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Patented Feb. 28, 1939

2,148,604

S ' Nelsen P. Case,
| - Hazeltine Co
. ware -

Gre'a';t Neck, N, Y., assignor to
oration, a corperation of Dela-

Application October 14, 1936, Serial No. 105464
9 Claims. (CL 250—20) |

~ This invention relates to signal-translating sys-
~tems, and more ‘particularly to adjustable cou-
. bling arrangements for use in such systems.

.~ In its broader aspects, the invention is directed

__-;tti'f_icoup_ling' systems -generally and to provision
- of means for adjusting the coupling provided

- thereby for any desired purpose. .~ The invention

| 18 specifically concerned with.antenns coupling
. systems and with the provision of means, rapid
and dependable in operation, for automatically

- controlling the gain of such systems in accord-
. ance with the amplitude of signals passed thereby. :
.. Ina high-frequency signal-receiving system, in
. order to obtain satisfactory reproduction of rela-

- 15 .
- distant stations, it is highly desirable that the

tively weak received sighals, such as signals from |

- ."fai;_ltenna* circuit be coupled to: the first vacuum

R coupling system which provides a high gain, so

~_ obtained at the input circuit of the first ampli-

 fier. Asis well known, however, if such a system

that a maximum signal-to-noise ratio may be

s adjusted to produce a high gain when rela-

tively strong signals, such as sighals from nearby
"sﬁatio'n_s;., ‘are received, such signals will be im-
. bressed upon the Input circuit of the first amplifier
o at Such.hjghfa',-mplitudes'as.-t_o'_effect_over_lda,ding- of
- the amplifier, which causes distortion, whistles,
. and eross modulation between desired and un-

- 30

desired signals. It is desirable, therefore, that

- the gain of the antenna coupling system be high
~ for the reception of relatively weak signals and

‘reduced for the reception of relatively strong

-~ signals, so that the amplitudes of the signal in-

35 Dut to the first amplifier will be maintained at
o ‘approximately o

timum value for received signals

~ Moreover, due to the well-known phenomenon

- - of fading, the amplitude of any particular signal

4o being received may vary Over an extremely wide

range, that is, from a very low to a relatively high
value, at times with great rapidity: Compensg-

~ tion for this condition by adjustment of the an-

45

- tenna gain, therefore, requires an extremely rapid
-control which is dependent upon, and immedi-
- ately responsive to, the ‘amplitudes of the signal

j _~ "'titm'contml or A. V. C. have been devised, which

50 Serve to maintain the signal output volume level

,-%750'-- Of systems to which. they are applied within a
- relatively narrow fange, or substantially constant,
 for - received signal intensities,
~ such arrangements operate to control the vac-

S "'_"-"i._"._-for_-'-a,__.--w_id’e range of

uum-tube  amplifiers of the system and, hence,

sufficiently rapid,

tenna coupling system embodying one or

prises a vacuum tube c to
adjustable reactance element, for example, being

~adjustment of

‘the antenna circuit.
deriving a bias voltage proportional to the ampli-
- t_ude of signals

do n_'cit serve to hcﬁld the signal at the input circuit

of the first amplifier at the optimum amplitude.

+

Certain mechanical arrangements have also been
devised heretofore for providing automatic gain
control of antenna coupling systems. Such ar- 5
rangements, however, have proved unsatisfac-
tory in that the control provided thereby was not
Or was otherwise unstable or
undependable, o -

In general, it is an object of

[ the invention to 10
brovide an improved coupling system embody-

ing means for adjusting the coupling provided

thereby, which 1s adapted for use in any desired
system to provide any desired change in the char-
acteristics of the system which may be produced 15

| by a c'oupling adjustment.

Is an object of the in-
an improved adjustable an-

_ more
of the characteristics described above. 20
It is a further object of the Invention to pro-
vide an improved antenna coupling system of
the character described embodying means, rapid
and dependable in operation, for automatically

controlling the gain of the system in accordance o

More particularly, it
vention to provide

-~ with the amplitude of the signal passed thereby.

-In accordance with the present invention, there
Is provided, in a signal-translating system, a
coupling system which includes input and out-
DUt circuits and an arrangement for adjusting gq
the coupling. This arrangement preferably com-
connected to simulate an

50 connected that the effective reactance of its

~ input circuit provides g coupling reactance which 25 '

is adjustable by changing the transconductance
of the tube. In certain embodiments of the
invention, means are brovided for effecting the
the coupling reactance means
automatically and inversely in accordance with
the amplitude of signals passed by the system,
thereby to control the gain of the coupling sys-
tem and maintain the amplitude of the signal
output . therefrom within g relatively narrow
range for a wide range of signal input amplitudes. 45
A preferred. embodiment of the Invention com-
prises an antenna coupling system for coupling

an antenna circuit to a resonant signal-translat-
ing circuit.
- vacuum tube connected

The gain control means includes g,
1 so that the effective re- 50
actance of its input eireuit provides an adjust-
able coupling Capacitance serially included in
Means are provided for

passed by the system and for 55
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" Tn the accompanying drawing,
cuit diagram, partly schematic, of & complete

applying this voltage negatively to & control grid
" of the tube to adjust the transconductance of the

tube, thereby to control the effective reactance
of its input circuit and, hence, the gain of the

system automatically and directly in accordance

with the signal amplitudes. Other embodiments
of the invention may be employed to provide
coupling systems wherein the coupling is auto-
matically adjusted for various other purposes,
a5 will be hereinafter more fully explained.

Tor a better understanding of the invention,
together with other and further objects thereof,
reference is had to the following description taken
in connection _
and its scope will be pointed out in the appended
claims. | |

Flg 1 is a cir-

superheterodyne radio receiver including an an-
tenna coupling system embodying the invention;
and Fig. 2 is a circuit diagram similar to Fig. 1,
but including & modified form of the coupling
system of the invention, providing an interstage
coupling in the receiver. - | o

Referring now more particularly to Fig. 1 of the

~ drawing, there is'shown a radio receiver including

2 coupling system, indicated generally at 10, in-

terconnecting an antenna circuit comprising an

- 30

35

. loud-speaker I1.

30

- amplifier 14, 2 detector and &

ontenns i1 and ground lie, and the input cir-
cuit of a radio-frequency amplifier tube 12. Con-
nected in cascade with the radio-frequency aln-
plifier tube 12, in the order named, are an oscil-
lator-modulator 13, an intermediate-irequency

itomatic amplifica-
tion control or A. V. C. supply 18, an gudio-fre-
quency amplifier 16, and 2 sound reproducer Or

in detail and it, together with the parts of the
system associated |
present invention,
scribed. It will be understood that the several
parts which are iNlystrated in the drawing sche-

" matically may be conventional In their construc-

45

tion and operation, the details of which are well

wmderstood in the art rendering description there-

of unnecessary herein.

Neglecting for the moment the particular con-

- struction and operation ol the parts of the system

- 50
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by the

embodying the present invention, the system de-
scribed above includes all of the features of a. con-
ventional superheterodyne receiver. The opera-
tion of such a receiver being well understood In

the art, detailed explanation thereof is deemed

unnecessary. In brief, however, a desired modu-
jated-carrier signal intercepted by the antenna

is selected and amplified by the antenna. coupling

system (0 and amplifier tube 12, and converted
oscillator-modulator to an intermediate-
freguency signal. This signal is selected and am-
plified by the intermediate-frequency amplifier

(4 and translated therefrom to the detector 15,

wherein the audio frequencies of modulation are
derived. 'The audio frequencies of modulation

are amplified in the audio-frequency “amplifier

(6 and reproduced in the loud-speaker 17 in con-

» yentional manner. Riasing potentials developed
by the A, V. C.

supply 15 are supplied, by way of
suitable leads indicated at lda, to control the
gain of one or mMore of the tubes of the inter-

mediate-frequency amplifier and oscillator-mod-

ulator, to maintain the amplitude of the signal

- output of the amplifier 14 within & relatively nar-
- row range Ior & wide range

_ of received signal
amplitudes. : R | -
Referring now more particularly to the portion

with the accompanying drawing,

The coupling system 18 1s shown

therewith which embody the
will be hereinafter further de-

9,148,604

of the system embodying the present invention,
the coupling system 19 includes a resonant signal-
translating circuit 18, the arms of which com-
prise, respectively, an inductance 19 and a cou-
pling condenser 20 connected in series with a
tuning condenser 2. In order to control the

cain of the system, the antenna i1 is connected

to ground lia by way of a blocking condenser 23, -
tube 22, and the

the input circuit of 2 va.cuiim .
condenser 26. The condenser 28 is thus a,_c_oupling.
condenser common to both the antenna circuit

10

ond the signal-translating circuit 18; the tube

99 ig preferably a pentode, as illustrated, al-

though any vacuum tube having three or more
electrodes arranged to provide a substantial value
of effective input circuit capacliance may. be em-
ployed. A condenser 28 is connected between
the control grid and anode to increase the ef-
fective grid-to-cathode capacitance and a high
impedance, for example, a resistor 28, 1s included
in the anode circuit of the tube. B

Operating voltages are supplied to the anode '

of the tube by way of the resistor 25 and to the
screen from suitable sources, as indicated at +5B
and --Sc, respectively. The cathode of the tube
99 is preferably maintained at the same average
potential

by~pass condenser 27aq bheing included in the

conmon cathode circuit of the tubes 12 and 22.

As is well understood, the interelectrode ca-

15

20

25

ial as the cathode of the tube (2 and may .
" be connected thereto by way of a radio-frequency

choke coil 26, a suitable biasing resistor 27 and

30

pacitances of a vacuum tube include those of the

cathode-to-grid, grid-to-plate, and crid-to-plate
and cathode connected together. With a high
impedance in the anode circuit of the tube, such

as the resistor 25, the effective orid-to~cathode
capacitance 1s approximately that represe-nte':d.

by the formula: -.

where: |

35

C=the effective grid-to-cathode capaci-

tance. 5

o othe geometrical grid-to-cathode capaci-
- 45

tance. |

Co—a=the grid-to-anode ca.pa,citance, o

uw=the grid-to-plate voltage amplification

~ of the tube and circuit. o

The effective grid-to-cathode capacitance,
therefore, varies with any factors which affect
the t_r&nsconducta,nce of the tube. Such factors
include, for example, the anode circuib load im-

pedance, the screen and anode voltages, and the

orid-bias voltage. This effective capacitance 1is,
therefore, admirably adapted for providing an
adiustable coupling capacitance In a coupling
system, and in accordance with the present in-
vention it is so utilized. -~ =~
In order to vary the transconductance of the

tube 22 and, hence, the effective grid-to-cathode

capacitance of the tube, in the present instance
a, control-bias voltage 1s applied to its conirol
grid. For the purpose of developing this volt-

age, a broad nand intermediate-frequency am-

plifier 28 and an automatic amplification control

or A. V. C. rectifier 23 are connected in cascade,

i the order named, to the output circuit of the

oscillator-modulator (3. The amplifier 26 1s
desiegned to pass a band of frequencies which is

substantially as wide as that passed by the cou-

50
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pling system 10; that is, it passes and amplifies

not only the desired signal to which the system 1s -

tuned, but also undesired signals which are passed

by the antenna coupling system and which may

¥ {5



~of an amplifier having the |
- bass characteristic is well understood in the art
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~ have sufficlent amplitude to be capable of oy ‘in accordance with the receiveq signal ampli-
. loading the amplifier 12, causing distortion, cross S | | |

modulation, or interference. The construction

having the desired broad band-

- and a detailed description thereof is deemed un-

- necessary. The A.'V. C: rectifier is designed and
- Operates in a conventional manner to develop a
- bias voltage proportional to the :
of thel"-'-signa,ls'_.suppl-ied-_’- thereto, and this bias

carrier amplitude

. voltage is applied negatively by way of a suitable

 amplifier, a switch 30 may

- resistor 28a to the control grid of the tube 22.
- This bias voltage 1s also applied to the control grid -
- of the amplifier tube 1!-2-__1;_0*j_pro_-v_1'de. a, Suppleme-nta;i

amplification control. - -

- In order to provide a manual gain control of

the antenna, coupling system and radio-frequency

‘control-bias voltage lead, by means of Which the

20 control grid returns of the tubes 22 and 12 may
- be disconnected from the output. circuit of the |
- rectifier 29 and connected to an

adjustable tap

Y @ on a voltage divider resistor 31, connected to

- -

battery 32 -~ .. g

"f_" - 'a suitable fs‘our‘ce; of biasing potential, such as a
.+ For-the usual automatic operation of the Sys~.
- tem,; the switch 38

is positioned, as illustrated.

' - 'Theoperating potentials’ applied to the tube 22

+ . including the initial fixed grig .
- 80 plied by resistor 21, the value of the condenser 24, .
- and the constants of the

- In the absence of a signal or for relatively weak

signals, the eff le ct ¢
of the tube is a maximum, giving the maximum’
~gain for the coupling System. A satisfactory

2 CO _ e other circuit elements
associated with the tube 22 are adjusted, so that,

Tective grid-to-cathode capacitance

maximum value of effective capacitance has been

found to be one which Is between one and ten

40

- times the value of the antenna capacitance.

Hence, when relatively weak ‘signals are received,

- the gain’ of the coupling system is high, and a

. relatively strong signal and a high signal-to.

“hoise ratio are. obtaine-d"at' the input -'ci_rcuit of

o ‘the tube 12.

45 . When, however, there are received signals, in-

- cluding either the desired signal to which the
- System is tuned or undesired signals on carriers

~ adjacent the desired signal carrier, which would
~ be of su

55

iciently great amplitude at the input

circuit of the tube 12 to overload this tube if

‘maximum gain were maintained for the antenna
- coupling system, these signals are amplified by
 the amplifier 28 and rectified by the rectifier 29.
~ The unidirectional voltage derived therefrom is

applied negatively to the control grids of the

tube 22 and 12. The transconductance of the
~tube 22 and, hence, its effective grid-to-cathode

© capacitance are thus varied inversely in accord-

- ‘ance with the received signal amplitudes; that

is, the capacitance in series in the antenna cir-

 cuit is reduced, preferably to an amount sub-

- stantially less ~than the antenna capacitance.
- The'gain of the antenna coupling system is there-
by automatically controlled inversely in accord-

% ance with the ampliture of the signals passed

. thereby. “By  this arrangement, - therefore, the

© gain .
o trolled as 751:’6".'prtj-vide_a;utbma'tic_a,lly the maximum
s --g:‘a;iti_rj'e_ljmi'ssible.*_far-_a;l-lf'jrec'elived-s‘ignals of a wide
. nge of amplitudes without overloading - the
- radio-frequency amplifier tube 12, A supple-
~ meéntal amplification control is effected in the

Ta

 tube 12 by the application of the negative bias
5 Voltage to the grid of the tube, variable directly

-eral, similar to the receiver of Fig,

be included in the

- the input circuit of the
~amplifier 14

grid-bias voltage sup-

an intermediate point.

initial voltages applied

3.

tudes.: | |
In Fig. 2 there is illustrated g, superheterodyne
receiver which embodies the present invention in
a modified form. The system of Fig. 2 is, in gen-
_ | 1, and like
parts are indicated by the same reference nu-
merals in the two figures. The description of
the general construction and operation of the
receiver of Fig. 1, set forth above, is equally ap-
blicable to the receiver of Fig, 2 and, therefore,
need not be repeated While an
controlled antenna coupling system, such as is
shown in Fig. 1, may be embpodied in the receiver
of Fig. 2 if desired, for the sake of brevity this
has not been illustrated. T
In Fig. 2 an improved coupling system accord-
ing to the present invention is indicated generally
at 33. This system is utilized as an interstage
coupling between the oscillator-modulator 13 and
the intermediate-frequency amplifier - 14. The
output circuit of the oscillator-modulator 13
Includes an inductance 24 tuned to the interme-
diate-frequency carrier by a condenser 35, and
intermediatea_-frequency
includes an inductance 36 tuned to
the intermediate-frequency by a condenser 37.

- The two tuned circuits 34, 35 and 36, 37 are elec-
‘tromagnetically isolated from

each other by

suitable shields indicated at 38 The lower ter-

~ mminals of the condensers 35 and 37 are connected

directly to ground, while the lower terminals of
the inductances 34 and 35 are grounded by way
of direct current blocking condensers 40 and 41,
respectively, and common coupling condenser 38.

- Operating potential is supplied to the oscillator-

modulator from a suitable source, indicated as

- +B, by way of an isolating resistor 42 and the
Inductance 34, - .
- A vacuum tube 44, similar in its connections
~and operation to the tube 22 of Fig. 1, is provid-

ed for the coupling system 33. A condenser 43
Is connected between the control grid and anode
of the fube 44, and its input circuit is connected

~effectively in parallel with the coupling condenser
- 89. Operating potentials are applied to its

anode, by way of a resistor 48, to its screen, and
to its cathode, from suitable sources, as indicated

at 4B, 48Se, and -+C, respectively. 'The effective
capacitance of the input circuit of the tube 44
is thus included in parallel with the condenser

39 and serves as an adjustment on the coupling
capacitance between the circuits 34, 35 and 38,

21, In this embodiment, the unidirectional con-
trol-bias voltage is developed by the A. V. C. sup-

ply 15 across a resistor 41, which is grounded st
A
is applied positively to the control grid of the

~tube 44 by way of suitable isolation resistors 48,
- the junction of
.condenser 49,

which is by-passed to ground by
The constants of the circuit ele-

automatically

10
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portion of this voltage

60

ments associated with the tube 44, including the

therefo, are so propor-

tioned as to bias the tube beyond cutoff in the abh-

- sence of a signal of sufficient strength to effect

B ._th_e_'._'applica;tiﬁn_ of
| o LT TTe SN 1ts control grid, so
{ the antenna coupling system 1S SO con- | ey

Substantial bias voltage to

-

condition. The condenser 38 is of such size
that the coupling provided thereby between the
two tuned circuits is such as to provide a single-
beaked resonance characteristic for the system

- Which corresponds to the maximum gain thereof.
When a ,
sulting in an increased bias voltage being de-

relatively strong signal is received, re-

that the input circuit capaci-
- tance of the tube 44 is inappreciable under this

65

70

75
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15

‘maintained within a relatively

‘applied negatively to

veloped across the resistor 87 and applied posi-
tively to the control grid of the tube 44, the effec-

tive capacitance of the input circuit of the tube
is increased and the coupling between the two

eircuits 34, 35 and &8, 37 is, therelore, decreased.

such decrease in coupling reduces the gain of the
system and, by virtue of this effect, the amplitude
of the signal output from the coupling system 18
narrow range for
a wide range of signal amplitudes.
supplementing the galn control provided by
the coupling adjustment, the unidirectional bias
voltage developed across the resistor 47 may be
the control grids of one Or
more of the ampilifier tubes of the system in ac-
cordance with conventional A. V. C. practice.

~ For example, this voltage may be applied as shoWn

20

by way of an isolating resistor 51 and the induc-
tance 36 to the control gria of the first ttbe of
the intermediate-ireguency amplifier (4.

From the above description it will be apparent

" that the present invention provides a novel, prac-

25

30

tical, and efiicient srrangement whereby the
coupling between a pair of circuits may be readily
adjusted for various desired purposes, and more
particularly it provides a highly catisfactory ar-
rangement whereby the ggin of an anitenna
coupling system may be controlled to obtain the
optimum value ior 211 received signal conditions.

While there have beeh described what are at

present considered to be the preferred embodi-~

ments of the invention, it will be obvious to those
skilled in the art that various changes and modi-

" fications may be made therein without departing

40

45

from the invention, and It is, therefore, aimed In
the appended claims 10 COVEY such changes and
modifications as fall within the true spirit and
scope of the invention. |

What is claimed 1is: | -

1 In a signal-transiating system, a coupling
system comprising an inputb circuit, an output cir-
cuit, means for coupling said circuits, and means
for controlling the coeflicient of coupling kelween
said input and output circuits comprising a vac-
uum tube having electrodes
circuits and means coupling salad electrodes
whereby said tube simulates a reactance element

" connected in circuit with said circuits ior modify-

jng the coefficient

50

55

60
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of coupling therebetween and
adjustable with the transconductance of said tube
and means for adjusting said transconductance
of said tube. - S :

9. In a signal-translating system, a coupling
system comprising an input circuit, an cutput cir-
cuit, means for coupling said circuits, a vacuuin
tube having electrodes connected with said cir-
cuits and means coupling said electrodes whereby
the input circuit of gnid tube provides an effective
reactance connected in circuit with said input and
output circuits for modifying the coefficient of
coupling therebetween and adjustable with the

transconductance of said tube, and meang for

controlling the gain of said coupling system there-
by to maintain the amplitude of the signal out-
put therefrom within a relatively Narrow ranse
for a wide range of signal input amplitudes com-
prising means for adjusting the transconductance
of said tube in accordance with the amplitude of
signals passed by said system. | o

3. In 2 signal-translating sysiem, & coupling
system comprising an input circuit, an output
circuit, means for coupling sald circuits, a vacuum
tube having anode, cathode, and grid electrodes,
means- for applying operating potentials to said
electrodes, said tube having 2 high impedance in-

connected with sald

signal~translating

2,148,604

cluded in its anode circuit and a substantial re-

active coupling between its grid and anode,
whereby its input circuit provides an effective
reactance adjustakle with the transconductance

-of said tube, and means ior controlling the co-

efficient of coupling betweern said input and out-
put circuits of said coupling system including the
input circuit of said tube and means for adjust-
ing the transconductance of said tube.

4. In a signal-translating system, 2 coupling
system comprising all input circuit, an output
circuit, means for coupling said circuits, a vac-
uum tube having anode, cathode, and conftrol grid
clectrodes, means for applying operating poten-~
tials to said electrodes, said tube having a high

impedance included in its anode circuit and a

«aihstantial reactive coupling between its grid and
anode, whereby its input circuit provides an ef-
fective reactance adjustable with the transcon-
ductance of said tube, means for controlling the
coefficient of coupling between said input and out-

. put circuits of said coupling system for varying

the gain of said system including the input cir-
cuit of said tube, and means for applying a con-
trollable bias voltage to said control grid.

5. In a signal-translating system, an antenna
coupling system comprising an antenna circuit,
o resonant signal-translating circuit, means for
coupling said circuits, and means for controlling
the gain of said coupling system comprising a
vacuum tube having electrodes connected with
said antenna circuit and means coupling said
electrodes whereby the input circuit of said tube
provides an effective coupling reactance inciuded
in sz2id antenna circuit and adjustable with the
transconductance of said tube and means for
adjusting said transconductance 1o vary said cou-
nling provided by said effective reactance.

6. In a signal-translating system, an antenna
coupling system comprising an antenna circuit,
o resonant signal-translating circult, means for
coupling said circuils, a vacuuill tube having
anode, cathode, and control orid electrodes, means
for applying operating potentials to said elec-
trodes, said tube having a high impedance in its
anode circuit, and & substantial reactive coupling
between its grid and anode, whereby '
civcuit provides an effective reactance adjustable
with the transconduciance of said tube, and
means including the input circuit of said tube for
controlling the coupling between said antenna and

justing the transconductance of said tube.

7 In a signal-translating system, an antenna
coupling system comprising an gntenna circuit, &
resonant sighal-translating circuit, means for
coupling said circuits, & vacuulll tube having
anode, cathode, and control grid electrodes,

means for applying operating potentials to said

clectrodes, said tube having a high impedance in
its anode circuit and a substantial reactive cou-
pling between its orid and anode, whereby its
input circuit provides an effective reactance ad-
justable with the srgnsconductance of said tube,
and means for controlling the gain of the system
including the input circuit of said tube control-
ling the coupling hetween said antenna and sig-
nal-translating circuits and means for applying
o controliakle bias voltage to said control grid.

- 8.0In a signal-translating system, an antenna

coupling system comprising an antenna circuit, a
resonant signal-translating circuit, means for
coupling said circuits, a vacuum tube having
shode, cathode, and control grid electrodes,
means for supplying operating potentials to said

circuits and means for 9~
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‘bling between its grid and anode, whereby ite
- Input circuit provides _
- Justable with the transconductance of said tube,

an effective reactance ad-

- Imeans including the input circuit of said tube for
- -controlling the coupling between said antenng

~ and signal-tranlating
" ‘oping a bias voltabe proportional to the amplitude
sald coupling system, and.
- means for maintaining the signal output of the
~ system within g relatively hnarrow range for g
- wide range of received signal amplitudes compris-
ing means for applying said voltage to said con-
trof grid. S : S
- 9. In a signal-translating system, an antenna,

of signals passed by

circuits, means for devel-

coupling system including an antenna, circuit and

o a resonant signal-translating cireuit, a vacuum

tube amplifier having a grid electrode, coupled

System.

S

to said signal-translating circuit, a second vac-

‘uum tube having anode, cathode, and control grid

electrodes, means for applying operating poten-
tials to the electrodes of said tubes, said second
vacuum tube having a high impedance in its
anode circuit and having g substantial reactive
coupling between its grid and anode, whereby its
input circuit provides an effective reactance ad-
Justable with the transconductance of said second
tube, the input circuit of sald second tube being
included in said antenna circuit, gz conductive

‘connection between the grids of said tubes, means

for developing a control bias voltage, and a con-
nection from the last said means to said conduc-

tive connection, whereby said bias voltage is si-
‘multaneously applied negatively to the

control
grids of both said tubes to control the gain of the

NELSON P. CASE.
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