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This is a continuation of my application,
Serial Number 49,561, filed August 11, 1925.
This invention relates to amplifying sys-
tems. . v
Tt is an object of this invention to provide
means for coupling two or more elements in
an amplifying system so that the amplifica-
tion at a given frequency or ina given fre-
quency band may be large compared with
the amplification in another given frequency
band which is higher in the frequency spec-
trum, the amplification of said latter fre-
quency band being practically constant or
uniform throughout. : B
Another object is to provide an amplify-
ing system in which a given frequency or
frequency band is effectively amplified while
the amplification for frequencies below said
given frequency or frequency band decreases
rapidly as the frequency decreases. :

These objects are accomplished by making
use of a vacuum tube amplifier having two
or more vacuum tubes coupled in a manner
hereinafter described. »

Tt is common in voice frequency telephone
amplifying systems to find that the very low
frequencies are rapidly attenuated as a re-
sult of the use of reactive elements tnguitable
for the circuits to which they are connected.
According to the present invention it is pro-
posed to so connect two or more vacuum tubes
in each of one or more of the amplifiers as-
sociated with such a system that the low fre-
quencies which have been attenuated else-

where in the system -will be amplified more-

than those frequencies which have not been
attenuated in orderto thereby compensate for

the attenuation of the low frequencies.

A condenser is connected between the plate,

electrode of one tube and the grid electrode
of the succeeding tube and an inductance is
associated therewith so that at the frequency
of resonance greater amplification takes place
than at other frequencies, as will apvear more
fully in the detailed description hereinafter
following.. The discrimination as to the {re-
quency is also flexible and subject to change,
as one_condenser and one inductance may
easily be substituted for another condenser
and another inductance, the size of the con-

denser and the size of the inductance in all
cases being chosen with due regard to the
range of frequencies to be specially ampli-
fied. In order to increase the relative ampli-
fication of the frequency band, or the width
of the frequency:band, or both, a plurality
of such vacuum tubes so coupled may be con-
nected in tandem. . (U

A good understanding of the invention may
be had from the description hereinafter fol-
lowing when read in connection with the ac-
companying drawing showing a preferred
embodiment of the invention, in which two

~ vacuum tubes are connected in tandem.

Referring to the drawing, a source 1 repre-
sents diagrammatically any source for sup-
plying currents having various frequencies,
such as a telephonesystem, only some of which
are to be amplified to a greater extent than
other frequencies. e ;

The source 1 supplies currents to the am-
plifier tube 2 which may be of the three-
element type, through the transformer 3.
The orid 4 of this vacuum tube may be main-
tained at suitable negative potential by means

“of the battery 5. The plate 6 is supplied

with space current by battery 7 through the
impedance 8. Another vacuum tube 9 is con-
nected in tandem with vacuum tube 2.

The battery 10 providesthe grid11,through
inductarce 12, with suitable negative poten-
tial. A condenser 13 has one terminal direct-
Iv connected with the plate 6 of the vacuum
tnbe2 and another terminal directly connect-
od with the grid 11 of the vacuum tube 9,
and serves, first, to confine the currents from
batteries 7 and 10 to their respective circuits,
and second to resonate with inductance 12,
as will be described hereinafter. The plate
14 of the vacuum tube 9 is supplied with
space current from battery 15 through one
winding of the transformer 16. Currents
in the plate circuit of the vacuum tube 9 are
transmitted to the output 17 through the
transformer 16. The battery 18 supplies the
current necessary to heat the filaments of
vacuum tubes 2 and 9, the negative terminal
of this battery being grounded at 19.

In a simple series circuit containing in-
ductance and capacity there is a definite value
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of the frequency for which the total re-
actance of the circuit is zero, and the im-
pedance of the circuit is just equal to the re-
sistance of the circuit. This frequency is
known as the frequency of resonance, and
the circuit is then said to be in a condition
of resonance at this frequency. The im-
pedance of the circuit at the frequency of
resonance has its smallest value and the cur-
rent which flows in the circuit has its great-
est possible value.

In the simple series circuit in which a cur-
rent flows having a frequency equal to the
frequency of resonance, there are voltages
set across the terminals of the inductance
and the terminals of the capacity which are
much . greater than the voltage applied to
the circuit, the voltage of the inductance op-
posing the voltage of the capacity. It is
also a fact that at the frequency of resonance
the voltage across the inductance has the
same value as the voltage across the capacity.

All frequencies coming in from the source
1 are impressed on the input circuit of the
vacuum tube 2 through transformer 3. These
voltages are amplified in a manner well
known in the art and appear in amplified
form in the output circuit of the vacuum tube
2, which consists of battery 7, impedance 8,
plate 6, and the filament of the vacuum tube
2. These frequencies pass through the con-
denser 13 and are impressed on the input
circuit of the vacuum tube 9. :These are fur-
ther amplified by vacuum tube 9 and appear
in the output circuit thereof, which consists
of battery 15, one winding of the transform-
er 16, plate 14 and the filament of the vacuum
tube 9. These are then transmitted to the
output 17 through the transformer 16.

Condenser 13 and inductance 12 together
form a simple series circuit having a char-
acteristic- frequency of resonance. Current
appearing in the output circuit of the vacuum
tube 2 that has a frequency equal to the fre-
quency of resonance of this simple series cir-
cuit, is shunted through the condenser 18 and
inductance 12 so that a potential is impressed
across the terminals of the inductance 12,
which is higher than the potential impressed
between the plate and filament of the tube
2, provided inductance 12 is of the proper
magnitude, as will be referred to later.

Since at the frequency of resonance a po-

tential is impressed on the input circuit of
the vacuum tube 9 which is higher than the -

potential of other frequencies greater ampli-
fication occurs at this frequency than at all
other frequencies. This arrangement there-
fore acts like a transformer coupled ampli-
fier in which the transformation ratio varies
with the frequency, the transformer acting
like a step-up transformer at the frequency
of resonance, and like a unity radio trans-
former at other higher frequencies.

By inserting resistance in series with the
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inductance 12 the width of the band to be
specially amplified and the magnitude of
the voltage at the resonant frequency may be
varied. By putting resistance in series with
the inductance 12 the width of the resonant
band is increased and the magnitude of the
voltage at the resonant frequency is de-
creased. Similarly, by taking out resistance
in series with the inductance 12 the width
of the resonant band is decreased and the
magnitude of the voltage at the resonant
frequency is increased. It is to be also un-
derstood that the inductance 12 should
have an impedance at the resonant fre-
quency which is greater than the plate fila-
ment impedance of the vacuum tube 2, the
amplification at the resonant frequency in-
creasing as the ratio-of the impedance of the
inductance 12 to the plate filament impedance
of the vacuum tube 2 increases. The ar-
rangement such as is here disclosed may be
employed in systems in which it is necessary
to equalize the magnitudes of the various low
frequencies which have been elsewhere at-
tenuated. In other words, the arrangement
may be employed to act like a low frequency
equalizer or booster.

Inasmuch as the frequencies below the res-
onant band are attenuated in a system em-
ploying this embodiment of the inventicn the
arrangement may be used in an amplifying
system in which a frequency, or a band of
frequencies, is to be amplified to a greater
extent than other higher frequencies and at
the same time to materially reduce the rela-
tive amplitudes of currents having frequen-
cies below the frequencies of the resonant
band.

A particular application of the invention
may be had in connection with loud speakers.
Many loud speakers inherently reproduce the
low frequencies rather poorly, and therefore
by boosting these low frequencies the repro-
duction by the loud speaker may be consider-
ably improved.

It will be understood that while only two
tubes have been shown for amplifying a par-
ticular frequency, that a plurality of tubes
may be similarly connected, a capacity and
an inductance being associated with each
so that the voltages of the resonant fre-
quencies of the inductances and capacities
may be amplified to a greater extent than
other frequencies.

While the invention has been disclosed in
one particular embodiment which is deemed
desirable, it is to be understood that it is
capable of embodiment in other and widely
varied organizations without departing from
the spirit of the invention and scope of the
appended claims.

What is claimed is:

1. A system for amplifying one range or
band of audio frequencies to a greater extent
than all other higher frequencies, including
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two three-element vacuum tubes, the filament
electrodes of which are tied together, a con-
denser connected between the plate electrode
of the first vacuum tube and the grid elec-
trode of the second vacuum tube, and an in-
ductance having a very large resistance con-
nected between the grid electrode of the sec-
ond vacuum tube and the filament electrodes
of both vacuum tubes, said condenser and
said inductance forming a circuit which is
resonant at the band or range of audio fre--
quencies to be specially amplified.

9. A system for specially amplifying a
band of low frequencies lying within the
limits of audibility to a greater extent than
all higher frequencies, including two three-
element vacuum tubes, the filament electrodes
of which are tied together, a condenser con-
nected between the plate electrode of the first
vacuum tube and the grid electrode of the
second vacuum tube, a resistance, a high
potential battery, said resistance and said
battery being connected in series between the
plate electrode of the first vacuum tube and
the filament electrodes of both vacuum tubes,
and an inductance havihg a large amount
of resistance connected between the grid elec-
trode of the second vacuum tube and the
filament electrodes of both vacuum tubes.

8. An audio frequency amplification sys-
tem constituted by a plurality of electron

~ tubes each having input and output circuits,
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means coupling the output circuit of one
electron tube with the input circuit of a
succeeding electron tube comprising a - cir-
cuit including conductively connected induc-
tance and capacity elements cooperatively

~related for exaggerating the amplitude of
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particular frequencies and rendering the am-
plification uniform over another range of
frequencies. _

4. An audio frequency amplification sys-
tem constituted by a plurality of electron
tubes each having input and output circuits,
means coupling the output circuit of one
electron tube with the input circuit of a’
succeeding electron tube comprising a cir-
cuit having inductive reactance substan-
tially equal to capacitive reactance over a
predetermined frequency range to a prede-
termined limit and a circuit connected with
said aforementioned circuit for effecting uni-
form transfer of signaling energy at frequen-
cies above said predetermined limit to the
input circuit of the next adjacent tube.

In testimony whereof, T have signed my
name to this specification this 7Tth day of

April, 1931.
LEE G. BOSTWICK.




