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This invention relates to high frequency
vacuum tube amplifiers and more particular-
Iy to improved circuits whereby the operating
efficiency of such amplifiers iz increased.

It is well known that under certain condi-

tions devices of the type mentioned produce
oscillating currents in the circuits associated
therewith which will interfere with the effi-

_cient transmission, reception, amplification
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and detection of signals when it is attempted
to secure a high degree of amplification by
using a plurality of devices connected in
cascade. o

A general object of the invention is to pre-
vent singing or regeneration in high fre-
quency amplifiers.

Tt is well known that the production of os-

cillations by such devices is due to coupling

-which is present between input and output
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2/ circuits and that when a plurality of devices

are connected in cascade a very small amount
of coupling in a certain direction between
the output circuit of the last device and the

.input cireuit of a preceding device is sufficient
“to start production of oscillations.

The prevention of singing due to the inter-
electrode capacity requires that the retro-
active Io. M. F. (or feed back) be zero at all

. times or else in such phase relation with re-
30°

spect to the input E. M. F. as to produce loss

of amplification or degeneration.
Another object of the invention is to pro-

vide an amplifying system which will be

“highly selective, that is, one which will give

a high degree of amplification of currents of
one particular frequency without producing
an’ appreciable amplification of currents of
other frequencies and without the undesired

“singing or regeneration.

In the construction of multi-stage ampli-
fiers it has been customary as far as possible
to shield the different input and output cir-
cuits from one another in such.a way as to

-overcome electro-magnetic coupling between

the circuits.

Another object of the invention is to elimi-
nate the necessity for separately shielding
the individual stages of the amplifier while
at the same time placing the amplifier trans-
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formers close together so that they are within -

the stray magnetic fields of each other:

'This 1s accomplished by placing the trans-
formers of the adjacent stages with their cen-
ters in line and their axes mutually at right
angles to each other and placing the trans-
formers of alternate stages so that a magnetic
coupling: exists between them in a direction
to oppose regenerative feed back.

Preferably an electrostatic shield is em-
ployed over the entire radio frequency ampli-
fier.  This shield has, however, no bearing
on the regeneration action caused by the mu-
tual coupling of alternate circuits. Without
the use of an overall shield each transformer
would act:as-an antenna and make volume
control difficult, especially when. the receiver
is located in the proximity of a powerful
radio transmitter. :

The invention will be better understood by
referring to the following description and
accompanying drawing showing the pre-
ferred form of embodiment, representing a
radio receiving circuit comprising three
stages of radio frequency amplification, a de-
tector, an audio amplifier and a loud speaker.

In the radio receiver represented by the
drawing there are four radio frequency trans-
formers 1, 2, 3 and 4 each associated with a
tuning capacity 5,6,7and 8. Three 8-element
thermionic discharge devices 9, 10 and 11 are
associated with the radio frequency trans-
formers to act as radio-frequency amplifiers.
The coils of each transformer are preferably
of the single layer type. Transformers 1 and
3 are physically placed with their axes in
line so that a magnetic coupling exists be-
tween them. Transformers 2 and 4 are phys-
ically placed with their axes in line so that
a magnetic coupling exists between them and
are so placed with respect to transformers 1
and 3 that the centers of transformers 2 and
4 are in line with the centers of transformers
1 and 3 and the axes of transformers 1 and 3
are mutually at right angles with the axes
of transformers 2 and 4.
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The connections from coils 1,2, 3 and 4 to

the associated space discharge devices are
made so that the regenerative feed-back cur-
rents due to the internal grid-plate capacities
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.to'them from a suitable source 15.

2
Co, Cyp and C,; of space discharge devices 9,
10 and 11 are neutralized by currents in the
opposite direction due to the magnetic po-
tential resulting from the macrnemc couphing
between the transformers. With the connec-
tlons made to accomplish this result the mag-
netic coupling between the transformers Bl
and 3 and transformers 2 and 4 is in a direc-
tion to oppose regenerative feed-back. The
distance bétween the axes of transformers

1 and 3 and between transformers 3 and 4

is adjusted so that the desired amount of de-
generation due to the magnetic coupling is
obtained. This distance may be such that
there will be a certain amount of regenera-
tion, but not sufficient, regeneration to cause
singing, or the transformers may be placed
s0 that 1efrenerat10n 1s completely neutral-
1zed.

1)1iltu potential is supplied to the ther-
mionic discharge devices 9, 10 and 11 from
a, sulmblu source 12 throuon the primary
wmd,mgs of transformers 2, 3 and 4. This
potential is prevented from reaching the
grids of thermionic discharge devices 10
and 11 by means of suitable blocking ca-
pacities 13 and 14. The filaments of the
thermionic discharge devices 9, 10 and 11 are
connected in series and current is supplied
Suitable
grid potential 1s preferably supplied to the
thenmomc discharge devices 9, 10 and 11,
This.is obtained for “thermionic dlscharge de-
vice 9 by the drop across resistance 16, for

5 thermionie discharge device 10 by the drop

across the filament, of thermionic discharge
device 9; and for thermicnic discharge 11
by the drop across the filament of thermionic
discharge device 10. 'The methods shown of
bupplymo filament current and plate and grid
potential to the thermionic discharge devices
forms no part of this invention and obvmusly
other means well known to those skilled in
the art can be employed. A saitable anten-

. na 16 is connected to transiormer 1, a suitable
detector 17 is connected to the output of

thermionic discharge device 11, a suitable
amplifier 18 to the ot 1tpm of the detector and
a suitable receiver 19 to the output of the
amplifier.

Plefembly a grounded electrostatic shield
20 is employed to shield the entire radio fre-
quency amplifier. It may be constructed of
any- suitable mzztornl capable of preventing

aanormeu 1,2, 8 and 4 from acting as an-
WVlthout the use of such a shield vol-
ume control is difficult, especially when the re-
ceiver is located in the proximity of a power-
ful broadeasting station,

"The operation of the amplifier system de-
seribed above is as f ()Howm Tncoming high
frequency signals are impressed on the (rrld-
filament civenit of thermicnic dlschqrae de-
vice 9 by means of the antenna 16 ‘md high
freqmmcv transformer 1 in the usual manner
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by adjusting the capacity 5 swhich tunes the
cuuut 5—~1 to resonance with the signal.
Capacities 6, 7 and 8 are also ad]usted to
tune the circuits 2—6, 3—7, and 4—8 to reso-
nance with the 1ncomm<> signals, The sig-
nals Impres sud on the gud—ﬁlament circuit
of the thermionic discharge device 9 are am-
plified by the discharge deviee and by means
of transiormer 2 are uanessed on the grid-
filament civeuit of thermionic discharge de-
vice 10.  Since transformers 1 and 2 have
their centers in line and their axes mutually
at right angles to each other, no electro-mag-
netic. coup I I V'lll exist hetween them. Due
to the internal grid-plate capacity C, of the
thermionic (’1schar0e device 9, there will he
aun electros.atic coupling between the input
circuit and the 01‘tput cirenit which will tend
to cause regeneration and singing. The sig-
nalv olt‘tge in the ot atput cir cuit of thermionic
discharge device 9 is amplified by transform-
er2 and. thermionic discharge device 10. The
1al current in the output circuit of ther-
nionic discharge device 10 induces a voltage
across transformer 3 which is connected in th(,
output cncmt of this thermionic discharge
device. Transformer 3 has been placed so
that a magnetic coupling exists between it
and transformer 1 in a direction to opposite
enerative feed back. This coupling in-
duces an electro-magnetic potential across
transformer 1 which tends to produce a cur-
rent in transformer 1in an opposite direction
to that caused by the electro-static coupling
tlnouo}\ capautv Jo. The action caused by.
the nmonetlc coupling between the trans-
formers may be ter med a degenerative ac-
tion since it tends to reduce the signal and
neutl alize the currents caused by the regen-
ative action due to the mternal caj acl’w Cs.
S]‘mmo 15 thus prevented in thermionic dis-
charge “device 9. Tm a stimilar manner the
magnetic coupling hetween transformers 4
and 2 induces an electro-m agnetic potential
across transformer 2 which prevents singing
in thermionic discharge device 10. This ac-
tion may be continued -in any number of
stages in which the altelnatn stages have
their transformers magnetically cmm‘od mn a
reverse dlrecuon

While a single embodiment of the inven-
tion has been shown and described in detail,
1t is understood that the invention is O’OHGI'IC
in chavacter and is not to be considered as
limited to the particular einbodiment de-
scribed since numerous modifications thereof
may he made by persons skilled in the art
without departing from the spirit of applhi-
cant’s invention, the scope of “h]oh is to be
determined by the appended. claims.

WWhat is claimed is:

1. In 2 multi-stage amplifier iveluding a
thermionic (hqchnoe device in edch stage,
transformers cou p]m sald discharge devices
of adjacent stages, means for plevel.tmo un-
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desired magnetic coupling between the trans-
formers in adjacent stages, and means for
creating magnetic coupling between the
transformers in nen-adjacent stages in a di-
rection to cppose regeneration.

2. In a multi-stage radio frequency ampli-
fier system, a plurality of thermionic dis-
charge devices connected in tandem, said
discharge devices coupled by means of trans-
formers, means for preventing undesired
magnetic coupling between the transformers
in adjacent stages, and means for creating
magnetic coupling between the transformers
in non-adjacent stages in a direction to op-
pose regeneration.

3. The method of balancing the inter-elec-
trode capacity effects of vacuum tubes in a
multi-stage transformer coupled radio fre-
quency amplifier system which consists in
creating magnetic coupling between said
transformers in non-adjacent stages in a di-
rection to oppose regeneration, and prevent-
ing magnetic coupling between. said trans-
formers in adjacent stages.

4. In an amplifying system, a series of
electric discharge devices connected in cas-
cade, each electric discharge device being pro-
vided with a tuned input circuit, and an out-
put circuit, whereby inherent capacity cou-
pling may exist, means for balancing out the
retro-active E. M. F. due to said inherent
capacity, said means comprising means for
preventing - electro-magnetic = coupling be-
tween the input and output circuits of each
of said electric discharge devices and means
for creating magnetic coupling between the
input circuit of each of said electric discharge
devices and the output circuit of a subsequent
electric discharge device in a direction to
oppose regeneration.

5. A radio receiving circuit comprising an
antenna circuit, a plurality of three-element
radio frequency amplifier tubes having plate,
grid and filament and connected in cascade,
each of said amplifier tubes having associated
therewith an inductance, a variable capacity
connected in effective shunt to said inductance
to tune said inductance to resonance with a
signal, a connection from said grid to one
end of said inductance, a connection from
the other end of said inductance to said fila-

ment, a connection from the plate of each of
said amplifier tubes to the inductance con-

nected between the grid and filament of the
following amplifier tube, said inductances
positioned in space as to prevent electro-
magrietic coupling between the input and out-
put circuits of each electron discharge am-
plifier tube and to produce electromagnetic
coupling between the input circuit of each of
said radio frequency amplifier tubes and the
output circuit of a subsequent radio fre-
quency amplifier tube in a direction to op-
pose regeneration.

6. An electrical network containing a plu-

3

rality of thermionic amplifiers having input
and output circuits, each of said thermionic
amplifiers having its input circuit adjustably
coupled to the output circuit of a succeeding
thermionic amplifier to oppose the effect
upon said input circuit of currents in the
?utput circuit of the same thermionic ampli-
fer. . .

7. The method of repeating and amplify-
ing substantially without distortion with a
multi-stage ultra audio-frequency amplifier
system having elements in the input circuit
and elements: in the output circuit of each
stage which consists in creating magnetic
coupling between at least one of the elements
of each stage with at least one of the elements
of a non-adjacent stage in a direction to op-
pose regeneration and preventing magnetic
coupling between said input and output cir-
cuits of the same stage.

8. In a radio receiving system, an antenna. -

circuit inductively coupled to the input cir-
cuit of a thermionic discharge device, said
input circuit comprising an inductance and
a capacitance tuned to resonance with a sig-
nal, a second inductance and capacitance cou-
pled between the output circuit of said ther-
mionic discharge device and the input of a
second thermionic discharge device to tune
the input of said second thermionic discharge
device to resonance with a signal, a third in-
ductance and capacitance coupled between

the output circuit of said last mentioned ther- .

mionic discharge device and the input of a
third thermionic discharge device to tune the
input of said third thermionic discharge. de-
vice to resonance with a signal, a fourth in-
ductance and capacitance coupled between
the output circuit of said last mentioned
thermionic device and the input of a detector
circuit, an amplifier circuit and a translating
device, said inductances related to prevent
electromagnetic coupling between the input
and output circuits of each of said thermionic
discharge devices and to create magnetic
coupling between the input circuit of each of
said thermionic discharge devices and the
output eircuit of a subsequent discharge de-
vice in a direction to oppose regeneration.
9. An amplifier for high frequency alter-
nating currents comprising three-element
amplifier tubes with tuned grid circuits in

which the consecutive. tubes are coupled to-

gether by transformers, said transformers
having sufficiently small magnetic coupling
between the transformers connected to the in-
put and output circuits of each individual
tube and sufficiently large coupling between
transformers connected to the input of one
tube and the output of a succeeding tube in a
direction to oppose regeneration so that the
effective inductive reaction of the grid circuit
of a tube in the plate circuit of a preceding
tube together with the inductive reaction of
the plate circuit itself will always be below
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the critical value required to cause the pre-
ceding:tube to-oscillate.

10.. In & multi-stage ultra audio-frequency
amplifier system having elements capable of
interaction: by their external magnetic fields,
the-method of repeating and amplifying sub-
stantially without distortion which com-
prises reducing to a less extent the interac-
tion between-elementsin alternate stages than
the interaction between elements in adjacent
stages:

11. The-combination in an amplifying sys-
tem: of a plurality of electron discharge am-
plifiers each of which has an input and an
output circuit, energy transforming means
connecting the output circuit of each tube
with the mput circuit of a succeeding tube,
means for impressing currents which are to
be amplified on the input circuit of one of
said amplifiers and means for impressing en-
ergy variations produced in the output cir-
cuit of said: amplifier on the energy trans-
forming means associated with said output
circuit, the energy transforming means be-
ing'so related as to prevent electromagnetic
coupling between the input and output cir-
cuits:of each electron discharge amplifier and
to produce electromagnetic coupling between
the input circuit of each electron discharge
amplifier and the output circuit of an elee-
tron discharge amplifier other than that to
which said last mentioned input circuit is
connected in a direction to oppose regenera-

_tion,
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In witness whereof, I hereunto subscribe
my name this 4th day of December, 1928.
OLINDO O. CECCARINI.



