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This invention relates to an improvement
in oscillating apparatus, for use in radio and

other electrical circuits; and particularly os- -

cillating apparatus adapted for modulating
5 and receiving purposes.

An object of the invention is to provide en
oscillating device which will operate through
an ordinary electrical valve device having
terminals comprising a cathode and a pair of

10 anodes; the anodes Eeing so related that the
action of one of them, for example the grid,
upon the other, for example the plate, is

eatly increased by automatic means, which
influences the relations between these two

15 members so as to produce the desired result.

Preferably I achieve my purpose by causing

the well-known controlling or back-feed ac-

tion of the grid to be modified by having the
phase of its voltage changed with respect to

20 the voltage of the plate. This variation of
phase can be accomplished in accordance
with this invention by the use of reactance
means, such as an electro-magnetic element
in the plate circuit, or the grid circuit or both,

25 which controls the current and oscillations in

the plate circnit or grid circuit or both, and
periodically or in accordance with the signals
impressed affects the back-feed action or con-
trolling action of the grid in such a manner
that a greatly enhanced output or amplifica-
tion per stage in the plate cireuit is obtained.

Tn like manner my invention can be prac-
ticed with all means for producing oscilla-
tions comprising an output circuit and a cir-
5 cuit to control same. o

Other objects and advantages of this in-
vention are set forth in the following descrip-
tion, together with the drawings which show
electrical constructions by which my inven-
tion can be practiced, and the novel features
of my oscillating arrangement are defined in
the appended claims. This disclosure, how-
ever, is illustrative only, and I may change
the details of what is actually presented in
the drawings, without departing from the
principle of this invention, to the full extent
indicated by the broad and general meanings
of the terms in which the claims are ex-
pressed.

In the drawings:— :

Fig. 1 shows diagrammatically a circuit
comprising terminals. such as a cathode and
a pair of anodes, the latter being connected in
controlling or feed-back relation, with an
electromagnetic element in the circuit of one
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(gﬁ the anodes in accordance with my inven-
10N ; ’ '
Fig. 2 presents a graph showing the effect
produced by the presence of this electro-mag-
netic element ; :
_Fig. 3 presents a pair of diagrams to in-
dicate the manner in which the feed-back ac-
tion of one of the anodes is modified and its
phase altered by the presence of this element;
Fig. 4 shows a complete oscillating device
or a unit;
Fig. 5 shows a circuit for receiving pur-

‘poses in telephony, according to my inven-

tion, with key to transmit signals included,
if desired ; and

Fig. 6 shows how two or more oscillating
devices can be connected in cascade to make
a complete amplifying apparatus or system
in which the principle of my invention 1s em-
bodied.

The same numerals identify the same parts
throughout. '

Referring first to Fig. 1, I show an ordi-
nary electrical oscillating or valve device con-
sisting of a simple vacuum tube having a
plate 2 connected with reactance means, such
as a self-inductive coil 8; this plate having its
circuit completed through a conductor 4 lead-
ing to one terminal of a filament 5 in the tube,
this filament being connected to the usual en-
ergizing battery “A”. Connected around the
coil 8 is a condenser 6. The tube also con-
tains a grid 7, which is joined through a con-
ductor 8 to a coil 9 that may be loosely
coupled to the coil 8 and likewise united to
the wire 4, so that the grid circuit or control-
ling circuit extends from member 7 through
the filament, the conductor 4, the coil 9 and
the wire 8. Contrary to the usual practice,
T provide the plate circuit with an iron core
10, associated with the coil 8, and I believe the
presence and the action of this core fo be
new. Between the grid and the coil 9, I may
have an inductance coil 11, and the grid
circuit also has a condenser 12 between the
grid and the filament 5. The iron core 10 can
be so designed with reference to the frequen-
cies to be generated in the circuit of the plate
or anode 2, that the operation will be at-
tended with only small losses. Ience I em-
ploy finely laminated sheet iron for this core
or very fine iron wire when very high fre-
quencies are to be obtained. At B is the bat-
tery for terminal 2, and a coil 13 with iron
core may be inserted between this battery
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and the plate, to prevent oscillations reach-
ing the battery B.

“We may now consider, independently of
the tube 1, the characteristics of a circuit
comprising a condenser and a self-induction
coil with an iron core. When oscillations
are produced in such a circuit, the natural
period of or number of oscillations in 1t is
not constant, because the self-induction of
the coil depends upon the degree of satura-
tion of the iron. Thus the number of os-
cillations is variable and changes according
to the degree of momentary magnetization
which exists or is produced by the influence
of the current flowing in the oscillation cir-
cuit. The greater the current, the smaller
becomes the self-induction vand the greater
becomes the number of oscillations or ire-
quencies.

Fig. 2 presents a pair of axes, OX and OY,
and the curve OM is the well-known curve of
magnetization produced by a current flow-
ing around a core of iron. The OY axis will
give, for constant frequency, the voltage be-
tween the terminals of the coil 3, depending
upon the current flowing, which is plotted
along the OX axis; while a straight line ex-
tending from the point O to any point of
the curve gives the voltage between the ter-
minals of the condenser. Since the cireuit
works at the natural frequency, the voltage
of the inductance coil 8 and the condenser
voltage must be the same, no matter what
the current. Therefore the slope of the line
from the point O to any point on the curve
OM gives a measure of the generated fre-
guency per second. Obviously, as we go

rom the point O along the line OM with in-
creasing current, a line from the point O to
successive points along the line ON makes
a decreasing angle with the horizontal axis,
and the cotangent of this angle, as the slope
of the line decreases, will increase. Hence
increasing the current up to a certain point
will cause a material increase of frequency
to take place. '

With this in mind, one will see, with ref-
erence to Fig. 1, that when the tube 1 is
working so that current will flow in both
the plate circuit and the grid circuit in the
well-known manner so as to produce oscil-
lations in the plate circuit, the number of
oscillations or frequency in the plate circuit
will change from the moment these oscilla-
tions begin, according to the amplitude of
the current in the coil 8. It is to be as-

_sumed that the self-induction produced by
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the coil 8 containing the iron core 10 is so
designed that when current flows in the coil
3, a suitable range of the curve of magnetic
saturation will be traversed.

For example, the grid or controlling cir-
cuit in Fig. 1 which is in back-feed relation
to the plate circuit through the loose cou-
pling between the coils 3 and 9, will be so
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designed and tuned that for the initial oscil--

lations and a very small load or output of the
tube 1, this circuit will be almost entirely
self-inductive - in character. Under these
circumstances, the condenser 12 of the grid
circuit will have a slight effect. The natural
number of oscillations or frequency of the
grid circuit, too, is smaller than the natural
number of oscillations of the plate circuit.

The core 10 is iow in & condition of slight
or low saturation. However, as the oscil-
lations continue, the current rises and in-

70
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creases in amplitude in the plate circuit of -

the tube. The iron core 10 becomes more
and more saturated, with the result that the
effective self-induction in the plate circuit
grows less, and consequently the number of
oscillations in the plate circuit become
greater. _

Now the back-coupling to the grid circuit
is correct and effective so long only as, with
the oscillations generated, the grid circuit
remains preponderantly self-inductive. But
as soon as, in consequence of the loading or
saturation of the iron core, the frequency so
increases in the plate circuit, that with a cor-
responding increase of frequency in the grid
circuit through the coupling between coils
3 and 9, a point is reached at which, in con-
sequence of this rise in frequency, resonance
is attained and passed, the phase in the grid
circuit changes, and this circuit becomes
capacitative in character. The phase of the
voltage of the grid, as is well known, will
alter very quickly with respect to the plate
voltage by almost as much as 180°. Now the
back-coupling which formerly produced os-
cillations causes a choking of oscillations.
The change of conditions in the grid circuit
whereby, upon the point being passed at
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which the grid circuit finds itself in reso-

nance and the character of the grid circuit

‘becomes changed, is indicated on the two

diagrams of Fig. 3, the lower of these two
diagrams presenting a condenser C in the
place of the coil 9, in_order to stress to the
eye the point under discussion. The effect
5o obtained can be utilized according to this
invention in many ways, and gives ampli-
fication in very high degree. What really
is attempted and accomplished is the same
as though the tickler coil commonly used
and well known were rapidly thrown over
from a back-feed to a contrary position.

In practice, the reversal of the phase of
the voltage in the back-coupled grid circuit
in consequence of the increasing magnetic
saturation of the iron core 10, must not be
allowed to take place slowly, because a cer-
tain stability of oscillations generated may
occur; but on the contrary, such reversal of
the phase should take place quickly. The
plate circuit and the grid circuit must be
so designed in relation to one another that

‘the critical point at which the first reversal
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- fore it can begin to increase again.
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takes place, is arrived at by the use of a sur-

lus of energy, for example, by making the
Eack coupling in such & way that oscillations
begin: very quickly and the critical point is
reached before the full capacity of the tube
is used. Then no stability results. On the
contrary, after the attainment of the criti-
cal point, and the corresponding dégree of

. saturation of the iron, the current in the plate

circuit will rise somewhat further and then
rapidly drop, after the change of phase takes
place in the grid circuit, and in consequence
of the change of phase. .

Due to the hysteresis in the iron at decrease
of current, the point at which the oscilla-
tions or frequency in the grid circuit runs
through the critical or resonance point in re-
verse direction, is reached at much lower cur-
rent amplitude. In fact, by proper design,
one can make the current in the anode or
plate circuit completely die out or stop be-
ence,
instead of stable oscillations with constant
amplitude of current in the plate circuit, a
periodical change of the amplitude takes
place. The period of this change of ampli-
tude depends, as is easily seen, upon the con-
stants of both circuits, and particularly upon
the resistance in the plate circuit and the
steepness with which the oscillations of the
tube start, that is to say, of the back cou-

pling. : . .
A simple and practical utilization of the
phenomensa abeve set forth can be made for

receiving purposes in both wireless teleg-

‘raphy and telephony. In telegraphy, for ex-

ample, I can utilize the principle of my in-
vention in connection with a circuit for the
reception of undamped signals, in place of
the heterodyne receiving circuit, and greater
sensitiveness can easily be secured. he tube
1 is then so operated that with no voltage
impressed upon the grid from without, os-
cillations commence. The signal thus pro-
duces the oscillations and the effect of the
iron core audibly modulates the signals.
The auxiliary frequency then introduced
can be enhanced by providing in the plate
or output circuit, or in the grid circuit, or in
both, an element which is tuned to this aux-
iliary frequency. For instance, one can place
one or more auxiliary windings upon the coil
3 with the core 10, and with additional means,
such as cbils and condensers, make a reso-
nance circuit for the auxiliary frequency, and
back-couple this auxiliary resonance circuit,
which may include a similarly tuned element.
The auxiliary frequency comes from the in-
terruptions, due to the iron core 3, of the
oscillations produced by the valve under the
See, for example, Figure 4. In this view
the connections are all as in Figure 1, with
the addition that an auxiliary winding 14 is

3
placed upon the coil 3, and in circuit with

this winding are coil 15 and condenser 16,
(variable if desired), which will be tuned to

the auxiliary frequency, which is different

from the frequency of the signal oscillations.
Included in the grid circuit may be a con-
denser 17 united by conductors 18 to a coil
19, that is to carry the auxiliary frequency
only, the coil 19 being in inductive relation
to the coil 15. By means of the coil 19 and
condenser 17, the effect of a further back-
cousling is provided for the circuit of the
grid or member, and this further back-cou-
gling may be either tuned to the auxiliary

requency or aperiodic, and either capacita-
tive or inductive.

For receiving purposes in telephony, the
‘tube is set to oscillate at the frequency of
the incoming signals. It is very easy to ad-
“just the periodic change of the plate current,
then, to take place at a frequency above aud-
ible limits. If, now, the coil 11 be coupled
to an antenna and incoming signals received
upon it, and the tube set into operation, the
incoming voltages will be impressed upon
the grid cireuit. The combined action of the
feed back, and the incoming signals, and fur-
‘ther possible back-feed provided by parts
17 and 19, will modulate the output of the

‘plate circuit, in accordance with the effects
“which the incomin

signals produce in the
coil 11. A degree of amplification in the tube
is thus obtained which 1s limited only by the
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available output capacity of the tube, and is -

almost completely utilized for the generation
of the sounds in the telephone receivers.

A further arrangement according to my in-
vention with the coll 11 coupled to an antenna
circuit is presented in Figure 5. Here a tele-
phone receiver is shown in the plate circuit at
T. The extra back coupled circuit compris-
ing the condenser 17 and coil 19 is cmitted
and a coil 9’ is utilized in place of the coil 9,
in inductive relation to the coil 11;i. e., as 2
tickler coil being connected to one terminal of
the coil 8 and to one terminal of the filament.
Except for the omission of the additional
back feed, due to condenser 17 and coil 19,
the operation of this arrangement, as to the
effect of the coil 8 with iron core 10, is the
same as above. In parallel with the coil 11 is
shown an adjustable condenser 12/, with an-
other adjustable condenser 20 between the
plate and filament, and the condenser 6 in
series with the coil 8. It will be noted that in
Figs. 1,3 and 4 condenser 6 is shown in paral-
lel with winding 3, whereas in Figs. 5 and 6
condenser 6 is disposed in series with coil 3.
At ¢ is shown the antenna with coil P in in-
ductive relation to the coil 11. This circuit is
untuned and operates to give superregenera-
tive amplification. o

My invention can also be advantageously
used by feeding the incoming signals into the
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modulating coil placed on the iron core self
inductance of the plate circuit of the tube,
instead of feeding it into the grid circuit.

Figure 6 gives a working diagram of this
mode of operation. In order to obtain s hi gh
amplifying effect, the tube and the saturation
of the iron core of the coil are so set that a
minimum change of said saturation will pro-
duce a large change in the amplitude of the
plate oscillations by changing the phase rela-
tion between the grid and the plate circuits.

At the left half of Figure 6, the condenser
19 is across filament and grid. Variable con-
denser 20 is connected as before, and the ter-
minals of coil S inductively related to the an-
tenna, are joined to the circuit including the
parts 14, 15 and 16. Condenser 6 is in series
with coil 8, and coil 9, though still loosely cou-
pled to coil 3, has a bias battery G, to influ-
ence the grid cireuit, so that the variation in
;E)scillations has the maximumn rectifying ef-

ect.

Tt is advantageous to set the grid bias so
that the maximum change in plate current
will be obtained for a certain change of the
amplitude of the plate oscillation.

The output of the tube can for purposes of
further amplification be fed into another unit
made up in the same way, as shown at the
right half of Figure 6. This is accomplished
by connecting the plate and filament at the
left half of Figure 6 to a second unit of the
same description as, at the left half of Figure
6; running the conductors 21 from plate and
filament as before to the circuit of the con-
denser 16 and coils 15 and 14 of the second
unit. Coil 15 may have an iron core 22, and
in the circuit leading from the first unit to the
second may be a battery B and a receiver T
in series with the coil 15. Another coil 23,
with iron core 24, in series with another bat-
tery B and receiver T, will be in the plate and
filament circuit of the second tube. This sec-
ond receiver may be operated at audio ire-
quency, while the first joined to the unit at
the left, enables the operator to ascertain con-
ditions in the first or left unit, and adjust
accordingly.

Depending upon the frequency to be am-
plified, it may then be decided whether the
current fed into the second unit be the recti-
fied current of the first unit as shown in Fig-
ure 6, or whether the feeding is done direct at
the frequency generated in the first unit. In
the latter case, the input circuit of the second
unit at the right can be tuned similar to the
first unit. If the frequency received be high,
it may even be advantageous to rectify before
going into the input circuit of the first unit.

My invention will work very well also, if
the tuning of the grid circuit be changed in
accordance with the signal instead of the tun-
ing of the circuit of the plate or anode ter-
minal 2, and if by these means the phase rela-

1,697,126

tion between the two circuits is shifted in the
way described. This may be advantageous
inasmuch as much smaller currents flow in
the grid circuit than in the plate circuit.

For the utilization of the full effect of the
invention for receiving purposes, one may
employ a receiving tube with larger emission
than 1s customary. Such larger emissive
capacity can be obtained by the use of oxide
covered- filaments in the tubes, without too
much power consumption for the heating of
the filaments.

To facilitate the tuning of such apparatus
and give a very close adjustment of the point
st which phase alteration takes place, one
can arrange to give the iron 10 a variable
preliminary magnetization with direct cur-
rent, but the circuit of this direct current
must of course be protected against high fre-
quency.  See Figure 5, showing a small mag-
netizing coil 25 on the core 10, in circuit with
a battery M, iron-core cheke coil 26, and vari-
able resistance 27. ¢

A further advantage in the use of this in-
vention is due to the Tact that it permits the
making and breaking of large energies with
small means. In transmission, if a tube is
operated so as to be in stable oscillation, the
greater part of its self-induction being, how-
ever, provided with an iron core, one can use
a small direct current in the suxiliary wind-
ing, and thus change the self-induction.
Thus very suddenly the false phase of the
voltage in the back coupling is produced, and
the oscillations are very rapidly choked. For
this purpose & key K can be provided, as
shown in the circuit of battery as in Figure 5.

Figure 6 shows how my invention can be
employed in cascade. In this combination,
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the first coil 14 is joined by wires 21 to-a coil .

S, which is part of a receiving antenna P.
The output circuit of the frst tube is con-
nected o a second unit and the output of the
firgt, tube is further amplified by the action
of the second tube, and so on until the desired
degree of amplification is veached. The de-
vice as shown in this view has the advantage,
that in succeeding steps of amplification the
frequencies can be chosen arbitrarily and dif-
fering from each other, provided that each
one of these frequencies is higher than the
frequency of its input.

The vertical dot-and-dash line in Fig. 6
signifies that no inductive relation exists be-
tween the coil 15 of the first unit and the ad-

-jacent coil 11 of the.second umit.

A further advantage is that there is no re-
radiation, because only the antenns and first
input circuit are tuned to the signals.

Of course any magnetic metal besides iron
can be used for the core 10.

While I have described my invention in cer-
tain preferred embodiments, I desire that it
be understood that medifications may be

1€



10

15

© 20

. 1,697,126

made and that no limitations upon my inven--
tion are intended other than are imposed by
the scope of the appended claims. v .
Having described my invention what I be-
lieve to be new and desire to secure and pro-
tect by Letters Patent of the United States is:
1. Radio receiving apparatus comprising
an electrical oscillating device having an out-
put circuit, a member for co-operating with
said circuit, to be subjected to an electric po-
tential, an electro-magnetic means connected
in shunt with said circuit and capable of
changes in reactance to influence the phase of
the voltage of said member with respect to
the voltage in said circuit to cause amplify-
ing action, said changes in reactance depend-
ing on values of current passing therethrough,
and means for controlling the effect of said
electro-magnetic means in accordance with
incoming oscillations. e -

2. An_amplifying device c’dfnpﬁsihg' an

. electrical valve device having a plate fila-
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ment and grid therein, an output circuit con-
nected with said plate, a grid circuit connect-
ed in feed-back relation to the plate, and an
inductive coil with magnetic core connected
in shunt with the plate and filament to in-
fluence the phase of the voltage of the grid
ct to the voltage of the plate, and
an auxiliary coil for fixing the magnetic con-
dition of the first coil. - .
3. An amplifying apparatus comprising
an electrical valve device having a plate and
an output circuit connected thereto, a grid
circuit connected in feed-back relation to the
plate, an electro-magnetic coil connected in
shunt to the output circuit, said coil having a
magnetic core, the inductive effect of said coil

- influencing the phase of the voltage of the

grid circuit with respect to that of the plate

circuit, an auxiliary coil in inductive relation -

to said coil, and connections for enabling
said auxiliary coil to receive incoming sig-
nals for changing the magnetic condition of
said first mentioned coil for modulating the
output of said valve device. '

4. An oscillating device comprising a plate,

. afilament and a grid electrode, circuits inter-
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connecting said electrodes, a coil with mag-
netic core connected in shunt with the plate
and filament, the grid being in feed-back re-
lation to the plate, an auxiliary coil induc-
tively related too the first coil, means com-
prising a coil and a condenser connected to
the auxiliary coil, and an additional coil as-
sociated with the auxiliary coil and connect-
ed to provide independent control of the grid
circuit.

5. A cascade amplifier consisting of succes-
sive units, each comprising an oscillating de-
vice with a terminal connected to an output
circuit and reactance means in each output
circuit, & controlling circuit associated with

“electron tubes each having grid,

_tron tube an

5

each output circuit, a circuit for receiving
signals, an auxiliary circuit for each unit
associated with the reactance means thereof,
the auxiliary circuit of the first unit being
connected to the receiving circuit, and the
output circuit of the first unit being con-
nected to the auxiliary circuit of the next
unit. :

6. An electric valve having an output cir-
cuit and a control circuit the currents of
which have a predetermiend or natural phase
relation and means for varying said phase
relation comprising a magnetized iron core

‘a winding on said core disposed in shunt with

said output circuit and a magnetic coupling
between said winding and one of said circuits.

7. A vacuum tube comprising a plate cir-
cuit and a grid circuit, said grid circuit being

-connected in feed-back relation to said plate

circuit, means connected in shunt with the
plate circuit of said tube to alter the phase

‘relation of the currents in said circuits, and

auxiliary means magnetically coupled with
said first mentioned means for selectively
fixing the magnetic condition of said plate

-circuit.

8. In an amplifying system a é)luralitj of

plate electrodes, input and output circuits
interconnecting said electrodes, a signal re-
ceiving circuit, means coupling the input
circuit of one of said electron tubes with said
signal receiving circuit, a circuit connected

across the output circuit of said last men-

tioned electron tube and comprising a series
connected inductance and capacity, an iron
core for said inductance, an auxiliary winding
disposed on said iron core, a tuned circuit
connected with said auxiliary winding and
connections between said tuned circuit and
said signal receiving circuit, a coupling be-
tween the input circuit of a succeeding elec-
said last mentioned tuned cir-
cuit and a responsive device connected in the
output circuit of said last mentioned elec-
tron tube. o ‘ .

9. An amplification system c¢omprising a

lurality of electron tubes each having grid,

glament- and plate electrodes, input and out-
put circuits interconnecting said electrodes,
the output circuit of each of said tubes in-
cluding a shunt circuit having capacity and

inductance elements therein, an iron core for -

each of said inductance elements, an auxil-
iary circuit associated with each of said in-
ductance elements, inductances in the in-
put circuits of each of said tubes coupled
with the inductance elements in said shunt
circuits and a coupling between the input
circuit of a succeeding tube and the aux-
iliary circuit of a preceding tube.
In testimony whereof I aﬂglx_, mﬁ%wm.
: EMIL M R.
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