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2 Claims.

This invention relates to systems for auto-
matically controlling the gain of circuits employ-
ing electron discharge devices and particularly to
such systems for use in radio receivers.

Cne object of the inventicn is to provide an
efficient automatic gain control employing a m1m—
mum of equipment.

A general method of automa.tlc gam contml
used in radio receivers and the like, is to rectify
the amplified radio waves and employ the. re-
sultant electromotive force as a bias to control
the gain of one or more of the amplifying tubes.

For this purpose the direct current component of -

the rectified electromotive force appearing in the

5 plate circuit of the detector may be used. - Obvi-

ously, this rectified electromotive force must not
be less than a certain minimum value in order
to effect the desired control.

In many. types of radio receivers, par tlcularly
those designed to operate into head telephone re-

ceivers, it is not desirable to make the signal level -

at the input of the detector sufiiciently high to
give a rectified electromotive force of the ampli-
tude required to effect the gain control. Conse-
quently it has heretofore been necessary either
to amplify and rectify the signal waves in a sepa-
rate path to provide the confrol electromotive
force, or to separately amplify the direct current
output of the detector. Both of these methods
require the use of special additional apparatus.
This is at best undesirable and in many cases may
not be permissible, particularly where the space
and weight requirements are controlling, as in
aircraft apparatus, for example. ]

In accordance with a feature of this invention,
such difficulties are overcome by the use of an
amplifier which will operate to amplify both the
detected signal and the direct current components
of the detector output.-

In a specific preferred embodlment of the pres-
ent invention, the output circuit of the detector

of a radio receiver is conductively coupled through-

2 coupling resistance to an electron discharge
tube which, as a result of the conductive coupling,
acts to amplify both the detected signal waves
and the direct current component of the detector
output current. Both this device -and the de-
tector receive space current from the same source
through 2 potentiometer. . The voltage drop
across a portion of this potentiometer which car-
ries the space current of the amplifier tube is ap-
plied to the grid of one or more of the radio fre-
quency amplifier tubes in opposition to a substan-
tially constant negative bias. Since the detector
is operated with a negative grid bias, any increase

(Cl 250--20)

in the amplitude of the radio frequency signal
- wave supplied to its grid causes an increase in
the space current and consequently in the.D. C.
electromotive force across the coupling resist-
‘ance.  This, in turn, causes an increase in.the
negative potential on the grid-of the audio-fre~
dquency tube reducing its plate current and conse-

quently the opposing electromotive force applied

to the radio frequency amplifier grid. The final
result is such a decrease in the gain of the radio
frequency amplifier as to maintain the detector
output substantially constant irrespective of ordi-
nary variations in the amplitude of- the received
radio waves.

The CerU_lu constants are preferably 50 ad-
Justed that in the absence of a received radio
wave, the net bias on the radio frequency ampli-
fier is such as.to give a maximum gain, conse-
‘quently as the strength of received radio waves in-
creases the bias becomes more negative reducing
the gain of the radio frequency amplifier.

‘The invention can be more readily understood
by.. reference to the following detailed descrip-
tion in connection with the drawings i in which:

Fig. 1 shows one embodlment of the invention
in a radio receiver;

Fig. 2 shows a second embodiment of the 1n-
ventlon in a radio receiver; and )

Figs. 3 and 4 placed side by side show a third
embodiment of the invention in a combined radio
receiver and transmitter.

Fig, 1 shows a radio receiver.in which the Waves
received - from the antenna 5. are impressed
through the transformer -6 on the input on grid
circuit of the tube. 7 which operates as a radio
frequency amplifier. The waves thus amplified
are impressed on the tube 8 where they are de-
tected and the detected: waves amplified in the

tube 9 and 1mpressed through the transformer 10

on the telephone receiver 11.
of ¢

The plate circuit
he tube 7 is coupled to the grid circuit of the

tube 8 through the radio frequency transformer -

12. The plate of the detector 8 is directly con-
nected to the grid of the tube 9 so that the latter
tube operates not only to amplify the alternating
current component of the plate current of- the
detector tube 8, but also the direct current com-
ponent. * This latter component is utilized to con-
trol the direct current potential on the grid of
the tube 7 and consequently the degree of ampli-
fication obtained in that tube.

Tuning condensers 14 and 15 are provided for
tuning the secondary of the transformers 6 and
12, respectively, to permit the selection of a de-
sired incoming wave. The tuned circuits are com-
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-of the cathode.
the amplifier tube throtgh the transformer 6,

2
pleted through the blocking condensers 16. and
17, respectively, which are of large capacity to
permit the free passage of alternating current
while blocking the flow of direct current so as to
separate the direct and alternating current por-
tions of the input circuits of the tubes 7 and 8.
Various by-pass condensers are employed for pro-
viding paths of low impedance for the alernating
current components of the grid and plate circuit
currents.

All of the tubes are of the uni-potential cathode
type having a heater element physically separate
from the active cathode element. Plate current

and biasing potential for all of the tubes are sup-
plied from the battery 13.. The potentiometer:
. comprising resistances 18, 19, 20, 21 and 22 is

connected across the battery -13 to provide the
correct voltages for the various tubes. The
cathode circuit of the audio-frequency amplifier
tube 9 contains, in addition to the resistances 18
and 19 of the potentiometer; a resistance 23.

- The resistances 18 and 19 carry in addition to
the plate current of the tube 9 the potentiometer
current which acts as a ballasting current, plate
and screen currents of the radio frequency tube 7,
and in the case of resistance 19, the space charge
grid current of defector tube 8. The total volt-
age across the resistarnces 18,19 and 23 is the plate
circuit voltage of the -detector tube 8, the true
plate voltage being this voltage less the drop in
the coupling resistance 24 ‘and the biasing re-
sistance 25.. The voltage drop ‘in this latter
resistance. 25 furnishes biasing voltage for the
control grid of the detector tube 8. The cathode

of the radio frequency amplifier tube 7 is con- -

nected between the resistances 20 ‘and 21 so that
the plate circuit voltage of that tube is the drop

across the resistances 21 and 22 and the screen

grid voltage is the drop across the resistance 21,
The space charge grid of the detector tube 8 is

connected to the junction of resistances 18 and 19

so that the bias voltage applied thereto is the
voltage across resistance 18 minus the voltage
drop in the resmtance 25.

The control grid of the radio frequency am-

plifier tube 7 is connected through the filter

resistance 27 to the right-hand fermina) of the
resistance 23, the bias voltage applied ‘thereto
being the net voltage across the resistances 23
and 20, or the difference between the voltage
drops across these resistances:.  The drop across
resistance 20 is produced by the ballasting cur-
rent flowing from the source 13, plus the direct
current components of the plate and screen grid
currents of the radio frequency tube 7. The circuit
is so designed thattheballasting component of this
current is so large compared with the other com-
ponents that any variation inthose currents will
not- adversely affect the operation of the auto-
matic gain control. “For the purpose of descrip-
tion of the automatic gain control,. the drop
across the resistance 20 may be con51dered to be

“substantially constant.

The voltage across the resistance 20 is of such
2 polarity as to bias the grid of tube 7 negatively
and that across the resistance 23 is of the opposite
polarity. The circuit elements are so adjusted
that with no signal input on the transformer 16,
the voltage drop in the resistance 23 predominates
and the grid of the tube 7 will be given an initial
bias which is positive with respect to the potential
" When a signal is impressed on

amplified and impressed on the confrol grid of
‘detector tube 8, the plate current of the detector 8

1,990,512

increases causing an increase in current in the
resistance 24. This results in an increase in the
negative bias of the grid of the audio-frequency
amplifier tube 9 and a corresponding decrease
in its plate current flowing through resistance 23.
This in turn results in-a decrease in the voltage
across. the resistance 23 and consequently a de-
cregse -in the positive potential supplied - to the
grid of tube 7 in opposition to substéa,ntial'ly,cqn-
stant negative potential supplied by the re-
sistance 20, resulting in a net negative bias on
the grid of the tube 7. This negative bias in-
creases with increased signal strength and is made
of such & value by the proper design of the cir-
cuit - elements that. the output of the audio-
frequency amplifier tube 9 is maintained substan-
tially constant over a relative wide range of vari-
ations in the amplitude of the received waves.
Of course, inasmuch as the automatic gain con-
trol depends for its action upon a change in the
radio frequency input to the detector, it is im-
possible to maintain an absolutely constant

‘audm-frequency output- with changing signal

strength. - However, it has been found possible to
maintain the change in gain of the radio fre-
quency ~amplifier sufficiently great for small
changes in the detector input voltage so that the
change in the.audio-frequency output voltage will
be very small over a wide variation in sighal
strength within the normal operating range.

The secmdary effect on the detector plate volt-
age and plate and screen voltages of the radio
frequency tube 7 produced by variations in the
current through the resistances may be kept with-
in such limits as not to alter the relative voltages
of the system which affect the automatlc gain
controt.

Fig. 2shows a radlo receiver of the same general
type as that shown in Fig. 1, but employing a
somewhat different type of resistance network for
obtaining the automatic gain control. This re-
‘ceiver has an antenna 35 which is - tuned by
means of an anti-resonant circuit 36, the voli-

‘age across which is impressed upon the input

cireuit of 2 radio frequency amplifier tube 37.
The output of the radio frequency amplifier tube

[
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is coupled through the trahsformer 42 to the in- -

put of a detector tube 38, the plate of which is di-
rectly connected to the grid of an audio-frequency
amplifier tube 39. The audio-frequency output
of the amplifier tube 39 is supplied to the tele-
phore recsiver 41 through ‘the audio-freguency
transformer 42, - A tuning condenser 45 is con-
nected across the secondary winding of the trans-
former 42 for tuning the circuit to select. the
desired radio frequency. " For this purpose the
condenser 45 is operated in conjunction with the
condenser 44 of the antenna tuned circuit 36.
Plate current and biasing voltages for the
controel grids, screen grid and space charge grid
of the tubes of the receiver are obtained from
the battery 43. A main potentiometer comprising
resistances 60, 61, 62 and 63 provide means for
obtaining the proper voltages for the various ele-
ments of the radio frequency amplifier tube 37.

"For this purpose the plate of the tube 37 is con-

nected at the junction of the resistances 62 and 63,
the screen grid at the junction of resistances 61

‘and 62 and the cathode at the junction of the
The condensers shown °

resistances 60 and 61.
connected across the various resistances of the
potentiometer provide low 1nripedance by-pass cir-
cuits for the alternating current components.
The plate of the audic-frequency amplifier tube
39 is'connected directly to the positive terminal
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of the battery 43. The cathode circuit of this
tube includes the resistances 64, 65, 66 and 67
which carry the plate current. The voltage across
the resistances 64, 656 and 66 is the total plate
circuit voltage of detector tube 38. Similarly,
the voltage across the resistance 66 is the total
space charge grid circuit voltage of that tube.
Consequently the resistance 67 carries in addi-
tion to the space current of the tube 39 the plate
and space charge grid currents of the detector
tube 38. The true plate voltage of the detector
tube 38 is the voltage across the resistances 64,
65 and 66 minus the sum of the drops in the cou-
pling resistances 68 and 69 and the biasing re-
sistance 70. B

The control grid of detector tube 38 is con-
nected at the junction of resistances 66 and 67
so that it is maintained at a negative potential
with respect to the cathode by the voltage drop
in the resistance 70. The by-pass condensers 73
and 74 are of large capacity offering substantial-
ly no impedance to alternating currents while
blocking direct currents and operate to isolate the
direct current and alternating current portions
of the control grid circuit of the detector tube
38. 'The condenser 75 performs a similar func-
tion in the input circuit of the radio frequency
amplifier tube 37.

The grid of the radio frequency amplifier tube
37 is connected through the filtering resistances
76 and 77 to the junction of the resistances 64
and 65. The condensers 78 and 79 cooperate with
the resistances 76 and 77 in filtering the direct
current biasing potential applied to the grid of
the radio frequency amplifier.

As in the case of the circuit shown in Fig. 1,
the biasing voltage on the grid of the radio fre-
quency amplifier tube 37 is the difference in
voltage drop across two resistance networks, in
this case the difference between the drop across
vesistance 60 and the total drop across the re-
sistances 65, 66 and 67. 'The voltage across re-
sistance 60 is of such polarity as to mainfain
the grid of the tube 37 negative with respect to
its cathode, while the voltage across the resist-
ances 65, 66 and 67 is of the opposite polarity.

The circuit operates in the same manner as
the circuit of Fig. 1 to maintain the audio-fre-
quency output substantially constant irrespective
of variations in the amplitude of the radio fre-
quency signal input. The circuit elements are so
adjusted that with no signal input the voltage
drop across the resistances 65, 66 and 67 predomi-
nates over that across the resistance 60 so that
the grid is maintained at a small positive bias
(initial bias). When radio frequency waves are
impressed through the amplifier on the control
grid of the detector tube 38, they operate to in-
crease the plate current of that tube causing an
increase in the negative potential applied to the
grid .of the audio-frequency tube 29 and a con-
sequent decrease in its plate current.
duces the current through the resistances 65, 66
and 67 causing a decrease in the voltage drop
therethrough and a conseguent increase in the
negative bias on the grid of the radio frequency
amplifier tube. )

When the circuit operates in response to radio
frequency signals to increase the negative- bias
of the radio frequency tube 37, the plate and the
sereen grid currents are both reduced. As a re-
sult, the voltage drop .across the resistance 60
tends to decrease. This efiect would tend to
counteract the gain control effect produce by the
decrease in the current to the resistances’65, 66

This re-

3

and 67 since this would decrease the negative
component of the grid bias potential of the tube
37 at the same time that the positive component
was reduced. However, this effect is prevented
by maintaining a fairly heavy ballast- current
through the resistance 60. It is found that very
satisfactory results can be obtained when the
ballast current is approximately three times the
normal space current of the radio frequency am-
plifier, though it need not be so large in all cases.

One path for audio-frequency currents from
the cathode of the audio-frequency tube 39 to the
junction of the resistances 66 and 67 is.throush

the resistance 69, by-pass condenser 80 and the

resistance 70. The potential drop set up across
the resistance 70 by this audio-frequency current
derived from the output circuit of the tube 39 is
of such a phase as to result in audio-frequency
regeneration. This' effect can be readily cb-
served if the resistance 69 is short-circuited.
However, such effects are made. negligible by
making the value of resistance 69 large, for ex-
ample, of the order of 30,000 ohms. The resist-
ance 71 performs a similar function in the space

charge grid circuit although the effect in that .

circuit is not so noticeable.

The resistance 81 is preferably of very high
value, for example, of the order of 100,000 ohms
and is provided for ‘protecting the audio-fre-

quency tube 39. Without this resistance, the <

full voltage of the source 43 might at times be de-
veloped across the tube 39 when the filaments

(heaters) of the tubes are cold. The effect of the
resistance is to reduce the maximum possible
potential which is developed across the cathode-
anode space of the tube 39 and consequently pre-
vent injury to the tube under such conditions.
The resistance is made of such a high value that
when the circuit is operating, the hy-pass effect
is negligibly small. ' :

. Figs. 3 and 4 placed side by side, show a com-
bined radio transmitter and receiver embodying
the invention. This system is of a type particu-
larly adapted for use where weight and space re-
quirements are controlling, for example, in air-
craft. -

. The system comprises in main, a radio trans-
mitter circuit 300, a radio receiver circuit 400, a
power supply unit 100 and a control unit 200. A
transmit-receive relay 350 controls the condi-
tioning of the system for transmitting or receiv-
ing at the option of the operator. When this re-
lay is in the release position, as shown in’ the
drawings, the system is conditioned for operating
the radio receiver 400. - S

Power for both the transmitter and receiver is

obtained from the low voltage armature 101 and

the high voltage armature 102 which may be
separate generators, or separate armatures of a
double voltage generator. The output of the
high voltage armature 102 is filfered by means
of a low-pass filter comprising series inductances

103 and shunt condensers 104, The poten-.

tiometer 105 connected across the output of the
low-pass filter 103—104 provides means for ob-
taining the proper voltage for biasing the screen
grids of the radio frequency amplifier tubes of
the receiver 400. The switch 210 is provided for
controlling the connection of the low voltage

armature 101 to the cathode heaters of the tubes

of the receiver 400 and to the filamentary cath-
odes of the tubes of the transmitter 300. When
the switch is in the position I, the heater circuit
for the tubes of the receiver 400 is closed through
the connection from the positive terminal of the
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armature 101, connection 131, armature and con-
tact: 211 of switch 210, resistance 406 and. the
cathode heaters-of the tubes 405, 404, 403, 402,
401 in series, resistance 407 to the ground con-
nection 130 in the negative terminal of the arma—
ture 101,

When-the arm of the sw1tch 210 moves to po-
sition IT, the above connection is ma,lntamed and
in addition the connections. of  the. filamentary
cathode heating circuit of the: tubes. of the trans-
former 300 are- completed as is -later: descnbed
in detail.

~The receiver proper comprises three radlo fre-
quency - amplifier stages employing the vacuum
tubes 401, 402; 403, respectively, a detector stage
employing tube 404, and an audio-frequency am-
plifier stage. employing : the --tube . 405. Radio
waves received in the antenna 301 are impressed
on the grid circuit of the first tube 401 through
the condenser 302 and connection 120. The an-
tenna circuit which is common to the-transmitter
and the input circuit of this first.stage of the re-
ceiver will be described later in connection with
the description of the transmitter. A resistance
414 is connected across the input circuit of the
tube 401, the connection -being made: from the
grid of tube 401 through resistance 414-and block-
ing condenser 416 to the grounded cathode. :

Transformers 408, 409 and 410 are: provided
for coupling together the radio frequency ampli-
fier stages and for coupling the plate -or output
circuit of the last amplifier itube 403 to the grid
or input circuit of the detector 404. .The plate
of detector 404 is directly connected to the grid
of the audio-frequency amplifier 405. The plate
circuit of the audio frequency amplifier 405 con-
tains the primary winding of the audio-frequency
transformer 411. One terminal of the secondary

winding of transformer 411 is connected through

the connection 125, blocking condenser:331, arma-
ture-and contact 353 of the relay 350, connection
128 fo one terminal of-the telephone receiver 201.
The other terminal of-the secondary winding is
connected through the resistance 441 to ground
and the other terminal of the telephone receiver
201.

Like in the circuits of Figs. 1 and 2, the detec-
tor and audio-frequency amplifier tubes.in addi-
tion to their usual functions, operate to provide
automatic gain control of the radio frequency
amplifiers 401 to 403 maintaining o substantially
constant audio-frequency output over a . wide
range of variation-in-received sighal strength.
The defector tube 404 is operated with the bias
adjusted to bring the plate current close:fo. cut-
off 'when no signal is impressed on the grid
and .operates to give plate rectification: of the
In the -process. of detection, the :plate
current of the detector increases, the amount of

increase being dependent upon the ra,dxo fre- -
is _the proper polarity. for supplying a négative

bias to. the grid. of the audio-frequency amplifier

cguency signal voltage impressed upon the snd

" The resistance 412 connected to-the plate circuit
. of the detector is alsc connected-in:the grid cir-

cuit of the audio- frequency amplifier ‘tube. 405
and therefore furnishes part of the bias for that
tube. This bias increases with the increase of
detector plate current which results in a.reduc-
ticn in the audio- amphﬁer -plate. current. The
detector tube 404 preferably has a high ampli-
fication constant and.low input capacity.

Plate current at the proper. Voltage for. the
ragdio frequency amplifier tubes 401 to 403 is ob-
tained from the high voltage armature 102 by
means -of the potentiometer comprising the re-
sistances 431 and 432 which are connected in the

403.

1,990,512

following sequence:: From.- the negative terminal
of the armature 102, through the connection 132,
rewstance 431, resxstance 432, connection 126, con~
tact and .armature. 356 of. the relay 350 to the
posxtwe ter minal of the arma,ture 102. The plates
of the radio frequency tubes 401 to 403 are con-
nected through the primary windings of the re-
spective interstage transformers; the respective
resistances 451, 452 and 453 and the retard coil
450 to the junction of the resistances 431 and 432.

"‘he b1asm<r potential screen grids of the tubes
401, 402 and 403 are obtained from the arma-
ture 102 by means of the potentiometer 105 and
the gain: adJustmg potentlometer 203, which is
connected across the upper half of the potentiom-
eter 105.~ The connection canbe traced from the
m’dpomt of. tho potentlometer 105 through con-

neetion 133, -gain adjusting potentiometer 203,

ground connection 130, resistance 441 of. the po-
tentiometer 441-—442, connection 132 to the neg-
ative termina)l of the armature.102. The screen
grids of the tubes 401, 402 and 403 are connected
through the respectwe resistances 461, 462 and
483 to the variable tap on the potentiometer 203.
. The. audio- -Irequency. a.mphﬁer tube 405 re-
ceives its plate current from the. high voltage
armabure 102.. For this purpose the voltage -of
the armature 102 is reduced by means of the
potentiometer comprising the resistances 340 and
440 connected in series across the terminals of
the armature from the positive termlnal through
resistance 340 connectlon 134, resistance 440, and
connection 132 -to the negative terminal. The

plate of the tube 405 is connected through the

primary Wll’ldln“’ of the output transformer 411 to
the connection 134 constituting the junction be-
tween resistances 340 and 440. . The cathode’ cir-
cuit of the. audlo freqliency amplifier tube 405,
1ncludes the series. of resistances 424 423, 422 and
421. These resistances carry, in addition to the
plate current of the audio-frequency tube 405,
the practlcally constant current flowing through
resistance. 425 and serves to furnish part of the

.grid bias’ voltage for the audio-frequency tube

405, plate and grid biasing voltages for the de-
tector tube: 404 and part of the grid bias voltage
for the radio’ frequency amplifier tubes 401 to
“‘The plate. of the detector tube 404 is con-
nected -through the coupling resistance 412 and
the primary wmdmg ‘of the transformer 413 to
the junction.of the resistances 423 and 424. The

.transformer 413 is used. when the transmitter is

operating to permit the use of the tube 405 as the
first . audio-fr equency amplifier. When the re-

.ceiver is operating, the circuit of the primary

wvndmg théreof is. opened at the contact 358 of
the relay. 350 so that the presence of the secondary
winding in the circuit can therefore be neglected
in considering the operation of the receiver.

- The voltage across the resistances 424 and 412

tube 405 as will be observed from a consideration
of the flow of plate current of the tubes 405 and
404.. The grid of the detector tube is connected

‘through the secondary winding of the coupling

transformer 410 and filter resistance 474 to the
left-hand .terminal of the resistance 421. The
csthode of the detector tube 404 is connected to
the variable-tap on the resistance 421.

. The total. Voltage across the resistances 423,
492 and the rlght hand portion of the resistance
421 isthe plate circuit voltage of the detector tube
404, the true plate voltage being this fotal volt-
age less the. voltage drop in the resistance 412
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The grid bias voltage for the defecior tube 404
is the voltage drop through the left-hand portion
of the resisfance 421 which is of such a polarity
as to bias the grml negatively with respect to the
cathode

Condenser 415 is of such capacity as to give the
plate circuit of the detector tube 404 a low im-
pedance to radio frequencies.

The control grids of the radio frequency ampli-
fier tubss 491 and 402 are connected through the
respective filter resistances 471 and 472 through
the left-hand terminal of the resistance 470. The
control grid of the radio frequency amplifier tube
403 is connected through the filter resistance 473
to the right-hand terminal of the resistance 470
which in turn is connected to the junction of the
resistances 422 and 423. Resistance 470 performs
the function of somewhat reducing the biasing
potential supplied to the grids of the tubes 401
and 402, which tubes are operating at a lower en-
ergy level than the tube 403. The cathodes of
the radio frequency amplifier tubes 401 to 403
are connected together to ground which is the
pvotential of the junction of resistances 441 and
442, Thus, the control grid bias for the radio
frequency amplifier tubes 401 to 403 is the net
voltage between ground (right-hand terminal of
resistance 441) and the junction befween resist-
ances 422 and 423. This voltage-is the difference
between the sum of the drops across resistances
422 and 421 and the drop across resistance 441.
The flow of the current is in such a direction that
it makes the polarity of the voltage drop across
resistance 441 of such a sign as to bias the grids
of the radio frequency amplifier tubes negatively
with respect to cathode, while the polarity of the
drop across the resistances 421 and 422 is of the
opposite polarity. Resistance 441 is part of the
potentiometer or drain resistor connected across
the radio frequency amplifier tube plate sup-
ply voltage and carries a substantially constant
current made up of two components, one, the
constant drain or ballast current through the re-
sistance network and the other, the direct cur-
rent component of the plate current of the radio
frequency amplifier tubes. The constant com-
ponent predominates.. On the other hand, the
current through the resistances 421 and 422 is
predominatingly variable, the plate current of
the audio-frequency amplifier 405 being the pre-
dominating component. The values of the re-
sistance elements are so chosen that with no sig-
nal input on the receiver, the adjustable top to
the resistance 421 may be adjusted to make the
drop across the resistances 421 and 422 predom-~
inate giving a small positive bias to the grid of
the radio frequency amplifier tube, Whlch will be
called the initial bias.

While this initial bias is posmve signal cur-
rents of small amplitude will operate ‘to give a
normal negative bias, the action being as fol-
lows: When the signal waves amplified-in the
radio. frequency amplifier tubes 401 to 403 are
impressed upon the grids of the detector, the
plate current thereof increases, the amount of in-
crease being dependent upon the voltage of the
radio frequency signal impressed upon the grid,
This increase in plate current causes an increase
in the voltage drop across the coupling resistance
412, which being also included in the grid circuit
of the audio-frequency amplifier tube 405 in-
creases the negative potential of the grid of that
tube and results in a reduction in the plate cur-
rent of the audio-frequency amplifier tube 405.
Since this current flows through the resistances

age across the resistance 441.

&

422 and 421, the voltages tlieré-dcross will be re-
duced to a point at which it is less than the. volt-
This resuits in a
net negative bias on the grids of the radio frequen-
cy amplifier tubes which negative bias tends to
increase with the signal strength, thus reducing

the gain of the radio frequency amplifier stages.,

Inasmuch as the automatic gain control depends
for its action upon a change in the radio fre-
quency input to the detector, it is impossible to
maintain an absolutely constant audio~frequency
output with changing signal strength. However,
the change in the radio frequency gain is suffi-
ciently great for small changes in the detector in-
put voltage so that it has been found that the
change in the audio-frequency output voltage
may be made less than 2 to 1 for a 5000 fold in-
crease in the signal strength Wlthm normal op-
erating limits. ’

In detail, the sequence of operation of the auto-
matic gain control as a signal is tuned in or as
the signal increases in strength, is as follows:

1. The radio frequency signal voltage -after
amplification in the radio frequency amplifier
stages is impressed upon the grid of the detector
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tube 404 causing an increase in the detector plate ‘

current flowing through resistance 412,

2. The resulting increase in voltage across re-
sistance 412 supplements the voltage drop across
resistance 424 to make the bias of the grid of the
audio-frequency tube 405 more negative. This
reduces the plate current of this tube and conse-
quently the current through and the voltave drop
across resistances 422 and 421.

3. The resulting difference in voltage: between
the drop across resistances 441 (which is sub-
stantially constant) and that across the resist~
ances 422 and 421 will increase (except for weak
signals), the voltage drop across resistance 441
predominating and biasing the grids of the radio
frequency amplifiers negative. The amount' of
this bias and hence the reduction in radio fre-
quency gain depends upon the signal strength.

There will be certain secondary effects which
tend to oppose the operation of the automatic
gain control, but which may be kept within such
limits as not to adversely affect the proper opera-
tion. These are:

1. The change in current through the resist-
ance 441 due to variations in the plate current of
the radio frequency tubes. :

2. Variations in the detector plate voltage due
to changes’ in the current through resistances
223 422 and the rlght—hand portion of resistance

2

3. Variations in the grid bias of the audio-fre-,
quency tube due to varlatwns in the current
through resistance 424,

A reverse sequence of operatmn will take place
when the signal strength is decreasmg or tending
to decrease.. The effect of such reverse sequence
will be such as to increase the gain of the radio
frequency amplifier stages.

The effect of the automatic gain control is to
maintain the audio-frequency output constant
not only for such variations in the signal input
as are produced by fading phenomena: and the
like, but also for variations in the signal voltage
due to changes in the tuning of the circuit. Thus,
when the receiver is not tuned in to a signal, the
automatic gain control causes the radio fre-
quency gain to rise to a high value and as the
tuning approaches the ‘frequency of the signal,
the gain is reduced by the action of the auto-
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matic gain control and is agam caused toi mcrease
as the receiver is tuned away from the desired

frequency on . the opposite side of the signal.-

The result is to maintain a nearly constant audio-
frequency output over a considerable tuning
range at each side of ‘the exact tuning point.
The action of the automatic gain control is also
apt to produce an effect which gives the impres-
sion of more interference than could be noticed
with a receiver not so equipped. It is .a fact
that the maximurmn sensitivity of the receiver is
always. available when required.” This makes an
interfering signal sound louder with a given tun-
ing away from the desired signal than it would
in a receiver with manual gain control. How-
ever, this latter effect only depends upon the
proper tuning of the set and the undesired sig-
nal will give no more interference when the set
is properly tuned than with sets not having an
automatic gain control. However, these effects
make it very difficult to tune a set by ear as is
done in the case of the usiial type of radio re-
ceiver. The use of some type of tumng 1ndlcator,
is' therefore desirable. . - ‘

For this purpose ‘bhere is prov1ded 2 Thetér 204
which is so connected as to measure the grid bias
voltage of the radio frequency tubes 401 to 403.
The connection of this meter may be traced from
the junction of the résistances 422 and 423 (the
effective potential of the grids of the radio fre-
quency amplifier tubes), through resistance 476,
connection 124, rlght-hand contact and arma-
ture 354 of relay 350, connection 128 to the left-
hand terminal of the meter 204; right-hand ter-
minal of meter 204 to the cathodes of the radio

frequency tubes at the grounded connection at.

the junction of re31stances 441 and 442.° Since
this meter measures the negative bias of the
grids of the radio Irequercy amplifier tubes, the
needle will be against the stop, unhder the condi-
tion in which no radio frequency signal is being
received and will give a maximum deﬂectlon ‘at
the exact tuning point. .

The connection of the meter through the
armature 354 of the relay 350 permits the use
of the meter for measuring the output of. the
radio transmitter 300 when it is bemg operated
as is descnbed in detail below. -

- Under ordinary conditions  of _operatlon, the
automatic gain control takes care of all varia-
tions in operating cond1t10ns However, when
extremely strong signals are. being received, the
tubes may become overloaded resulting in an-
noying 'disturbances in the telephone receivers.
In order to permit operation under such. condi-
tions, the manual gain.control petentiometer 203
is provided. This potentiometer confrols the
voltage supplied to the screen grids of the radio
frequency amplifier tubes and may be operated
to reduce this voltage and consequently the gain
of the radio frequency. amplifier stages, when
extremely loud signals - are bemg rece1ved

Radio transmztter

The radio transmitter 300 comprises a crysual-
control oscillator -employing:a tube:310, a modu-
lating amplifier employing a tube -320 and an

- audio-frequency ‘amplifier employing a tube 330,

As indicated above and described in detail below,
the audio-frequency amplifier tube. 330 is.a sec-
ond stage: of audio-frequency amplification ‘and
receives its . audio-frequency . current from . fhe
audio-frequency tube 405 of the receiver.

The iransmitter is operated only when the
cathode control switch 210 is7in the position II

1 990 519
and the push ’outton 205 is operated to operate‘

the transmit-receive relay 350." ‘When the cath-
ode control switch 210 is in the position T,
cathode heating current is supplied to the tubes
310, 320 and 330 through the following circuit:
From .the’ posmve terminal of the low voltage
armature 101 through connection: 131, arm and
contact 212 of switch 210, ’conneetion 127, the

i

cathodes of the tubes 310, 320 and 330 in parallel

to the grounded negative terminal of the low

voltage armature 101, resistances 312, 322 and

332 being connected in series between the posi-
tive leads of the cathodes of the tubes 310, 320
and 330 respectively.

Plate current for the tibes 310 '320 and 330 is
supplied. from .the high voltage armature 102
through the following circuit: From the positive
terminal of the armature 102, through armature
356 and left-hand contact to the positive bus 360
and. from. the.negative terminal of the armature
102 through the ‘armature 355 and resistance net-~
work 361, 362 to the grounded cathode circuit.
In the operation of the transmitter the resistance
network 361—362 is in' parallel with resist-
ance 441 :

The oscillator employs 8, piezo- -electric crystal

311 connected between the grid and cathode of.

the tube 310. The mysta,l is maintained at a
consl,ant temperature by means of a heater ele-

ment 309 -supplied- with current from the low

voltage armature 101 and controlled by means
of a thermostat 303 and a relay 304. . The heater
circuit may be traced from the positive terminal
of the armature 101 through the armature and

contact of the relay 304, heater element. 309 to. ¥
the grounded negative terminal of the armature

101. . 'When  the. temperature of the crystal
resches g certain predetermined value, the ther-
mostat 303 operates to complete the circuit from
the grounded negative terminal of the armature
101 through thermostat 303, winding of relay 304
to the positive terminal of the armature 101.
The operation of the relay 304 opens the circuit

- through: the heater elerhent 309 permitting the

crystal to cool down to a point at which the
circuit . through the thermostat is broken and
the relay 304 released to-again close the heater
¢ircuit. . The resistance-condenser -network 305
is'provided to prevent damage to the thermostat
303 by induective 'surges resulting from the open-
ing of “the relay.circuit.

- The grid of the tube 310 is connected through
the grid leak resistance 313 to . the junction of
the resistances 361 and 362, the grid being main-
tained at'a megative potential with respect to
the cathode- by -the drop in the resistance 362.
The radio frequency plate circuit ‘of the oscilla-
tor - tube 310 ‘may be ‘traced from the plate,
through the plate ecircuit. inductance 314, block-
ing condenser 315 to thre grounded cathode cir-
cuit. i The direct -current plate circuift may be

traced from the plate through the inductance .

314, resistance 316 to the positive bus 369.

“The grid circuit of the: modulating amplifier
tube 320 ‘includes an inductance -328 coupled to
the inductance-314. The glternating current
grid circuit of the tube 320 may be traced from
the-grid-of the tube through the inductance 328,

blocking condenser 327 to the negative cathode 7

terminal. “The-tuning condenser 321 is. provided
for ‘tuning the grid circuit to select the second
harmonic output of the oscillator tube 316. The
direct current grid circuit of the tube 320 may
be traced from the grid through the inductance
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328 and grid lejk resistance 323 to: the juncture
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of the resistances 361 and 362, the grid being
maintained negative with respect to the cathode
by the voltage drop in resistance 362. Inductance
325 and condenser 324 provide a Rice type neu-
tralizing ecircuit for preventing the ftube from
oscillating. The inductance 329 ¢oupled ‘to:the
inductance 328 has one terminal connected to
the cathode thirough'the blocking condenser 327
and the other terminal to the anode through
the neutralizing condenser 324, The plate of
the tube 320/is connected to a tap on the an-
tenna tuning inductance 308. The alternating

- current plate circuit may be traced from the

anode through the lower portion of the induct-
ance 308, blocking condenser 325, thermocouple
318 to ground at the negative cathode terminal.
The. direct current anode circuit may be traced
from the plate through the lower porfion of
inductance 305, secondary winding of the modu-
lation transformer 334, resistance 326 to the posi-
tive bus 360.

The upper terminal of the antenna circuit con-
ductor 308 is connected through the tuning con-
denser 306 in the antenna 301. A resistance 307
is connected between the antenna and ground.

Vacuum tube 330 supplies a second stage of
audio~-frequency amplification. This tube re-
ceives its plate current directly from the positive
bus 360 through the primary winding of the
modulating transformer 334. The grid is con-
nected to the secondary winding of the audio-
frequency fransformer 411 through the connec-
tion 125 previously described. The grid circuit
is completed from the other terminal of the
transformer 411 through resistances 441 in paral-
lel with resistance network 361—362 to the
grounded cathode- terminal. The grid biasing
potential is furnished by the drop across the
resistance network.,

The audio-frequency tube 405 of the radio re-
ceiver is used to give the first stage of amplifica~
tion for the transmitter. When the relay 350 is
operated, the audio-frequency ecircuit of the
microphone 202 may be traced from the ground-
ed terminal of the microphone through primary
of the audio-frequency input transformer 413,
connection 123, blocking condenser 365, contact
358 and connection 122 to the microphone 202.
The microphone 202 receives its direct current
from the low voltage armature 101. This circuit
may be traced from the grounded negative ter-
minal of the armature 101 to the grounded ter-
minal of the microphone, connection 122, con-
tact 358, armature 352 of relay 350, resistance
364, choke coil 363, connection 127, filament
switeh 210, connection 131 to the positive termi-
nal of the armature 101. The retard coil 363
prevents the flow of audio-frequency current in
this direct current circuit while the blocking con-
denser 365 prevents the flow of direct current in
the audio-frequency circuit of the microphone.
Armature 352 and contact 358 of relay 350 are
so arranged that the direct current circuit of
the microphone is closed before the audio-fre-
quency circuit is completed thus preventing mi-
crophone surges from reaching the amplifier,

When transmitting, the telephone receivers 201
are connected across the secondary winding of
the audio-frequency transformer 411 in series
with the résatance 366 thus giving side tone so
that the operator may be assured that the trans-
mitter is being properly modulated. When the
relay 350 is in the unoperated position, resistance

366°is short-circuited through the armature 353
of :the relay 350 'so that the full output of the
radio recewer is apphed to the telep‘mne receiv-
ers 201.

S Inm transmlttng, the connectmn to-the poten,

tiometer 431—432 for the plate clirrent supply

for the radioc frequency tubes 401—403:is broken
at the armature 356 and right-hand contact and
the grid of tube 401 grounded through the con-
nection 120 and armature 357: - - g

In transmifting, the meter 204 is switched
from the receiver circuit to the transmitter cir-
cuit through the operation of the armature 354
so that the outpubt of the radio transmitter is
indicated. Thus, when the relay 350 is operated
the meter 204 is .connected to the thermocouple
318 through. connection 128, armature 354 and
its left-hand contact.

The relay 350 is operated by the push button
205, operating current being supplied from the
armature 101 through the circuit: from the
grounded terminal of the armature 101, connec~
tion 130, push button 205, connection 121, arma-
ture 351, winding of relay 350, connection 127,
filament switch 210 to . the positive terminal of
the armature 101. TUpon the operation of the
relay, the contact at armature 351 is opened
connecting the resistance 367 in series in the
winding circuit of the relay 350 thus increasing
the resistance of the winding circuit so that only
sufficient current is drawn to hold the relay in
the operating position. This reduces the cur-
rent drain on the armature 101.

What is claimed is:

1. A radio receiver comprising an electron dis-
charge device having control elements and be-
ing arranged to amplify the received radio wave,
a second electron discharge device arranged to
detect the radioc wave amplified by the first de-
vice, a third electron discharge device having
a control element conductively connected to the
anode of said second device, a source of direct
current, connections from a positive terminal of
said source to the anode of the third device, a re-
sistance network having one terminal connected
to the cathode of said third device and a second
terminal connected to the negative terminal of
said source, a resistance element connected be-
tween the control element of said third device
and a point on said resistance network, connec-
tions between the cathode of said second device
and a point on said resistance network negative
with respect to the last mentioned point thereon,
connections from the control element of said
first -device to a point on said resistance network
positive with  respect to said second terminal
thereof, connections from the anode of said first
device to the positive terminal of said source
and a resistance element connected between the
cathode of said first device and the negative
terminal of said source.

2. A radio receiver comprising an electron dis-
charge device having control elements and be-
ing arranged to amplify the received radio - wave,
a second electron discharge device arranged to
detect the radio wave amplified by the first de-
vice, a third electron discharge device having a
control element conductively connected to the
anode of said second device, a source of direct
current, connections from -a positive terminal of
said source to the anode of the third device, a
resistance network having one terminal -con-
nected to the'cathode of said third device and
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- minal of said source, a resistance element con-
nected between the control element of said third
device and a-point on said resistance network,
connections between the cathode of said second
device and a point on said resistance network
negative with respect to the last mentioned point
thereon, connections from the control -element
of said first device to a point on said resistance
network positive with respect to said second ter-
10 minal thereof, connections from the anode of

1,900,518

said first device to the positive Hfe
soeurce, .& second resistance netWYrork having one
terminal .connected to the neg
said source and another termin

nections from the cathede of sai
an intermediate point on said s
network. : ‘

ond resistance

first device to-



