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. The invention relates to radio apparatus and
1s particularly adapted to be embodied in radio

receivers but the invention is limited to this
use only to the extent indicated in the a.ppended-

claims.
- A particular obJect of the invention is to pro-
vide an improved radio receiver which will op-

erate efficiently and economically with a power

supply of uni-directional current such as a, plu-

rality of dry cells or storage batteries provid-

ing “A”, “B” and “C” voltages.

- Another particular object of the invention is
to ‘provide an improved heterodyning stage in

radio apparatus of the heterodyning type. |
~Another particular object of the invention is
to provide improved radio apparatus wherein a

~ single vacuum tube which utilizes the filament
~ as a cathode will function efficiently and economi-

:20'

cally as a detector and an oscillator.
Still another object of the invention is to pro-
vide radio receivers operated by power supplies

of dry cells or storage batteries and having a

high degree of sensitivity comparable with that
of radio receivers having more stages of am-
plification and having power supplies operated
by alternating current eupphed by eentrel sta-
tions.

- Qther ebJects and adventeges will become ap-~

- parent as the following detailed description pro-
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gresses, reference being had to the accompany-
ing drawing, the figure in the drawmg being a

circuit diagram of a superheterodyne radio re-
ceiver which embodies the invention.
Referring to the drawing, wherein a. preferred

embodiment of the invention is illustrated, the

reference character {8 designates the antenna
circuit of a radio receiver of the heterodyne fype
which also comprises a stage |! of tuned radio
frequency, a combined

termediate frequency, a secend detector stage
I and an audic power emphfymg stage 16.

The antenna circuit 8 is of a conventional
‘type and preferably comprises a potentiometer
29 and the primary winding of a transformer 21,

the primary winding of the trensformer 21 bemg |
~ from the stage 15 to the stage 6.

 provided preferably with a single turn 22 which

50

is wound around the outer side of the seeondery
wmdmg of the tra,nsfermer 21,

The radio frequency amplifying stage 11 pref- ._

erebly comprises.a tuned grid circuit 23, a screen

. grid tube 24 and a resistor 25, the resistor be-

ing connected in series between the secondary
- winding of the transformer 2{ and a grid bias
- potentiometer 27 which forms part of a power

~ing the cathode of the tube.

scribed above.
Airst detector and oscil-
lator stage 12, a stage 14 for amplifying the in-

- preferably comprises a pentode tube &1,

or storage hatteries. o
the “B” battery 55 is connected to the negative 85

(CL. 250—-—20)

supply designated gener ally by the referenee
character 39. It will be noted that fthe grid

bias potentiometer 27 is also connected to a re-

sistor 3! interposed between the potentiometer |
27 and a tuned grid circuit 32 forming part of 5
the intermediate frequency amplifying stage (4.

The potentiometers 20 and 2T are operated
preferably by a single control and form a volume
control.

The radio frequency. emphfymg stage 1l is 10
connected operatively to the combined first de-
tector and oscillator stage 12 by a transiormer
33, the secondary winding of which is part of

- a'tuned erid circuit 34 forming part of the stage

i2. The stage 12 comprises a screen grid tube 15
35 which has a filament 36, the filament 36 be-
| The grid of the
tube -35 is connected operatively to the tuned
grid circuit 34 through a conventional grid leak

-~ and a condenser which are illustrated at 39. 20

- The combined first detector and oscillator stage.

12 is connected operatively to the intermediate

frequency amplifying stage 14 by a transformer

40, the secondary winding of which forms part

of the tuned grid circuit 32, The stage 14 pref- 25“'-"'
erably comprises a screen grid tube #1 which

‘may be of the same type as the screen orid tube

35 although in some instances it may be prefer-
able to employ tubes of other types such as a
pentode tube. 30
" The stage (4 is connected operetwely to the
second detector stage 15 by a transformer 43,

the secondary winding of which forms part ef )

g tuned grid circuit 44, 'The control grid asso--

ciated with the tuned circuit 84 is part of a 35
screen grid tube 45 which, in this instance, is
of identical construction with. the tube 35 de- °
The grid of the tube 45 is con-
nected to the tuned circuit 44 through a con-
ventional grid leak and a condenser whlch are 40
shown at 48. : |
The second detector sta,ge 15 is cennected op-
eratively to the audio power amplifying stage
16 by resistance coupling means 48, the plate
circuit of the tube 4b being provided with a filter 45
58 to prevent the transfer of redle frequencies |

The stage 18 is of a conventlonel type and
In this
instance the stage 18 comprises a seu*ld 1epro- 50
ducmg device 109, |

The power supply 30 preferebly comprises a
“B” battery 85 formed of a plurality of dry cells
The negative terminal of -
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end of an “A” battery 58 through resistors 37
and 58 and the resistor of the potentiometer 21.
The battery 55 preferably comprises a plurality
of dry cells or g storage battery. A condenser
59 interposed between the negative terminals of
the batteries 55 and 5% and connected in par-
allel with the resistors 571 and %8 and the re-
sistor of the potentiometer 21 functions as a
hy-pass for audio frequencies. The negative ter-
minal of the “B” battery B is conunecied to the
control grid of the tube %! through a resistor
68 which forms part of the resistance coupling
88 the other resistor of this resistance coupling

eing identified by the reference character &i.
Obviously, the connection between the negative
terminal cof the battery 55 and the conirol grid
of the tube 5i provides the grid bias for the
tube 51,

The negative terminal of the “A” battery 96
is connected to a negative filament bus 8% whicn
is commmon to the tubes described above. The
positive terminal of the batiery 86 is connected
to a positive filament bus 6% which is common
to the tubes described above. |

The positive terminal of the battery 59 is con-
nected to a bus 88 which is connected opera-
tively to the plates of the tubes described above.

The screen grids of the tubes 24, 35 and &1 are

connected operatively to a bus 63 connected to
the batiery 5% to provide the desired voltage.

The screen grids of the tubes 45 and 5! are con-

nected obperatively to the bus §8. The space
charge grid of the tube Bf is connected to the
filament of the tube.

Tor convenience, the elements of the tube 3%

are designated as follows: The filament is 36, the

control grid is 35q, the screen grid is 3%b and
the plate is 38¢. The negative end of the fila-
ment 2§ is connected to one end of a radio fre-
quency choke coil 78 which has its other end
connected to the negative filament bus 6% and
also to one terminal of a condenser 1§ adapted

to by-pass radio frequencies from the screen grid
The other terminal

38 back to the filament 36.
of the condenser 7! is connected to the screen
orid 38%b. The screen grid 3%b is also connected
to one end of & resistor 13 which has its other
end conneclied to the screen grid bus 6%, The
positive end of the filament 36 is connected to
one terminal of a condenser 19 and to one ter-
minal of a primary winding 78 forming part of
a transformer 77 having a seccndary winding
8. The other terminals of the condenser 19

and the primary winding 76 are connected to

the positive filament bus €6 and to the tuned
circuit 34.

The plate 38c¢ is connected to one end of the
primary winding of the transformer 48, which
primary winding has its other end connected to

one end of the secondary winding or coil 78

and to one termineal of a fixed condenser 8% which
hag its other ferminal connected to one terminal
of a variable condenser 86, the remaining ter-
minal of the condenser 86 heing grounded. The
remaining terminal of the secondary winding 18

is connected to one end of a resistor &7 and to

cne termiral of a condenser €3 which has its
other terminsl grounded. The remaining ter-
minal of the resistor 87 is connected to the bus 58.
The primary winding of the transformer 48 is
nreferably shunted by a fixed condenser 88, the
condenscr 8 and the primary winding associated
with it having constants of such value that they
form a circuit tuned to the intermediate fre-

quency. It may be mentioned at this point in the
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description that the circuit 32 is also preferably
tuned to the intermediate frequency.

The resistor 87 is provided to prevent the trans-
fer of radio frequencies from the oscillator to the
power supply 28. The secondary winding 78 and
the condensers 85 and 88, and to a slight extent
the condenser 88, constitute a tuned circuit (18
for the oscillator. The circuit {0 being tuned
preferably to the oscillator frequency. The ro-

torg of the variable condensers provided in the 19
tuned circuits 22 and 34 and the rotor of the

variable condenser 86 are mounted preferably
on a single shaft to be controlled by & single
dial. The radic receiver is tuned to various fre-
quencies by displacing the rotor of the condenser 13

-t

88 and the rotors of the condensers 111 the tuned

circuits 23 and 34.

Tt will be readily understood that the tuned
cireuit which comprises the condenser 3 and the
primary winding of the transformer &8 offers ¢y
large impedance to- the intermediate fregquency
but relatively little impedance tc the oscillator
frequency. Therefore, there will be a relatively
large transfer of energy at the intermediate fre-
guency from the primary winding of the trans- 23
former 40 to its secondary winding as there will
be a relatively large drop in the intermediate ire-
guency potential across the primary winding.
Tt is also readily understood that the tuned cir-
cuit 110 in the plate circuit of the tube 3% offers ag-
large impedance to the oscillator frequency, but
relatively little impedance to the intermediate
frequency. This construction insures that there
will be a large transfer of energy at the oscillator
frequency from the winding 78 to the primary g5
winding 76 which may be designated as a pick-up
coil. The radio frequency choke 70 insures that
the potential developed at oscillator frequency
across the terminals of the winding 16 will not be
shorted through the power supply. The con-
denser 15 and the winding 16 are preferably tuned 40"
to the oscillator frequency and this tuned circuit
is designated by the reference character 80.

The tuned circuit {10 co-operates with the tube
25 and the primary winding 16 to generate the
local oscillations. When an incoming signal at 45~

radio frequency is impressed upon the grid 35a,

the signal will heterodyne with the oscillator fre-
guency and provides the infermediate frequency
which is ftransferred from the primary winding |
of the transformer 40 to the secondary winding o0
thereof.

It will be readily apparent to those skﬂled in
the art that the stage 12 may be employved in a
superheterodyne circuit in such manner that the

oscillator tube 3% will amplify the mtermedlate 59
frequency.

In some embodlments of the mventmn I COIl~
template employing a variable condenser T75.
When the condenser 715 is a variable condenser,
the rotor thereof will be operated preferably by 60
the same. control which displaces the rotors of
the condenser 87 and the rotors.of the condensers
in the tuned circuits 23 and 34. However, as indi-
cated above, the preferred embodiment of the in-
vention comprises a fixed condesser 15 which tunes 65
the circuit 88 to the order of the oscillator fre-
quency, the rotors of the condenser 86 and the
rotors of the condencers in the tuned circuits 23
and 34 being actuated by a single control.

A feature of the invention is the sensitivity of 70
the improved circuit, which sensitivity permits

‘the use of dry cells as “A”, “B” and “C” power
.SUppIIEu |

Whﬂe I have shown and descrlbed certain em- 75
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bodiments of my mventwn it is to be understood
that it is capable of many modifications. Changes,

therefore, in the construction and arrangement

may be made without departing from the spirit
and sccpe of the. invention as disclosed in the

appended claims, in which it is my intention to
claim all novelty inherent in my invention as

' broadly as possible, in wew of the prior a,rt

10

T claim:

1. In a radio recelver of the heterodyne type,

adapted to be battery operated; a vacuum tube

" including a grid, a plate, and a directly heated

20

filament serving as a cathode; grid, plate, and
‘flament circuits connected to said grid, plate,

. and filament, respectively; a

a. tuned circuit and a
radio frequency choke coil in series with said di-
rectly heated filament, said tuned circuit being
in the grid circuit of said tube; two tuned circuits

in series in the plate circuit, said circuits being
tuned to different frequencies, and one of said
- circuits being tuned to substantially the same.

frequency as the first. mentioned tuned circuit

and inductively coupled thereto, whereby said
tube generates local oscillations of a frequency

substantlally equal to the frequency of said
coupled tuned circuits; and means in said grid

circuit for impressing radio frequency signals on
‘said tube to heterodyne with the local oscillations.

2. A radio receiving circuit of the heterodyne 5' a
type, adapted to be battery operated, including;

a vacuum tube having a grid, a plate, and a
~ cathode: grid, plate, and cathode circuits con-

nected to said grid, plate, and cathode, respec~
tively: a tuned circuit in said grid circuit, said 1g
tuned mrcult comprising an inductance and 2
fixed condenser; a second tuned circuit in said
plate circuit, said second tuned circuit compris-
ing an indutance and a variable condenser, said

second tuned circuit being tuned to substantially 15

the same frequency as said first tuned circuit;
a third tuned circuit in said plate circuit in Se-
ries with said second circuit and tuned to a
different frequency and means whereby said two
first-mentioned tuned circuits are inductively og
coupled, whereby said tube generates local oscll-
lations of a frequency substantially equal to the
frequency of said coupled tuned circuits. *
ARTHU R M. WENGEL.
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