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6 Claims,

This invention relates to improvements in radio-
receivers or receiving apparatus for signalling;
especially receivers intended chiefly for use in
radiotelegraphy.

An object of the invention is to provide a novel
radioreceiver which is capable of operating upon
the heterodyne principle; and which therefore
comprises suitable circuits for the incoming os-
cillations, a source of local oscillations, means for
combining the incoming oscillations with the local
" oscillations, and means for actuation by oscilla-
tions of the resultant or beat frequency to enable
the incoming signals to be perceived.

Another object of the invention is to provide a
heterodyne receiver designed to admit incoming
" oscillations having frequencies extending over a
band of predetermined width, with a detector in
which said incoming oscillations are compined
with local oscillations: and suitable devices in-
cluding circuits tuned to the resultant or beat fre-
quency for the efficient operation of suitable ap-
pliances for enabling the incoming signals to be
perceived and understood.

A further object of the invention is to provide
-2 radioreceiver comprising selector circuits for
passing a band of frequencies; devices for giving
radiofrequency amplification of the incoming os-
cillations over a, corresponding range of frequen-
cies; said devices being coupled by aperiodic or
untuned circuits; additional devices for audio-
frequency amplification; a suitable detector be-
tween the devices for radiofrequency amplifi-
cation and the devices for audiofrequency ampli-
fication; the last named devices comprising tuned
circuits connected with output means; and a local
oscillator coupled to the detector and adjustable
to deliver oscillations differing from the incom-~
ing oscillations by a frequency substantially equal
to the resonant frequency of said tuned circuits.

Other objects and advantages of the invention
will appear from the following description taken
with the accompanying drawing, which show one
embodiment of this invention. But this disclo-
sure is illustrative only, and right is reserved to
make changes which do not exceed the scope of
the invention or the broad meanings of the terms
in which the appended claims are expressed.

The drawing shows an outline of an arrange-
ment of circuits and other elements according to
the invention.

The receiver circuit comprises an antenna 1,
or collector connected to a suitable antenna, which
may be of the directional type. The incoming os-
cillations reaching the antenna are passed

5 through a coupling stage 2 comprising a three-

element vacuum tube; then by way of a series of
coupled tuned circuits 3 to a stage of radiofre-
quency amplification indicated as a whole by the
numeral 4. This stage includes a number of am-
plifier vacuum tubes in tandem, the last of which

(C1. 250—8)

being coupled to a rectifier and detector 5. Be-
yond the rectifier is an audiofrequency amplifi-
cation and filter stage 6 coupled to an output
stage 7. The anode current of this stage is con-
verted into unidirectional current by a pair of
rectifiers 8; and by a relay coupling stage com-
prising a vacuum tube 9 the signals are impressed
upon a relay comprising a coil 10 and a movable
contact 11, which controls the circuit to the sig-
nal recorder.

The local oscillator is shown at 12 and is coupled
to the anode circuit of the detector 5. This oscil-~
lator is adjusted so that the frequency thereof
differs from the frequency of the incoming osecil-
lations to give the beat frequency required.

To afford suitable volume control the collector
1 includes a series resistance 13, acting as a
potentiometer, and cooperating therewith is a
movable contact 14 connected to the grid or con-
trol electrode of the tube in the coupling stage 2.
A suitable source of electric current 15 energizes
the cathode of this tube; one pole of this source
15 being grounded at 16. Through a .pair of
main conductors 17 the same source of current
supplies the filainents of the tubes of the stages
4, 6 and 7, the rectifier 5, the rectifiers 8 and
the coupling tube 9 in parallel. At 18 is a source
of electric energy of higher potential; grounded
at its negative end like the source 15; and with
its opposite terminal joined to a lead 19 to the
anodes of the tubes of the stages 2, 4 and 6,
which are supplied in multiple, A similar lead
20 from the positive pole of the source 18 con-
nects the anodes of the tubes 7 and 9 in parallel;
also a branch conductor from the anode of the
oscillator tube 12 to the lead 19 enables the
botential of the source 18 to be impressed upon
this electrode also. A suitable by-pass condenser
21 is connected in the output circuit of the
tube in the coupling stage 2 between the anode
and the filament, so that the high frequency
oscillations received on the collector 1 will not
reach the battery 18. )

The output circuit of this tube contains a trans-
former coil to enable it to be coupled to the
stage 3 which comprises tuned circuits 22, 23
and 24, The circuit 22 contains a secondary
coupled to the primary of the stage 2, and a
primary in series with said secondary to couple
the circuit 22 to the circuit 23. Similarly the
circuit 23 includes a primary coil coupled to the
secondary of the circuit 24. All three of these
circuits have a condenser indicated at 25 and
these condensers are preferably arranged so that
they can be adjusted in unison. These circuits
have the effect of a band pass selector and will
transmit oscillations within a band or range of
frequencies having a predetermined width. ' The
last circuit 24 constitutes a multiple tuned cir-
cuit in the input circuit of the first tube of
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2
the radiofrequency amplification stage 4. This
stage as shown comprises three amplifier tubes
with the output of each coupled to the input of
the next by means of aperiodic or untuned cou-
pling transformers. ANy suitable design of tubes
will serve the purpose bub it is preferable to use
tubes of novel form with the cathodes between
the anodes and grids; both the grids and the
anodes being cylindrical and the cathodes hav-
ing the shape of spirals and spaced farther from
the anodes than from the grid. Such a tube
will give an effect similar to that of a screen
grid tube; and in operation the filament and
the electrons emitted thereby provide a very ef-
fective screen or electrostatic shield between the
anode and the grid; the conirol action of the
grid on the-electrons between the filament and
the anodes being in no wise impaired.

These tubes may be of the three element
screeried type as more fully described in the
pending  application for U. 8. Letiters Patent,
Serial No. 524,254, filed March 21, 1831, Such
tubes are screened to prevent coupling between
the grid and plate, as described in the appli-
cation aforesaid. This type of tube requires 1no
external neutralization and therefore none is
shown herein. However, the circuit herein shown
and described is not inefficient, but on the other
hand is highly efficient because of the charac-
teristics of the aforesaid tubes in combination
with the circuit herein described.

Beyond the last tube of the stage 4 is the
rectifier and detector, which has the form of a
vacuum tube containing an anode and a heated
cathode only. The anode of the last tube in
the stage 4 is electromagnetically coupled to the
anode circuit of the detector, and this latter cir-
cuit is also coupled to the cireuit of the oscillator
12 by a tuned link as will be deseribed later.
"The anode or positive electrode of the detector
is supplied with current from the source 15, which
impresses a relatively Jow potential thereon
through resistance 26 connected across the leads
17; thHe anode of the rectifier tube being con-
nected to this resistance through a movable ter-
minal so that the voltage can be adjusted. In
setries with this movable terminal and the anode
is the primary coil of an iron-core transformer
by which the detector is coupled to the input of
the first tube of the stage 6. The output of
this tube is electrostatically coupled to the inpub
of the second audicamplifier tube of the stage
6 through a condenser 27; and this last named
tube is similarly coupled to the tube of the output
stage 7. 'The anode circuits of both tubes of
stage 6 contain parallel tuned circuits comprising
inductance and condensers shown at 29; and the
grid circuits of the second tube of the stage 6
and the tube of the output stage 7 contain leak
resistances 28. One of the tuned circuits 29 may
be dispensed with if desired and still the required
selectivity could easily be obtained. Also induc-
tive coupling instead of electrostatic coupling
could be utilized.

The anode circuit of the single tube of the out-
put stage is connected with the conductor 20
through the primary of an iron-core transformer
30. The opposite terminals of the secondary of
this transformer are united to the ahodes of the
rectifiers 8. The cathodes of the rectifiers 8 are
in parallel and the midpoint of the secondary of
the transformer 30 is connected to these cathodes.
" The oscillator 12 comprises an evacuated con-
tainer enclosing & filament 31 connected across
the lead 17 and an anode 32 connected to the
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main plate conductor 19. These two electrodes
are at opposite ends of the tube 12 and between
them is a third electrode having the form of an
open cylinder with one end presented toward the
electrode 32 and the other toward the filament
31. 'The circuit of the clectrode 33 contains a
parallel tuned circuit including inductance and a
variable condenser in series with the condenser
35 joined to the negative terminal of the filament
21. By means of the circuit 34 the frequency of
the tube 12 can be regulated as desired. The in-
ductance of the circuit acts as the primary of a
transformer by which the circuit of the electrode
33 is coupled to the link circuit 36; which, as
already described, is inductively coupled to the
anode circuit of the-rectifier 5. The adjustable
condenser 25 enables this link circuit to be tuned
to the frequency of the tube 12

The midpoint of the secondary of the trans-
former 30 is joined to the negative electrodes of
the rectifiers 8 through a lead containing a con-
denser 37 and across the terminals of this con-
denser is bridged a resistance 38. The two ele-
ments 8 thus give full wave rectification and sup-
ply a fluctuating voltage to the relay coupling
tube 9. This tube is also of the three element
variety with the grid thereof connected by a mov-
able terminal 39 to the resistance 38, which serves
as a potentiometer. Thus the input voltage of
the tube 9 can be adjusted. The voltage of the
anode of the tube 9 is controlled by a fixed re-

istance 40. The relay coil 10 .is in shunt with
the fizxed resistance 40, being connected at one
end to the ground and at the other end to the
anode of the tube 9 through a fixed condenser 41
to provide neutralization of the inductance of
this relay, and in consequence reducing the elec-
trical inertia of the relay circuit. This arrange-
ment enables the relay to operate very efficiently
at high signalling speeds. The tube 9 functions
as a very low frequency amplifier-comparable to
the speed of signalling; its output being approxi-
mately 35 cycles per hundred words per minute.

All of the tubes except the rectifier fubes 5
and 8 have by-pass condensers 21 in the output
circuits thereof. The filaments and plates are
all suppplied from batieries; although the re-
ceiver could just as well be operated with alter-
nating current for the filaments and rectified
alternating current for the anodes. - No grid bias
on any of the tubes is employed except that which
is inherently obtained by joining the grids of the
amplifier tubes to the negative terminals of the
filaments.

In practice the incoming oscillations picked up
by the collector are passed through the stage 2
and the selector 3 which may transmit a band
of a certain width. In the stage 4 the oscilla-
tions are amplified, and. in the detector of the
stage 5 the signal oscillations are combined with
the oscillations delivered by the oscillator 12
which beat with the signhal oscillations. The
audiofrequency stage 6 by reason of the tuned
circuit 29 will operate in synchronism with this
beat frequency; which is passed on through the
tube of the stage 7, then rectified by the elements
8 and transmitted by way of the coupling tube 9
to the key relay 10.

While the tubes of the radiofrequency ampli-
fication stage 4 are coupled by untuned trans-
formers, the correct design of these transformers
will afford a condition of approximate resonance
over a band of frequencies of substantially -the
same width as that of the selector-stage 3, and this
makes possible a gain in each- stage that- is-quite
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large enough for the burposes of this invention.
The type of receiver above described is of the
so-called single sub-channel variety; that is,

only one sub-channel at a time can be received-

by reason of having only one audiofrequency
filter 6, but, also it is capable of receiving any
desired sub-channel by simply adjusting the
heterodyne beat to conform with the resonant
period of the audiofrequency filter. The choice
of audiofrequency filter period is dependent to
some extent upon the irequency spacing be-
tween sub-channels. For example, where the
sub-channel spacing is 750 cycles the audiofre-
quency filter is tuned to approximately 2200 cy-
cles; so tha$, to receive any desired sub-channel,
the heterodyne oscillator is tuned to provide a
2200 cycle beat with the desired sub-channel.
This frequency of 2200 cycles is chosen as that
beat which is least susceptible to heterodyne in-
terference between sub-channel frequencies. Te
explain further, let it be assumed that a sep-
aration of sub-channels of 1000 cycles is used,
likewise that the audiofrequency filter is tuned
to respond to 1000 cycles. It can then be seen
that regardless of which sub-channel was being
heterodyned by the local oscillator there would
still exist in the detector circuit thousand cycle
beats between adjacent channels, and obviously
the audiofrequency filter stages would respond
equally well to all of these beats and make im-
possible the selection of any one sub-channel,
So then, there exists g mathematical relation-
ship between the sub-channel separation fre-
quency and the beat frequency farthest removed
from sub-channel beats or beats from their har-
monics.

This type of receiver by virtue of its flexihility
has great utility, particularly for stations that
do not necessarily make use of all the possible
sub-channels simultaneously. For simultaneous
multiple channel reception, the output of the
detector tube through perhaps one additional
audioamplifier would be fed into audiofrequency
filter stages, one for each sub-channel, and sep-
arated by a frequency equivalent to the sub-
channel frequency separation. Each filter stage
output circuit would then bhe connected to its
own relay through a rectifier and coupling sys-
tem as described above.

What is claimed is:

1. A radiotelegraph receiver comprising de-
vices and connecting circuits for giving radiofre-
quency amplification of incoming oscillations, de-
vices and connecting circuits for audiofrequency
amplification, an intervening detector having a
cathode and an anode and a local oscillator the
output of which is delivered to the anode of said
detector electromagnetically via g tuned link
along with said incoming oscillations, said audio-
frequency devices being electrically tuned to g
fixed frequency, said local oscillator having ad-
justable means for confrolling the frequency of
the generated oscillations independent of the tun-
ing means in said link.

2. A radioreceiver comprising a vacuum tube,
having an anode, elements for effecting full-wave
rectification of current in the cirecuit of said
anode, a relay, a vacuum tube to couple said relay
to the rectifying elements, said tube containing
an anode with a resistance in series therewith,
and a condenser in series with said relay, said
relay and said condenser being in multiple with
said resistance.

3

3. A radiotelegraph receiver comprising de-
vices for radioamplification, devices for audio-
amplification, an intervening detector comprising
a cathode and an anode, a source of electric
energy for said cathode, a resistance in parallel
with said cathode, a conductor united to a mov-
able terminal of said resistance at one end and
to the anode at the other end, and a local gen-
erator of oscillations adapted to deliver via a
tuned electromagnetic coupling link energy to
the anode of said detector circuit for the purpose
of heterodyning with incoming oscillations also
delivered to the anode of said detector circuit
thereby producing in said detector anode circuit
a plurality of beat frequencies, said devices of
audiofrequency amplification being electrically
tuned to respond to only one of said beat fre-
dquencies,

4. A radiotelegraph receiver comprising de-
vices for radiofrequency amplification, similar
devices for audioampliﬁcation, an intervening
diode detector, a source of local oscillation and
a tuned link through which the oscillations of
sald source are delivered to an anode of said
detector for the burpose of producing beats in
said detector circuit with incoming oscillations,
said audicamplification devices adapted to re-
spond to and to amplify only one of said beats,
said amplified beat being within the range of
audible frequencies.

5. A radiotelegraph Teceiver comprising de-
vices for broducing radiofrequency amplification,
a collector, a three element vacuum tube adja-
cent said collector, g plurality of tuned ecircuits
between said devices and said collector, said radio-
frequency amplification devices adapted to re-
spond to a wide band of frequencies and having
connected to
prising a two element rectifier, also electromag-
netically coupled to the anode of said detector
circuit via a tuned link, a source of local oscilla-
tion having adjustable frequency characteris-
ties and adapted to broduce difference beat fre-
quencies in said detector cireuit with incoming
oscillations connected to sald detector circuit,
and a device for audiofrequency amplification
having a fixed frequency characteristie, said local
oscillation adjusted to broduce a beat with the
desired incoming oscillation of the same fre-
quency as that to which said audio device is
tuned.

6. A radiotelegraph receiver comprising a col-
lector, a plurality of circuits tuned to pass in-
coming oscillations having frequencies extend-
ing over a band or range of predetermined width,
means comprising a vacuum tube to couple said
circuits to said collector, radiofrequency ampli-
fying tubes connected by untuned circuits to
which said tuned circuits deliver, a diode de-
tector having a cathode and an anode for receiy-
ing said amplifying oscillations, a generator of
local oscillations electromagnetically coupled
via a tuned link to the anode of the detector, the
incoming and loecal oscillations combining in said
detector to produce oscillations of a different fre-
quency and means for amplifying oscillations of
said different frequency, said resultant different
frequency lying within the audible range of fre-
quencies and said means comprising one or more
circuits tuned to said different frequency where-
by oscillations of any other frequency will pe
filtered out.
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