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My ‘invention rélates “to high' frequency
electrical apparatus employlnfr electron -dis-
charge devices, the plate'and grid circuits of
which are coupled in' any suitable ‘manner
to provide a'‘feed back ‘ot ~energy ‘or regen-
eration. More- partlcularly “my invention
relates to radio Teceiving apparatus-so ar-
ranged that the degree to- Wthh regeneration
may ‘be carried determines in a larrre meas-
ure ‘its degree of Tesponse or sensmwty to
signal energy.

Tn regenerative apparatus of this charac-

ter heretofore provided, the response or-sensi-

tivity has ‘been limited by the ‘tendency of
the electron ‘discharge device furnishing the
regeneration to set up. a sustained’ oscillation
in ‘the circuits ‘connected “with. it when the
regeneration was increased beyond . a certain
pomt “The sustained oscillation causes:dis-
tortion or loss of the ‘signal being ‘received
and thus swhile it occurs before the full limit
of regeneration is Teached, it sets up -a def-
inite 11m1t to ‘the actual use of regeneration
in such apparatus.” The well known regen-
erative detector arrangement-used in‘br oad-
cast Teception f‘urnlsheq agood example of
apparatus of this character

Various methods and means have been re-
sorted to heretofore in order to carry the

effective regerneration to a hwher maximum
beyond ‘the - point of oscillation ‘but without

permitting the ‘oscillation to occur, or with-
out permlttmg it to interfere with the recep-
This ig-commonly
known ‘as superregeneration, ‘but in accord-
ance with: the methods and :means herétofore
emploved it thas 'in:each “instance been sub-
ject 16 -certain »disadvantages and for ‘this
reason its use hasbeen: limited.

In conjunction with :tuned'feircu:its,ffor ex-

‘ample; where it should find the. greatest -use,

superregeneration or' the means employed to
obtain it has resulted in a-damping -of the
tuned -circuits te which it -applied: and an

undesirable broadening of the tuning of such.

circuits, together. with such dinstability as to
render -.circuits : embodying it- unsuited for
general commercial wuse.

. Appreciating the advantages.of superre-
generation and realizing the inherent defects
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in methods-and ‘means heretofore known, I
have succeeded in providing an improved
method, and means for carrying -out the
method whereby full advantage may be taken
in high frequency apparatus embodymcr re-
generatlve electron discharge dévices, of the
regeneration possibilities beyond the point at
-which ‘oscillation would normally occur; and
without damping or broadenmg the tuning
of connected or associated tuned circuits and
without -interfering with -the receptlon of
signals. -

My invention will" be better understood
from-the following description when consid-
‘ered in connectlon with the accompanying
drawings, and its scope will be pomted out in
‘the appended claims.

In the drawings, Fig. 1isa wiring diagram
of a regenerative circuit for an electron dis-
charge “device arranged in accordance with
‘my invention, and Fws 2 to 5 inclusive dre
curves illustrating. the operatwn of such a
circuit.”

Referring to Tig. 1,9 is an electron. dis-
charge-device having a ’filament or cathode 10
excited from a suitable source, such as a-bat-
tery 11, a control grid 12 and a plate or-anode
13.” The control gmd is connected with ‘an
input or grid circuit 14 for receiving 'sig-
nals to be amplified or transmitted through
‘the electron discharge device to a receiving
device or apparatus, represented in the pres-
ent example by telephone receivers 15, the lat-
ter being -connected between the plate 13
and -a-source of vlate voltage represented by
a battery 16.  With this arranaement the
Teceiving device is actuated in response to
signal voltage impressed upon control grid
19 as is well known and understood.

In the present example the grid circuit 14
includes a tuning means, such as’a-coil or.in-
ductance 17 and shunt variable condenser or
capacity 18 which together with coil 17 rep-
resents any suitable tuning means and is cou-
pled to an antenna 19 for receiving signals
therefrom. The grid circuit is also indicated
as being. p10v1dec1 with means for operating
the electron-discharge device as a detector for
the rectification of: 31gnals For this purpose
a usual grid leak and stopping condenser, 21
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2

and 22 respectively, are provided in the cir-

- cuit. :

Regeneration is effected by suitably cou-
pling the plate and grid circuits, and in the
present example is produced by a fead-back
coil 23 connected with the plate and induc-
tively coupled with tuning or grid coil 17 as
indicated. A variable condenser 24 in cir-

" cuit with the coil serves to control the feed-
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back of energy or coupling between the plate
and grid circuits, and with the circuit shown
represents one of several well known arrange-
ments for obtaining and controlling regen-
eration In connection with an electron dis-
charge device. ‘

Together with the tuning circuit and out-
put or receiving device 15, the arrangement
thus far described is a common and simple
form of regenerative receiver such as may be
used for broadecast reception for example,
and represents any regenerative circuit ar-

‘rangement embodying an electron discharge

device capable of operating in such a ecircuit.

With this arrangement as is well known,
useful regeneration may be carried up to the
point of oscillation which may be represented
at 25 on curve 26 shown in Iig. 2, the curve
being plotted against the degree of sensitivi-
ty along ordinate 27 and against regenera-

tion along abscissa 28. The dotted portion

of the curve represents the further available

range of sensitivity beyond the point of oscil-
lation, with increased regeneration. -
When the circuit connected with the elec-

“tron discharge device regenerates beyond

the .point indicated -at 25 the oscillation is
of a sustained nature indicated by voltage
curve 29 in Fig. 8 when plotted against volt-
age amplitude zlong ordinate 30 and time
along abscissa 81. 'Lhis sustained oscillation,
of the frequency to which circuit 14-is tuned,

" causes distortion of the signal and is unde-

sirable particularly in the rsception of mod-
ulated radio frequency signals used in broad-
casting. :

- Regeneration may, however, be carried into
the tange of superregeneration beyond the
normal point of oscillation by suppressing
the oscillation so that it is no longer sustained
or continuous in character, and in accord-
ance with my invention this result is accom-
plished in such a manner and by such means
that the tuning or receiving circuit of the
electron discharge-device is not damped or
appreciably broadened in its response to sig-
nal frequencies. : ,

" In accordance with my invention an elec-
tron discharge device having a space charge
grid subjected to a variable or controlled fre-
quency oscillation voltage to vary the space
charge at a certain  frequency is utilized.
This frequency may be above, below or with-

" 1n the audible range, depending upon the fre-

quency of the received signal and the type of
reception that is desired. This controlled fre-
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quency oscillation may be fixed for any type
of reception and signal frequency. . For
broadeast reception for example as applied
to the circuit of Fig. 1, this frequency should
preferably be slightly above. the audible-
range and is represented by. voltage curve
32 on Iig. 4 and plotted against amplitude
along ordinate 33 and time along abscissa 34.

When applied to a regenerative electron
discharge device to vary the space charge
therein, the variation or controlled frequency
oscillation voltage applied to the space charge
control grid will alternately buck and boost
the effect of the space charge. When the
space charge grid is at a positive potential,
the effect of the space charge will be reduced
and in some cases may be entirely overcome
depending upon the magnitude of the varia-
tion frequency voltage.

‘When the electrondischargedeviceisinthis
state and regeneration is carried: above the
oscillating point, it will function in the man-
ner described in connection with Figs. 1, 2
and 3 and will start to oscillate. The strength
or magnitude of the oscillation will increase.

-as the positive potential on the space charge

grid increases.  When this potential starts
to increase in a negative direction the mag-
nitude of the oscillation will decrease and
when the potential has reached a sufficient-
ly negative value the oscillation will stop.
In Fig. 5 is'shown the resultant frequency
oscillation obtained by varying the space
charge of an electron discharge device in ac-
cordance with a frequency indicateéd in Fig.
4, when the device is providing regeneration
sufficient to set.up a sustained osecillation in-
dicated in Fig. 8. The curves are. plotted
along coordinates 85 and 36 corresponding -
to those of Figs. 8 and 4, curves 37 being the
suppressed oscillation frequency voltage and
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curve 38—88—388 being the resultant oscil- -

lation frequency voltage.

Since the oscillation builds up and is sup-
pressed periodically depending upon the va-
riation frequency oscillation, there is no sus-
tained oscillation and only a resultant fre-
quency oscillation below - the ‘desired fre-
quency range and above the audible range.
Hence it causes no interference, and regen-
eration beyond the normal point of oscilla-
tion into the range of superregeneration in-
dicated by- the dotted portion of curve 26,
Fig. 2 is made practically possible.

Electron . -discharge ' devices . suitable for
carryingoutmyinvention forobtaining super-
regeneration are available commercially and
have proved satisfactory in operation. One
type of such device is a four element vacuum -
tube having a double grid,one grid being im-
mediately adjacent or surrounding the cath-

‘ode or filament and the other being located be-

tween the first grid and the anode or plate.
The latter grid is used as the-ordinary con-
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trol grid while the grid adjacent the filament
is used as the space charge grid.

Any suitable means for impressing a con-
trolled frequency voltage on the space charge
grid may be used with any suitable electron
discharge device having this and the other
required elements for regeneration. By way
of example a suitable arrangement embody-
ing the space charge grid and means for ap-
plying the variation frequency voltage there-
to is shown in connection with the regener-
ative detector means of Fig. 1.

Referring again to Fig. 1, 89 is a space
charge grid or space charge control grid ar-
ranged in the electron discharge device 9 ad-
jacent the filament. This in no way changes
its operation as hereinbefore described. This
device may be the available commercial type
of four element double grid device which is
known commercially as a screen-grid tube.
This is provided with an outer or screen grid

which in earrying out my invention I use as .

the control grid 12 and an inner grid which
T use as the space charge or space charge con-
trol grid 89. However any other suitable
electron discharge -device having a space
charge control means may be used.
Connected with grid 89 to provide the con-
trolled frequency voltage variation is a local
oscillator or generator of sustained oscilla-
tions comprising a three element electron dis-
charge device 40 having a filament supply
41 and taking plate current from source 16
through a choke coil 42. 43 is the cscillator
coil connecting the grid and plate of the
tube through a stopping condenser 44. The
oscillator coil is tuned by a variable capac-
ity or condenser 45 to the desired variation
frequency. In the present example the volt-
age variation at this frequency in the oscilla-
tor coil is impressed upon space charge grid
39 through a connection 46 with the oscilla-
tor grid. The local oscillator or’ oscillation

generator arrangement is a common and well

nnderstood form of this type of device and'is
thought to require no further explanation.
It represents any suitable means for impress-
ing a voltage on space charge grid 39 at a
controlled frequency.

By thus utilizing in a regenerative circuit
arrangement an electron discharge device
having a space charge grid, and impressing
thereon a suitable voltage at a controlled fre-
guency differing from and preferably below
the frequency range of received signals sus-
tained oscillations therein in the range of
superregeneration are suppressed periodical-
ly and received signals are correspondingly
amplified and carried through the circuit
without distortion or-interference and whol-
ly without appreciably damping the tuned or
grid circuit of the electron discharge device
or appreciably broadening the tuning re-
sponse of said circuit.

. In the reception of telegraph signals at

3

-a fixed audio frequency, this method is par-
ticularly “desirable since the variation fre-
quency may be set within the andible range
“to produce a resultant frequency having a
fixed audible note. o :

What I claim as new. and:desire to secure
by Letters Patent of the United States, is:

1. The combination with an electron-dis-

charge device having regenerationmeansasso-

ciated therewith and having a space charge -
K {e)

grid, of means connected with said grid for

varying the space charge in said device. at a’

controlled frequency, said regeneration means
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being arranged to produce regeneration of a

predetermined amountand said second-named : §

means being arranged to vary said- space-
charge through a predetermined amplitude,
periodically to permit said regeneration: to
merease above the point of- oscillation and

to.cause said regeneration to-decrease below

the point of oscillation.
2. The combination with an electron dis-
charge device having regeneration means as-

sociated theréwith and having a space charge
grid, said regeneration means being arranged -

to produce a predetermined normal degres of
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regeneration, of means for varying said re- -

generation periodically, said ineans includ-
ng means connected with said grid for ap-

~plying thereto an alternating voltage.at a

contrelled frequency, to cause groups of os-
cillations to occur.in said device, the group

frequency "of said osciilations being equal

to that of said alternating voltage.

3. In & regenerative apparatus, the com-
bination of an electron discharge device and
a tuned regenerative circuit connected there-
with for producing a predetermined normal
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degree of regeneration, said device having a

space-charge control grid, and an oscillator '

connected with said space charge control
grid, pericdically to permit said regeneration
to incregse above the point of oscillation and

to cause said regeneration o ‘decrease: below

the point of oscillation. 1

4. The combination with an electron dis-
charge dévice having.a-control grid, an-anode
and a space charge erid, of an anode cireuit,
a circuit tunable over a range of frequencies
connected with said eontrol grid, means pro-
viding a regenerative coupling between the
tunable circuit and the anode circuit, said
regenerative coupling means being arranged

to provide a predetermined degree of re-.

generation between said anode circuit and
said tunable circuit, and means for varying
sald regeneration periodically- including
means connected with said space charge grid

for applying an alternating voltage thereto
125

at a controlled frequency, to cause groups
of oscillations to occur in said: device, the
group frequency of said oscillations being
equal to-that of said alternating voltage.

5. The combination with an electron dis-
charge device having a control grid, an anode
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and a space charge grid, of an anode circuit,
a tuned circuit connected with the control
grid, means providing a variable regenerative
coupling between said tuned circuit and said
anode circuit, said regenerative coupling
means being arranged. to provide predeter-
mined degrees of regeneration between said

- anode circuit and said tuned circuit, and

10

means for varying said regeneration peri-
odically, said means including means con-

* . mnected with said space charge grid for ap-
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plying an alternating voltage thereto at a
controlled frequency, to cause groups of os-
cillations to occur in said device, the group
frequency of said oscillations being equal
to that of said alternating voltage. ’

6. The combination with an electron dis-
charge device having a grid circuit and a
plate circuit, and means for variably coupling
said circuits to produce a normally sustained

~oscillation in said grid circuit, of means for

suppressing periodically said normally sus-
tained oscillation including a space charge
grid in the electron discharge device and a
generator of sustained oscillationg of a differ-
ing frequency connected with said last-named
grid for impressing thereon a voltage at said
differing frequency, the frequency of sup-
pression of said normally sustained oscilla-
tions being equal to that of the sustained os-
cillations provided by said generator.

7. The combination with an electron dis-

. charge device having a control grid, an anode
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and a cathode, of a tuned regenerative cir-
cuit connected with said electrodes of the
device, and means for periodically suppress-
ing normally sustained oscillations in said
regenerative circuit including a second grid
arranged to control the space charge of said
device and an oscillation generator connect-
ed with said grid, said generator being tun-
able to apply an alternating voltage to said
second grid at a frequency differing from
that to which said regenerative circuit is
tuned. : o

In witness whereof, I have hereunto set
my hand this 17th day of May, 1928.

: JOHN T. McLAMORE.




