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The present invention relates to thermionic
valve circuits and: particularly to cireuits for
trahslating or eenerating signals occupying two
differentbands of frequencies. - - C
~It°is of course well' kmown-to-amplify all the
channels of a multi-ehannel system simultane-
ously in the:same amplifiers-and to- separate the
channels afterwards by means of filters.. In such
a case waves of alli; frequencies are -simultane-
ously applied tothe input-electrodes-of-any valve
in the amplifier, ang the-amplified waves are-all
simultaneously derived from the output electrodes
thereof. : P NIV S e -
. Tnithe caserof the present invention, the am-
plifier or other translating device is provided with
a multi-electrode valve having-at least three grid
electrodes between: ‘the+cathode -and-the -anode
which 'is treated::as:two- triodes having a com-
mon cathode: and ‘sharing: the-same electron
stream,: One of these-component triodes is used
totranslate or-generate -waves occubying one
band- of frequencies; and the other to -translate
or generate those occupying another band.

In this waythe two channels are kept.separate,
though: they are dealt with-by the-same-valve.

Tt is also well-known to.employ a pentagrid
valve as-s-frequency. changer for a -single band’
of frequencies by:-using-.the. cathode and- the
first two grids as a triode oscillator and the third
grid- and:anode ‘with:the cathode:as.a modulator.
Thus whereas: in. this:arrangement the valve is
employed only :to.deal: with-one-band. of signal
frequencies;: according to the:present invention
the two parts of the valve are-each employed for
separate bands of frequeneies. oo e -
- The: several. features.of: the:invention. are:se
out as claims 1; 2rand 3.respectively, of the state-
ment of claim.: oo sy fre e v
-.'The-invention will berdescribed with reference
to the accompanying drawings in which

Figs.: t-and:2 show simplified schematic cir-

e

cuit diagrams of arrangements:according to the

invention. R S T A SRR

. Fig: 3:shows a schematic-circuit: diagram of &
two-path radio receiver accerding to the inven-
tion. T pn w e e e e
- Pig. 4 shows a modification: of part-of Fig. 3..

. Tg. 5 shows a-radio receiver according to- the
invention providing two.separate signal chan-
nelsyand - @ oue o T T s R
.. Fig. 6 shows @ double-oscillator -according  to
the invention.

‘The type of multi-grid.-valve shown in the
above-cireuits for the purpose of illustrating the
invention:is one sometimes;called a ‘pentagrid,”
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having five grids. interposed between the cathode
and the anode. The third and fifth grids are
connected together to form a single screen elec-
trode for the fourth grid.. For the purpose. of
the present invention the:.screen. electrode.is not.
essential. and can be omitted, the minimum. rer
quirement being ‘that -there. should be at least
three grids between the cathode and the anode.
There may, of course;-be any number of grids:
in. excess of three, the extra. grids being suitably
polarized. .. e e e . ,

Fig. 1 shows. diagrammatically. an arrange-
ment according to the invention. A pentagrid
valve | comprises: a.cathode 2, three grids 3, 4
and 5, a screen grid electrode 8 and an anode-. 1.
The. electrodes .2, 3.-and & constitute one triode:
portion, of which_electrode. 4 serves as the anoede,
and electrodes 2,'5 and. T constitute another tri-
ode portion.  Thescathode 2 is connected to the
grounded negative terminal 8 of the high tension:
supply, the positive terminal 8 of which is con-
nected: directly to the screen grid 6 and to elec-
trodes. 4 -and- T through impedance elements IO
and Il respectively. . Thie control grids 3 and &
are connected to: input terminals 12 and 13 re~
spectively, and the anodes 4 and T are connected
£0 output terminals. 14 and. 15 through blocking
condensers 16 .and I, respectively. A suitable
bias network 20.may: be inserted in series -with
the cathode as shown. .A condenser 24 serves as
a by-pass condenser shunting. the ‘high tension
SOUrce: . :.. e S o

‘The impedance .elements .i8 and 19 represent
input circuits each carrying a separate channel
of 'signals. - The.signal input: voltages are repre-
sented by the .symbols er.and ez in series with
the elements 18:and:{9. . The amplified or other-
wise translated signals are obtained at the out-
put terminals.t4 and 15 the corresponding output
voltages being E1 and Ez as indicated.

Let f1-and f2 be:the signal frequencies corre-
sponding to: the .input; voltages. e1 and ez, and
suppose that the valve 1:is employed-as an ampli-
fier. Then when both: sets.of signals are applied
to the respective. inputb grids, the electron stream
proceeding from the.cathode will contain varia-
tions. at both frequencies;, so that amplified. sig-
nals at both. frequencies.will. appear at both of
the. anodes 4 and 1. .The impedance elements
19. and i accordingly represent any suitable
tuned circuits or filters, or the like, adapted to
suppress one of the.frequencies and.to allow the
other: to . pass. .In -order that this may be
achieved without unduly complicating the.im-
pedance elements;.the. two. frequencies fi. and fa
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should preferably be widely separated; for ex-
ample, one should be not less than about double
the other, and preferably also one frequency
should not be a harmonic of the other. Where
the signals comprise two bands of frequencies,
then the lowest frequency of the upper band
should preferably be at least double the highest
frequency of the lower band.

Furthermore, the two triode portions of the
valve | will usually have different mutual con-
ductances (the upper portion having generally
the higher vaive) and in order to minimise inter-
ference the associated circuits should preferably
be arranged so that the gains of the two ampli-
fiers do not differ by more than about 10 decibels.
As the output circuit which operates at the lower
frequency will usually have a higher dynamic
impedance than that operating at the lower
frequency, it is desirable to operate the triode
portion 2, 3, §, at the lower frequency so that by
associating with it the high impedance output
circuit the gains of the two amplifiers will tend
to he equalized.

If the two triode portions of the valve | are not
operated simultaneously, then it is not important
that the two frequencies f1 and f» should be very
widely separated, or that they should be har-
monically unrelated, and a larger difference of
gain for the two amplifiers can be allowed, since
interference does not arise. In any case how-
ever, it is desirable that the valve should be so
biassed that neither of the amplifiers are over-
loaded.

It will be evident that the signals applied at
terminals 12 and 13 are independently amplified
and are kept to separate circuits throughout.
The two corresponding channels may be used
simultaneously or separately. 'The arrangement
is equivalent to two separate amplifiers each
with its own valve, but the two valves are part
of the same pentagrid valve. The valve | may
also be used as a double frequency changer. In
this case the strap between the terminals 22 and
23 shown in the grid connection is removed and
these terminals are connected to a suitable local
carrier frequency oscillator (not shown). The
bias circuit 29 is chosen so that both sections of
the valve | operate as modulators. Then if fo
is the local carrier frequency, side bands fo-f1
can be obtained from the anode 4 and sidebands
Jo+72 from the anode 1. The circuit elements
18 and 1! could then comprise band filters each
of which is adapted to select a corresponding
side band and to supply it to terminal {4 or I5.
So long as the frequencies f1 and f2 are well sep-
arated, the band filters represented by the ele-
ments {0 and {1 need not be very selective.

The two channels may be provided with dif-
ferent local carrier frequencies by means of a
simple switching arrangement, such as that
shown in Fig. 2, in which the elements which
are similar to corresponding elements of Fig. 1
are designated by the same numerals.

In Fig. 2, 24 and 25 represent the sources of
the voltages e; and ez at frequencies f1 and fo. A
switch 26 connects the source 24 to the input
terminal {2 in the position shown, and in the
other positions it disconnects the source 24 and
instead connects the source 25 to the input ter-
minal 8. A carrier frequency source 27 of volt-
age ez and frequency fs3 is connected by the
switch 28 when in the position shown to the ter-
minals Z2 and 28 in series with the cathode 2.
This will produce a side band f3--f1 at terminal
14 of voltage E3. When the switch 28§ is operated
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to the other position, it substitutes for the source
27 a source 29 of voltage e: at frequency fs If
the two switches 26 and 28 are mechanically con-
nected so as to be operated together, then a side
band f«-+f2 at voltage Es will be obtained at ter-
minal (5. Thus by means of the two switches
26 and 28 it is possible to select either one of
the sources 24 and 25 and to provide at the same
time a corresponding carrier frequency. More-
over, the corresponding side bands are obtained
in separate channels.

It will be evident that the arrangement of Fig.
2 can be either a modulator or a demodulator
for either channel; and it could be a modulator
for one channel and a demodulator for the other.
. In the remaining figures of the accompanying
drawings three different types of circuit accord-
ing to the invention are given as illustrations of
the general principles described with reference to
Figs. 1 and 2. These types are as follows:

(1) A circuit in which the two channels which
pass through the multi-grid valve or valves are
not intended for use simultaneously, but one
channel is used for signals covering one part of
a frequency band and the other for those cover-
ing another part of the band.

(2) A circuit in which the two channels are
completely independent throughout and may be
used simultaneously or separately.

(3) A circuit in which the two triode portions
of a multi-grid valve are used as oscillators for
generating two different frequencies.

Fig. 3 shows a circuit according to the inven-
tion suitable for a radio receiver adapted to cover
8 _very wide range of frequencies, for example
15 to 26,000 kilocycles per second (ke. s.). Such
a large range cannot be satisfactorily covered by
the use of a single intermediate frequency for
reasons of selectivity, image suppression, and
gain. It is desirable therefore to divide the
range into two parts, for example 15 to 500
ke, s. using an intermediate frequency of 40
ke. 5. and 500 to 26,000 ke. s. with an interme-
diate frequency of 560 ke. s. According to the
present invention two channels are provided in
the receiver, in which intermediate frequencies
of 40 and 560 ke. s. are respectively derived and
amplified in the two corresponding portions of
the valves.

In the radio receiver shown in Fig. 3 the waves
are received on an antenna 30 and are passed
to the high frequency amplifiers and selective
circuits 31 which may be arranged in any con-
venient way. A switch 32 enables the output
of 31 to be applied to the upper or lower input
grid of a pentagrid valve 33 arranged similarly
to the valve | of Fig. 2. A carrier frequency
oscillator 34 of adjustable frequency corresponds
to the oscillator 27 of Fig. 1 and is connected to
the cathode circuit of the valve 33 through a
transformer 35. ‘The usual bias network for this
cathode is shown at 36.

Two tuned output transformers 37 and 38 cou-
ple the two triode portions of the valve 33 to the

5 corresponding triode portions of an amplifying

pentagrid valve 39. This amplifying valve has
the usual cathode bias network 40, and also a coil
41 connected in series with the cathode; the pur-
pose of this coil will be described later, A pair of

70 tuned output transformers 42 and 43 similar to 31

and 38 couple the two portions of the amplifying
bentagrid 38 to two corresponding detector cir-
cuits which include the two halves of a double
diode 44. The outputs of the two detector cir-

73 cuits (which will be deseribed in detail later), are



oy e by ra AL iR
2. low frefuency. ‘amplifying. alv

able ‘type,. Which may.be. a.simple
yn, Or, 2. pentode O, pentagrld or

p

‘nected, to the anode circuit of the Valve by a trans-
former 48.
It will be seen thaf, the amphfym

arranged S tbstantlally in_the same ,vvay as the

valve 1 of Fig. 1, the tuned transformers 42 and,43
correspondmg respectwely to ihe elements-10.and

1L of this figure, The tuned. transformers 37 and
42 operate as band pass filters, and.should be:de-

signed to pass an intermediate. frequency.. .0f-.40

The t _ed transformers 38 and, 43 should

ir:cs

negted through the prlmary, wmdmg of the. cor-
respondlng tuned. transformer to, the positive ter-
48 of the high tension. supply;.(the nega~
terminal 50 of which is connected.to ground).,
and the screen grid is connected directly thereto.
The corresponding. connections to.the. valve.33
are smular except. that  two. .normally . closed
1es 51 'and 52 have been.interposed as shewns,
for a purpose to.be explained.later, .in.conneetion
Wlth another, embodlment of the invention... They.
ar not needed for the, embodlment now bemg de-

The p reviously mentmned d'etector-, c1rc‘ tsf

comprlse de load resistances 53 and.54 shunted
by condensers 59, and, 56 each .connected. between

corresponding . tuned transformer..42 or .43,
and gro

d oltage obtamed across the. 1oad re51st-

ate an ‘appropriate automatic gain. control yolt
for thewamphfying valve 89.. This, voltage is 8,
‘conductor 62 to,.both. .the mput
grids of t lve ‘through, the. correspondmg secs:
ondary ‘wind gs of the transformers;31. and.3
f the valve 39 are, connected thro

spondmg rec btair
ances_are. apphed to . the. .condu

App prl'at ,smootmng

show xnay e included in the. conductors 61
68 according to the usual practice. Two res
11 and 12 are connected in senes aCross

'e s any. aln cont

ti-grid valve,, The amphﬁed 51gnal ouf- -

ound, The upper.terminal.of.each. seconds.
ary. wmdlng is. connected to. ground through the.
correspondmg half of the double dlode A4. . The

densers 3. and 64 to the correSpond- " 50 neg
h

ors.67 and 68 .and resistances 69 55 ,;p'

‘Y

he,ﬁo m;

untﬂ.the 1nco ng ménal Y65 itw

the lower term nal of the secondary winding. of -5y quUency:.

in the: ft hand\half. ‘Of theJ ﬂoubl diod 44 The
rectified signals.arethen applied through:-there-
sistance. §1;and: potentiometer:§9.to-the:low fre-
gueney.amplifier valve 45 drid thence.to-the out-
put. termmals 46 and:AT. <Thepotentiometer 59
may. he adiusted.to:give ;an:appropriateloutput
level. At the same time the double diode 61 pro-
duges:a suitable gain control voltage which:is ap-

-plied:tp-the-loweninput: grid- of: the: amplifying

yalve 39 through the re51stances 69 and conductor

he. swtch 32:-is set in the upper pos1t10n,
and:the frequency.of:theroscillator-isrset in-order
to. obtain the-higherintermediate frequency’ (560
isno -generated in: the upper portion

in-the pper ,portmn of: the amphfymg ‘valve: 39

. and is rectified in the right hand half of the dou=
0 blg.diode 4

The-rectified- signals-are ~applied
through.resistance 58-and -adjustable potentiom=
eter 59 to-the low.frequency:valve:45. : The gain
rol voltage or-the upper-portion of:the am-
p fymg ‘hexode:39%:ds; generated by the doublé:

- dicde.bl and applied through re51stance 10 and

Conduc‘tor 52,, st et et o wds
I will. thus: be seen. that the “dwo channels pro-
vided: hy;the walves:33.and-39.are never: employed:

snnultaneously For-this.reason it:is:immaterial
that the upper intermediate ferquency happens:

tohethe.14th harmenic.of thelower intermediate
frequency + ‘The advantage of the-arrangement-
is-that all switching in.the-intermediate fre-
or. detecting-eircuits :is -avoided; the-
51 .and..52 notibeing.used in- this em-
s:.elready explamed and bemg pref-
R, mlt’cedw RNt S
«iEhe, coil 4d:shown connected 1n series W1th the
e valve:89-may be used:tointroduce:

syitches

negatlve, cﬁeedback for stabilizing the:roperation: of:

on traode .portion of ‘the valve without affecting.
the other, pertions.:~The.coil-4| is assumed to be"
cgupled. to-the:transformer:42.so that some of the:

=.output -energy .isfed «back: to the- input’ of -the.

lower triode.- ,Thelwmdlng 4l should, of: course;®
be: o;pqled that the energy is fed back in negative-
phase ingorder: to- obtain: the desired- stabiliza--

tlon»leearly, the repil. 4. could -alternatively -be*

the:transformer 43 in-which-case the™
feedbaek :will ;be:applied . to the upper-
tmode instead. of ;torthe:lower-{riode. -In.case ik~
is not de51red to use any negative feedback at-
.may. be omitted and replaced by
PO PE N A

la.,be ev1dent that, either or both of the .
deuble, dipdes: may; he replaced:by-. two: .separate-
d; es-or:hy any: other suitable rect1fy1ng dev1ces
or cireuits such as.dryrectifiers.s: v= -

‘y umber: of ;amplifying stages: Cnot shown) :
W oa:added.-either -before: or affer-the-valve:
33, each such stage comprising: a multi electrode
valvevarran d similarly:tothevalve 39. -
modifieatien. of-the- c1rcu.1t ‘Flg.. 3
.3+ different. use.:.In.marine ‘work:
-necessary. to provide for stand-by:

3 eme, £
reception-on:a.certain narrow: range: of frequen=:’
cigs,for: example 488:tp 515.ke, s...Fhe.portion: of
Flg,13 to.the left;hand side«ofrthe dotted line 13.:
samay-then bermodiﬁed as shown:in Fig..4; in which+-.
the.antenna: as;before and: 31 comprises-the.-

equency:; a,mphﬁeruand selective. eircuits:
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The carrier frequency oscillator 34 is as before,
and is adapted for the range covered by the am-
plifier 3. A switch 715 allows the antenna 30 to
be connected to either of the elements 3¢ or 14,
and another switch 76, which may be coupled to
15 is provided for disconnecting the oscillator 34
when the antenna 30 is connected to the element
14.

Referring now to Fig. 3, the valve 33 should
be biassed in such a manner that the lower triode
portion operates as a simple amplifier for the
stand-by range 488 to 515 kc. s., while the upper
triode acts as a modulator for the high frequency
range as before, and the oscillator 34 is set to
broduce a suitable intermediate frequency such
as 1,000 ke. s., to which the transformers 38 and 43
will be tuned. The transformers 37 and 42 will
of course be tuned for the stand-by range. Selec-
tion by the double diode 44 for both ranges takes
place as before.

The advantage of this arrangement is that
the operator may set his apparatus to receive on
some frequency in the high frequency range, and
by simply operating the two switches 75 and 76
(Fig. 4) he may listen in at any time on the
stand-by range without upsetting the normal
adjustments of the apparatus for the high fre-
quency range. It is to be noted that the switch
16 disconnects the oscillator 34 when the valve
33 is acting as an amplifier for the stand-by
range.

It will be seen that the stand-by range is de-
modulated directly without the introduction of
an intermediate frequency, and the two portions
of the valve 33 perform different functions.

There are, of course, other ways in which the
switching may be carried out. Another method
utilizes the switches §1 and 52 included in Fig. 3.
In Fig. 4 the switch 75 may be omitted and the
antenna 30 may be permanently connected to
both of the devices 31 and 14. Then when it is
desired to receive on the high frequency range,
the switch 51 (Fig. 3) is opened, thus disabling
the lower triode portion of the valve 33, and the
switch 16 (Fig. 4) is left in the position shown.
In order to listen in the stand-by range, the
switches §2 and 76 are opened, and switch 51 is
closed. The upper portion of the valve 33 is now
disabled and the oscillator 84 is disconnected.
The three switches 51, 52 and 76 may clearly be
mechanically connected so that all the necessary
switching is performed simultaneously for each
range.

Fig. 5 shows an example of a pentagrid valve
arranged according to the invention to produce
amplification in each of two entirely separate
signal channels which may be used separately or
simultaneously. The valve 39 with its tuned
transformers 37, 38, 42 and 43 is arranged prac-
tically in the same way as in PFig. 3 except that
the feedback coil 41 and the automatic gain con-
trol arrangements are omitted.

The first channel comprises an antenna 717
connected to receiving circuits represented by the
block 78 and including ferquency changing means
supplying a first intermediate frequency to the
tuned transformer 31. This channel also com-
prises a detecting circuit 79 connected to the
tuned transformer 42 and supplying the detected
signals to the receiver 80. The second channel
comprises the antenna 81, receiving and fre-
quency changing circuits 82 supplying a second
intermediate frequency to the tuned transformer
38, and a detecting circuit 83 connected to the
tuned transformer 43 and supplying the detected

2,474,078
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signals to the receiver 84. The two intermediate
irequencies (which should preferably be well
separated, as already explained) are amplified,
by the respective portions of the pentagrid 39 as
breviously described, and are separately detected
and supplied to corresponding receivers. The
two signal channels so obtained are thus quite
independent of one another.

Additional stages of amplification (not shown)
may be provided by other valves arranged in the
same way as the valve 39.

The circuits represented by the blocks 18, 19, 82
and 83 are not shown in detail, and they may
be provided in any well known way.

In Figs. 3 and 5, the tuned transformers 317, 38,
42 and 43 represent only one possible form of se-
lective circuits which may he used for keeping
the two channels separate. Various other types
of tuned circuits could be used, or wave filters of
various configurations. What is required is that
the selective circuits used in one channel shall
transmit the waves corresponding to that channel
and shall exclude those corresponding to the other
channel.

Referring again to the valve 39 shown in Fig. 5,

“which is arranged as a simple amplifier in both

channels if the output sides of the tuned trans-
formers 42 and 43 were connected back to the re-
spective input grids of the valve 39 in place of the
transformers 37 and 38, instead of being con-
nected to the circuits 718 and 719, as shown, then
a double oscillator would result giving two differ-
ent frequencies respectively determined by the
tuning of the transformers 42 and 43.

A similar result would be cbtained whatever
type of selective circuit were employed, provided,
of course, that the poling of the connections is
such as to produce positive feedback, and that
the gain of each of the triode portions is sufficient,

Fig. 6 shows an example of a double oscillator
designed according to this principle. The valve
85 is a pentagrid as before. When the switch 86
is closed, the anode of the lower triode portion is
coupled back to the control grid by means of the
inductively coupled coils 87 and 88 which are
tuned by the condenser 89, the circuit being com-
pleted by the relatively large blocking condenser
9¢ and by-pass condenser 91. In g similar way
when the switch 92 is closed, the anode of the
upper triode portion of the valve is coupled back
to the control grid by means of the inductively
coupled coils 93 and 94 which are tuned by the
condenser 95, the circuit being completed by the
blocking condenser 86. The upper and lower con-
trol grids are connected to the cathode by the
high resistances 97 and 88. The high tension sup-
ply is intended to be connected to the terminals
98 and 100 as indicated and the negative terminal
100 may be connected to ground.

Thus so long as the windings 87 and 88 and the
windings 93 and 94, respectively, are poled so
that positive feedback is obtained in both cases,
then oscillations at one frequency determined by
the tuning of the circuit 87, 88, 89 will occur when
the switch 86 is closed, and may be obtained from
a coil 13{ coupled to the coils 87 and 88. Like-
wise if the switch 82 is closed oscillations at an-
other frequency determined by the tuning of the
circuit 83, 94, 95 will occur and may be obtained
from a coil 102 coupled to the coils 93 and 94.

The oscillator of Fig. 6 may be conveniently em-
ployed in combination with Fig. 3 for the recep-
tion of continuous wave telegraphy. The output
coils (01 and 102 may be respectively connected
to corresponding additional windings (not shown)
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on the transformers 42 and 43 of Fig. 3. Assum-
ing that the intermediate frequencies correspond-
ing to the two continuous wave channels are 40
k. c. s. and 560 k. c. s. as before, then the lower and
upper triodes in Fig. 6 may be tuned to oscillate
at 41 and 561 k c. s. for example, giving & beat
note of 1000 cycles with the above mentioned in-
termediate frequencies.

Then the switches 86 and 92 may be mechani-
cally coupled with the switch 31 so that when re-
ceiving on the lower channel of Fig. 3 the switch
86 is closed, and when receiving on the other chan-
nel the switch 92 is closed. Another switch (not
shown) associated with the oscillator 34 may if
desired be also mechanically coupled to the switch
3{ so that the proper local carrier oscillator fre-
quency is obtained automatically in each case.

Tt will be evident, of course, that the oscillator
of Fig. 6 may be designed to produce any desired
pair of frequencies.

What is claimed is:

1. An electric wave translating arrangement
for a wide band of frequencies comprising a
thermionic valve having a cathode, an anode, and
at least three grid electrodes mounted in order
therebetween, a source of signals of a wide band
of frequencies, a switch connected to said source
and having two contacts connected respective-
1y to the first and third of said grid electrodes
counting from said cathode, and two selective
filter circuits connected respectively to the sec-
ond of said grid electrodes and to said anode, the
filter circuit connected to said second grid elec-
trode being designed to pass the lower frequencies
of said band of frequencies and to exclude the
higher band, the filter circuit connected to said
anode being designed to pass the higher fre-
quencies of said band of frequencies and to ex-
clude the lower band, whereby said switeh is posi-
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tioned to make contact with said first grid con-
tact for said lower frequencies and with said third
grid contact for said higher frequencies, said ar-
rangement passing said broad hand of fre-
quencies.

2. A translating arrangement according to
claim 1, wherein each of said filter circuits com-
prises a band filter composed of a transformer
having tuned primary and secondary windings,
each of said filter circuits being designed to ex-
clude frequencies passed by the other of said fil-
ters.

3. A translating device according to claim 1,
wherein said signal source and said switch are
connected in series between said cathode and the
one of said grids to which said switch is con-
nected and which further comprises a source of
a constant frequency connected in series with
said cathode and said signal source for beating
said constant frequency with said signals.

4. A translating device according to claim 1,
which further comprises a source of operating
potential for said tube connected in series with
said cathode and both said filter circuits, where-
by said tube amplifies said signals.

JOHN DOUGLAS HOLLAND.
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