June 24, 1941, S. GOLDMAN 2,247,085

AMPLIFIER

Filed Feb. 7, 1939

Inventor:
Stanford Goldman,

by Wwd Skl

is At_.’c orney.




Patented June 24, 1941

2,247,085

UNITED STATES PATENT OFFICE

AMPLIFIER

Stanford Goldman, Bridgeport, Conn., assignor to
General Eleciric Company, a corporatien of

New York

Application February ¥, 1938, Serial No.

19 Claims.

My invention relates to an improved amplifier
for a signaling system such as a radio receiver,
and more particularly to an amplifier arrange-
ment, whose amplification characteristic is con-
trolled in such a manner that the amplifier out-
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put is greatly reduced when the frequency char- ..

acteristic of the oscillations supplied to the input’

‘of “the amplifier is of the type which is pre-
dominantly characteristic of noise.

An object of my invention is to provide in an
amplifier system an arrangement which auto-
matically distinguishes between noise and signal
oscillations and effects a substantial reduction in
the power cutput of the amplifier when the ratio
of the noise oscillations to the desired signal
oscillations exceeds a predetermined value.

A further object of my invention is to provide
in an amplifier a control arrangement for de-
creasing the power output of the amplifier by
controlling - the 'operating potential supplied to
the amplifier; and my invention contemplates
that the control shall become effective to reduce
the amplifier output whenever the ratio of noise
oscillations to desired signal oscillations in the
input circuit of the amplifier exceeds a prede-
termined value.

The novel features which I believe to be.char-
acteristic of my invention are get forth with par-~

ticularity in the appended claims. My invention
itself, however, both as to its organization and
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method of operation, together with further ob- ‘

jects and advantages thereof, may best be under-
stood by reference to the following description
taken in connection with the single figure of the
accompanying drawing which illustrates an em-~
bodiment 6f my invention.

Referring to the drawing, my invension is il-
lustrated as embodied in an audio frequency am-
plifier arrangement for a signalling system. ‘The
input circuit {, 2 of the amplifier is connected to
8 source, not shown, of modulated oscillations.
The oscillations are normally modulated only by
desired signals but there are times during the
operation of the signalling system when the os-
cillations contain, in addition to the signal fre-
quency modulation components, extraneous and
.- undesirable noise frequency modulation compo-
. hents. These modulated  oscillations are sup-
blied from the input circuit 1, 2 through an input
_transformer. 3. to a diode rectifier 4 and a diode
load resistor 5. The oscillations are demodulated
by the diode rectifier and the demodulation
components appear. as potentials of: audio fre-
quency across the resistor 5.

‘The . audio- frequency potentials. are supplied
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through a condenser 6 to & voltage divider 1,
which in practice is generally used as a manual
volume control, to reduce to a desirable value the
magnitude of the potentials before supplying
them through a coupling condenser i$ to the
control electrode {23 of an electron discharge de-
vice 14. The device {4 is connected as a first
stage of -audio frequency amplification with its
anode i% connected through the resistors i6 and
IT to the positive terminal of a source of oper-
ating potential 18. - A cathode 19 is provided in
the discharge device i4 and is connected through
a cathode biasing resistor €8 and paraliel con-
nected condenser Zi-to ground and through
ground to the negative terminal of the operating
potential 18.

Amplified audio frequency potentials appearing
in the output circuit of the device |4 are sup-
blied through a condenser Z3 to the grid 24 of a
second electron discharge device 25. The device
25 has'an anode 6 which is connected through a
resistor 27 to the positive terminal of the source
of operating potential 18. A cathode 28 included
in the device 25 is connected direcily to ground.
Normal operating bias for the grid 24 is supplied
through a resistor 29 from a source of biasing
potential 36.

The amplified audio frequency potentials ap-
pearing in the output circuit of the electron-dis-~
charge device 2§ are in turn supplied through a
condenser 31 to a voltage divider 32. A portion
of the potential appearing across the voltage
divider 82 is supplied to a primary winding 33%.of
an audio frequency transformer 284. The second-
ary winding 33 of the transformer 34 is con-
nected to one or more additional stages of audio
frequency amplification, represerited convention-
ally by the rectangle 6. The output of the am-
plifier 36 is supplied to a translating device 37
which may, for example, be a loud speaker.

It was previously pointed out that the oscilla-

tions suppiied to the input circuit {, 2 of the -

amplifier arrangement thus far described may be
modulated both by desirable signal frequencies
and by undesirable noise frequencies, the latter
arising from noise disturbances either external
to the signaling system or originating, as by a
switching operation or by thermal agitation of
a preceding high gain amplifier stage, within the
signaling apparatus itself, The energy of the
noise frequencies during a normal period of oper-
ation of the system is generally so small as not
seriously to interfere with the satisfactory re-
ception of signals. At other times, however, the
energy of the noise frequencies may reach seri-
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ous proportxons and predommate over the signal
frequencies. With the extended low and high
frequency response now obtainable in signaling
apparatus having an output of several wakts,
there is the very great possibility of producing
large and disturbing sound outputs of undesir-
able noise, particularly during those brief periods
when the energy of the noise frequencies greatly
predominates over that of the signal frequencies.
Extensive studies have shown that while the
range of the signal frequencies at times extends
over the entire frequency range to which the am-
plifier is capable of responding, the greater por-
tion by far of the signal energy appears in the
relatively low signal frequencies. It has further
been found that an appreciable amount of the
energy of the noise frequencies lies in the band
of relatively high audio frequencies between about
/3,000 to about 4,000 cycles per second. Advan-
“tage is taken in my invention of this distribu-
tion of the energy between the signal and noise
frequencxes and the energy of the noise frequen-
“cies is used, after separation from the signal fre-
quencies, .greatly to reduce or even silence the
output of the audio frequency amphﬁer during
_periods when the ratio of the noise frequencies to
the signal frequencies exceeds a predetermined
value.
. To this end, the noise and signal potentials
_thch appear across the resistor 1 are supplied
to the input circuit of an additional stage of
amplification 8. The output of the latter ampli-

fier is supplied through a condenser 9 and through-

a manually operable switch 71 to a pair of series-
connected condensers 42, 43. ‘These condensers
. operate as a voltage divider, and that portion of
the total potential which appears across the con-
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denser 43 is supplied to the anode element £4. -

of a diode rectifier 48.
. rectifier 45 is connected to a point of small posi-
tive potential on the source of operating poten-
tial 18 through a pair of paths, the first of which

_is comprised by the parallel connected resistor-

47 and condenser 48 and the second of which is
comprised by the serially connected condensers
49 and 50. A resistor 81 is connected in parallel
with the condenser 42, the left-hand end of the

Nresmtor 51 being connected through a resistor:

52 to the anode element 44 of the diode rectifier.
A conductor 53 connects the left-hand end of
the resistor 51 to the control electrode 54 of an
amplification control discharge device 38.
__The amplification control discharge device 28
is. provided with an anode 38 which is connected
_through a manually operable switch 43 to the
. upper terminal of the resistor 7. The cathode
41 of the device 28 is connected through ground
to the negative terminal of the source of oper-
ating potential {8. It is evident that the oper-
ating current of both the amplification control
device 38 and of the amplifier device 14 flows
through the common anode resistor {7. By con-
trolling the potential on the control electrode 54
of the device 38, more or less operating current is
consumed by the device 38 and, since the oper-
ating current of this device flows through and
produces a potential drop across the resistor #7,
more or less operating potential is supplied to
~the anode 15 of the amplifier device (4.
The use of the cathode resistor 28 and the con-
. denser 21 insures that the operating bias on
. the control electrode 13 of the amplifier device 14
-iisratiall times.correct for the particular value of
anode potential supplied to this device. How-

The cathode 46 of the
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ever, it is well known that the gain and maxi-
mum power output of an amplifier stage oper-
ating in this manner varies in accordance with
the magnitude of the operating potential sup-
plied to the stage. Therefore, by controlling
through the operation of the amplification con-
trol device 38 the magnitude of the operating
potential supplied to the device 14, the gain and
maximum output of the latter device may be
readily controlled in accordance with the bias
which is supplied to the control electrode 54 of
the amplification control device 38.

The output of the amplifier 8 is likewise sup-
plied to the grid 58 of additional electron dis-
charge amplifier device 55 through a low fre-
quency abttenuation network comprised by the
resistors 57 and condensers 58. A cathode 59
provided in the device 55 is connected through a
cathode biasing resistor 60 and parallel connected
condenser §1 to ground. The device 55 includes
an anode $2 which is connected through a reso-
nant- circuit 68 to the positive terminal oi the
source of -anode potential 18. The resonant ¢ir-
cuit 63 is comprised of an iron core inductance
64 and parallel connected condenser 65 and is
tuned to a frequency between about 3,000 to about
4,000 cycles per second.

The output of the electron discharge amplifier
device 55 is supplied through a condenser 66
to the anode electrode 67 of a second diode rec-
tifier ‘68. The diode 68 has a cathode €9 which
is directly connected to the left-hand end of the
resistor 47 and to the cathode 46 of the diode
rectifier 45. The right-hand end of the resistor
41 is connected through g resistor 78 to- the anode
67 of the diode rectifier 68.

The operation of my amplification system will
now be considered. Assuming the manually opéer-
able switches 48 and T1 to be closed, signal and
noise frequencies appearing in the output circuit
of the amplifier 8 are supplied through the switch
11 and condenser 42 to the diode rectifier 45.
The latter rectifies the noise and signal frequency
potentials to produce across the resistor 51 a
unidirectional potential having the polarity in-
dicated on the drawing. The condenser 49 is suf-
ficiently large that only syllabic or lower fre-
quency variations occur in the magnitude of this
unidirectional potential. - By syllabic frequencies
are meant that range of frequencies from one to
approximately 10 -cycles per second which fre-
quency range is substantially that of the ocecur-
rence of syllables in ordinary speech. Tt will be
recognized that this range of frequencies is be-
low the range occupied by voice and music fre-
quencies.

Simultaneously, the output of the amphﬁer 8
is' supplied through the low. frequency attenuation
network comprised by, the resistors 57 and con-
densers 58 to the grid §6 of the discharge device
§8. The attenuation network supplies a.band of
relatively high audio frequencies. above about
3,000 cycles per 'second from the output cireuit
of the amplifier 8 to the input circuit of the device
§5. The tuned circuit 63 included in the output
circuit of the-device 55 is tuned to a frequency
of from about 3,000 to ahout 4,000 cycles per
Substantially only those frequencies
therefore appear in the output cireuit of the de-
vice 55 which lie in a band of from about 3,000
to about 4,000 cycles per second.

A considerable amount -of the energy -of noise
frequencies is found to lie ‘in"this band of rela-

- tively high audio frequencies whereas a relatively

small amount of the energy of the signal fre-
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duencies falls within this frequency band. . This
difference in the distribution of energy between
the noise and signal frequencies is therefore
made use of as a means of distinguishing be-
tween the undesirable noise and the desirable
signal. - The output of the device 55, which con-
sists almost entirely of ‘noise frequencies of from
about- 3,000 to about 4,000 cycles per second, is
supplied through the condenser 66 to the diode
rectifier 68. Lt

The noise frequencies are rectified by the recti-
fier 68 to produée across the resistor 41 a unidi-
rectional potential having a polarity as indicated
on the drawing. -This potential is supplied to the
control electrode 54 of the device 38 in opposition
to the potential appearing across the resistor 5i.
It should be noted that the device 55 and. its as-
sociated circuit serve not only to distinguish: be-
tween the noise frequencies and the signal: fre-
duencies, but further serve greatly to amplify the
noise frequency energy before supplying it to the
diode rectifier 68, 'This is necessary in  order
that the potential appearing across the resistor
47 may predominate over the potential appearing
across the resistor ‘51 during the occurrence of
excessive noise. :

The unidirectional potential  which appears
across the resistor 5! and :the unidirectional : po-
tential produced by noise frequencies which ap-
bears across the resistor 471 are added (with the
opposing polarity indicated.on the drawing) to
control the bias on the control electrode 54 of the
amplifier control discharge deviée 28, The bias
supplied to the control electrode 54 in turn con-

“trols the operating current consumed by the de-:

vice 88 through the resistor |71 from the source
of operating potential I8 and, in deing so, con-
trols the operating potentiai supplied to and the
‘gain-and maximum output of the amplifier de-

vice 14, When the:bias on the coritrol electrode-

54 is positive, as during the occurrence of exces-
sive noise, there is a large potential drop across
- the resistor 17and the operating potential sup-
plied to the amplifier device 14 is greatly reduced.

As was previously pointed out, the magnitude of.

the operating potential directly affects the gain
and output of the amplifier device {4 so that the
output of this device is' greatly reduced or even
silenced whenever there is:a predominance of
noise frequencies.
frequencies predominate, the bias supplied to the
control- electrode B4 is negative, the operating
current consumed by the amplification control
device 38 is reduced, and the operating potential
supplied to the amplifier device 4 thereupon be-
comes sufficiently large in magnitude that the
device {4 is capable of amplifying without dis-
tortion large values of signal potentials supplied
to its input circuit.

In practice, the magnitude of the potentials de-
veloped across the resistors 47 and 51 is so ad-
justed that normal signals are freely amplified,
but upon the occurrence of a condition of ex-
cessive noise (where the ncise frequencies pre~
dominate over the signal frequencies), the output
of the amplifier device 14 is effectively reduced or
even silenced. The operating characteristic of
the amplification control device 38 and the
magnitude of the unidirectional potentials de-
veloped across the resistors 51 and 47 are such
that, with suitable adjustment of the circuit con-
stants, the transition from wmormal operation to
reduced output of the amplifier device 14 is ac-
complished in a fraction of a second when g criti-
cal value of the noise to signal ratio is ‘exceeded.

However, when -the :signal.
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The extended operation over a period of several
months of a radio receiving system embodying
my. invention has shown that, contrary to what

-might be supposed by some persons, transmitted

radio programs do not have such a frequency
distribution that the signal eénergy itself operates
to reduce. or silence the amplifier output.

The switches 40 and 7! may be opened to
terminate the automatic control of the gain of
the device 14 by the device 38 during periods when
the occurrence of noise does not seriously dis-
turb the proper reception of signals. When the
automatic control is: used in a radio receiver, the
switches 48 and 7! are preferably mechanically
connected to.be operated with the tone control
switch : usually, provided. in - the receiver, the
switches 48 and 71 being normally open but mov-
able to closed position upon manual movement
of the tone control knob to a predetermined posi-
tion especially designated for the elimination of
static and noise disturbances.

‘Where in the appended claims the reduction or
increase of the amplifier “output” is referred to,

I wish it to be clearly understood that by this

expression I intend to include all changes in the
amplifier operating characteristic whether the
change is.in the nature of a changed amplifier
gain.or a changed amplifier power output or
both. ~

While I have illustrated a particular embodi-
ment of my invention, it will, of course, be uhder-
stood that I do not wish to be limited thereto
since many modifications may be made in the cir-
cuit elements employed and in their arrangement,
and- I therefore contemplate by the appended
claims to cover any such modifications as fall
within the true spirit and scope of my invention.

What I claim as new and desire to secure by

‘Letters Patent of the United States, is:

1. In a signaling system, the combination of g
source of oscillations having relatively low signal
frequencies” mixed with undesirable relatively
highnoise frequencies, means for amplifying said
signal frequencies and therewith said noise fre-
quencies, and means responsive to the occurrence
of a preponderance of said high noise frequencies
over. said low signal frequencies for reducing the
output. of said last named means at all frequen-
cies. - : '

2. In a signaling system, the combination of a
source of -oscillations, said oscillations having
relatively low. frequency signal components and
relatively high frequency undesirable noise com-
ponents, means for amplifying said oscillations,
and means for controlling said last named means
to increase the output of said last named means
in response to a preponderance of said signal
components over said noise components and to
reduce the output of said last named means at
all frequencies in response to a preponderance of
said noise components over said signal com-
ponents.

3. In a signal amplifier, the combination of a
source of oscillations having relatively low fre-
quency -signal components and relatively high
frequency undesirable noise components, means
for amplifying said oscillations, means for sep-
arating out of said oscillations said high fre-
quency noise components, and means including
said last named means for reducing the output
of said amplifying means at . all frequencies in
response to occurrence of a preponderance of said
high frequency noise components over said low
frequency signal components.

4. The combination, in a signal amplifier, of a
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source of oscillations having relatively low fre-
quency signal components and relatively high
frequency undesirable noise components, means
for amplifying said oscillations, means for dis-
tinguishing between said low frequency signal 5
components and said high frequency noise com-
ponents, and means including said last named
means for controlling the output of said ampli-
fying means at all frequencies in accordance with
‘the relative proportions in which said low fre- 10
-quency signal components and said high fre-
quency noise components cccur in said oscilla-
tions, the output of said amplifying means being
inereased to its normal value upon the occur-
rence of s preponderance of low frequency com- 15
ponents and being substantially reduced upon
-the occurrence of a preponderance of said high
frequency components.

5. In a signaling system, the combination of a
source of oscillations having relatively low fre- 9
quency signal components and relatively high
frequency undesirable noise components, means
for amplifying said oscillations, means for de-
veloping from said low frequency components a
first control potential and from said high fre- o5
guency components a second control potential,
and means responsive to the relative magnitudes
of said control potentials for controlling the out-
put of said amplifying means, said oscillations
being amplified to the full output of said ampli- 39
fying means while said low frequency components
preponderate over said high frequency compo-
nents and being amplified to a lesser degree by
said amplifying means while said high frequency

components preponderate over said low frequency 35

components.

6. Tn a sighaling system, the combination of a
source of oscillations having relatively low signal
frequencies mixed with undesirable relatively high
noise frequencies, means for amplifying said sig- 40
nal frequencies and therewith said noise fre-
quencies, means for supplying operating poten-
tial to said last named means, and means re-
sponsive to the occurrence of a preponderance of
frequencies for reducing the magnitude of the °
potential supplied to said amplifying means from
said last named means whereby the output of
said amplifying means is reduced at all frequen-
cies. L 50

7. The combination, in a radio receiver, of an
audio frequency amplifier for amplifying the re-
¢eived audio frequency currents, means to rectify
said audio frequency currents and to produce

therefrom  a unidirectional voltage varying in
accordance with the syllabic components there-
of, means to rectify a portion of said currents

_having frequencies above three thousand cycles
to .produce: a second unidirectional potential,

means. to increase the amplification of said am-
plifier in response to the first of sald unidirec-
tional potentials and to reduce said amplifica-
tion in response to said second of said unidirec-
tional potentials, said variations being such as to

.produce normal amplification.during normal re-

ception of signals and substantially to render
said amplifier inoperative during reception of un-
desired noise currents of high frequency.

-°8..In a radio receiver having audible response,
the combination of an audio frequency amplifier

.arranged to amplify received audio frequency
_voice and music currents from which said re-
sponse is produced, a noise reducing system, com-

prising means to rectify the low frequency com-

ponents of said audio frequency currents to pro-

duce a unidirectional potential, means to rectify
a portion of the high frequency components
above three thousand:cycles to produce a second
unidirectional potential, and means to vary the
amplification of said amplifier in response to said
unidirectional potentials, said amplification being
increased in response to the first of said unidi-
rectional potentials and reduced to such an ex-
tent 'as .substantially to silence said receiver in
response to the second of said unidirectional po-
tentials. :

9.- The combination, in a noise reducing system
for. radio receivers for.voice and music currents
of an amplifier for said currents, means respon-
sive predominantly to the range of frequencies
between. three and four thousand cycles-for re-
ducing the amplification of said amplifier during

- reception of undesired noise currents, and means

to render said last means ineffective during nor-

-.mal reception of voice or music currents including

frequencies in said range. .
10. The combination, in a noise reducing sys-

“tem. for radio receivers for voice and music cur-
. said high noise frequencies over said low signal. 45

rents, of an amplifier for said currents, means re-
sponsive predominantly to the range of frequen-
cies between three:and four thousand cycles for

- reducing the amplification of said amplifier dur-
_ing.reception of undesired noise currents, and

means predominantly responsive to currents of
low frequency.to increase the gain of said ampli-
fier. during normal reception.

STANFORD GOLDMAN.



