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12 Claims

Thls invention relates to radio receiving sys-.

tems, and more particularly to receivers of the

type wherein the sensitivity of the amplifier

stages is-automatically varied in inverse propor-

5 tion with the strength of the received carner
wave.

- An objectionable feature of radio recelvers

equ1pped with automatic volume control resides

in the noise appearing in the loud speaker when

10 the set is tuned from one station to another.

This noise is especially strong between stations

where no carrier wave is present, which would

actuate the automatic volume control and there-

by reduce the sensitivity of the receiver. The

15 interfering mnoise is attributed to the fact that

in receivers of the above type the amplifying

tubes at no signal input- are operated to- the

full extent of their amplifying power, and in this

‘ state of maximum sensitivity will amplify mi-

208 nute electrical disturbances as well as even slight

variations ‘of current appearing within the tube.

The latter condition is usually referred to - as

the “shot-effect,” and results in a steady high-

frequency hiss in the tube output due to the fact

25 that the electron emission from the cathode is

not perfectly regular but spasmodic in charac-‘

ter.

From the foregomg, it ‘is readlly seen that

upon the absence of the carrier wave to which
80 the receiver is tuned the automatically readjusted

sensitivity of the set results in objectionable in-

ter-channel or back-ground noises. This may

be experienced not only in the tuning of the re-

ceiver--but  also when -atmospheric - condltlons
85 cause fading of the signal. : :

--In order to-eliminate the above dlsadvantage,
various circuits have been designed in which aux-
iliary devices performed the silencing function.
Some were in the form of m#hually operated

40 switches, so-called “muteing” buttons which
were pressed down at the time. the tuning dial
was moved and thereby short-circuited certain
portions .of the signal amplifying channel.

) Others. employed auxiliary vacuum tubes per-

45 forming a trigger function in the audio amplifier
circuit.
automatic volume control potential in such man-
ner that upon the absence of a-control potential,
. the heavy current drawn by the tube. disbalanced

50 a fixed state of voltage distribution necessary
for the operation of the tubes in the audio am-
.plifying 'system. - The latter type, known as the
quelch or QAVC system, while aufomatic in op-
eration requires the use of an extra tube in the

B8 receiver which contributes nothing to the primary

The auxiliary tube was subjected to the -

(CL. 250—20) Lo : R e
function of the vacuum tubes in the set Fur-
thermore, it complicates the -circuit inasmuch as
several components to the receiver proper must be
added in -order: to obtaln an operatlve arrange-
ment. - :

The primary: obJect of th1s mventmn is to ‘elimi-

" nate inter-channelor back-glound noises .in a.
radio receiver, by providing a -circuit -arrange-
ment which requires no additional tubes nor aux-
iliary’ devices to-perform the stated objective.

It is a particular feature of.this invention that,
the means provided for suppressing. 1nter-channel
noise, is simple in operation-and- easily applica-
ble to- all types of radio recelvers having auto-
matic sensitivity controls.

A further:advantage -resulting - from the use
of the proposed means: in-accordance Wlth this
invention is that existing receivers may easily

‘be modified to perform- in -the manner -stated
without: requiring any major. changes or adjust-
ments inthe receiver circuit.

Additional .objects and advantages' will be ap-
parent from"the-following: description of the in-
vention, defined in particularity by the.appended
claims and taken in connection with the accom=
banying drawing, in which the invention is il-
lustrated diagrammatically in the 1ntermed1ate'
frequency amplifier-portion of a radio receiver.

Referring to ‘the. drawing, the single figure

- shows a portion of a radio receiver, namely, the 30
signal -translating ‘channel -of the intermediate
frequency -amplifier -in a -superheterodyne . type :
receiver; the detector-stage and the succeeding
audio ‘frequency -stage. . The other parts of the
circuit preceding the intermediate frequency am- :
plifier -have -been omitted: for the sake of sim-
plicity;-inasmuch- as the invention herein. de-
scribed ‘may advantageously be employed to one
high-frequency amplifying stage. . It is assumed,
of “course, ‘and anybody skilled in the art will
readily ‘recognize, that an oscillator and first de-
‘tector: stage ‘will precede the arrangement shown
in the drawing": to: complete ‘2 superheterodyne
rece1ver and an add1t10na1 ‘stage of audio fre-
quency. amplification. may- also be needed if a.
loud speaker is to be- operated. Furthermore, it
will ‘be clear as the description explains the in-
vention-in its. technical details, that it need not :
be restncted to a- superheterodyne type of re-
ceiver: but. will operate in any . radio frequency 50
stage ‘as. long as there is an.automatic control
responding to the strength of the carrier: wave.

The circuit. shown essentially consists of two

. hlgh-frequency amplifying. stages including the
vacuum, tubes I and 2,8 detector stage. mcludmg B85
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the detector tube 3 and an output stage includ-
ing the first audio amplifier tube 4. The high-
frequency amplifying tubes are of the pentode
type, having an anode 9, a cathode 5, a control

-grid 8, a screen grid T and suppressor grid 8.

The latter in some tubes is tied to the cathode
within. the .tube -and .in others, ‘the . connection
may be ‘éffected outside of the tube proper. The
input circuit to each pentode tube comprises a
transformer 8 of the double-tuned type, gen-
erally employed in intermediate Ifrequency, or
commonly referred to as IF stages. In series
with each cathode 5 is a resistor {1 which is.so
proportioned as to effect the. necessary voltage
drop by the anode current of. the tube for the
minimum operating bias required in accordance
with the type of tube used. Each resistor i
is by-passed by a condenser: {2. “Following the
input circuit of each’stage, the return of the
secondary coil of each transformer [0 connects
through resistors 13 and 15 %o the load resistance
16 of the detector tube 2 -and thence to the cath-
ode “35 thereof ‘which is connected to ground.
An additional resistor 4 ‘for filtering purposes
is included in this circuit and by-pass condensers
23,25 and ‘26 ‘provide -low impedance paths to
ground for high-frequency currents.

“The eireuit ‘above réferred "to comprises the
sutomaticsvolume control portion of the receiver

' together ‘with ‘the detector tube 3 which is the

source of automatic volume control, or vsing its
accepted abbreviated form, A.'V. C. voltage. The
detector tube 3 operates as a diode and rectifies
the ‘high-frequency ‘current in 'the secondary
winding of the transformer 18 connected between
its- anode 36 -and cathode ‘85 in series with the
joad resistance’ 16 previously referred to.  Due to
the rectification of the tube 2, a voltage drop is

- effected by the current flowing in the resistor
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1its - corresponding transformer (0.
‘92 phy-pass the output circuit fo ground. The

{§-which can. be resolved into two components:
one the modulated component of ‘the high-fre-
quency current which is transmitted through the
coupling condenser' 27 to the grid resistor 17T of

the audio -amplifier 4-and comprises the audio

frequency; and a unidirectional component which
at the point where the resistors 15, {6 and the
secondary winding of the transformer 10 join is
negative with respect to the ‘cathode 85 and pro-
portional in magnitude to the high-frequency
voltage supplied by ‘the amplifying tubes to the
‘detector tube - 3. “Theréfore,” when there is no
curtent “flow in the resistor 16, the grids ¢ are
effectively at:ground potential and biased only
by’ the minimum bias. derived’ from the resistors
‘I11. This is the case when there is. no signal
voltage to the detector tube. However, when the
detector tibe is supplied with signal voltage and

rectifies the latter, the igrids 6 will be biased in-

creasingly negative by the rectified component of
the signal voltage appearing across the resistor
16. “This is essentially the A. V. C. action and
will'be further exemplified in describing the op-
eration of the circuit as a whole. :
“The output circuit of each amplifier tube in-
cludes the anodes 9 and the primary winding of
Condensers

ﬁ‘rst: IF amplifier tube plate return is connected

‘directly to the power supply schematically shown

by filter condensers 32, 23, filter reactor 34 and
the voltage divider 3f. The second IF tubs plate

‘retuin includes a series resistance 28 which may

be: short-circuited by contacts 42 and 43 of the
switch 46: ‘The screen grid 7-of the tube | by-
‘passed -by condenser “21 - returns directly to the

_ance .shown. by an .audio transformer 39.
.arrows- of .the secondary winding indicate that

2,186,247

tap 45 of the voltage divider 31, whereas the
screen grid T of the tube 2, by-passed by con-
denser 21’ includes a series resistance {9 in the
return lead to the tap 45, and may be short-
circuited by contacts 41 and 44 of the switch 40.
The two resistors 12 and 20 form an important
part in the operation of the-system to silence the
receiver upen absence of signal voltage, and more
will be said thereof later.

.. 7The first audio amplifier -tube 4 is connected

in a conventional manner, having a bias resistor
{8 connecting the cathode 38 to ground and the
plate circuit includes a suitable output imped-
The

the output circuit- may terminate in a succeeding
amplifier or a suitable translating device not
shown ‘here. "Similarly the arrows affixed to the
A. V. C. potential supply lead, the screen and
plate supply conductors, indicate that preceding

portions of the receiver may be supplied from

the same source for all operating potentials. The
filaments for heating the cathodes of the various
tubes and the source of heater current have been
omitted in order to simplify the drawing. It is
well known in the art that the heaters may be
supplied from any suitable alternating current
source, such as a transformer, for instance.
Before ‘describing the operation of the receiv-
ing system embodying the improvements in ac-
cordance with this invention, a clearer under-
standing  thereof will “be ‘had by defining the
term " “normal order of potential” which is to
signify here:the proportion of the voltages sup-
plied to a.vacuum tube in order that it may func-
tion in the manner intended, for example as an
amplifier, In other words, by normal order is
meant the respective magnitudes of operating
voltages required for a particular tube for its
principal ‘electrodes. In a screen grid tube, for
example, to operate as an amplifier the normal
order of potentials is a higher positive potential

-on the anode than on the screen, both potentials

being taken with respect to the cathode. Now,
let the vacuum tube 2 be considered first in con-
nection with its associated components but apart
from the rest of the system: The circuit ele-
ments are so proportioned that with the mini-
mum’ grid bias potential derived from resistor i
by ‘the plate current flow, the operating pofen-
tials on the screen T and: anode 9 will be suffi-
ciently lowered due to the voltage drop in the
series resistors 19 and 20 and in such proportion
as to upset the normal order of potential, the
screen becoming more: positive with respect to
the cathode than the anode. This causes block-
ing of the tube for signal transmission. Stated
in another way, with maximum sensitivity set-
ting of the tube, the plate current causes a volt-

age drop of ‘such magnitude across the resistor °

20, and similarly, the screen current across the
resistor 10, that the effective plate potential falls
below that of the effective screen grid potential
and conseguently the mutual conductance of the
tube falls nearly to zero. However, as soon as
an -increase of negative bias is applied to the
grid 6, the plate current decreases, which, in

furn, decreases the currents in koth resistors {9

and 20. Thus, a negative increase in grid bias
of the tube 2 causes the average plate voltage to
rise producing thereby an increased mutual con-
ductance with consequent increase of amplifica-
tion. Considering the first I. F. amplifier tube,
which is conventionally connected and includes
no mesans affecting its operating potentials, the
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miitual conductance ‘increases with ‘décrease’ of
bias petential and at no signal input to ‘the sys-
tem, as for instahce, when the set is tuned be-
tween adjacent broadecast channels, the amplifi-
cation is at maximum. Whereas, in ‘the pres-
ence of ‘the ‘signal with increased grid bias, its
amplification - decreases -until
reached between signal transfer and control
potential.

-Bearing in mind the dlfferentlal function " of
the first and second ampliﬁer tubes, it will be
seen that in the presence of a carrier wave and
due to the A. V. C. action, both tubes become
opera,twe and normal reception is obtained. On
the other hand, in the absence:-of a carrier wave
while the first amplifier tube is-at maximum gain
the second amplifier tube is ihoperative and no
signial in the form of interfering noises and hiss-
es.is transferred past the stage precedlng the de-
tector.

The circuit constants and the resistance values
for resistors 16 and 20 are so proportioned that
while there is no transfer to the detector tube of
the amplified electrical disturbances through the
tube 2, the signal voltage of a broadcasting sta-
tion considered local to the receiver, having a
carrier intensity greatly in-excess-of the amplified
value of the above disturbances, will pass through
by ‘capacity effect-and in sufficient ‘magnitude to
be -acted upon by the detector. The resultant
A. V. C. bias offsets the inoperative state of the
tube 2 and normal reception is obtained. =

~The simple switch 40 is incliided for the pur-

pose that, if full sensitivity of operation ‘is-de--

sired at all times as for instance when extremely
weak signdls are to be tuned in, the res1st0rs IS
and 28 be short circuited.

It has also been observed in practice that in
some receivers it is advantageous to include the
noise suppression feature in more than one stage.

From the above description, it -will be ap-
parent that the only change necessary to a stand-
ard receiver embodying automatic volume con-
trol-in order to obtain the advantages of the in-
vention, constitutes the mere addition of a re-
sistor in the screen grid and plate lead of the
amplifier to the voltage supply source, so propor-
tioned that under conditions which would nor-
mally produce maximum amplification in this
stage, the plate and screen voltages drop to a
relatively low value, and with the plate voltage
at a lower value than the screen -voltage, the
tube becomes inoperative as .an amplifier.

Through the addition of these two elements to-
an otherwise standard circuit, the objects of this:

invention have been attained and such results
obtained which in accordance with present prac-

tice necessitates the addition of another electron

discharge device to the circuit, together with
such. circuit- elements which are normally re-
quired to enable an electron discharge dev1ce to
function in its intended manner.

While the invention has been descnbed in

great detail, it is apparent that it is susceptible
to minor variations without departing from the
scope of the invention embodied therein, and it
is not to be limited in protection to the details
shown, except as may be required by the prlor
art and the appended claims.

I claim as my invention:

1. In combination, means for amphfylng hlgh-
frequency energy comprising an electron dis-

charge device having a cathode and a plurality of

principal electrodes, means for applying a normal

order of potential to said principal electrodes:

equilibrium “is.

with- respect ‘to said .cathode ‘during ‘periods of
signal-amplification, means responsive to varia=

tiens in the intensity of theincoming signal wave

for maintaining the volume level of said ampli-

: ﬁer substantially constant during amphﬁcatxon

5 .

of signals, and means for reversing the normal. :
order of votentials to certain of said principal -

electrodes fo render said amplifier substantlally
non- operatlve during no signal periods.
2.:In combmatlon meang for amplifying hlgh-

freque'my ‘energy comprising an electron ~dis- .
chiarge device having s cathode and a plurahty-
_of principal electrodes, means for ‘applying a

norma] order of potentials to said principal elec-
trodes vnth respect to said- cathode durmg pe-
*iods of signal amplification, means Tesponsive
to ‘variations of the incoming cartier wave for
varying - the amplification of said amplifier in
accordance. with said variations in carrier in-

tensity, and means for reversing the normal or- .

der of poten‘olaﬂs t0 certain of said principal elec-
trodes:to 1ender said amplifier substantially non-
operative during the aboence of an mcommg
carner wave.

. In combination, an electron discharge de-
v1ce ‘having a cathode, an ancde and an infer-
mediate electrode, means for applying positive
potentials to said anode and intermediate elec-
trode, the potential on said anode being of a
higher ‘order than that on sald intermediate
electrode during signal amplification periods, and
means for dropping’ the voltage to said anode to
a value légs than . that applied: to sald mtexme—
diate eléctrode during no signal periods. ‘

4. T combination, an’ amplifier including an |

electron dis charge device having a cathode, an
anode and an intermediate electrode, means for
applying posmve potentials to said. anode and
1ntermedjaie electrode, the potential on said
anode being of a higher order than that on said
1nter*ned1ate clectrode duri ing amphﬁcaulon pe-
rinds, means for maintdining the volute level

amplification of signals, and means for reduc-
ing the voltage of said anode to a value below
that applied to said intermediate electrode dur-
ing no signal periods.

5. In combination, an electron discharge de-
vice having a cathode, an anode and an inter-
mediate electrode, means for applying bpositive
potentials to said anode and intermediate elec-

trode, ‘the potential of said anode being of a -

higher order than that of said intermediate elec-
trode during amplification of signals, a voltage
drepping device in circuit with said anode and
having a value of impedance sufficient to drop
said- anode potential below that of said interme-
diate electrode potential when said amplifier is
otherwise adjusted for maximum amplification.

6. In combination, an electron discharge device
having a cathode and principal electrodes, means
for applying a normal order of potential to said
principal electrodes with respect to said cathode
essential to the operation of said device during
periods of ‘said signal amplification, means for
applying ‘a biasing potential to said amplifier to

. reduce the amplification factor of said amplifier

from a predetermined maximum value and means

15
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.of ‘said" amplifier substantially constant during .
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operative upon loss of said bias for reversing said

normal order of application of potentials to said

‘principal electrodes causing inoperativeness of ’
~ said device.

7. In.combination, an electron discharge device

having a cathode, an anode and an intermediate '
electrode, means for applying positive potentials
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to said anode and. intermediate electrode, the

potential on said anode being of a lower order

than that on said intermediate electrode during

the absence of signal energy in the input circuit
. of szid amplifier, and means responsive to the
application of signal energy to the input circuit
of said amplifier for causing said anode potential
to rise in value above that of said intermediate
electrode potential.

8. In a signalling system, a signal-translating
channel including amplifiers producing an ampli-
fied signal output, means responsive to said am-
plified signal output for producing a unidirec-
tional voltage, means for controlling the ampli-
15 fication in certain of said signal amplifiers in

inverse proportion with said unidirectional volt-

age, and means for applying said unidirectional
voltage to a control element of one of said ampli-
fiers to. control the responsiveness thereof in
ep direct proportion therewith, whereby said signal
amplifier is rendered inoperative when the signal
input applied to the other of said amplifiers
decreases below a certain value.
9. In a signalling system, g signal transmission
28 channel including an output coupling element, a
pentode amplifier coupling said output to a recti-
fier . producing a rectified signal voltage, said
pentode amplifier having in its plate lead a
high resistance which reduces its average plate
80 voltage to a point of inoperativeness, means for
rendering said pentode amplifier operative upon
signal transmission of a predetermined intensity
by making its control grid more negative in ac-
cordance with said rectified voltage and thereby
88 increasing its plate voltage. -
10. In a signalling system, a pentode amplifier,
a rectifier for producing a unidirectional voltage
dependent on the amplification in said pentode
amplifier, a connection from a point in said recti-
40 fier circuit to a control element of said pentode
amplifier for automatically adjusting the control
grid bias, a high resistance in the plate lead of

10
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said pentode amplifier proportioned to cause said
amplification to increase in predetermined rela-
tion to increase of control grid bias, whereby in
response-to a variation of input to said signal
amplier said unidirectional voltage is. caused to
vary with respect to said control grid bias sub-
stantially in accordance with said predetermined
relation. = S

11. In a signalling system, a signal -channel
producing a signal output, a pentode amplifier
coupling said output to a circuit including a recti-
fier for producing a unidirectional voltage depen-
dent on said output and on the amplification in
said pentode amplifier, a connection from a point
in said rectifier circuit to a confrol element of
said amplifier for controlling said ouiput in
response to said -unidirectional voltage, a high
resistance in the plate lead of said pentode ampli-
fier proportioned. to cause said amplification to
increase in predetermined relation to increase
of control grid bias, and means for preventing
said amplifier from responding until the output
from said rectifier exceeds a predetermined value,
whereby in response to a variation of input to
said signal amplifier said unidirectional voltage is
caused to vary with respect to said control grid
bias substantially in accordance with said prede-
termined relation.

12. In a signalling system, a signal amplifier
producing an-amplified signal output, a pentode
amplifier coupling said output to a rectifier pro-
ducing a rectified signal voltage, said pentode
amplifier having in its plate lead a high resist-
ance which reduces its average plate voltage to a
point of inoperativeness, means for reducing the
amplification in said signal amplifier in accord-
ance with said rectified voltage and simultane-
ously rendering said pentode amplifier operative,
by making: its control grid more negative and
thereby increasing ifs plate voltage, in accord-
ance with said rectified voltage.

THEODORE P. KINN.
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