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UNITED STATES 

2,151,773 

PATENT OFFICE 
2,151,773 

REDUCTION OF NOSE 

Winfield R. Koch, Merchantville, N. J., assignor 
to Radio Corporation of America, a corpora 
tion of Delaware 

Application March 28, 
4 Claims. 

The invention relates to the reduction of the 
noise which tends to be produced in radio re 
ceivers and similar apparatus by electrical im 
pulses extraneous to the desired signal or control 
impulses. It has for its principal object the pro 
vision of an improved apparatus and method of 
operation whereby the noise and signal impulses 
may be separated from one another without Sub 
stantial distortion of the signal impulses. 
Many noise reduction methods heretofore pro 

posed have involved reducing the signal output 
to Zero for the duration of the noise impulse or 
have involved merely limiting the amplitude of 
the noise impulse. These methods have not been 
altogether satisfactory for the reason that they 
eliminate a part of the signal impulse or other 
wise distort the signal to such an extent that 
objectionable noise is produced at the receiver. 
In accordance with the present invention, this 
difficulty is largely eliminated by the provision of 
means which operate for the duration of the 
noise impulse to (1) open the signal channel, (2) 
maintain the signal level substantially constant 
at the receiver or (3) maintain a substantially 
constant ratio of signal impulse level to noise 
impulse level. 
The invention will be better understood from 

the following description when considered in con 
nection with the accompanying drawings and 
its scope is indicated by the appended claims. 

Referring to the drawings 
Fig. is a wiring diagram of a noise reduction 

system including a delay network through which 
a pair of control vacuum tube devices are oper 
ated at successive instants of time to control the 
grid bias potential applied from an oscillation 
generator to a pair of channel opening vacuum 
tube devices, the signal level at points beyond 
the circuit opening devices being maintained sub 
Stantially by means of a capacitor connected 
across the channel at a point following the chan 
nel opening devices, 

Fig. 2 is a wiring diagram of a noise reduction 
system which differs from that of Fig.1 in that 

50 

55 

an over-biased intermediate frequency amplifier 
is utilized to perform the function of the con 
trol tubes and oscillation generator of Fig. 1, 

Figs. 3 and 4 are explanatory diagrams relat 
ing to the operation of the apparatus, and 

Fig. 5 is a wiring diagram of a noise reduction 
system which is similar to that of Fig. 1 but 
differs therefrom in that the grid bias potential 
of the channel opening devices is made to de 
pend on a resultant potential, the components 
of which are derived respectively from the delay 

1936, serial No. 71,348 
(CI. 250-20) 
network and from the intermediate frequency cir 
cuit for ensuring operation of the noise reduc 
tion apparatus over a Somewhat greater range 
of noise levels, 
In the noise reduction circuit of Fig. 1, signal 5 

impulses are supplied from a diode biased audio 
amplifier () through a delay network, an audio 
amplifier 2, and a pair of reversely connected 
channel opening vacuum tube devices 3 to a 
capacitor 4 and to the input circuit of an audio 
amplifier 5. The diode biased amplifier O may 
be the second detector of a superheterodyne radio 
receiver or the like. The circuit opening tubes 
3 are diode-biased. Grid control potential is 

Supplied to these diode-biased tubes 3 from an 

O 

5 
oscillation generator S through a transformer 

, this control potential being controlled by 
means of a pair of control tubes, 8 and f9 Which 
have their input circuits energized from differ 
ent pointS A and C of the delay network . 

For normal Operation, without large noise im 
pulses, the capacitor 4 is charged and discharged 
by the audio amplifier 2 operating through the 
cathode-anode electron discharge paths of the 
circuit control or circuit opening tubes 3. 
When a noise impulse exceeding a predeter 

mined level occurs, the control tube 8, which 
is normally biased beyond cutoff by the outer 
control grid and biasing means indicated in con 
nection therewith, becomes operative, since the 
presence of a noise impulse causes the outer con 
trol grid to become more positive. 
The tube 8 then becomes conducting for con 

veying oscillations from the oscillator 6 through 
its connection with the inner control grid. The 
amplified output from tube f6 is thereby ap 
plied to the output circuit of tube 8, and the 
oscillator energy is applied to the control devices 
3 through the coupling means T. 
The coupling means permits rapid build 

up or decay of the oscillatory currents and the 
diodes of the tubes 3 rectify the resulting volt 
age impressed on the diodes through the trans 
former to produce direct current biasing po 
tential for the control grids of tubes f3. The 
biasing potential is such that the control grids 
of the tubes 3 are biased beyond the cutoff value. 
With this cut-off arrangement, the charge on 

the capacitor 4 will be unaffected by the am 
plifier 2, and the instantaneous input voltage 
of the audio frequency amplifier 5 will be main 
tained constant at the value or level attained 
immediately preceding the operation of the tube 
8 or channel cut-off. 
When the signal arrives at the end of the 
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delay network, it serves to operate the tube 
9 in a similar manner to maintain the channel 
open for a short interval after the application 
of the signal to the amplifier 2. Otherwise, a 
noise impulse of appreciable magnitude might 
be applied to the output amplifier 5. Due to 
the delay effect of the network , the channel 
is opened before the noise impulse reaches the 
input circuit of the audio amplifier 5. 

In like manner, closing of the channel is de 
layed beyond the point where the noise impulse 
again reaches the predetermined level, this re 
sult being effected by the control tube 9 which 
is biased beyond cutoff and is maintained open 
until the noise impulse has passed the point C 
of the delay network . 
Various modifications of the noise reduction 

circuit of Fig. 1 will be apparent to those skilled 
in the art. Thus, the circuit may be rendered 
independent of flat automatic volume control 
action by so adjusting the control tubes 8 and 
9 that they operate whenever the instantaneous 

audio voltage exceeds the direct current voltage 
resulting from the carrier alone. Under these 
conditions, operation of these tubes is effected 
on any impulse of a level exceeding the volt 
age corresponding to 100% modulation in the 
positive direction. Instead of the network if, 
suitable mechanical, acoustic or like means may 
be utilized to delay the signal until the channel 
control tubes 2 and 3 have operated. 
The modification of Fig. 2 is similar to that 

of Fig.1 but differs therefrom in that the oscil 
lation generator 6 and control tubes 8 and 9 
are replaced by an over-biased intermediate fre 
quency amplifier 20, an intermediate amplifier 
2 is illustrated and the diode detector 22 is 
shown as enclosed in a receptacle separate from 
that of the first audio amplifier 0. 
With the overbiased intermediate frequency 

amplifier 20 connected as shown, intermediate 
frequency voltages greater than that correspond 
ing to any predetermined percentage modulation 
cause the amplifier 20 to function. The result 
ing voltages impressed on the diodes and grids of 
the channel control tubes 3 cause them to open 
the channel before the audio noise impulse 
reaches them. Closing of the channel is delayed 
for a period of time dependent on the resistance 
capacity constants between grids and cathodes 
of tubes 3. 

If the signal impulse has the wave form indi 
cated at 25 and the Superposed noise impulse has 
the wave form indicated at 26, the signal re 
ceived at the audio amplifier f5 will have a wave 
form similar to that indicated at 2. The differ 
ence between the present and prior methods of 
noise reduction is more clearly illustrated by Figs. 
3 and 4. Thus Fig. 3 illustrates the effect of 
previous limiter or noise reduction devices On a 
signal impulse 25 which has noise impulses Super 
imposed on it at points a, b and c and Fig. 4 
illustrates the effect on the Sane composite Wave 
of a noise reduction constructed in accordance 
with the present invention. The upper dotted 
line in each case indicates the instantaneous 
audio level corresponding to 100% modulation 
and the lower dotted line similarly indicates the 
instantaneous audio level for Zero 9% modulation. 
The noise reduction circuit of Fig. 5 is similar 

to that of Fig. 1. With the exception that a con 
ductor 28 is connected back to the intermediate 
frequency circuit for the purpose of injecting 
into the input circuits of the control tubes 8 
and 9 a bias potential which varies in response 

2,151,778 
to the signal carrier level and functions to main 
tain a relative constant relation between the sig 
nal and noise impulse levels insofar as the dif 
ference of these levels affects operation of the 
control tubes 8 and 9. This arrangement has 
the advantage that it operates over a Wider range 
of noise impulse amplitudes and produces a SOme 
what more thorough elimination of the noise 
impulses. The grid of the audio frequency am 
plifier tube 6 is connected to an adjustable point 
on the diode resistor connecting to capacitor 4, 
to permit a balancing action to be obtained, for 
voltages occurring across this resistor during in 
pulses, which cause currents to flow through the 
stray capacity to ground of the secondary wind 
ing of transformer 7, and back through capaci 
tor f4, thus introducing a small disturbance in 
the voltage across this capacitor. Otherwise, the 
system of Fig. 5 operates in a manner similar to 
that of Fig. 1. 

I claim: 
1. The combination of a signal channel including 

a channel open circuiting device and an amplifier 
in the order named, and means including a capaci 
tor connected in the input circuit of Said ampli 
fier for maintaining the signal in Said channel 
following said device and preceding said ampli 
fier at a level attained immediately preceding the 
opening of the channel by said device. 

2. The combination of a signal channel includi 
ing a delay network through which signals are 
conveyed, a circuit opening device and an ampli 
fier in the order named, means responsive to the 
arrival of a relatively high level signal at differ 
ent points along said network for controlling the 
operation of said device, and means interposed 
between said device and said amplifier for main 
taining the signal at said amplifier at a level 
attained immediately preceding the opening of 
the channel by said device. 

3. The combination of a signal channel includ 
ing a delay network and a channel opening de 
vice, means connected to one point of said net 
Work for causing said device to open Said chan 
nel When a relatively high level impulse arrives 
at said point, and means connected to a subse 
quent point of said network for maintaining said 
channel open until said impulse has passed said 
Subsequent point. 

'4. The combination of a signal channel includ 
ing a delay network and a channel opening de 
vice, means connected to One point of said net 
Work for causing said device to open said channel 
when a relatively high level impulse arrives at 
Said point, and means connected to a subsequent 
point of said network for maintaining said chan 
nel Open until Said impulse has passed said sub 
Sequent point, and means for maintaining in the 
channel Section following said device a predeter 
mined signal level while said channel is open. 

5. The combination of a delay network, a lead 
ing amplifier coupled to an intermediate point of 
said network, a following amplifier, a circuit 
opening device interposed between said ampli 
fiers, and means connected at network points 
preceding and following said intermediate point 
for Operating said device to maintain said device 
open while a relatively high level impulse passes 
betWeen Said leading and following points. 

6. The combination of a delay network, a lead 
ing amplifier coupled to an intermediate point of 
said network, a following amplifier, a circuit 
opening device interposed between said ampli 
fiers, means connected at network points pre 
ceding and following said intermediate point for 
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Operating said device to maintain said device 
open while a relatively high level impulse passes 
between said leading and following points, and 
means interposed between said device and said 
following amplifier for maintaining a predeter 
mined impulse level at said following amplifier 
while said device is open. 

7. The combination of a signal channel includ 
ing a delay netWork, an amplifier and a pair of 
reversely connected vacuum tubes interposed be 
tween an intermediate point of Said netWork and 
Said amplifier, means including an Oscillation gen 
erator for applying input control potential to said 
tubes, and a pair of vacuum tubes energized from 
the opposite ends of said network for permitting 
the application of Said control potential to said re 
versely connected tubes only while a relatively 
high level impulse passes from one end of said 
network to the other. 

8. The combination of a signal channel includ 
ing a delay network, an amplifier and a pair of 
reversely connected vacuum tubes interposed be 
tWeen an intermediate point of said network and 
said amplifier, means including an oscillation 
generator for applying input control potential 
to said tubes, and a pair of vacuum tubes ener 
gized from the opposite ends of said network for 
permitting the application of said control poten 
tial to said reversely connected tubes only while 
a relatively high level impulse passes from one 
end of said network to the other, and means con 
nected between said reversely connected tubes 
and said amplifier for maintaining a predeter 
mined signal level at said amplifier while said 
relatively high level impulse is traversing said 
netWOrk. 

9. The combination of a signal channel includ 
ing an intermediate frequency circuit, a leading 
audio amplifier, a signal conveying delay network 
in said channel and connected With said ampli 
fier to receive signals therefrom, a circuit open 
ing device and a following audio amplifier, and 
means including an over biased intermediate 
frequency amplifier connected between said cir 
cuit and said device for Operating said device to 
open said channel While a relatively high level 
impulse is traversing said delay network. 

10. A signal channel including a signal con 
veying delay network between the input and out 
put terminals of said circuit, a circuit control de 
vice connected to an intermediate terminal of 
said network for receiving signals therefrom, 
means including control tubes energized at the 
opposite ends of said network for controlling the 
Operation of Said device in response to a relatively 
high level of the impulses supplied to said chan 
nel, and means operable to modify said ener 
gization to produce Operation of Said device over 
a predetermined range of signal levels. 

11. A signal channel including a delay net 
work, a circuit open-circuiting device connected 
to an intermediate terminal of Said network, 
means energized from different points of said 

3 
network for controlling the operation of said de 
Vice in response to a relatively high level of the 
impulses supplied to said channel, and means 
Operable to modify energy passing through said 
device in accordance With the carrier level of said 
impulses. 

12. The combination of a signal channel in 
cluding an intermediate frequency circuit, a lead 
ing audio amplifier, a signal conveying delay net 
Work in Said channel and connected with said 
anplifier to receive signals therefrom, a circuit 
Cpening device and a following audio amplifier, 
means including an over-biased intermediate fre 
quency amplifier connected between said circuit 
and Said device for operating said device to open 
Said channel, and means connected with the 
delay network for causing said channel to re 
main open, while a relatively high level impulse 
is traversing said delay network. 

13. In a signal amplifying channel, the combi 
nation of an intermediate frequency circuit, a 
detector, a time-delay network, a circuit opening 
device, and a following audio frequency amplifier 
arranged in the order named in signal-conveying 
Series relation in said channel, and means in 
cluding an over-biased intermediate frequency 
amplifier connected between said intermediate 
frequency circuit and said circuit opening de 
Vice for operating said device, and means con 
nected with the delay network for effecting oper 
ation of said device for a period including a short 
interval preceding the arrival of a high level 
impulse at said device, the duration of said high 
level impulse at Said device, and a short interval 
following the presence of said high level im 
pulse at Said device. 

14. In a radio receiving system, the combina 
tion of means providing an audio frequency de 
tector, an audio frequency amplifier for amplify 
ing signals received from said detector, and a 
noise impulse-interrupting circuit interposed be 
tWeen said amplifier and detector means, com 
prising an audio frequency signal delay network 
connected with said detector means to convey 
Signals therefrom to said amplifier, means for 
deriving audio frequency signals from said net 
Work intermediate its ends, said last-named 
means including a controllable signal conveying 
connection. With said amplifier having a pair of 
diode biased amplifier tubes and a coupling ca 
pacitor between said tubes and said amplifier, 
the charge on said capacitor being controlled by 
Said tubes, a pair of Control tubes coupled to the 
delay network one at each end thereof, means for 
adjusting said tubes whereby they are actuated 
in response to noise impulses of predetermined 
high amplitude, and means for applying energy 
to the diode-biased amplifier tubes through said 
last-named tubes to actuate said diode-biased 
amplifier tubes when said control tubes are ac 
tuated by said impulses. 
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