Sept. 12, 1933. M. MAGES 1,926,749
RADIO APPARATUS
Filed May 29, 1930

.

Trnvert for:

» Morits Mage s
Wiliiess. Dyrenforth Lec, Chrileon LWiles

Ao e P Sty s

I




Patented Sept. 12,7 1933

1,926,749

UNITED STATES

PATENT OFFICE

1,926,749
 RADIO APPARATUS
Morris Mages, Maywood, IIL
- Application May 29, 1930, Serial No. 457,162
‘ 9 Claims. (CL 179—171) ’

- The invention relates to radio apparatus, and

more particularly to push-pull amplifier systems

of the type shown and described in my co-pend-

ing application, Serial No. 420,448, filed January
5 13, 1930. . . - . .

‘A particular object of the invention is to pro-
vide means for maintaining predetermined oper-
ating. conditions, or. potentials, in the tubes of
push-pull 'systems having means other than

10 transformers for coupling the output of a tube
to push-pull tubes. Thus, the invention is par-
ticularly adapted to be embodied in push-pull
systems to couple-the output of a tube and the
push-pull tube directly, or by a combination of

15 resistances and capacities, or by a combination
of inductances and capacities, . )

A preferred form of the invention is embodied
in radio apparatus which comprises a tube that
has its output coupled-directly to push-pull tubes

20 through electrical resistances. “The load in the
output or plate cireuit ofthe tube which is cou-
bled to the push-pull tubes is divided into two sec-
tions, the voltage across one of the sections being

applied to the input circuit of one push-pull tube’

25 and the voltage across the -other section being
applied to the input-circuit of the other push-
pull tube. Means is provided for maintaining
predetermined potentials-in the elements of the
tubes. - RS = i

30 Many other objects and advantsges will' be-
come apparent as the following description pro-
gresses, reference being had to the accompany-
ing drawing which is a diagram of radio appa-
ratus embedying the invention, =~

35 Inthe accompanying drawing; the invention ig

disclosed in connection with a, radio-receiver com=
prising a radio frequency amplifier, ‘detector
and an audio frequency amplifier, but it is to be
understood that my invention is limited to such
use only to the extent indicated in the appended
claims, ool s - -
In.the drawing, 10 indicates generally sn an-
tenna circuit coupled to a radio frequency ampli-
. fier 11 which is coupled to a detector stage 12; the
output of the detector stage 12 heing coupled to
an audio frequency amplifier 13. The output
civeuit of avdio frequency amplifier 13 is"cou-
pled to the secondary winding 14 of an audio
frequency . transformer 15. Obviously, the sec-

5 ondary winding 14 may be ¢onnected in the usual

" manner to a loud speaker, or the equivalent.

" The detector stage 12 preferably comprises a
tube 16 comprising a plate 16a, a: grid 16D, a

. cathode 16¢ and a filament 16d: The audio fre-

quency amplifier -13 comprises,- in this instance,
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“to the bias voltages and plate currents are deter-

screen-grid tubes 17 and 18 and power or output
tubes 19 ‘and 20, the primary windings of .the
audio frequency -transformer 15 being. included
in the plate circuits of the tubes 19 and 20. ‘Op-~
erating potentials are impressed upon the grid, 60
plate and cathode elements of the several tubes
by means comprising a voltage divider 22.

The output circuit of the detector tube 16 in-
cludes resistances 23 and 24 which ars preferably
substaritially equal to each other, the resistance 68
24 being arranged.in parallel with a resistance
25 and a condenser 26, arranged in series.

The plate 162 is connected directly to the con-
trol grid of the tube 17 and to one terminal of the
resistance 23, the other terminal of the resistance 70
23 being connected to the voltage divider 22.

‘One terminal of the resistance 25 is connected

to the voltage divider 22 and the other terminal
thereof is connected t6 one plate of the con~
denser 26 and to the grid 160 to provide a pre-
determined bias upon this grid. It will be noted
that the grid 16b is included in a tuned -circuit
and that this circuit-is coupled to the output cir-
cuit of the radio frequency amplifier 11..

Orie terminal of the resistance 24 is connected 0
to the voltage divider 22 and the other terminal
thereof is connected to the other plate of the con-
denser 26 and to one terminal of a resistance 30
which has its other terminal connected to the
cathode 16¢c, the resistance 30.being shunted by
a relatively large condenser 31. That terminal
of the resistance 24 ‘which is connected to. the
condenser 26 is also connected to the control grid
of the tube 18.. ~- o ’

As described in more detail in my co-pending
application, Serial No. 420,448, the variations in
the voltage drop across the resistance 23 are
impressed upon the control grid of the tube 17
and the variations in the drop across the resist-
ance 24 gre impressed upon the control grid of °°
the tube 18, the variations in voltage drops being
substantially equal -and opposite in phase.

The normal operating conditions with regard

90

mined in the usual manner by the constants of the 100

circuit, and the primary object of the invention
is to provide means whereby: any change in these
conditions, which the incoming signal tends to -

produce, is sutomatically. prevented. - Thus,. as- 105
suming that prier to the time a signal is im-
pressed upon the antenna circuit, a predetermined
bias obtains on the grid 16b, it is readily under-
stoed that if a signal is impressed upon the grid
the rectified carrier current which will then flow

in the plate circuit of the tube 16, in addition to 110




jexd
(a8}

<
<

6s

2
the normal plate current, will cause a larger volt-
age drop across the resistance 23 and will tend
to increase the bias on the control grid of the
tube 17 to change it from the predetermined cor-
rect bias for that grid. However, there will be a
larger voltage drop across the resistances 24 and
30 so that the cathode 16¢ will hecome more posi-
tive and, therefore, the bias on the grid 160 will
be increased. This increase of bias on the grid
16b decreases the plate current so that it returns
to substantially its original value, and the bias on
the control grid of the tube 17 is returned to its
proper value. Of course, the bias of the grid 18
will tend to change in the same manner as the bias
on the grid 17 when a signal is impressed upon the
antenna circuit 10, but the bias of the grid 18

will tend %o become meore positive when the bias.

of the grid 17 tends to increase, and vice versa.
As a change of this character in the bias of “the
tube 18 is effected by an increase of the normal
plate current, and such.increase of the. normal
plate current causes an increase in the bias of the
2rid 16D 50 that the plate current is decreased to
its original value, the bias of the tube 18 will be
returned to its original value. . ’ .

It may be mentioned at this point in the de-
gerintion that the resistance 30 and condenser 31
may be omitted if it is so desired as the values of
the resistances 23 and 24 may be increased. How-
ever, the resistance 30 and the condenser 31 are
preferably employed sc that the constants of the
detector circuit are more easily determined.

The apparatus is arranged so that the A. C.

ne

- component of the signal may vary the bias of
.each of the tubes 17 and 18 in the usual manner

without having its amplitude checked or reduced
as is the case with the D. C. component. This
is accomplished by preventing- the A. C. com-

ponent from affecting the grid bias of the de-

tector tube. 'To this end, and as set forth above,
the resistance 30 is by-passed by the condenser
31 and the resistance 24 is shunted by the resist-
ance 25 and the condenser 26 in series. The re-
sistance 25 is of a much higher value than the
resistance 24 and the condenser 26 is sufficiently
large so that it comprises a very small part of
the total impedance of the shunt circuit.. Since
the grid hias of the detector is in effect the voltage
between the cathode 16¢c and that plate, of the
condenser 26, which is connected to the resistance
25, it will be seen that the A. C. plate current
will have a very small impedance path from the
last mentioned plate of the condenser 26 to the
cathode, which path comprises the condensers
26 and 31. The condenser 31 is, of course, rela-

tively large to pass audio frequencies.

The A. C. component will flow in parallel paths
through the resistances 24 and 25, but as the re-
sistance 25 is-cf a much higher-value than the
resistance 24, most of it will flow through the
resistance 24 and there will be a large voltage
variation, or voliage drop in the resistance 24.
There will also be a relatively large voltage vari-
ation, or voltage drop across the shunt circuit
which includes the resistance 25-and-the con-
denser 28, but most of it will be across the resist-
anceso that there will be a comparatively small or
negligible. variation . in voltage across the con-
denser 26. The small voltage variation across
the condenser 26 added to the correspondingly
cmall voltage variation across the condenser 31
constitute the total variation in grid bias of the
detector occasioned by the A. C. component in
the plate circuit of the detector.

The tubes 17 and 18 of the first push-pull stage
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are coupled directly to the tubes 19 and 20, re-
spectively, resistances 33 and 34, respectively,
heing provided for this purpose. .

Generally I prefer to provide a separate wind-
ing 35 on. the power pack (not shown) te supply
the heater current for the detector tube 16 in
order to conform to the manufacturer’s specifi-
cations (as to the maximum voltage between the
cathode and heater) as the cathode of the detec-
tor tube has a potential with respect to-ground
different from that of the other tubes.

It is not necessary that the detector tube be cou-
pled to the first push-pull stage, as an amplifying
tube may be coupled to the first push-pull stage
in the same manner as the tube 15 is coupled to
the tubes 17 and 18 to obtain like results. In this
case, the cffect of the signal need not be consid-
ered, the circuit being particularly adapted to
maintain correct operating voliages when new
tubes ave inserted therein. Gf course, the circuit
shown in the drawing also compensates for vari-
ations in tubes. - - Co .

.TWhen the grid leak detection is employed and
the detector is coupled to the first push-pull stage,
the normal plate current will be decieased by the
incoming signal, but the system will function in
2 raanner similar to that in which it functions
when grid bias detection is employzd. When grid
1eak detection iz employed the resistance 25 is
connected to the voltage divider.22 in-such man-
ner that the grid of the dstector-is positive with
respect to its cathode..

The foregoing detailed description has heen
given for clearness cf understanding only and no
unnecessary limitations should be understood
therefrom, but the appended claims should be
construed as broadly-as permissible in view of the
prior art. : . SR ’ :

What I claim as new, and desire to secure by
Letters Patent, is: - ’ :

1. In amplifying apparatus, a power supply, a

push-pull stage comprising twe tubes having in-
put circuits; an. output circuit coupled to said
input circuits, the load of said outpuf circuit

being divided into sections separated by the power 12

supply, the control grid of each of said tubes being
subjected to variations in the voltage drop across
one of said sections, means for maintaining the
average direct current in said.output circuit sub-

stantially. constant when the conditions, under

which the radio apparatus is operating, vary, and
means providing an audio-frequency path in par-
allel 'with one of said sections.

2. In amplifying apparatus a power supply, &
push-pull stage comprising two tubes having in-
put ecircuits, an-output circuit coupled to said
input circuits, the load of said output circuit
being divided into sections separated by the power
supply, the confrol grid of each of said tubes
being subjected to variations in the voltage drop
across one of said sections, means subjected to
the direct current component in said output cir-
cuit for preventing sustained fluctuations in the
control grid potentials of said tubes, and means
providing an audio-frequency path in parallel
with one of said sections. .

3. In amplifying apparatus, a power supply, -a

_tube having a control grid and a plate and input

and output circuits, respectively, connected to
said grid and plate, said output circuit being di-
vided into sections separated by the power sup-
ply, a push-pull stage having two tubes provided
with input circuits, one of the last mentioned in-
put circuits being subjected to voltage variations
across one of said sections and the other being
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subjected to voltage variations across another of
said sections; and means including means form-
ing an audio-frequency path in parallel with one
of said sections for maintaining the average direct
blate current substantially constant under vary-
ing operating conditions.

4. In amplifying apparatus, a power supply, a
tube having a control grid and a plate, and input
and output circuits, respectively, connected to said
grid -and plate, said cutput circuit being divided
into sections separated. by the power supply, a
bush-pull stage having two tubes provided with
input circuits, one of the last mentioned input
circuits being subjected ‘to voltage variations
across one of said sections and the other being
subjected to veltage variations across. another
of said .sections, and means including a con-
denser and a resistance connected in series and
forming an audio-frequency path in parallel
with one of said sections for maintaining the
direct plate current in said output circuit sub-
stantially constant under varying operating con-
ditions. i

5. In amplifying apparatus, a power supply, a
tube having a control grid and a plate, and input
and output circuits, respec tlvely, connected to
said grid and plate, said output circuit being di-
vided into sections separated by the power sup-
ply, a push-pull stage having two tubes provided
with input ecircuits, one of the last mentioned in-
put eircuits being subjected to voltage variations
across one of said sections and the other being
subjected to voltage variagtions across another of
said sections, and means including a condenser
and a resistance connected in series and forming
an audio-frequency path in parallel with one of
said sections for maintaining the direct plate
current in said output circuit substantially con-
stant under varying operating conditions, -one ter-
minal of said condenser being connected to said
grid.

6. In amplifying apparatus, a power supply, &
tube having plate, grid and cathode elements, and
input and output circuits operatively connected
thereto, the impedance of the output circuit being
divided into sections separated by the power sup-
ply, a resistance in parallel with one of said sec~
tions and having one of its terminals connected
to one end of said load section through a con-
denser by-passing audio-frequencies, said termi-
nal of said resistance being connected to said input
circuit, and a push-pull stage comprising two
tubes having input and output circuits, one of the
last mentioned input circuits being subjected to
voltage variations in one of said load sections and
the other being subjected to voltage variations in
another of said load sections.

7. In amplifying apparatus, a power supply, a
push-~pull stage comprising two tubes having in-

3

put circuits, a third vacuum tube having an out-
put circuit coupled. to said input circuits, said
output circuit being adapted to transmit audio
frequency signals to said input circuits, the out-
put circuit being divided into sections separated
by the power supply, the control grids of said
push-pull tubes being subjected to variation in
the voltage drops across said sections to secure

the proper phase relationship for push-pull op--
eration, and a shunt circuit around one of said-

sections, the control grid of said third tube be-
ing connected to an intermediate point on said
shunt circuit dividing the  impedance of said
shunt circuit into two portions, whereby for the
audio frequency signals being transmitted, the
impedance between the cathode end of the last
mentioned section and said point is low compared

to the impedance between said point and the

other end of the last mentioned section.

8. In an electrical circuit for transmitting sig-
na.ls a repeating tube having input and output
circuits with a load and a shunt circuit for said
load common to said input and outpub circuits,
said shunt circuit consisting of a plurality of sec-
tions having impedances differing widely in value
as far as audio frequencies are concerned, the
section having the smaller impedance providing
an audio frequency path of low impedance in said
input circuit, which path shunts said load and the
other section so that said input eircuit is not sub~
Jjected appreciably to the degenerative action of
the signal voltage across said load, and a second

“tube having input and output circuits, the input

circeuit of said second tube including said load and
being subjected to the signal volfage across said

load, and the output circuit of said second tube

being adapted to operate means responsive to said
signals.

9. In an electrical circuit for transmitting sig-
nals, a repeating tube having input and output

circuits with a load and a shunt circuit for said

load common to. said input and output circuits,
said shunt circuit consisting of a plurality of sec-
tions havmg impedances differing widely in value
as far as audio frequencies are concerned, the
section having the smaller impedance. being
adapted to block direct current and providing an

audio frequency path of low impedance in said’
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input eircuit, which path shunts said load and-

the other section so that said. input circuit is not
subjected appreciably to the degenerative action
of the signal voltage across said load, and a sec-
ond tube having input and output circuits, the

input circuit of said second tube including said )

load and being subjected to the signal voltage
across said load, and the output circuit of said
second tube being adapted to operate means re-
sponsive to said signals.

’ : MORRIS MAGES.
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