
420,518 y 2 M, BROWN 

POWER REDUCTION CIRCUIT FOR RADIO RECEIVERS 

G. May 13, 1947. 

? ?id 
attorney. 

7% by 

Filed Jan. 22, 1943 

  

  

  

  

  

    

  



Patented May 13, 1947 

UNITED STATES 

2,420,518 

PATENT OFFICE 
2,420,518 

SPOWER RESUCTION CRCUT FOR RADIC) 
RECEIVERS 

George M. Brown, Sgotia, N. Y., assignor to Gen 
eral Electric Company, a corporation of New 
York 

Application January 22, 1943, Seria No. 473,99 
(C. 250-29) 4 Claims. 

My invention relates to radio receivers and in 
particular to receivers of the type which operate 
under Standby or no-signal conditions for a major 
portion of the time. It is an object of my inven 
tion to provide an improved receiver in which the 
energy Consumption is greatly reduced. 

Mobile communication receivers of the type 
employed in police cars, on aircraft, and similar 
installations usually operate under standby or 
no-signal conditions for more than ninety per 
cent of the total time. It is customary in such 
receivers for most satisfactory operation to use 
an audio power amplifier as an output tube in 
Which plate Current flows at all times. Since 
Such receivers are usually operated from a low 
Voltage Storage battery, the large amount of en 
ergy consumed in maintaining the plate current; 
of the power amplifier at its average operating 
Value during standby periods accomplishes no 
useful purposes. It is a further object of my in 
vention, therefore, to provide an improved re 
ceiver circuit in which the plate current of the 
power amplifier is reduced to or near its cut-off 
value during standby periods. 
A further object is to provide the aforesaid re 

Sult by means which are purely electronic. 
Another object of my invention is to reduce 

the energy consumption of a communication re 
ceiver during standby periods by means operative 
in response to the noise present in the receiver 
circuits in the absence of a carrier wave in the 
receiver circuit. 
A further object of my invention is to provide 

a power reduction circuit for a receiver Which 
introduces no distortion in the output of the 
receiver. 
The features of my invention which believe 

to be novel are set forth with particularity in the 
appended claims. My invention itself, however, 
both as to its organization and method of oper 
ation, together with further objects and advan 
tages thereof, may best be understood by ref 
erence to the folloWing description taken in con 
nection with the accompanying drawing, in which 
the Single figure represents one embodiment of 
my invention. 

Referring to the drawing, I have shown my in 
vention as applied to a frequency modulation 
receiver. Many of the elements of this receiver 
may be conventional and their details of con 
Struction are not material to my invention. To 
simplify the drawing, such elements have merely 
been indicated in block form. Thus, the receiver 
illustrated is for the most part a conventional 
Superheterodyne receiver. Signals received at an 
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antenna, are amplified in the usual radio fre 
quency amplifier if and combined in a mixer 2 
with locally generated waves supplied from an os 
cillator f3. The carrier Waves of fixed interne 
diate frequency are then amplified in intermediate 
frequency amplifier 4. In frequency modulation 
receivers of the usual design, it is customary to paSS 
intermediate frequency waves through an ampli 
tude limiter. Hence, the output waves of the inter 
mediate frequency amplifiers are limited in the 
circuit of the limiter 5 after which they are 
demodulated in a slope filter or discriminator 6. 
The output signals are amplified in an audio fre 
quency amplifier 7, the output thereof being 
supplied to a power amplifier 8. The output of 
the power amplifier, in turn, is supplied to any 
suitable signal translating device, such as the 
loud speaker 9. 
The limiter 5 comprises a pentode amplifier 

having a control electrode 29 to which signals of 
the intermediate frequency are supplied from the 
tuned secondary winding of the transformer 2í. 
The intermediate frequency signals appearing 
on the tuned secondary of the transformer 2 
are impressed between the control electrode 20 
and the cathode 22 in series with a grid resistor 
23 having a by-pass capacitor 24 in parallel 
therewith. An output circuit, including a tuned 
circuit 25, is connected to the anode 26 of lim 
iter 5, ... operating potential being supplied in a 
conventional manner from a Suitable Source of 
power which is not shown, but merely indicated 
by the connection, designated B-- on the draw 
ing, and connected between the usual voltage 
dropping and decoupling resistor 27 and ground. 
Operating potential for the screen grid 28 is 
similarly supplied from the common power supply 
source through a voltage dropping resistor 29, by 
pass capacitors 39 and 3 being provided between 
the anode and screen grid circuits, respectively, 
and Cathode. 
The limiter Circuit thUS fair described is Of Wel 

known form. It is self-biased by means of the 
resistor 23 and the grid capacitor 24 and is ad 
justed to produce anode current variations in 
response to variations in grid voltage only be 
tween the limit at which the grid becomes posi 
tive with respect to the cathode and grid current 
fioWs and the limit at which the grid becomes Suf 
ficiently negative that anode current cutoff takes 
place. 
The balanced frequency discriminator circuit 
6 comprises a transformer having a primary 

winding 32, which forms part of the tuned out 
put circuit 25 of the limiter 5, and a secondary 
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winding 33, both of these windings being tuned 
to the intermediate frequency by the capacitors 
34 and 35. The primary winding is connected to 
the mid-point of the secondary winding 33 
through a condenser 35. The opposite terminals 
of the secondary winding 33 are connected to the 
respective anodes of diodes 37 and 38, the cath 
odes of these diodes being connected together for 
alternating currents through capacitor 39 and for 
direct currents through resistances 40 and di. 
The cathode of diode 38 is grounded and the mid 
point between the resistances 40 and 4 is con 
nected to the mid-point of the secondary wind 
ing 33 through a choke coil 42. 

In the operation of the discriminator thus 
described, assuming that the tuning control of 
the radio receiver is adjusted for accurate reSO 
nance with the received carrier waves, the inter 
mediate frequency has the desired value to which 
the primary and secondary windings 32 and 33 
are each tuned. The voltage acroSS the Second 
ary winding of the discriminator transformer, ac 
cording to well-known theory, is displaced in 
phase from the voltage across the primary Wind 
ing by 90°. Because of this quadrature relation 
between the primary and Secondary voltages, 
the voltage on one half of the secondary leads 
the voltage on the primary by 90° whereas that 
on the other half of the secondary lags that On 
the primary by 90°. Thus, the voltages applied 
to the two diodes 3 and 38, when the interme 
diate frequency is at its desired value, are equal 
and, accordingly, equal values of unidirectional 
current flow through each of the diodes and hence 
through resistances 40 and 4. It is observed that 
these resistances are poled oppositely, that is, the 
voltages across the two are opposite in polarity 
in the circuit between the cathode of diode 3 
and ground with the result that the cathode of 
diode 37 is at ground potential when the inter 
mediate frequency is of the desired value. 
The quadrature relation between the primary 

and secondary voltages exists, however, Only 
when the oscillations supplied thereto have the 
desired intermediate frequency. If this fre 
quency changes in either direction, the phase of 
the secondary voltage varies from its 90° relation 
with the primary voltage in one direction or the 
other depending upon whether the frequency in 
creases or decreases. For example, if the fre 
quency increases, the phase shift may be in such 
a direction that the voltage on the upper half of 
the secondary approaches the aiding relation 
with the primary voltage, whereas that on the 
lower half of the secondary winding approaches 
the opposing relation with the primary voltage, 
Thus, the voltage applied to diode 37 increases 
and that applied to diode 38 decreases with the 
result that the unidirectional potential on re 
sistance 40 increases whereas that on resistance 
4f decreases. 
In this manner discriminator 6 functions to 

demodulate frequency modulation Waves which 
are coupled thereto from the output circuit of 
limiter 15. The demodulated Signals are im 
pressed through capacitor 43' across resistance 
43, which has an adjustable tap 44, by means of 
which they are supplied to the control electrode 
of the audio frequency amplifier 7 through cou 
pling capacitor 45. Operating potential for the 
anode of signal amplifier 7 is supplied from a 
suitable source of power, which again is not shown 
but merely indicated by the connection illustrated 
as B- on the drawing, and which is connected 
between the usual plate load resistor 46 and 
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ground. Connected across the SOurce of poten 
tial is a potentiometer comprising the series con 
nected resistol's 47-49 connected between the 
point B-- and ground. The cathode of amplifier 

is maintained at a positive potential deter 
mined by the potential drop across resistors 48 
and 49, while the grid resistance between the 
control electrode and cathode of amplifier T 
comprises the resistors 5 and 5 connected in 
series with resistor 38, the capacitor 52 being con 
nected between the lower terminal of resistor 50 
and ground to serve as a by-pass for alternating 
currents. 
The amplified signals appearing in the output 

of amplifier are coupled, by means of capacitor 
53, to the control electrode 5A of the audio power 
amplifier 8, the series connected resistors 55, 56, 
and 5 forming resistance between the control 
electrode 54 and ground and capacitor 38 form 
ing a by-lass across resistors 56 and 57 for alter 
rating currents. The power amrlifier 8 has 
been shown as a tetrode having its ano de COin 
nected to the source of potential indicated at B-- 
through the primary winding of an audio trans 
former 66, its screen grid connected directly to 
the source of operating potential B-, and itS 
cathode connected to ground through a cathode 
resistor 6 í by-passed for alternating currents by 
capacitor 62, the capacitor 63 acting as a by-paSS 
for alternating currents in the screen grid and 
anode circuits. The Secondary winding of audio 
transformer 60 is shown as directly connected to 
the loud Speaker 9. 

In the operation of the receiver circuit thus 
far described, it has been found that there are 
always noise voltages present at the limiter even 
whein Inc. voltages are impressed upon the receiver 
input. It has been demonstrated that the nature 
of these voltages is that of a Spectrum containing 
an almost infinite number of component frequen 
Cies, some of which always coincide with the fre 
quencies of the desired signal. Since it is prefer 
able to provide a very high gain through the radio 
frequency and intermediate frequency amplifiel'S, 
these noise voltages, which may be disturbances 
received by the antenna, 9 or disturbances arising 
hecause of irregularities in the preceding receiver 
circuits, have a very large value when impressed 
upon the input of the limiter 5. When a signal 
is received by the antenna, ) and amplified, and 
after amplification in the preceding portions of 
the receiver is impressed upon the input of the 
limiter 5, the noise voltages appear as outward 
peaks of modulation on the envelope of the Signal 
modulated carrier wave. In the limiter circuit, 
this wave undergoes amplitude limitation. So that 
$he noise voltages do not appear in the output 
circuits of the limiter. Hence, after the Signal 
modulated waves which do appear in the tuned 
output 25 of the limiter have been demodulated 
in the slope filter or discriminator 6, in the man 
ner previously outlined, demodulation or signal 
voltages appear across the volume control resistor 
i3 and are impressed upon the input of the ampli 
fier 7. 

During periods when no carrier wave is being 
received, the noise voltages alone are impressed 
across the input of limiter 5 and, consequently, 
these voltages are not removed by the limiter, 
but appear in the output circuits thereof. Un 
der SUch conditions, it is Undesirable that the 
noise Voltages which appear in the output of the 
discriminator 6 be amplified and appear in the 
loud speaker. 
In order to Silence the audio circuits of the re 
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ceiver during periods when no carrier waves are 
being received, the squelch tube 70 is provided 
having its input circuit coupled to potentiometer 
43 in the output of the discriminator 6 through 
the filter circuit comprising capacitor and re 
sistor 69. The cathode of squelch tube 70 is con 
nected to tap 72 on resistor 49 in order to main 
tain the cathode at a positive potential with re 
Spect to the control electrode of the tube. The 
position of tap 2 is adjusted so that the squelch 
tube T0 is biased to cutoff, but it passes a small 
amount of plate current when no signals are be 
ing received by the receiver, due to alternating 
noise voltages present in the receiver which appear 
across potentiometer 43 and are impressed upon 
the control electrode of tube through condenser 

. The anode of tube it is supplied with oper 
ating potential from the tap between resistors 48 
and 49 on the potentiometer 4, 48, 49 through the 
resistors 5 and 73 connected in series, capacitor 
32 Serving as a by-pass capacitor for alternat 
ing currents, resistor 73 acting as a plate load re 
sistor for noise voltages and resistor 5 serving 
as a plate load resistor for slow changes in cur 
rent values in the anode circuit. The potential 
drop across resistor 5, due to current flowing in 
the anode circuit of Squelch tube 9, acts as an 
additional bias in the grid circuit of amplifier 
and the Value of resistor 5 is Selected so that this 
additional bias is sufficient to bias the amplifier 

to cutoff during standby or no-signal condi 
tions of the receiver, thus interrupting the output, 
circuit of the receiver under Such conditions. 
In order to provide means to reduce the current, 

flow in the power amplifier 3 and thus reduce 
the energy consumption of the receiver during 
such periods, the noise voltages appearing in the 
output circuit of squelch tube are coupled, by 
means of capacitor 74, to the control electrode 
of a noise amplifier which comprises the triode 
portion of the electron discharge device 5. While 
the usual type of triode may be used as such 
a noise amplifier, I have shown device 5 as a 
diode-triode tube having a diode within the same 
envelope with the above-mentioned triode. The 
anode of the triode portion of device 75 is likewise 
supplied with operating potential from the com 
mon potential source B-- through a load resistor 
6 and is coupled by means of capacitor 7 to 

the anode of the diode portion of the device 5 
to impress the amplified noise signals across this 
said diode. The noise signals thus impressed 
across the diode are rectified and appear as rec 
tification voltages across the diode load resistor 
5. The unidirectional voltages thus developed 
across resistor 57 by the rectified noise voltages 
serve as additional bias for the control elec 
trode 54 of power amplifier 8 and, by proper 
selection of the value of resistor 57, may be uti 
lized to reduce the current flow in power ampli 
fier 8 to either a very low value or to complete 
cutoff. 
When a signal is again received by the antenna, 
and, after amplification, appears across the 

limiter 5, noise voltages are removed by the 
action of the limiter So that no noise currents 
appear in the output of the discriminator. Since 
the squelch tube 70 is biased to the cutoff point, 
its current output reduces to Zero. Hence, the 
current output of the triode portion of device 5 
and the auxiliary current-reducing bias on de 
vice 8 are also reduced to Zero. The filter cir 
cuit comprising capacitor 7 and resistance 69 is 
arranged to block the flow of currents of signal 
frequency but permit the flow of currents out 
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6 
side of the range of frequencies involved in the 
desired signal, which may be voice or music. 
Signal voltages in the output of the discrimina 
tor 6, which appear across potentiometer 43, 
therefore, are not passed by the capacitor 7 to 
drive the grid of tube 7) sufficiently positive to 
initiate current flow in the tube. Therefore, since 
current flow in tube 70 is stopped, the additional 
bias across resistor 5 is removed from the input 
circuit of amplifier 7 simultaneously with the 
reduction of noise voltages in the input of tube 
70 and translation of the audio modulating sig - 
nals through the circuits of the receiver to the 
loudspeaker 9 is resumed. 

It is, therefore, apparent that my invention as 
described above combines a highly sensitive back 
ground noise suppression circuit with a circuit, 
to reduce energy consumption in the receiver 
tiring Sta.Eng by or no-signal conditions. Since 

in rinobile receivers the power supply is usually 
a 6-volt storage battery and the large amount 
of energy consumed in maintaining the plate cur 
rent of the power amplifier 3 at its average 
Value accomplishes no useful purpose, it is de 
sirable that this current be reduced during such 
periods. In the usual type of emergency com 
inunication receivers, standby or no-signal pe 
riods may comprise 90 to 98 per cent of the total 
time of operation. By reducing the current, flow 
in the amplifier 8 during such periods to its 
Cutoff point, the current drain on the power 
Source may be decreased by approximately one 
third during such standby operation. Further 
more, by using purely electronic means to effect 
such a reduction in current during these periods, 
STICCessful operation of the circuits under all 
conditio, is is assured, since the audio circuits 
are silenced by noise which is present in the re 
ceiver during such periods and are made oper 
aiive again upon the appearance of a carrier 
Wave. Also, by using the carrier wave to open 
lip the circuits at the beginning of a period of 
Operation, all clipping of the audio signals is 
avoided and, hence, distortion in the output cir 
cuit caused by operation of the squelch and 
power economizer circuits is avoided. 
While I have shown my power economizer 

circuit as applied to a frequency modulation type 
of receiver, it will be apparent to those skilled in 
the art that it may likewise be adapted to an 
amplitude modulation type of receiver. In such 
a circuit, the discriminator 6 and limiter 5 are 
replaced by the usual type of detector used for 
amplitude modulation receivers, which is used 
to provide audio voitages for the control elec 
trode of amplifier . An auxiliary limiter and 
deinodulator, energized by the same interme 
diate frequency signal, may be used to supply the 
:le CeSSary noise Signal for the control electrode 
of tube 7) during standby periods. 
While I have shown a particular embodiment, 

of my invention, it will be understood that I do 
not Wish to be limited thereto Since various modi 
fications may be made, and I contemplate by the 
appended claims to cover any such modifications 
so fall within the true spirit and scope of my in 
Vention. 
What I claim as new and desire to secure by 

Letter's Patent of the United States is: 
1. The combination with a receiver for signal 

modulated high freqUlency Waves Subject to un 
desired noise voltages, of an output power amplic. 
fier in which current normally flows during the 
Operation of said receiver, and means for inter 
rupting the normal current flow in said amplifier 
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in the absence of received carrier Waves, said 
means comprising means limiting the ampiitude 
of said waves thereby to remove said noise Volt 
ages therefrom in the presence of received carrier 
Waves, Said limiting means Serving to translate 
said noise voltages in the absence of a received 
carrier wave, means for demodulating said re 
ceived carrier wave and for reproducing said sig 
nals from said Waves, an electron discharge de 
vice coupled to Said demodulating means, Said de 
vice being biased to cutoff in the presence of a re 
ceived carrier Wave and being arranged to ampli 
fy said noise voltages in the absence of Said Wave, 
and means coupled to the output of said device for 
applying a negative bias to said power amplifier 
in the absence of Said Wave. 

2. In a receiver for signal modulated Waves sub 
ject to noise voltages, the combination of an out 
put power amplifier, means for reducing the gain 
of said amplifier in the absence of a received 
carrier wave, said means comprising, electron dis 
charge means for amplifying Said noise voltages 
in the absence of a wave, means responsive to 
said amplified voltages for reducing the gain of 
said power annplifier, and means operative when 
a signal modulated wave is being received to bias 
said electron discharge means to cut-off. 

3. In a receiver for signal modulated OScilla 
tions subject to undesired noise Voltages, the 
combination of a signal translating channel, an 
output power amplifier, means operative in the 
absence of received Oscillations for simultaneous 
ly disabling said channel and for reducing the 
current flow in said amplifier, said means com 
prising means for rectifying Said noise voltages 
and deriving a control potential therefrom, means 
responsive to said potential for interrupting 
translation by Said channel, means for amplifying 
Said potential, means applying said potential to 
Said power amplifier in a gain reducing Sense, 
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and means responsive to said received Oscillations 
for disabling said potential deriving means. 

4. In a receiver for frequency modulated car 
rier waves, the combination of, an audio signal 
translation channel, an audio power amplifier, 
and means responsive to the noise voltages pres 
ent in said receiver and operative in the absence 
of a received carrier Wave for disabling Said chan 
nel and reducing the current flow in Said ampli 
fier comprising, means for limiting the amplitude 
of Said waves to a predetermined value, thereby 
to remove said noise voltages from the Output of 
said receiver when a wave is present therein, a 
balanced frequency discriminator, an electron 
discharge device coupled to said discriminator, 
said device being rendered non-conductive when 
a carrier wave is received in Said receiver and 
being operative to amplify Said noise voltages in 
the absence of a received Carrier Wave, means 
responsive to said amplified noise voltages for 
interrupting translation in said channel, means 
for rectifying said amplified noise voltages, and 
means responsive to said rectified voltages for 
reducing the gain of said audio amplifier. 

GEORGE. M. BROWN. 
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