of the system is greatly reduced. The
resistances 11. and 12 also offer a very convenient
means of adjusting the amplitude of the two volt-
ages which are to be balanced, by the use of the

30 gliding contacts on the resistances 11 and 12.
This amplitude must be exactly the same in the
opposing circuits when a signal is being received
through interference which has an amplitude
many times that of the signal. :So slight an un-

85 palance as one percent, that is, if one voltage had
an amplitude one percent lower than the other,
would cause the signal to be unreadable, in some
cases. An important feature of the invention is
that the use of the sliding contacts on the re-

40 istance arrangement 11 and 12 permits the am-

plitude of the voltages which are to be balanced

to be adjusted without materially affecting the

output plate circuit impedances of tubes 5 and 6.

This is important since the changing of the plate

circuit impedance would change the grid voltage-

plate current operating  characteristic and a

complete balance of the undesired effects would

be impossible. ;

In Figure 2, two three-element tubes are used
for 5 and 6. In this arrangement, the two grid
circuits are isolated by the use of a tuned cir-
cuit in each grid circuit.” These two circuits 3
and 4 are tuned to the same frequency. Tuned
circuit 3 comprises inductance 3a¢ and tuning
condenser 3b connected across cathode 5a and
control grid 5b. The tuned circuit 4 comprises
inductance 4a¢ and tuning condenser 4b. The
connection to the electrodes of electron tube 6
differs from the arrangement employed for tuned
circuit 3 and electron tube 5. One end of the
tuned circuit 4 connects to control grid 6b. How-
ever, the connection from cathode 6a exténds
through the secondary winding of transformer
9 to a mid-tap 4c on inductance 4a by which os-
cillations are introduced into the input system
of tube 6. The oscillator superimposes a fre-
quency through 9 to the grid circuit of tube 6,
this frequency having such a value‘-as to pro-
70 duce beat currents of audio frequency in circuits

12, 15 and 16. The bridge arrangement used for
superimposing the oscillator frequency voltage on
the grid of tube 6 prevents this frequency from
being induced in circuit 3 and consequently little

#1; OF no beat currents flow through circuit 11. This

is necessary in order to allow the beat currents
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in circuit 12 to flow on to circuits 15 and 16.
Other means of superimposing the local oscillator
on the grid of only one tube may be used. There
are two requirements: First, the current induced
in circuit 4 from the local oscillator must have
a higher amplitude than that induced in circuit
3 from the local oscillator. 'This is obvious since
otherwise the beat currents would be of the same
amplitude in circuits 11 and 12 and would there-
fore be opposed. Second, the current induced in
circuit 3 from the local oscillator must have a
lower amplitude than that of the signal current
in circuit 3. This is necessary in order that the
amplitude of the beat frequency currents will
be more nearly determined by the amplitude of
the local oscillator current and consequently the
amplitude of the beat frequency in circuit 4 will
be greater than the amplitude of the beat fre-
quency in circuit 3 and the two beat currents
will not be entirely opposed and will pass to the
indicating instrument.

The oscillator voltage may be superimposed on
the: plate circuit of only one tube, thus produc~
ing the beat currents directly in the plate circuit
as shown by the arrangement in Figure 3. In
this arrangement, the cathodes 5a¢ and 6a con-
riect to one end of the tubed circuit 3 while the
control grids 5b and 6b connect to the opposite
ends . of the tuned circuit 3 through the bias
control circuits 7 and 8. The course of poten-
tial shown at 20 serves to supply anode potential
for anodes 5¢ and 6c of both tubes 5 and 6 as
shown. E

Arrangements for eliminating disturbing ef-
fects in radio telegraphy and telephony are known
in which two receiving systems or circuits are used
that are tuned to the same frequency and the
energies that would produce disturbing effects are
neutralized, while the useful energy that pro-
duces the signals is unequally distributed in the
two receiving systems and is therefore not neu-
tralized. '

In the arrangement according to this inven-
tion, only one receiving system is used. An im-
portant factor in the successful operation of the
system is high radio frequency amplification be-
fore detection. - When two radio frequency cur-
rents of approximately the same amplitude are
made to beat in the grid circuit of a vacuum
tube, the output rectified beat current is approxi-
mately proportional to the product of the com-
ponent. currents. In the present system the sig-
nal frequency may be amplified to a comparative-

1y high value, and the amplitude of the bheat .
frequency may be made to be nearly dependent °*

on the amplitude of the locally generated oscil-
lations alone. Consequently the beat currents
produced with the desired signal and those pro-
duced with the disturbing effects approach the
same amplitude, if the amplitude of the impressed
oscillator voltage is kept low with respect to the
signal, although the disturbing effects may origi-
naly be very much stronger than the  signals.
Due to the aperiodic or highly damped nature

of the disturbing effects, the beat currents formed '+

between the said disturbing effects and the lo-
cally produced oscillations appear to be of a much
lower intensity to the human ear than the beat
currents produced with the desired signals.
While the amplitude of the beat current between
the disturbing effects and the locally procduced os-
cillations may have approximately the same max-
jmum value as the beat currents between the
desired signal and the locally produced oscil-
lations, the energy of the former beat currents
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is. much smaller: than that of the: latter beat
currents; o ; : : :
There is .a high loss or attenuation in the de-
tector tubes 5-and 6 and it is necessary to use
high audio frequency amplification after circuit
16 in order to produce a useful effect. Two de-
tector or amplifier circuits are used in opposi-
tion and so adjusted that the opposition is prac-
tically complete. : If ‘a separate radio frequency
amplifier is used to feed each. detector circuit,
the system is not effective because of the prac-

tical difficulty of working each vacuum tube in

the ‘one amplifier ‘on the same portion of its

-grid ‘voltage-plate current characteristic curve as

the corresponding vacuum tube in the other am-

plifier. . This causes the “linear distortion” of '

the interfering aperiodic or highly damped os-
cillations to be different in the two amplifiers, and
a correct balance cannot be obtained in the plate
circuits of the two detector tubes.5 and 6. For
example; suppose with ‘& weak interfering sig-
nal, one amplifier gave an amplification factor of
10, and the other an amplification factor of 9.5.
For this particular signal level a balance. could
be obtained on the resistance bridge arrangement
in-the plate circuits of tubes 5 and.6. But now
suppose a strong aperiodic or highly damped os-
cillation enters the two amplifiers.  One ampli-

fier might give an amplification factor of 9 and

the other one an amplification factorof8. There-
sistance bridge arrangement would not be suit-
ably balanced for this interference. level.

When an indicator is used that produces sound

waves, due to the characteristics of the human
ear, strong disturbing currents must be reduced
to a very small fraction of ‘their original ampli-
tude and this can be done only by adjusting the
opposing circuits to have the same phase relation
between current and voltage; and to have cur-
rents of substantially the same wave form in the
said opposing circuits. This wave form is made
the same in each opposed-circuit by.using vac-
uum tubes having similar grid voltage-plate cur-
rent characteristic' curves. and operating on the
same portions of the said curves. The cur-
rents must in-addition have the same ampli-
tude and frequency. el :

The desired signals are transformed. into audio
frequency currents by the production of ‘beats
with a local oscillator, these beat currents of audio
frequency being rectified, amplified and used to
operate some type of indicator: R

I claim: k R

1. The method of receiving signals and elimi-
nating disturbing effects in radio receiving sys-
tems which consists in amplifying to a high de-
gree the received energy, detecting the amplified
received energy in two circuits opposed to each
other, maintaining the energy 'in each of said
opposed - circuits ' of the same wave form and
maintaining the same phase relation between cur-
rent and voltage, transforming the received en-
ergy in only one of the circuits by combining
with locally produced oscillations, maintaining
the amplitude of said locally produced oscilla-
tions appreciably smaller than the amplitude of

the amplified received energy, amplifying the re- .

sultant of the opposed circuits and transforming
into a useful effect. : e

2. The method of receiving signals and elimi-
nating disturbing effects in radio receiving sys-
tems which consists in amplifying to a high de-
gree the received energy, detecting the amplified
received energy in two circuits opposed to each
other; transforming the received energy in only

3

one of “the circuits by combining with locally
produced oscillations, maintaining the amplitude
of said locally produced oscillations smaller than
the amplitude of the amplified received energy
to the extent that the amplitude of the resultant
current of beat frequency is'substantially depend-
ent on the amplitude of the locally produced oscil-
lations alone, -amplifying the resultant of the
opposed circuits and transforming into a useful
effect. C L :

3. A radio receiver for eliminating disturbing
effects comprising a radio frequency amplifier,
the output coupled to two tuned circuits, one in
each - grid circuit of two opposed - detectors, an
oscillator. superimposing a voltage on only one
of -the said tuned. circuits, means for adjusting
the said opposed detectors for complete neutrali-
zation of the amplified received energy which does
not combine with ‘the locally generated oscilla-

tions, said means comprising separately adjust-

able.grid bias voltages, a resistance in the plate
circuit of each of the said opposed detectors with
an adjustable condenser connected across each
of the said resistances; an output ¢ircuit connect-
ed between a tap on one of said resistances and
another tap on the other of the said resistances,
and 'means for amplifying the energy which com-
bines with-the locally generated -oscillations to
produce a current of beat frequency to be used
in operating an indicator; ) .

4. In a radio receiver for eliminating disturb-
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ing effects comprising a:radio frequency ampli-

fier; two opposed detector. circuits, an oscillator
superimposing a voltage on only one of the said
opposed’ detector circuits, means for adjusting
the said detector circuits for producing rectified
energy having the same wave form and the same
phase relation between current and voltage, said
means. consisting of separately adjustable grid

bias voltages and a resistance in'the plate circuit

of each of the said opposed detectors with an ad-
Justable condenser connected across each of the
said resistances and means for amplifying the
energy which combines with the “locally gen-
erated oscillations to produce a current-of beat
frequency to be used in operating an indicator.

5. In a radio receiver for eliminating disturb-
ing effects comprising a radio frequency ampli-
fier, two opposed detector circuits, an oscillator
superimposing a voltage on only one of the said
opposed. detector circuits,” means for adjusting
the amplitude of the two opposing voltages due to
the disturbing effects, which do not combine
effectively with the local oscillator to the same
value without materially changirg the plate cir-
cuit impedance of either of the two said opposed
detectors, said means comprising a resistance .in
the plate circuit of each of the said opposed de-
tectors with an adjustable condenser connected
across each of the said resistances, an output
circuit connected to two adjustable contacts, one
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on each of the said resistances and means for -

amplifying the energy which combines with the
locally generated oscillations to produce a current
of beat frequency to be used in operating an in-
dicator. :

6.: A radio receiver for eliminating disturbing
effects comprising a radio frequency amplifier, a

single tuned circuit connected to two amplifiers

opposed:to each other, an oscillator superimpos-
ing a rectified voltage and producing audio beat
currents with the amplified received energy in
only one of the two amplifiers, means for Oppos~

ing any rectified energy due to strong disturbing ..

currents, which do not combine effectively with
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the local oscillator current; in one of the ampli-
flers by the other amplifier adjusted to produce
the same wave -form of rectified currents and
having in its output circuit the same phase rela-
tion between current and voltage, said means
consisting of separately adjustable grid bias volt-
ages and a resistance hridge arrangement with
adjustable condensers arranged to permit adjust-
ment of the opposing voltages without materially
changing the impedance in the plate circuit of
said opposed amplifiers, and means for amplify-
ing the beat currents to be used in operatmg an
indicator.

7. In a signal receiving system, a tuned circuit,
a pair of electron tubes:each having input and
output circuits, connections between the input
circuit of each of said electron tubes. and said
tuned circuit, a source of potential common to the
output circuits of each of said electron tubes, an
output system, means symmetrically connecting
the output circuits of said electron tubes with said
output system, a source of local oscillations, and
means for coupling said source of oscillations with
the circuits of one of said electron tubes.

8. In a signal receiving system, a signal receiv-
ing circuit, a pair of balanced electron tubes hav-
ing their input circuits connected in parallel,
means for coupling said parallel connected in-
put circuits to said signal receiving circuit, an out-
put circuit connected with-each of said tubes,
an output system, means for symmetrically con-
necting the output circuits of said balanced elec-

tron tubes with said output system, a local source

of oscillations, and means coupling .said local
source of oscillations with one of the output cir-
cuits of said symmetnca.lly connected balanced
electron tubes.

9.'In a signal receiving system, a palr of elec-
tron tubes connected . in: balanced relationship,
each of said electron tubes including a cathode,

‘a, control grid, a screen grid and an anode, an in-

put system connected with said cathodes and said
control' grids, an output system connected with
said anodes' and said cathodes, a source of high
frequency oscillations, and a connection between
said source of high frequency oscillations and the
screen grid in one of said tubes.

10. In a signal receiving system, a pair of
electron tubes each having input and output cir-
cuits, a tuned input system, connections between
the input circuits of each of said electron tubes
and said tuned input system, a phase controlling
path in each of said output circuits,; a source of
potential common to each of said output circuits,
means for superimposing local oscillations upon
one of said output circuits, and an output system
symmetrically coupled to the phase controlling
paths in said output circuits,

11. In a signal receiving system, a pair of elec-
tron tubes each having input and output circuits,
a tuned circuit comprising an inductance shunted
by a capacity individual to the input circuits of
each of said electron tubes, a phase adjusting
path in the output circuit of each of said electron
tubes, a source of potential common to each of
said output circuits, an output system symmetri-
cally coupled with the phase adjusting paths in
said output circuits, a source of local oscillations,
and means for introducing said local oscillations
in the input circuit of one of said electron tubes.

12. In a signal receiving system, a pair of elec-

tron tubes each having input and output circuits,
a tuned circuit comprising an inductance shunted
by a capacity individual to the input circuits of
each of said electron tubes, a phase adjusting
path in the output circuit of each of said electron 80

tubes,  a source of potential common to each of

said output circuits, an output system symmetri-
cally coupled with the phase adjusting paths in
said output circuits, a source of local oscillations,
a circuit extending between the cathode of one of 85
said electron tubes and the midpoint of the in-
ductance in-one of said tuned input circuits, and
means coupling said local oscillator with said cir-
cuit for introducing oscillations in the input cir-
cuit of the said electron tube. 90
~13. In a signal receiving system including a
pair of electrically balanced electron tube circuits
connected to the same:tuned input system and
having symmetrically related output circuits, the
method ‘of maintaining the same phase relation 95
between current and voltage in the output circuits
and-maintaining the wave form of energy deliv-
ered by the electron tube circuits the same in
the output circuits of two electron tube circuits,
which consists .in. applying oscillations to the 100
electron tube circuits in-an out of phase relation

to the phase relation of the balanced electron
tube- circuits .and adjusting the output ecircuits

of the electron tube circuits for deriving a con-
stant and substantially identical phase relation 106
between current and voltage in the output circuits

of the balanced electron tube circuits.

14. In a signal receiving system, a pair of elec-
tron tubes each having input and output circuits
symmetrically connected in balanced arrange- 118
ment, a tuned input system, connections between
the input circuits of both of said electron tubes
and said tuned input system, a source of potential
common to the output circuits of said electron /
tubes, each of said output circuits including a 115
phase controlling resistance element shurited by
a condenser, a. source of oscillations coupled to
one of said output circuits, an output system, a
coupling device connected with said output sys-
tem and 4 tap on each of said resistance elements 126
connected to points of opposite potentlal on said
coupling device.

15. In a signal receiving system, a pair of bal-
anced electron tubes each having input and out-
put circuits connected in balanced symmetrical 125
relation, a radio frequency tuned input system,
connections between said input circuits and said
radio frequency tuned input system, a source of
potential common to said output circuits, a re-
sistance element having.its center point connect- 130
ed with the positive side of said source of poten-
tial and having one end thereof connected with
the ‘anode of one of said electron tubes and the
other end thereof connected with the anode of
the other electron tube, a radio frequency by- 135
pass.condenser connected across the central point |
and the end of said resistance element in each of
said output circuits, a source of oscillations cou-
pled to one of said output circuits, an output sys-
tem, a coupling device connected with said output 140
system, and connections intermediate the central
point of said resistance element and the opposite
ends thereof extending to points of opposite po-
tential on said coupling device.
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