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While my invention relates generally to

amplifiers of electrical currents, a particular
object is the simultoneous amplification of

high frequency and low frequency electrical

currents using the same amplifying devices
and circuits in whole or in part for the dou-

ble function.

Another object of my invention is to .ob-
tain a high order of amplification using a

‘mimmimum of apparatus. - |

A further object is to obtain stable opera-
tion of multiple stage amplifiers, particularly
in those types in which the same amplifying
devices and circuits are used for radio and
audio frequency amplification,

circuits or regenerative effects to the point of

distortion, and to do so without the use of

screened compartments for the several stages
of amplification, and without the use of po-

- tentiometer stabilizers, néutralizers and like

complications. - -
A further object is avoiding the use of radio

frequency by-passes around audio frequency

devices (such as transformers) hitherto con-

sidered essential, and taking advantage of a

beneficial effect on amplifier circuits thereby
secured. ' o T

Another object is to provide for the use of

loud speaking devices as translating elements
without additional amplifying devices for
audio frequency amplification. |

That part of my system which has to do

with using the same amplifying devices and

circuits for the double function of amplify--
ing radio frequency and audio frequency cur-

rents is in general accomplished in a manner

illustrated 1n U. S. Patent 1,087,892 of Feb-

ruary 17, 1914, to Schloemilch, et al, Figure
4, but I do not employ by-pass condensers
such as that illustrated at S in shunt with
transformer winding O in the input circuit.
I also refer to British Patent 131,092, of
August 21, 1919, and point out that I do
not use condensers such as 12 and 13 in shunt
with transformer winding 9. Also to British

Patent 132,668 of September 25, 1919, further -

pointing out that I do not use condensers such
as 17 and 18 in shunt with transformer 13
and 20 and 21 in shunt with transformer 14.

My invention will be best understood by

reference to the figure in the accompanying

drawing in which I illustrate 3 three-elec-

“trode thermionic vacuum tubes having cir-

cuit connections for amplifying, the three

. through
avolding production of oscillations within the

tubes being. e;nﬁloyed.in tandem as radio ffé-?
quency amplifiers, indicated by reference de- -
signations VT,, VI, and VT,, and two of

the tubes, namely VT, and VT,, being further

employed as amplifiers of audio frequency
currents. The system is illustrated as em-
‘ployed to amplify radio signals collected on.
- the antenna A having ground connection G,
~and tuning elements inductance L, and varia- -
- ble capacity C,. The collected signals are
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transterred to the amplifier through the sec-
ondary circuit having inductance L, coupled -
to inductance L, and variable capacity C,.

1 and 2 so that line 1 is the positive side of the

source. A cource of energy for heating the

filaments for the vacuum tubes is impressed

across the lines 2 and 3, and by making the

line 3 the negative side of this source a nega-
tive potential or bias is obtained on the grids
of the several vacuum tubes, thereby causing
them to function as amplifiers. A rheostat

‘may be inserted in either of the lines 2 or 8
to control the amount of heating of the fila-

ments of the vacuum tubes. RI,, RF, and

A source of energy for the plate circuits of -
the vacuum tubes 1s impressed across the Jines
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RF, are radio frequency transformers link-

ing the several stages of the system together
to transfer radio frequency currents from one
to the other. AF, and AF, are audio fre-

‘quency transformers to impress audio fre-
” quency currents on the system and pass them
from one stage to another. D is any suit-

able form of rectifying device to aid in re-

ducing modulated radio frequency currents
to low frequency currents characteristic of:
the modulations, and may be a crystal recti-
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fier, a vacuum tube rectifier, an electro(ljytic |

rectifier, or other well known forms.

1ng the detector D, not entirely essential to
the system but which I have found to have
a stabilizing effect on the action of a crystal
detector. LS is a loud speaking or other
translating device for translating the low

frequency currents into corresponding char-
C. 1s a condenser

acteristic audible sounds. C.
in shunt with the loud speaking or trans-
lating device LS to by-pass radio frequency
currents around the usual high impedance
encountered 1n such devices. -

It will be noted that the secondary winding
of audio frequency transformer A¥, and the
primary and secondary windings of the audio
frequency transformer AF, are not shunted

1S
' . [ ] B L [ ] '] 4l 1
a condenser in shunt with the circuit contain-
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with condensers to provide low ifnpedancel

paths for radio frequency currents around

‘these devices, as is done in the art hereto-

fore referred to; that is, these devices offer
their natural impedances to the currents.

“While I have illustrated the radio fre-

quency and audio frequency transfer devices
as-transformers, it is not essential to the 1in-
vention that they be of this form, as auto
transformers or other suitable forms may be
used ; however, I prefer the transformer type
asit simplifies the method of connection to pre-
vent impressing the high potential of the plate
circuits on the grids of succeeding tubes. The
transformers I show are of the band type;

_that is, they are designed to amplify over a
 band of frequencies rather than being sharp-.

~ Iy resonant to a particular frequency, though

20

in a special design or by adjustment where
extreme selectivity is desired transfer ele-

ments sharply resonant to one frequency
could be employed, as indicated by the vari--

able condensers shown in dotted lines con-

" nected in a well known. manner across the sec-
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ondary winding of transformers RF, and
RF,. The operation of the system 1s as fol-
lows: . -

‘Radio frequency currents modulated at
audio frequencies are collected on the an-

tenna A and transferred to the amplifying

system through the secondary circuit con-

taining inductance L, and capacity C,. - The

radio frequency currents are then amplified

step by step by the vacuum tubes ‘VT,, VT,

and V'T,, the currents being transferred from
stage to stage by the radio frequency trans-
formers RF, and RF,. The currents having
undergone three stages of amplification are
passed into detector circuit containing the

detector D through radio frequency trans-

former RF,. In the audio frequency trans-
former AT, in the detector circuit the resti-
fied currents are converted into audio fre-
quency currents characteristic of the modu-
lations of the radio frequency current. These

low frequency currents are then impressed

50

upon vacuum tube VT, through audio fre-
quency transformer AF,, and thence to vac-

uum tube VT, through audio frequency
transformer ATF,, and having undergone two

~ stages of audio frequency amplification. are

translated in the loud speaking devices 1.S.
The radio frequency transformers do not

- offer any appreciable impedance to the flow

55
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of audio frequency electrical currents as the
windings have few turns of wire, or wire of

little length, compared to the windings of

the audio frequency transformers, and 1n
many cases do not have iron cores. In those
radio frequency transformers having iron
cores the iron employed has such magnetic
characteristics and - physical dimensions as

‘not to appreciably influence the impedance

to audio frequency currents. On the other

hand the impedance of the audio frequency

1,683,083

transformer windings to radio frequency
currents is substantial, such windings con-
sisting of a large number of turns of wire,
or wire of great length, having iron cores.
The distributed capacity of t%e windings
permits passage of radio frequency currents,
but this capacity not being large consider-

able capacitive 1impedance to such currents
is had, and I have found this capacitive 1n-

pedance of great value in restraining or hold-
ing down any tendency of the circuits to os-
cillate, or to distort through regeneration,

"which tendency comes about through reactive

effects of the various circuits upon each other
through the coupling between plate and grid
circuits due to internal capacities of the vac-
uum tubes, and is also particularly strong
in an arrangement of this kind where a feed-
back is introduced through the return con-
nection for audio frequency currents. It has
heretofore been considered necessary to pro-
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vide by-pass condensers around the windings

of the audio frequency transformers for the
passage of radio frequency curents, thus ren-
dering the effective capacitive impedance of

these devices to radio frequency currents non-

appreciable. But such provision destroys
the utility of these windings as choking de-
vices for oscillations and regeneration to -a
point of distortion. =~ - -

~While, by leaving out radio frequency by-
passes, 1 render the impedance of the audio

frequency devices to radio frequency cur-

rents large, yet I do not materially decrease
the amplifying ability of the system. In the

first place, while the radio frequency imped-

ance is made relatively large as compared
to a by-pass device, 1t still remains consider-
ably less than the impedance of tke radio fre-
quency transformer to radio frequency cur-
rents, as the radio frequency transtormer
may be constructed or adjusted to be exactly
in resonance with these currents, or nearly
so in the band type of transformer, and a
resonant or near resonant circuit offers an
extremely high impedance to resonant cur-
rents, probably of the order of a hundred

transformer may offer an impedance of the
order of thousands of ohms. That 1s, by 1n-
creasing the impedance of the audio fre-
quency device from practically nothing to
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thousand ohms, while the audio frequency-

1]

some thousands of ohms, I have not increased

the overall impedance of the resonant mput
circuit more than probably ten per cent.

That the use of the unmodified capacitive

impedance of the audio transformers pre-
vents oscillation and limits regeneration 1s

appreciated from analyzing the inherent ac-
tions and reactions that inevitably obtain in

the system disclosed and taking into consid-
eration well-known effects in such systems.

Considering tube VT,, for instance, and

its input and output.circuits, if the trans-
formers RF, and RF, are of the band type

1!
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the do not have sharpl defined resonance

peftks but nevertheless eKhlblt resonant char-
acteristics, and therefore react inductively

for current frequencies on one side of reso-

nance and capacitively for current frequen-
cies on the other side of resonance.  Since an

inductively reacting output circuit produces
a feed back through the plate-to-grid capac-
1ty of a threerelectrode vacuum tube that is
fa,vomble to regeneration or oscillation pro-

duction, it is obvious that when the system is
ad]usted or used at frequencies on the induc-
tively reacting side of the natural resonant

~ frequency of transformers RF, and REF,, as

b

by adjusting tuning condenser C , there 1s a

~tendency for tube VT, to cooperate with 1ts

20
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“1nput and output circuits to produce oscilla-

tions. However, the reaction of audio fre-
quency transformer AF, to radio frequency
currents 1s always oapaoltwe and, -by not
shunting the winding with condensers the

capacitive reaction is maintained substantlal .
~ The result is that though the system is used

under conditions where an inductive output
circuit reaction is produced which, acting un-

modlﬁedly would produce oselllatlon, there
- isalways at hand a substantial capacitive re-
action from the audio transformer to modify

Y e} neutrahze the inductive reaction, and this

30

reaction is therefore not effective to produce:
- oscillations. If the capacitive reaction of the

audio transformer is substantially reduced,;

 'the practice, the troublesome inductive reac-

39

tion of the radio frequency transformer is not
sufficiently overcome to prevent oscillation if

- the tubes are suﬁclently energlzed to.be use-'----

ful amplifiers.

10
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- put circuit mductrve reaotlons can - be - pro-

60

“modify

53D

neutralized,

By not shunting the beconda,ry Wllldlllg of
audio frequency transformer AF, with a con-
denser 1ts capacitive reaction to radio fre-
quency currents is maintained large also, and
this capacitive reaction brings about a sub-

stantial change of phase of the mpﬁ circult
currents, with the result that if 4ll of the in-
ductive reaction of thé output circuit. is not
permitting a residual reaction
acting through the grid-to-plate capacity ta-

vorable to regeneration, the dephased input
circuit, currents assist in reducing the eﬁec-'

tweness of this feed back.

The effect of substltutmg turlable circuits
for the band transformers is to make the res-
onant peaks movable throughout the whole

range of tuning, so that the troublesome out-

duced anywhere within the range of tuning

provided, but since the reactions of the audio
transformers .are capacitive-throughout any
usual range of radio frequency operation, the

capacitive reactions are always present to

wide range in a variable tunable system

I have construoted the 1dent1c:al combma— |

the effects of the inductive reactions,
and thus prevent oscillations throughout a

tlon 111ustrated in the ﬁ oure Wlthout any pre-'
cautions whatsoever as to sh1e1d1ng Or screen-

ing one stage of amplification from anether,

transformer elements, wiring and other parts,

and without any shield for the loud SPeakeI |

without any precautions as to spacing of the °
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leads, and. have found the arrangement ex- |

tremely efficient and effective and absolutely

stable and umnﬂuenced by movement. of )

‘hands about the various parts; or movement
of the loud speaker and its leads in the i lmme-
diate vicinity of ‘amplification ecircuits. I
have also found the reproduction of voice and .

music to be totally without distortion.

- Having described my invention I claim:— 80

1. A stage of a,mphhoa,tlon in an amplifier

system. moludmg a threeselectrode vacuum -
tube, an input circuit having a portion tuned -

to-currents above audibility, means for im-

pressing currents above a,udlblhty on said

tuned portion, meansassociated with -said

85.

input circuit for simultaneously impressing

said input circuit, an output circuit, means
for transferring said currents above audi-

bility from said output circuit, and means
for mmulta,neously tra,nsferrmg said lower
frequency- currents from said output circuit

-substa,ntla,lly lower frequency currents on '
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including a coil in said output circuit so con- -

nected as to unmodifiedly offer its natural

impeda,nce to the flow of sald currents above

) ‘audibility in.said output circuit.
as by shunting with-a condenser, as has been‘--_'_

2. A stage of amplification in an ampllﬁel

system. 1Ilolud_mg a three-electrode vacuum

“tube, an 1mput circuit "having a portion
tunable to high frequenoy electrical currents,

an output circuit having ‘an associated re-

“actance system adapted to be tuned in con-
sonance with. the tunable portion in said
input circuit, thereby producing high fre-
quency reactions through: the internal ca-
- pacity of said tube in phase with currents in

said-input circuit, a coil in said plate-circuit
adapted through hawng high inductance and
low distributed ~capacity to substantially

‘alter the high frequency reaction of said out-
put circuit, and a conductive impedance in =
-said mput olromt n serzes with said tunable

portlon
3. A stage of amphﬁcatlon in an amphﬁer

tuna,ble to high frequency currents, an output
circuit having an associated circuit tunable

-1n. consonance with said tunqble circuit in
said input circuit, and means in both said- -
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~ system including a three-electrode vacuum
tube, an.input olromt including a circuit

120 -

input and output circuits having sufficient

capacitative reactances to efiectively alter the
reactions in said circuits of said tunable cir-
cuits to'said high frequency currents, where-

by oscillation by reason of reaction through |
‘the internal capacity of said tube 1S pre- =

vented.,
4, A stage of amphﬁoatlon in an amphﬁer

system meludmg a three—electrode vacuum

125
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tube, an input circuit including a circuit
tunable to high frequency currents, an out-
put circuit having an associated circuit

tunable in consonance with said tunable cir- -

cultt 1n said input circuit, and audio fre-
quency transformers associated with said
mput and output circuits so connected therein
that their capacitative reactances to high fre-
quency currents alter the reactions of said
tunable circuits to sufficient degree to prevent
oscillation by reason of reaction through the

- internal capacity of said tube,

15

5. A stage of amplification in an amplifier
system Including a three-electrode vacuum
tube, an input circuit including a circuit
tunable to high frequency currents, means
for 1mpressing high frequency currents on

1,683,083

said tunable circuit, medans for simultane-

ously impressing audio frequency currents

on sald 1nput circuit, an output circuit having
an assoclated circuit tunable to high fre-
quency currents 1n consonance with the
tunable circuit in said input circuit, and an
audio frequency transformer connected in
said output circuit to- transfer amplified
audio frequency currents therefrom, and so
connected as to unmodifiedly offer the whole
of its inherent capacitative impedance to am-

20
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plified high frequency currents in said output

circult, whereby regenerative reaction
through the internal capacity of said tube is
limited to sufficient degree to prevent oscil-
lation. ' '

30
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