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This invention relates to audio  frequency
transmission circuits and more particularly, to
a-tone control: for regulating the width of the
band of frequencies which may be fransmitted.

In the electrical transmission of audio fre-
quency signals, for example speech or musiec, it
is evident that all frequencies within the useful
audio range should. be transmitted with equal
gain, if the audio output is-to be a faithful. re-
production of the audio input. Within recent
years considerable work has been done upon the
design of audio frequency transformers and au-
dion amplifier circuits, in-an effort to secure a
substantially ‘uniform gain for all frequencies
between 50 or: 100 cycles. and- approximately
5000 cycles. 'The audio systems included in many
commerecial radio-receivers..are -of this .type and
provide for an approximately faithful reproduc-
tion of a wide range of audio frequencies. In
the absence -of local electrical . disturbances,
which give rise to static noises, audio reproduc-

tion of good quality is obtained when receiving -
strong signals, for example signals from a local

broadcasting - station. When weak: signals are
received, however, the increased radio frequency
amplification required to-secure the desired audio
output result in the. appearance of static dis-
turbances or of beat notes due: to the hetero-
dyning : with an. adjacent carrier: frequency
which, in part at least, mask the signal Whlch
is being received. = -

Fortunately, however, these dlsturbances which,
frequently appear when weak signals are re-

ceived ‘are, in: general,:of relatively high fre- -

quency and they may be reduced or eliminated
by shifting the upper limit of the band of trans-
mitted frequencies to a lower value. - Although

this lowering of ‘the cutoff results in some distor-

tion of the desired signal, the net effect is a
material improvement in the quality of the audio
repreduction since the disturbing noises may be
reduced or completely ellmmated :

An object of the present 1nvent10n 1s to” pro-
Vlde an improved tone control for use in _an
audio’ frequency transmlssmn 11ne, and partlcu-
larly in an audio frequency amphﬁer employmg
vacuum tubes: .

"A further obJect of. the 1nvent10n is to prov1de
a tone control of the. type stated which.includes
adjustable elements for altering either the posi~
tion or the slope, or both the pos1t10n and slope,.
of the upper limit of-the transmlssmn-frequency
characteristic curve: :

These and other obJects w111 be apparent from

1930. Serial No. 476,847
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the followmg specification taken with the ac-

companying diagrams in which, -
Fig. 1 is a circuit diagram 111ust"a,t1ng the in-
vention as applied to an audion amplifier, and
Figs. 2 and 3 are curves of audio output

6c

against audio frequency showing results obtamed .

by use of the invention. .

Referring to Fig. 1, the ‘inductance L is in-
serted between an audio frequency amplifying
tube 1 and its output transformer 2. The value
of the inductance I. is chosen to choke out all
impulses above a predetermined high frequency.
To control the point at which the high fre-
quency impulses are cut out, the inductance L
is by-passed by a line 3 which includes a vari-
able resistance R. When the resistance R'is all
out the inductance L is ineffective. However,
by increasing R, more current is forced through
the inductance L with a consequent choking out
of "the -high, undes1rab1e frequencies.” This re-
sistance has a maximum impedance considerably
higher than that ‘of the inductance ‘I, so that
when the effective resistance reaches it maxi-
‘mum value, the inductance L will alone deter-
m1ne what high frequencies ‘are passed.

“The result accomphshed by the invention- as
described so far, is showh by curves in Fig. 2.
The curve A represents the values of aiidio out
put to audio frequency with the resistance R all
out.-and the inductance L consequently by~ passed
by the line 3. As the resistance R is put in the
cireuit the higher frequenc1es are choked out by
the inductance 1, and the tra.nsmlssmn-frequen-
cy ‘curve takes the form B. It can clearly be
seen, ‘therefore, that there will be no reception
of impulses having higher frequenmes than those
determined by-the curve B.

At times, it is desirable that the high fre=
quency ‘cutoff should not be sharp, as shown: by
curves'A and B. “Such a case arises when a par-
ticular loud speaker exhibits peaks at some fre~
quencies. Also ‘it is sometimes desirable- to let
through a few oveértones even though: accompa.-
nied by a sight distiirbance. A resistance Ri con-
nected in-series with the inductance I, has the
effect of ‘changing the shape of ‘the curve.  This
resistance is variable so that any desired shape
may be given to the curve at cutoff.: Such flat-
tened curves.are C and D as shown-in Fig. 2. .

Incidental to cutting of the high frequencies
by the inductance ‘L and controlling" resistance
R, there is a loss.in: output. volume.' In order to
compensate for this loss, a gain-control resist-:
ance . Rso is shunted across the transformer 2, to
regulate: that- portion . of the load developed

6

70

75,

80.

85

90

95

100

105

[

10



10

15

20

2

across transformer primary which will be trans-
ferred to:the succeeding tube. The resistances R
and Rz are coupled for simultaneous operation
so that as the resistance R is increased and the
output volume for a constant input. is conse-
quently decreased, the resistance Ra is increased
with a consequent increase in the gain provided
by the transformer.

The result of the above described operation is
represented in Fig. 3. The curve A represents

the audio output to audio fréquency when. the

inductance L is bypassed by the line 3. As the
vesistances R and Rz are simultaneously. in-

creased the curve is moved to:the left as'a re-.
sult of the higher frequencies-being choked out: -
of the type having a plurality of electron tubes,

by the inductance Ii and the curve is moved up
as a result of the increased gain effected by the
increase of the resistance Rz. As the areas un-

der the curves afford a measure of the output

volume, it is clear from Fig. 3, that as the point
of frequency cutoff is moved back, the volume
may. be held approximately constant.

As an example of constants which have been

. found to be suitablein a circuit such as shown
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in Fig. 1, and in which the transformer Z was
of 'a standard commercial design having ‘a rel-
atively flat transmission characteristic, the fol-
lowing data is given. for purposes of illustration,
but the invention is not to be’ understood as lim-
ited to these particular values —_

L=10-15 henries

R=resistance variable from 0-500, 000 ohms

Ri=tesisfance variable from '9-100,000 ohms

‘While the invention has been described in con-
nection with an audion amplifier, it will be ap-
parent that the tone control is equally applicable
to other forms. of audio frequency transmission
circuits. The simultaneous: control of amplifier

- .gain and of the upper limit of the transmission

band may be effected in other ways. For exam-
ple, in a radio receiver in which.the amplification
is regulated by the adjustment: of & control grid

-bias, the bias: control .and resistanee R may be

coupled mechanically for simultaneous eperation.

These and other variations may be made with-
out departing from the spirit of my invention
as set forth in the following clalms. .

I claim:—

1. The comblna,tlon . with an nnpedance

adapted to couple two sections of an audio fre--

guency . transmission: line, of a -composite im-
pedance for controlling the  transmission-fre-
guency -characteristic of -said: impedance and
line, said composite impedance being in-series
with -one section of said line and.comprising a
fixed inductance and variable resmtor shunted
by an adjustable resistance.’

2. As a tone control for an audxo frequency
transmission line, the . combination with - an
audio. frequency transformer for. coupling.two

sections of said line, of an inductance and va-

riable resistor in series with the primary of said
transformer, and  an adjustable
shunted across said inductance. .

3. As a tone comntrol for an-audio frequency
transmission line, the -combination with ..an.
audio frequency transformer for coupling two
sections of said -line, of & resistance and induc-
tance serially connected with: the ‘primary- of
said transformer, and -an-adjustable resistance
shunted across sald first: res1stance and mduc—
tance. -

-4, In an audlon amplifier adapted to transmlt

" a band of audio frequencies, the: combination

: resistance

1,031,664

with means for adjusting the width of the band
of frequencies which may be transmitted, of
means for simultaneously therewith adjusting
the gain of said amplifier in a direction oppo-
gite ta the variation of band width.

5. In an -audio: frequency amplifier circuit
adapted to transmit a band of audio frequen-
cies, the combination with means for adjusting
the width of the band of frequencies which may
be transmitted, with control means for simulta-
necusly therewith adjusting the gain of said
amplifier, said gain control means being arranged
to increase the-gain as said first means de-
creases the width of the transmitted band.

6. An audio  freguency transmission sysiem

80

85

g0

said- tubes having input and output circuits,
and means for tone control, said means includ-

-ing an inductance and resistance in series with

one of said output circuits, and means provid- 95
ing a path of ad;ustable impedance in shunt to
said inductance. -

7. A transmission’ system of the‘type having

a plurality of electron tubes, said fubes having
input-and output circuits, and means for tone
control including an inductance and ‘a variable
resistance having a maximum impedance great-
er than that of the inductance in parallel with
each other and in series with one of said out-
put cireuits, and a 'variable -resistor arranged 105
for operation with the variable resistance.
- 8.°A transmission system of ‘the type having
4 plurality of electron tubes; said tubes having
input aind - output circuits, means for tone con-
trol including a c¢ombination comprising an in-
ductanece and Tesistance -in:'series with each
other and in parallel with another resistance,
said -combination’ bemg in- serles w1th one: of
said output cireuils. -

79, An audio fréquency transmission system of
the ‘type having a plurality of electron tubes,
said -electron tubes having input and output
circuits, means ‘coupling the output eircuit of
one -of sald tubes ‘with the ‘input circuit of
another -one of said tubes, means for tone con-
trol'in serie§ with said output circuit, and com-
pensating” means in -parallel with said outpuf
circuit to increase the amplification of said sys-
tem, ‘and means for’ simultaneously -operating
the compensating means with the adjustment of 125
said- control means in that sense which re-
duces’ the w1dth of the band of tra,nsmltted
frequenmes

=19, In combmatmn in an. audio frequency
transmission  network; s’ tube adapted to have
its . input ‘electrodes: connected to -a source of
audio’ frequency modulated: electrical: waves, &
succeeding amplifier tube, an audio frequency
transformer having its secondary connected to
the ;amplifier input- electrodes, means for con-
trolhng the transmlssmn-frequency character-
istic of the network connecting the output elec-
trodes of:the first, tube, to the transformer pri-
mary, said means comprising a coil connected
between the .anode of the first tube and.one side 149
of the transformer primary, and a variable re-
sistor in shunt with the coil, the maximum im-
pedance of the resistor exceeding that of the
coil whereby. when the resistor is varied’ to its
maximum ‘value the coil alone determines what 145
h1gh audio frequenmes are transmm:ed to the i
saxd amplifier-tube.

. 1L. In ‘combination in ‘an audio “frequency
transmission network, a tube- adapted to have
its® input--electrodes - conneeted -to a ‘source of 150
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audio frequency modulated electrical waves, a

audio frequency modulated electrical waves, a
succeeding amplifier tube, an audio frequency
transformer having its secondary connected to
the amplifier input electrodes, means for con-
trolling the transmission-frequency characteris-
tic of the network connecting the output elec-

trodes of the first tube to the transformer pri--

maxy, said means comprising a coil connected

between the anode of the first tube and one side

of the transformer primary, and a variable
resistor in shunt with the coil, the maximum
impedance of the resistor exceeding that of the
coil whereby when the resistor is varied to its
maximum value the coil alone determines what
high audio frequencies are transmitted to the
said amplifier tube and a variable resistor in
series with the coil for regulating the sharpness
of high audio frequency cut-off by said con-
trolling means.

12, I combination in an audio frequency
transmission network, a tube adapted to have
its input electrodes connected to a source of

3

succeeding amplifier tube, an audio frequency

-transformer. having . its secondary connected to

the amplifier input -electrodes, means for con-
trolling the transmission-fréquency characteris-
tic ‘of the network connecting the output elec-
trodes of the first tube to the transformer pri-
mary, said means comprising a coil connected
between the anode of the first tube and one
side of the transformer primary, and.a variable
resistor in shunt with the coil, the maximum
impedance of the resistor exceeding that of the
coil whereby when the resistor is varied to its
maximum value the coil alone determines what
high audio frequencies are transmitted to the
said amplifier tube, and an adjustable resistor,
operative simultaneously with said variable re-
sistor, connected to the transformer to compen-
sate for the loss in the output of said amplifier
tube when said variable resistor is varied toward
said maximum value.
STEPHEN D. LAVOIE.
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