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My invention relates to amplification sys-
tems, and 1t has particular relation to a sys-
tem designed for voltage amplification at
radio frequencies.

One object of my invention is to improve
the selectivity characteristics of a radio-fre-
quency amplifying system.

Another object of my invention is to im-

prove the voltage amplification character-

istics of a radio-frequency amplifying sys-

Another object of my invention is to pro-
vide an improved radio-frequency trans-

former.

Another object of my invention is to pro-
vide a radio-frequency amplifying system
that will be reasonably selective over the en-
tire range of frequencies now used in radio
broad-casting, and, at the same time, give a
substantially equal voltage amplification over

the same range. _ |
- Another object of my invention is to pro-

vide a radio-frequency amplification system
that 1s inherently stable and does not tend to
oscillate over the range of frequencies for
which 1t 1s designed. '

‘In the construction of radio-frequency
amplifiers according to the teachings of the
Alexanderson Patent No. 1,178,079, it has
been found, by experiment, that the induct-
ance of the primaries of the tuned trans-
formers should be kept low in order to lessen
the tendency of the amplifier to go into self-
oscillation. It is customary to so proportion

* the primaries of such tuned transformers

that the natural period thereof is somewhat
higher than any frequency to which the sec-
ondary 1s intended to be tuned, with the re-
sult that, although the amplification at the
higher frequencies is satisfactory, the selec-
tivity, by reason of primary resonance and
high losses in the secondary, is less good at
the high-frequency end of the tuning range
than at the low-frequency end.

On the other hand, a radio-frequency
transformer of the usual type, having a low-
inductance primary, is extremely selective at
the lower-frequency end of the range, since

the radio-frequency resistance of the second- .

ary 1s many times less at such lower fre-

quencies than it is at the high-frequency end.
With an amplifying system of but one or two
stages, the distortion is very pronounced at
the lower frequencies by reason of the ex-
treme selectivity preventing the side bands g5
from being efficiently amplified.

In order to efficiently amplify both side
bands resulting from modulation by voice
and music, it is necessary that the resonance
curve, at any given radio-frequency over the go
tuning range, shall be from 8 to 10 kilocycles
wide at 80 or 90% of the peak or resonance-
current value.

With radio-frequency transformers of the
usual type, input frequencies one, or one and g5
one-half kilocycles above or below the fre-
quency to which the secondary may be tuned
at the low-frequency end of the range will

give approximately 90% of the resonance

current, while, at the high-frequency end of 7o
the range, the input frequencies may vary
as much as fifty kilocycles above or below
resonance and still give secondary currents
90% of the resonance current. The selec-
tivity at high frequencies may be somewhat 75
mmproved by using several stages, but the
improvement is not sufficient to be satisfac-
tory. Even a single-stage amplifier is much
too selective for good quality reproduction
at low frequencies and this condition is gg¢
Ereatly exaggerated 1n a multi-stage ampli-

er. |

If, therefore, an attempt is made to oper-
ate a receiving set of the usual multi-stage,
tuned radio-frequency type in the vicinity of
a high-powered broadcasting station operat-
ing on a frequency which lies toward the
high-frequency end of the tuning range, much
difficulty is experienced in receiving signals
from stations operating on frequencies near
that of the local station, at such times as th
local station is broadcasting. |

Signals from the high-frequency stations,
when received without interference, are not
appreclably distorted, but distortion is very
noticeable on signals from stations broad-
casting at frequencies lying toward the low-
er end of the frequency range.

I have accordingly provided an inter-tube
coupling system for-use in single or multi- 100
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step radio-frequency amplifiers which has a
much better selectivity characteristic over
the broadcast-frequency range than systems
used at present.

This result T accomplish by so proportion-
ing the inductance and distributed capacity

~ of the primary of each inter-tube, radio-fre-
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trative of the selectivity characteristics

transformer that it has a natural
below the lowest fre-
quency to which the secondary 1s intended
to be tuned. In addition,I may so relatively
arrange the primary and secondary induc-
tors that, at high frequencies, the inductive
transfer of energy therebetween is reinforced
by energy transferred through the capacity
existing between such inductors by reason
of their space relationship.

The novel features which I consider char-
acteristic of my invention are set forth with
particularity in the appended claims. The
invention itself, however, both as to 1its or-
eanization and method of operation, together
with further objects and advantages thereot
will best be understood by reference to the
following description, taken in connection
with the accompanying drawings, in which:

Figure 1 is a diagrammatic view of a pre-
ferred form of my invention incorporated
into a multi-stage radio-frequency amplify-
ing system, | '

Fig. 2 is a sectional view of a preferred
form of inter-tube transformer,

" Fig. 3 is a diagram illustrating graphical-
ly the difference between the voltage amplifi-
cation characteristics of my improved cou-
pling system and systems of the prior art,

Fig. 4 is a diagram showing curves illus-

of

the usual low-inductance primary radio-fre-

quency

" quency transformer, and

Fig. 5 is a diagram showing curves 11lus-
trative of the selectivity characteristics of

- myv improved transformer.
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Referring specifically to Fig. 1, a thermi-
onic device having a filament 2, a grid 3 and
a- plate 4, is provided with an input circuit
comprising an inductor 5 shunted by a tun-
ing condenser 6. The inductor 5 may be a
100D. or it may be a coupling inductor of any
well known tvpe, associated with an antenna-
ground circuit (not shown). One end of the
inductor 5 is connected to the grid by a con-
ductor 7: a conductor ‘8 leads from an inter-
mediate portion of the inductor 5 through a

" grid biasing battery 9 to the filament 2, and

the opposite end is connected to the plate
4 through a small variable or fixed condenser

11. The purpose of the intermediate tap and

neutralizing condenser, in radio-frequency
amplifiers of the usual type, is to prevent the
oeneration of self-oscillations in the tube and
accompanying circuit network, as is explained
in the Rice Patent No. 1,334,118. In my sys-

‘em, however, the condenser 11 has a some-

1,007,478

what different function, which will be later
explained.

An inductor 12, which is the primary of
a radio-frequency transformer 13, i1s connect-
ed between the plate 4 and the filament 2, a
battery 14 supplying plate potential. A bat-
tery 15 in series with a rheostat 16 supplies
filament power, and the same battery also

may be utilized to energize the filaments of

other tubes in the system, as indicated 1n the
drawings. |

A second thermionic device 18 having a
filament 19, a grid 21 and a plate 22, has 1ts
orid 21 connected to one end of the secondary
93 of the radio-frequency transformer 13,
and its plate 22 connected to the other end
thereof through a variable or fixed condenser
24. A condenser 25 is connected across the
inductor 23 in order that it may be tuned to
a desired frequency, and a conductor 26 leads

from an intermediate point thereon, through .

a orid-biasing battery 27, to the filament 19.
 Plate potential for the thermionic device
is supplied from the battery 14, the primary
08 of a radio-frequency transformer 29 be-
ing connected between the battery and the
plate. The secondary 31 of the transformer
99 is shunted by a tuning condenser 32 and
is connected to the remaining portion of the
system by conductors 33 and 34.

The two tuned radio-frequency amplify-
ing stages may be followed by additional
radio-frequency stages, or by a detector and
audio-frequency amplifier. The additional
apparatus is optional, and, since 1t may fol-
low conventional lines, if desirable, is merely
indicated by a rectangle 3.
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In order that the inter-tube transformers .

be sufficiently selective to reasonably elimi-
nate interfering frequencies, it is only neces-
sary that the ratio of reactance to radio-
frequency resistance of the secondary be
made at least so high that primary frequen-
cies five kilocycles on each side of resonance
do not induce currents of more than 80% of
the resonance value in the secondary.

With the usual radio-frequency trans-
formers, having low-inductance primaries,
the approach toward resonance conditions 1n
the primary at the higher frequencies effec-
tively adds resistance to the secondary at
such frequencies. Inasmuch as the
frequency resistance of the secondary 1s also
hig%er at high than at low frequencies, 1t 1S
seen that the total damping at high frequen-
cies is considerably greater than it is toward
the low-frequency end of the scale, and the
selectivity is consequently poorer.

The results of a large number of tests on
radio-frequency transformers of the usual
type are summarized by the curves in Fig. 4.
Curve C represents the voltage across the
secondary tuned to 600 kilocycles, with vary-
ing input frequencies, and it is significant to
note that a frequency five kilocycles away
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from resonance gives but 509% of the reso-
nance voltage. Curve D illustrates the fact
that the high-frequency end of the range in
the usual transformer is much less selective
than at the low-frequency end, frequencies
five kilocycles away from resonance at 1450
kilocycles giving approximately 95% of the
resonance voltage.

In order, therefore, to improve the selec-
tivity at high frequencies, it is necessary to
greatly reduce the losses at such frequencies.
These losses may be reduced, according to my
mvention, by giving to the primary a reso-
nance irequency such that it cannot be near
resonance at the high frequencies. This
may be accomplished by either greatly in-
creasing or greatly decreasing the resonance
frequency of the primary with respect to
highest frequency to which the secondary is
‘tunable. If, however, the resonance fre-
quency of the primary is increased by lower-
ing 1ts inductance, the amplification at the
low frequencies-is poor. . -

Therefore, I preferably lower the reso-
nance irequency of the primary to a point
near or below the lowest frequency to which
the secondary is tunable. Such a primary
does not increase the effective resistance of
the secondary at- high frequencies but does
increase the effective resistance thereof at

 low frequencies. The effective resistance thus
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mtroduced compensates the decreased damp-

ing resulting from the decreased radio-fre-
quency resistance of the secondary at lower
frequencies and broadens the tuning at such
frequencies. |

Curves E and F, in Fig. 5, summarize the
results of a large number of tests made on
my 1mproved transformer. It will be noted
trom these curves that the selectivity at both
the high-frequency end and the low-fre-
quency end of the range is substantially the
same, the relative displacement between the
two curves never becoming greater than one
tenth of the maximum resonant voltage.

By properly choosing the inductance and

- distributed capacity of the primary. and by

carefully adjusting the mutual inductance
of the primary and secondary, I am thus able
Yo construct a transformer that will be satis-
tactorily selective at both the high and low-

- frequency ends of the tuning range.

b3
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In order to cover the present broad-cast-
frequency range, T have found that a trans-
former having a primary inductance of ap-
proximately 5000 micro-henries and having
a natural period of approximately 400 kilo-
cycles, when in circuit, coupled with a sec-
ondary inductance of 175 micro-henries. is
yuite satisfactory. When using a trans-
former of these dimensions, the tuning con-
denser shunting the secondary should have a
maximum capacity of 550 micro-microfarads
and a minimum capacity of 15-20 micro-
‘microfarads or less. ' o

3

Referring particularly to Fig. 2, my pre-
ferred transformer comprises a primary 40
of 250 turns of #30 double-cotton-covered
wire, in the form of a duo-lateral coil, and a
secondary 41 of 72 turns of #24 double-cot-
ton-covered wire wound as a single-layer
solenoid. The inside diameter of both pri-
mary and secondary is two inches and they
are preferably separated 34ths to 14 inches
axially.

The curve “A” in Fig. 3 illustrates graphi-

cally the voltage-amplification characteris-

tics of a transformer constructed according
to my invention, while the curve “B” illus-
trates the characteristics of a transformer
having the usual low-inductance primary.
~_According to my invention, therefore,
nigher-voltage amplification may be ob-
tained at the lower frequencies than with
transformers having primaries of relatively
low inductance. This condition is consid-
ered desirable, inasmuch as the better broad-
casting stations are, at present, operating at
frequencies toward the lower end of the
broadcasting range.

An amplifying system constructed accord-
ing to my invention is relatively stable. At
the higher frequencies, the reactance of the
high-inductance primaries in the plate cir-
cuits of the tubes is predominately capaci-
tive and, consequently, the conditions for
negative feed-back are present. In order,
therefore, that the system shall amplify effi-
ciently, a certain amount of positive feed-

‘back should be supplied and this feed-back

Is most conveniently introduced by utiliz-
ing a small condenser between the plate elec-
trode and one end of the inductor associ-
ated with the grid of the same tube.

As already mentioned, the action of this
arrangement 1s different from that of the
Rice Patent 1,334,118, although dilagram-
matically they are similar in appearance.
In the Rice Patent, the neutralizing con-
denser and that portion of the grid induc-
tor 1ncluded between the connection from
the filament and the connection to the con-
denser cooperate to place, on the grid of the
tube, potentials equal and opposite in phase
to potentials placed thereon by reason of the
tube-capacity coupling between the input
and the output circuits in order that regener-
ative feed-back shall be compensated. In
my 1nvention on the other hand the normal

reactance -of the platé circuit is capacitive,

tending toward “de-generation”, instead of
toward regeneration and oscillation, and the
condenser 11 in combination with the por-
tion of the winding with which it is con-
nected, act to produce a regenerative feed-
back. While, therefore, the circuit arrange-
ment 1s diagrammatically like that of the
Rice patent, the effect of the condenser and
1ts associated coil is regenerative after the

- well known Weagant regenerative circuit.
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Although not specifically shown in the
drawings, it is believed obvious that my 1n-
vention may be applied to systems in which
the plate or output coil for each stage is 1n-

6 ductively associated with another coil that 1s
comprised in a feed-back system. The feed-
back coil may be a continuation of the out-
put coil itself, in which case the said output
coil could be characterized as “split”.

I have found, in addition, that the neces-
sary amount of positive feed-back may be
supplied by utilizing certain other well
known feed-back systems, in which either
~ capacitive or inductive back-coupling, or a

18 combination of the two, is depended upon.
It is possible to arrange the relative direc-
tion ofp the transformer winding, as indi-
cated in Fig. 1, in order that the coupling
between the primary and secondary, by rea-
20 son of the inter-winding capacity, may as-
sist, in proper phase, the transfer of energy
electromagnetically from the winding to the
other. '
The capacity coupling may be greatly in-

10

25 creased by placing the grid and plate ends

 of the respective windings so they are ad-
jacent, provided the relative direction of the
windings is such that the capacity coupling
1s in proper phase. *

By varying the spacing between the pri-
mary and the secondary, the voltage-ampli-

30

fication characteristics of the transformer

may be appreciably altered, inasmuch as
there is a considerable transfer of energy at
the higher frequencies across the inter-wind-
ing capacity. An optimum spacing can be
determined for each transformer, the spac-
ing 42 for the specific transformer 1llustrat-
ed in Fig. 2 being approximately 3gths
inches. |

By reversing the relative direction of the
windings, the capacity coupling will then op-
pose the electromagnetic coupling, and the
amplification at the higher frequencies will
be considerably lessened.

I have accordingly provided a radio-fre-
quency amplification system which has a sub-
_stantially straight-line selectivity-character-
istic over the range of frequencies for which
it is designed. My improved coupling sys-
tem may also be given an approximately
straight-line voltage-amplification character-
istic, although it 1s somewhat preferable to
have a higher voltage step-up at the lower
frequencies. |

y improved system is also remarkably
free from parasitic oscillations, and, although
preferably utilizing a feed-back means anal-
ogous to the usual neutralizing condenser ancl
associated network, such means is not pri-
marily for the purpose of neutralizing the
system against oscillations.

35

40

45

50

60

Although I have illustrated and described

only one specific embodiment of my inven-
63 tion, it is believed obvious that numerous

1,007,478

modifications will be apparent to those skilled .

in the art. My invention, therefore, is not to
be limited except in so far as is necessitated
by the prior art and by the spirit of the ap-
pended claims. -

I claim as my invention: |

1. In a tunable radio-frequency amplifica-
tion system, a plurality of thermionic devices,
coupling means therebetween so designed
that the system has an approximately
straight-line selectivity characteristic, said
coupling means comprising a transformer
having a primary with a natural frequency
low in comparison with the mid-range fre-
quency of the system and feed-back means for
improving the response of the system to high
frequencies. | _

2. In a radio-frequency amplification sys-
tem, a plurality of thermionic devices, and
coupling means between two of said devices
comprising a transformer having a second-
ary in the form of a single layer solenoid, and
a primary in the form of a multi-layer coil
which is resonant at a frequency outside of

the band of frequencies within which said.

?_mpliﬁcation system 1s designed to func-
1on. ’

3. A radio-frequency amplification system
comprising a plurality of thermionic devices,
coupling means therebetween comprising a
primary of such a value of inductance that the
predominant reactance thereof at high fre-
quencies 1s capacitive, and means for balanc-
ing the negative feed-back caused by such re-
actance. ' o

4. In a radio-frequency amplification sys-
tem, a plurality of thermionic devices, cou-

pling means between two of said devices com-

prising a transformer having a primary
winding the natural period of which is lower
than the lowest frequency the system is In-
tended to amplify, a secondary winding,
means for tuning said secondary winding and
means for transferring energy from the out-
put circuit that includes the primary wind-
ing to the input circuit of the device to which
said output circuit pertains.

5. In a radio-frequency amplification sys-
tem comprising a plurality of thermionic de-
vices, coupling means therebetween compris-
ing a primary winding of such value of induc-
tance that the predominant reactance thereof
at high frequencies is capacitive, means for
balancing the negative feed-back caused by

-such reactance, and a tunable secondary wind-

ing. - .
6. In a radio-frequency amplificaton sys-
tem, a plurality of thermionic devices, cou-
pling means between certain of said devices
for inductive and capacitative transfer of
energy therebetween in aiding sense and ad-
ditional means for transferring energy from
the output to the input circuit of one of said
devices. |
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7. In a radio-frequency amplification sys-
tem, a plurality of thermionic devices, cou-
pling means between certain of said devices
for inductive and capacitative transfer of
energy therebetween 1n aidine sense,. said
nreans being constituted by a primary wind-
ing having high distributed capacity and a
tunable secondary winding, and means for
transferring energy from the output circuit
to the Input circuit of one of said devices in
the sense to promote regeneration.

8. In a radio-frequency amplification sys-
tem, a plurality of thermionic devices, cou-
pling means therebetween consisting of a
multi-turn primary winding having large
distributed capacity disposed in inductive
and capacitative relation to a tunable second-
ary winding, said secondary winding being so
connected to the input terminals of one of
said thermionic devices that the energy trans-
ferred between said devices through induc-
tive and capacitative coupling 1s in aiding

- Seilse.
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9. In a radio-frequency amplification gys-
tem compr:sing a plurality of thermionic de-
vices, coupling means between adjacent de-
vices comprising a primary winding of such
a value of inductance that the predominant
reactance thereof at high frequencies is ca-
pacitive, and a tunable secondary winding,
the coupling between sa:d primary and sec-
ondary windings being such that the effec-
tive resistance of the tunable secondarv is
creater at the lower frequencies 1in the tun-
ing range of the said secondary than 1t would
be if the reactance of the primary at high
frequencies were predominantly inductive,
whereby the effective resistance of the sec-
ondary 1s substantially constant over the tun-
ing range thereof and the selectivity of the

‘system 1s substantially uniform.

10. A tuned radio frequency amplifier hav-

ing an input ecircuit and having an output

circuit whose reactance i1s condensive, said
output circuit delivering power to a tuned cir-

‘cuit, and means for feeding back power to the

input circuit so as to eliminate the damping
effect on said input circuit of the capacity

~ reactance of said-output circuit.

650

R 7+

11. In combination, an output circuit of
an electron discharge device whose reactance
is negative, the output circuit feeding power
to a tuned secondary circuit, a feed back coil

and current limiting condenser connected in |

series between the anode and cathode of the
electron discharge device, said feed back coil

being magnetically coupled to the input cir-

60

cuit of the-device.
12. In an amplifier, a. thermionic tube, a

tunable input circuit therefor, an output cir-
cuit therefor including a coil whose 1ndue-
tance is so great that the output current of the

 tube tends to flow mostly through the natural

capacity of the coil and other capacities

65 shunting said coil, causing a damping effect

O

on the input circuit of said tube, and means
including a path between the output and in-
put circuits for counteracting said damping
effect. , a

13. In an amplifier, a thermionic tube, a
tunable input circuit therefor, an output cir-
cult therefor comprising a coil whose in-
ductance is so great that the output current
ot the tube tends to flow through the natural
capacity of the coil causing a damping ef-
fect on the input circuit of said tube, and
means for counteracting sald damping effect,
said means comprising an inductance and a
condenser in series, said last mentioned in-
ductance being magnetically coupled. to the
input cireuit of said tube. -

~14. The method of operating a space dis-
charge tube amplifier having an output cir-
cuit with a negative reactance which consists
in feeding back energy from the output cir-
cuit to the tube input circuit through a path
other than the inter-electrode coupling of the
tube, to counteract the effect of said negative
reactance on the input ecircuit.

15. 'The method of operating a multi-elec-
trode amplifier tube having an output circuit
which exercises a damping effect upon the
tube input circuit, the method consisting in
establishing a path between the output and
Input eircuits other than through the tube
electrodes, and feeding energy from the out-

put to the mput circuit along the said path

0 as to counteract said damping effect.
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-16. "The method of operating an amplifier |

circuit which includes a multi-electrode space
discharge tube having an output circuit in-
cluding a reactance naturally resonant to a
irequency below the broadcast range and
which exercises a damping effect on the tube
Input circuit, the method consisting in re-
generatively coupling the output cireuit to

the mput circuit, and feeding back energy

from the output to the input circuit to coun-
teract said damping effect.

17. A tuned radio frequency amplifier
having an input circuit and an output cir-

~cuit, the latter having a negative reactance,

and exercising a damping effect on the input
circut, and a path between the output and in-
put circuit for feeding back energy to the
latter to eliminate said damping effect, said
path including an adjustable reactance.

18. In an amplifier, a space discharge de-
vice, an input circuit therefor, an output cir-
cuit therefor including a reactance which
exercises a damping effect on the said input
circult, and a path including a pair of re-
actances between the output and input cir-
cuits for counteracting said damping effect,
one of said reactances being variable.

- 19.
tube including a tunable 1nput circuit and an
output circuit, a coil in said output circuit
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n an amplifier, a spaced discharge

naturally resonant to a frequency outside a 130



5

10

15

25

30

35

10

e

1,007,478

predetermined frequency range and caus-
ing a degenerative effect on said input cir-
cuit, and a path between the output and 1nput

- circuits for counteractin% said effect. .
In testimony whereof, I have hereunto

subscribed my name this 18th day of No-

vember 1926.

GEORGE L. BEERS.
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