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Thls plesent 1nvent10n of ‘mine concerns im-
provements in'radio receiver circuits. It partic-
ularly relates: to. methods of, and means for, the
automatic control of iradio. receiver fidelity as a

6 “function of the amplitude of the received signal
by -automatic::control; of selectivity in the radio
" or:intermediate [frequency amplifier circuits; -

One' object “of my 'invention is to ‘provide 'a

-coupled.-circuit -inwhich . the ‘coupling may be
10" -controlled electrically. - Another:object is to pro-
vide in-a radio-or intermediate frequency ampli~
fier, circuits: ‘coupled by  electrically: controlled
coupling means.: :Still ‘another object is to pro-
vide-electrically controlled coupling means in con-
"enection-with coupled circuits in' a. radio receiver
whereby the band-pass characteristics of the re~
ceiver may: be varied. - A-further object is to pro-
vide electrically .controlled coupling means in the
coupled circuits ‘of a.radio receiver wherein the
20. electrical «control operates from voltages gener-
ated by rectification of a-received signal whereby
the receiver response is controlled by the strength
of the received signal. These and other objécts
will 'be set forth in detall in the followmg specifi-
25 eations.
Most radlo ‘and carrler wave receivers at the
present time employ radio and intermediate fre-

quency amplifiers:-consisting of -cascaded ther- -
mionic : vacuum tube:-amplifiers. interconnected:

30 by-means: of systems of coupled circuits. - In gen~
eral-these coupled ‘circuits are capacity tuned to

@, desired :frequency. - The selectivity character-
istics of ‘each pair of circuits is determined by
the power factor of the individual resonant cir-

36" cuits and the degree of coupling between circuits
- of a pair.

" circuits tuned to the:same frequency will exhibit
a.single peak-of maximum response. - With-more
than critical coupling:between- circuits of ‘a pair
40.'a double peaked or band-pass response is produced
when: eachicircuit is tuned to the same frequency.
Until recently most receivers have been desighed
with.very nearly critical coupling between inter-
stage circuits.-in order:to obtain maximum selec-
45.:tivity: -and gain. “Such. receivers, however, -at-
tenuate the higher modulation- frequencies,  the
cut-off often being as low-as- 3000 cycles. The
fidelity. may be. improved: by over-coupling the
receiver circuits -but .the better fidelity is usable

50 only on;strong signals.: On weak signals inter-
channel  interference is. experienced - with wide
band response: receivers. These considerations
have-led to the design of receivers having man-
ually controlled circuit coupling for band expan-
56:sion - under. favorable: receiving :conditions., .In

‘With less than .critical coupling, two .

(CL 179—171)

general the manual control is-designed to vary
the coupling from critical or a condition of max-

imum  selectivity to something greater than crit- -

ical giving a fifteen to twenty kllocycle band-~pass
response.

My present invention is concerned with means
whereby the coupling between interstage circuits
and hence the band-pass’ characteristics of a
carrier wave receiver may be varied automatically
in accordance with the strength of the received
sighal. " A’ thermionic vacuum  tube exhibits an
input capacity which is a function of its plate to
grid capacity and its:-grid to plate circuit gain.
The plate to grid capacity may be the internal
tube capacity plus:wiring and stray capacities or

these:capacities may be’enhanced by: an addi--

tional discrete capacity connected between plate
and grid. » With a resistance as a plate load the
effective input: capacity to the tube is-approxi-
mately the tube gain plus: one times the sum- of
all plate to grid capacities.” Since the gain-of the

tube may be:varied by means: of the grid: bias;:

this input’ capacity may be controlled by means
of the grid-bias.
tially-in using. this tube input:capacity as a cou-

pling impedance between interstage tuned circuits -

and in controlling the impedance and hence the
coupling. automatically by means of the.voltage
generated by rectification of the amplified signhal.

Since the capacity may be electrically controlled

by grid bias control,:the coupling and hence the
selectivity or. band-pass.'characteristics of . the
coupled circuits and the receiver may be: electri=
cally controlled.

One method-which I employ in couphng two
circuits :isto’ place this controlled capacity in
series with-the two.inductances of. the coupled
circuit 'and ‘ground.” Another method -which I
have ‘used .is to- place the controlled capacity in
a-common path with part or all‘of the capacity
of the tuning condensers of the two circuits. . In
order to control the coupling and hence the selec-
tivity -or ‘band-pass characteristics -of such:cou-
pled: circuits in’accordance with the strength: of
the received:signal, I derive at least a part of the
coupling: tube  bias from voltages derived: from
the rectification of the signal traversing the sys~
tem: " 'This control voltage may be the same volt-
age that is used for automatic volume control in
the receiver or.it may be a separately derived
voltage.. Any or all of the radio or intermediate

frequency circuits of a carrier wave receiver may"

be thus automatically controlled and the charac~
teristics of the receiver varied over wide limits.
The. appended claims set forth, in particular,
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the novel features to be found in this invention.

The following description, however, when taken

in connection with the drawing, will serve to set

forth the theory and mode of operation of my
8 invention.

In the drawing,

Fig. 1 shows a carrier wave amphﬁer circuit
embodying one form of my invention.

Fig. 2 shows an interstage coupling circuit em-~

10 podying another form-of my invention.

Fig. 3 shows a pair:of coupled circuits equiva-
lent to the coupling accomplished in Fig. 1.

Fig, 4 shows the equivalent circuit of Fig. 2.

Fig. 5 shows a series of curves useful in explain-

16 ing the operation of my invention.

Fig, 1 shows the application of my- a,utoma,tlc
control, in one form, to two stages of a radio
or intermediate frequency amplifier. - This am-
plifier may be a part of a tuned radio frequency,
superheterodyne or other type of carrier wave
receiver or amplifier. The interstage circuit con-
sists.of a coil' I,.which we may call the primary
coil; and a:coil 2, which we may call a secondary
coil.:”

25° 3 coupled inductively to it and connected to plate
4:of the tube §. = Tube 5:derives an input on grid

6 from preceding circuits. Coil-1 :is tuned by
condenser T'and coil 2:is tuned by condenser ‘8.
The voltage across coil 2 'is applied to grid 9 of
.80 ‘the following amplifier tube 10. The coupling
impedance . between coils 4 ‘and 2 is placed be-
tween their common junction point I1 and ground

G." This:coupling impedance consists of the in-.

put impedance of tube {2 which is predominant-
35 '1y.-a;.capacity reactance. Tube 12 comprises a
“ -cathode 14, a control grid 15 and a plate or anode

18. A cathode current bias resistor 11 by-passed

by ‘condenser 18 is provided to give the tube an
initial bias although  other bias means may be
40-used::~ A condenser ‘19 is shown:-between grid 15
and: plate *16: which may be taken te represent
the ‘sum- of : the - internal and external plate to
grid:capacity. - Resistor 20 in the circuit of plate
_16:1s:provided as:a gain producing load. -
45~ -The input’ capacity between grid 15 and ground

G-isapproximately equal to the capacity 19 times.

the grid to plate:gain of the tube plus one. The
gain of the tube is a function of the value of Te-
sistor: 20 'and -the net bias on grid 15. If a bias is
-50+supplied ‘to grid 15 thru resistor 18 by means of
lead 21,°22 being a by-pass condenser, the gain of
the tube 12is altered ih accordance with the bias
and:the effective input capacity is altered. Mak-
ing the externally applied bias more negative de-
55.-creases the gain of tube 12 and decreases its effec-
tive input-capacity. = With ‘no-externally applied
bias:the effective” input capacity may be' twice

or more: the capacity of condenser i9 while at a
cut-off~bias the input. capacity will be equal to

60 theé capacity of condenser 19. ~Since the coupling

: between coils 1°and 2 is the common impedance
of the“input capacity of tube 12, the smaller this
capacity :the: greatér the coupling between the
colls: 1 and 2.~ Fig. 3 shows an equivalent circuit

65 with variable condenser 23 as the common cou-
pling:impedance:: In Fig. 1 condenser 19 may be
chosenas the maximum desired coupling imped-
ance to give maximum band-pass. In one case I
found ‘that a band-pass of twenty kilocycles was
70~ produced with “condenser equal to 1000 micro-
microfarads. At cut-off bias on grid 15 the ef-
fective coupling impedance will be equal to the
capacity: of condenser 19. Resistor 20 may be
chosen so that at zero external applied bias, the
78 gain ‘of tube 12 mcreases the coupling capacity

Primary coil | receives a. voltage from coil .
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and hence reduces the coupling impedance to give
the desired minimum band-pass. Thus by a
change in grid bias on tube 12 the coupling and
band-pass may be varied between almost any
desired limits.

The same band-pass control system is shown
between tubes 10 and 25 as was described in con-
nection with tubes 5 and 10.

The expansion control voltage is generated by
rectification of the amplifier output. Tube 25
feeds a coil 27 tuned by condenser 28 thru its
plate 26. Detector tube 35 receives an input from

~-coil-29 coupled to coil 2T and tuned by condenser

30. Detector 35 comprises a cathode 36 and an-
odes 37 and 38. Cathode 36 is connected to one
end . of coil 29.and ground G. The other end of
coil 29 feeds anodes 37 and 38, anode 37 thru the
output load consisting-of resistor 3! by-passed

- by condenser 32 and anode 38 thru the output

load consisting of resistor 33 by-passed by con-
denser 34. The resistor 33 condenser 34:load may
be made suitable for generating audio demodula-
tion products and the drop may be applied to an
audio amplifier or output device. Resistor 31
and by-pass condenser 32 should form a load only
to very low frequencies and direct current there-
by developing a voltage drop suitable for auto-
matic volume: and other control purposes. Since
anode 37 will be¢ome negative with respect to
ground when a signal is received, the polarity is
correct for automatic coupling control as well as
automatic volume control. ‘This negatively in-
creasing voltage which is generated upon receiv-
ing a signal may be applied to grids 15 by means
of the coupling and filtering resistors 39 and 24
and condensers 40 and 22 and thru the grid resist-
ors 13; The greater the magnitude of the re-
ceived signal, the greater the negative voltage
generated -and applied to the coupling tubes and
the smaller: the coupling.capacity and the greater
the coupling and band-pass.

It will be noted that the same control bias is
applied ‘to the control grids 15 of the coupling
control tubes {2 and to the control grids 9 and
41 of the amplifier tubes 10 and 25, thru the ‘coils
2, thus producing automatic band-width and vol-
ume control from the same control voltage. A
wide range of modifications are possible as for
instance ‘a different bias :may be applied to the

amplifiers and -one.'which varies in a different’

way from the bias applied to the coupling tube
grids.
control different from the coupling control is to
use different: cathode resistor combinations in
the amplifier and coupling tube circuits. De-
layed control may be applied to the amplifier or
coupling tubes or both by means of a bias ap-
plied to the detector which prevents rectification
until the input 51gna1 reaches a predetermined
value. -

Fig. 5 shows several curves of “total band-
width in kilocycles” vs. “signal strength in micro-
volts.”  Curve e shows an automatic expansion
characteristic obtained with delayed coupling
control bias. No expansion takes place until the
received signal reaches 100 micro-volts from
which point the expansion increases reaching a
maximum at about 170,000 micro-volts. Curve
b shows a curve of expansion resulting from no
bias delay while curve ¢ shows an initial rapid
increase in expansion due to a control tube with
a different grid control characteristic. For pres-
ent general receiving conditions a curve similar
to a seems most satisfactory with the amount
of -delay depending on local conditions.
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Fig. 2 shows an expansion circuit as applied -
to.an 1nterstage couplmg system in. which the *

couphng impedance is s capacity. common to part

qor all 6f the'tuning capacity ‘of ‘two tuned cir-

cuits; " An inpuf or primary coil I “tuned in part

by .condenser 1,"is connected to plate 4 of tube

5. 'The output. or secondary coil 2 is ftuned 'in

part by condénser; 8" and, ‘feeds ‘grid”9 of a fol="

- lowing tube 10.° Th completlon of the tunmg
“of.coil fis a,ccomphshed by condenser 42 in ‘series

with the input capacity of coupling tube 12 while”’

the tunlng of ecoil . 2'is completed by condenser

43 in series with" the input ‘capacity. of coupling’
. ‘tube 12. Thus the input capacity of tube 12 is
common to.a. part.of the:tuning capacity of ‘coils’

I and 2 and thus fornis a common couplinig im-
pedance between - the coils. Although different
values of condenser 19 and resistor 20 may be
used in this circuit, the coupling action is similar
to that described in connection with Fig. 1. The
greater the input signal, the greater the bias on
tube 12 and the smaller its input capacity. The
smaller the input capacity the. greater thée de-
gree of coupling between -coils | and 2 and the
greater the band-pass width of response. Grid
8 of the amplifier tube 10 is indicated as con-
trolled by an automatic volume control voltage
thru coil 2. Grid (5 and hence the band-pass
width is controlled by a separate voltage marked
AEC to ‘dencte “automatic expansion control”

thru grid resistor 13.: The expansion and volume

control voltages may be separately generated and
may vary in different ways as functions of the
signal: strerngth or they may: be the same as
voltage generated as shown in Fig. 1.

The circuit shown in Fig. 4 is equivalent to
the circuit of Fig. 2. Coil I is tuned by condenser
T in parallel with condensers 42 and 44 in series
while coil 2 is tuned by condenser 8 in paraliel
with condensers 43 and 44 in series. ‘Thus con-
denser 44 being common to both tuned circuits
forms a common coupling impedance. In Fig. 2
the input capacity of tubke 12 replaces coupling
condenser 44 of Fig. 4.

While I have described only a few systems
whereby my invention may be carried into effect
and have pointed out a few possible variations,
it will-be apparent to one skilled in the art that
many modifications are possible without depart<
ing. from its spirit and scope as set forth in the
appended claims.

‘What I claim is:

1. In a radio receiver, an intermediate fre-
quency vacuum tube amplifier including the com-
bination of two resonant circuits between each
pair of amplifier tubes and means for coupling

“said two resonant circuits comprising an imped-

ance common to said two resonant circuits, said
impedance comprising the input impedance of a
thermionic vacuum tube,

2. The combination as.set forth in claim 1-in
which the input impedance of said coupling tube
is' controlled by the amplitude of the signal tra-
versing said amplifier.

3. In a radio receiver, . the combination of in-
terstage selective means and interstage coupling
means, said interstage selective means compris-
ing pairs of resonant circuits and said coupling

means comprising the input capacities of thermi-

onic vacuum tubes connected mutually in series
with circuits comprising each pair.
4. The' combination- as set forth in claim 3

“-and including means for controlling said input

]

capacities as ‘a. function of the amplitude of
signals traversing said receiver.

3:

B, In a’ ca,rrler wave a.mphfymg system “the
combination of a plurahty of ‘thermionic vac= "
uum- tube repeaters interstage selectlve means'“,
comprising pairs of tuned circuits, muttual cou-"

- pling impedances between said c1rcu1ts compris- "

ingeach pair, a rectifier recelving, amphﬁed waves | °

traversing the system, said rectifier ‘generating a

unidirectional . voltage proportlonal to the am-

plitude of said waves, in which each of ‘said cou"

pling impedaxnces comprises the input 1mpedance"“.‘10"

of "a therraionic vacuum tube and  conductive
means” between said rectifier and the’ control"

grids-of -said coupling tubes,
6..In a carrier wave ampllﬁer the comblnatlon
of at least two, tuned circuits and a “coupling im-

pedance common ‘to at least a part of said two.,

15

tuned circuits in which said common 1mpedance'_;v

comprises the grid to ‘cathode 1mpedance of a

thermionic vacuum tube.
7. In a carrier wave amplifier, the combina-
tion of at least two tuned circuits and a coupling

20

impedance comprising the control grid to cathode -

impedance of a thermionic vacuum tube; in which
each tuned circuit comprises a coil and condenser,
one end of each condenser being connected to
one end of each coil, the other end of each con-
denser being connected to ground, the other end
of each coil being connected together and to said
control grid. '

8. The combination as set forth in claim 7 and
including a condenser connected between plate
and grid of said vacuum tube and a resistor in
the plate circuit of said tube.

9. The combination as set forth in claim 1
and including means applying a bias to said con-
trol grid at least a part of said bias being a func-
tion of the amplitude of s1gnals traversing said
amplifier.

10. In a carrier- wave amplifier, the combina-
tion of at least three thermionic vacuum. tube
repeaters each including at least a cathode, con-
trol grid —and plate, a tuned circuit connected
between the plate of the first of said repeaters
and a source of direct current voltage, a second
tuned circuit connected between the control grid
of the second of said repeaters and ground, and
a condenser connected between the plate of said
first repeater and the control grid of the third
of said repeaters and a second condenser con-
nected between the grid of said second repeater
and the control grid of the third of said repeaters.

11. The combination as set forth in claim 10
and including a rectifier receiving the output of
said amplifier--and conductive means between
said rectifier output and the grid of the third
of said repeaters.

12, 'The . combination as set forth in claim 10
and including a rectifier receiving the output of
said amplifier, conductive means between -said
rectifier and the 'grid of the third of said repeat-
ers .and additional means comprising a resistor
in -the. circuit' of the plate of the third of said
repeaters.
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13.In a carrier wave receiver, the combination

of a carrier wave amplifier comprising ‘a plu-
rality of -thermionic repeater tubes and inter-
posed pairs of tuned circuits, a carrier wave recti-
fier including an output circuit and coupling im=
pedahces between said tuned - circiiits. forming
said pairs, in which said coupling impedances
comprise the grid to cathode impedance of ther-
mionic vacuum tubes, direct - current. conductive
means interconnecting said rectifier output cir-
cuit and said coupling impedance tube grids.
14, In a carrier wave receiver, the combination
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of at least.two thermionic vacuum tube repeaters,
a tuned circuit associated with the output circuit
of one of said repeaters and a second tuned circuit
associated with the input. of another of said re-
zpeaters, a coupling impedance common to at
least a part of the impedance of said output and
input. tuned circuits, & rectifier receiving) the
output of the last of said repeaters and including a
direct current output load circuit, in which said

10:‘coupling impedance comprises the grid to cathode

impedance of a thermionic vacuum tube and con-
ductive means interconnecting said grid and said
rectifier output circuit. .

15.. The combination as set forth in claim 14

15;;/wherein the net bias on said grid is the sum of

the drop across said rectifier output circuit and
the cathode current drop in a resistor connected
between said cathode and ground.

2,136,664

16.- In a selective carrier wave amplifier, means
for varying the selectivity of said amplifier com-
prising a pair of capacity tuned circuits, means
for passing a fractional part of the capacity cur-
rent in said tuned circuits thru a common im-
pedance comprising the input capacity of a ther-
mionic vacuum tube and means for varying said
input capacity as a function of the amplitude
of signals traversing said amplifier.

17. A system as set forth in claim 16 wherein
said means for passing a fractional part of the
capacity current in said tuned eircuits comprise
electrical condensers having capacities small com-
pared to the total tuning capacity of said tuned
circuits.

ALFRED W. BARBER.
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