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: ;:'operation, regardless of the input-signa.l level

13 Clalms.

The present invention relates to improved sig-
nal-translating channels for signaling systems

and, particularly, to signal-translating channels

having amplitude-limiting transmission charac-
teristics. While not limited thereto, the inven-
tion is especially suitable for use in frequency-
modulation receivers to limit to a predetermined
value the amplitude of translated carrier sxgnals.

Signaling systems frequently require in' their
operation the usé of ‘amplitude-limiting systems
for the purpose of maintaining substantially con-
stant the amplitude of signals applied to a trans-
lating device of the system. 'An example of this
occurs in frequency-modulation receivers where-
in variations of amphtude of received carrier sig-
nals are detrimental to the proper operation of
the receiver under certain conditions and, there-
fore, are preferably removed before the carrier

signal is demodulated to derive the frequency-

modulation components thereof.  Amplitude lim-
iters of this character should have no delay in
réspoiding to amplitude disturbances -and, for
ideal limiting, should have a’ substantially con-
stant output over a wide range of input carrier-
signal amplitudes. It has been recognized that

an - amplitude-limiting - system possessing these

necessary characteristics 'should be one which
limits both half-cycles of the received carrier
signal individually ‘and preferably substantially
equally.
) In accordance with the foregomg requile-
ments, it has been proposed that amplitude lim-
iting be accomplished by the provision of a pair
of tandem-connected sighal repeaters operating

individually to limit by anode current cutoff half- 33 .
“fore, to provide a signal- translating channel

~although the operatmg currents-vary over ‘a ‘'wide

~range of values.

‘It has.also been proposed that llmxtlng be ac-

*‘complished by limiting the amplitude of the half-

- eycles of one polarity of the input signal by the
use of a diode‘rectifier and by limiting the half-

0

-cycles’ of opposite polarity by anode- current cut-

off of a tandem-connected" ampliﬂer This ar-
rangement has the disadvantage that-at the high

“‘earrier frequencies employed in frequency-modu-

" lation systems, the anode- cathiode capacitance of

the drode rectiﬁer has “a ‘relatively small re-

~ actance" and, therefore, signal- currents of ap-

_preciable magnitude flow tnrough the capacitive.
_reactance of the d1ode to the succeeding ampli-

fier, thereby impairing the limiting action.

Each of the foregoing proposed systems has the

“further’ disadvantage in certain applications in
“that a ‘wide band coupling system must be em-

. ployed between the two tubes of the limiting sys-

tem to pass the w1de frequency band necessary
for the translatlon of the signal as changed in

“wave form by the amplitude-limiting operation.

cycles of opposite polarity of the translated sig-

nal,  An arrangement of this character has-the

dizadvantage that the amplifier preceding the

limiting system may be badly loaded at high in-
. put-signal levels by grid current. of the first re-
peater of the limiting system It has the further

disadvantage that the grid current of the first = =
_amplifier of the limiting system'is generally ex-
cessive, for the usual tubes employed, and the .

anode and screen-grid -currents of the’ ﬂrst re-
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peater tube become excessive af high lnput-slg— ’

nal levels. Moreover, the. cathode ‘of the second

repeater tube in systems. of this type heretofore
proposed is at a ‘potential approximately that
of the anode of the first tube, which causes an
undue strain on the insulation between the cath-

ode and cathode heater of the indirectly-heated -
-~ vention, & signal-translating channel comprises

type of vacuum tube. Additionally, the operat-
ing voltages of both repeater tubes are critical
and must remain constant for constant limiting

THhe constants of this coupling system are limited

" by the inherent capacitances of the two tubes
. and their assocrated circuits- and by ‘the band

width necessary for faithful translation of the
signal ‘as distorted’ ‘by the limiting action, ' These

limitations are of such a nature'that the input
_impedance ‘and the coupling impedance of the

prior art systems are generally so small-that the -
gain of the limiting system and of the preceding -

fs1gna1 amplifier is-accordingly greatly reduced.

It is an object of the present’ invention, there-

having a new and improved limiting tratismission
characteristlc which, ‘while: of - ‘genieral -applica-

,tion ‘is espec1a11y sultable for use in frequency-

modulatlon receivers and one whlch avoids one

“or more dlsadvantages of the prior art devices.

It 1s & further -object of the invention to pro-

“ yide a limiter system of the type described having
" substa tially mo-delay’ in’ its-Tesponse to- varia-
45
. through the system.”

tions: ‘in” the amphtu_de of’ s1gnals translated

‘It is’an addltlonal object of the lnventlon to

" provide a“limiting system ‘of thie type described

“having® high 1nput impedance and’ one: which,
‘therefore, does not unduly load and thereby re=

duce the gain- of the preceding signal amplifier.
~In accordance with one embodiment of the in-

~ an jnput circuit adapted to have applied thereto

55°

signals to be translated an output circult includ-'
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ing an impedance, means for translating signals
of limited amplitude from the input circuit to the
output circuit comprising a vacuum tube cou-
pled between the input and output circuits to de-

velop across the impedance signal potentials, and -

space-charge electrodes within the tube to limit
‘the amplitudes of the half-cycles of one polarity
of the developed potentials by current saturation
of the tube. Means is provided for so biasing the
tube that the amplitudes of the half-cycles of

opposite polarity of the developed potentials are

limited by current cutoff of the tube.

In a preferred form of the invention, there is
additionally included repeating means including
a vacuum tube coupled to the impedance for so
repeating the developed signal potentials that
the amplitudes of the half-cycles of the one

polarity are further limited by anode current.

cutoff of the repeating tube substantially to.the
same amplitudes as the half-cycles of opposite
polarity. v o

In a specifi¢’form of the invention, the vacuum
tube which couples the input and output circuits
has a grid ‘interposed between its anode and
“cathode to reduce the inherent capacitance there-
between, thereby to reduce the capacitive coupl-
ing between the input.and output circuits. There
may additionally be provided means for apply-
ing to the output circuit signals of equal mag-
nitude and opposite phase to signals applied to
‘the output circuit through the inherent inter-
electrode capacitance of ‘the coupling . tube,
thereby to neutralize the latter.

For a better understanding of the invention,
togethier with other and further objects thereof,
reference is had to the following description taken
in connection with the accompanying drawing,
and its scope will be pointed out in the appended
claims. :

Referring now to the drawing, Fig. 1 is a cir-
cuit diagram, partly schematic, of a complete
frequency-modulated carrier-signal receiver em-
bodying the invention; Fig. 2 is a graph repre-
senting potential and current fvaves occurring at
various points in the signal-translating channel
and is used in explaining the operation of the
invention; Fig. 3 is a graph representing the
limiting transmission characteristic of the Fig. 1
embodiment of the invention; Fig, 4 is a circuit
diagram representing a . modified form of the
limiting system of the invention, per se; and

. Pig. 5'is a graph representing certain potential-
current relations occurring in the Fig. 4 modifi-
cation and is used in explaining the operation
thereof.

Referring now more particularly to Fig. 1,
there is represented schematically .a complete
frequency-modulated carrier-signal receiver of a
conventional design embodying the present in-
vention in a preferred form.- In general, the
receiver includes a tunable radio-frequency am-
plifier 10 having its input circuit connected to
an antenna system 11, 12, and having its output
circuit connected to an oscillator-modulator (3.
Connected in cascade with the oscillator-modu-
Jator 13, in the order named, are an intermedi-

. ate-frequency amplifier 14 of one or more stages,
" an intermediate - frequency signai - translating

channel ‘15, more fully described hereinafter, a

frequency-modulation . detector {6, an. audio-
frequency amplifier-17 of one or more stages, and

a sound reproducer 18: - -

It will be understood that the various units just
described may, with the exception of the signal-
translating channel 18, be of a conventional con-

<
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struction and operation, the details of which are
well known in the art, rendering further descrip-
tion thereof unnecessary. Considering briefly

-the operation of the receiver as a whole, and

neglecting for the moment the operation of the
signal-translating channel (5 presently to be
described, a -desired frequency-modulated car-
rier signal is selected and amplified by the radio-
frequency amplifier 10, converted to a frequency-
modulated intermediate-frequency carrier signal
in the oscillator-modulator i3, amplified in the

- intermediate-frequency amplifier 14, limited to

a predetermined substantially constant ampli-
tude in the signal-translating channel 15; and
detected by the frequency-modulation detector

- I8, thereby to derive the audio-frequency modu-
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lation components. The audio-frequency com-
ponents are, in turn, amplified in the audio-
frequency amplifier |1 and are reproduced by
the sound reproducer {8 in: a conventional
manner. . ’ ’

Referring now more particularly to the por-
tion of the system embodying the present inven-
tion, the signal-translating channel 15 has an
input circuit comprising a transformer 19 having
a primary winding 20 tuned to the mean inter-
mediate frequency of the receiver by a condenser
21, and has a secondary winding 22 likewise tuned
to the mean intermediate frequency by a con-
denser 23. - The secondary winding 22 is tapped
at a point a mear its low-potential end and this
tap is grounded by a by-pass condenser 24 and

"is connected to a source of negative biasing po-

tential —C of relatively small value. The portion
of the transformer winding 22 above the tap a
is connected’ to apply carrier signals through a
unidirectional current-conducting device 25 to
an output load circuit comprising a resistor 28
and inductor 29, in series. The unidirectional
current-conducting device 25 is preferably a
pentode type vacuum tube having a cathode 26
and contro} electrode connected directly thereto,
a screen grid 30 and a suppressor grid 33. The

. screen grid 30 of tube 25 is connected to a source

45
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of operating potential +Sc through a radio-fre-
quency choke coil 31 and is by-passed to its
cathode 26 through a condenser 32. The sup-
pressor grid 33 is directly connected to ground.
The several grids of tube 25 develop a space
charge within the tube to limit the maximum
value of anode current, thereby not only to pro-
tect the tube by limiting to a safe value the

- .cathode emission but additionally to. ensure a

55

substantially - constant value of anode current
for values of .anode potential greater than that
necessary to produce anode current saturation.

. 'The portion of the winding 22 below the tap a

60

is "connected to apply neutralizing potentials
through a small neutralizing condenser 34 to the
anode of tube 25. -

The load or.output circuit 28; 29 of the recti-

" fier tube 25 is. coupled to the control grid of a
. repeater tube 35, the output circuit of which

0

5

includes the primary winding 37 of ‘an interme-
diate-frequency transformer 38. Tube 35 is also
preferably of the pentode type and is provided
with a screen grid 36 connected to a source of
operating potential +Sc. The secondary wind-
ing 39 of transformer 38 is coupled to the fre-
quency-modulation detector .16, the primary
winding and the secondary winding of the trans-
former being tuned to-the mean intermediate
frequency of the receiver by the respective con-
densers 49 and 41,

The load circuit 28, 29 of the rectifier tube 28
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includes capamtance 42, wh1ch is shown in dotted
lines since it may be comprised in whole or in
part by the inherent capacitance of the load cir-
cuit. The conductor -29 is proportioned with
relation to the value-of the resistor 28 and capac-
itance 42 to pass the broad band of frequencies
necessary for faithful translation of the carrier
signals as distorted by the limiting action.

In considering the operation of the circuit just
described, it will be assumed that a frequency-
modulated carrier signal having the wave form

represented by curve d of Fig. 2 is applied through .

the transformer 19 to the signal-translating
. channel 5. The carrier-signal potentials ap-
pearing in the-transformer secondary winding 22
between the point a and the high-potential ter-
minal of the winding are applied in series with
the bias source —C to the output impedance 28,
29 through the anode-cathode circuit of tube 285.
In the absence of any signal applied to the input
circuit of the signal-translating channel. {5, the
unidirectional-bias potential —C -causes a con-
stant flow of current through tube 25 as repre-
sented by the current I: of Fig. 2. The input-
signal potential, therefore, combines with the
unidirectional-bias potential to produce a re-
sultant current flow represented by curve b of
Fig. 2. The maximum value of this current is
limited by the level of current saturation I: of
tube 25, which is determined by the magnitude

20
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of the space-charge effect developed within the |

tube which, in turn, is determined in part by the
magnitude of the potential applied to the grid 30,
while the minimum amplitude is limited by an-
ode current cutoff Io of tube 25, due to its uni-
-laterally-conductive properties. -The current
through tube 25 produces across the output im-
pedance 28, 29 a potential drop represented by
curve c¢ of Fig. 2, this potential varying about the
axis Ei, corresponding to the potential produced
hy the current I1, and having half-cycles of one
polarity, the amplitudes Ea of which are limited
by anode current saturation I of tube 25 and
having half-cycles of opposite polarity, the am-
plitudes Eo of which are smaller than the am-
plitudes of the half-cycles of the one polarity
and are limited by anode current cutoff Io of tube
25. TFor purposes of convenience in further con-
sidering the operation of the invention, the half-
cycles having the amplitude E2 will be referred
to as the half-cycles of “positive polarity”; sim-
{larly, the half-cycles of amplitude Eo will be the
half-cycles of “negative polarity.”

As thus arranged, the vacuum tube 25 com-
prises means for translating signals of limited
amplitude from the input ciretit to the output
circuit of the signal-translating channel 185.

Further, it will be seen that this vacuum tube

is arranged, in the particular embodiment of
Fig. 1, with its anode-cathode path serially cou-
pled between the input and output circuits to de-
velop across the output circuit impedance 28, 29,
42 signal potentials. The screen grid 30 and sup-
pressor grid 33 of tube 25 comprise space-charge
electrodes within the tube to limit the ampli-
tude of the half-cycles of one polarity of the
developed potentials by current saturation of the
tube, the source of operating potential 4+Sc com-
prising means for biasing the screen grid 30 for
this purpose. The bias source —C comprises
means for so biasing the tube that the amplitude
of the half-cycles of opposite polarity of the de-
veloped potentials is limited by anode-current
cutoff of the tube.

It has been stated that the amphtudes of the

33
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half-cycles of positive polarity are limited by an-
ode current saturation of tube 25. In practice,
the magnitide of anode current saturation in-
creases slightly with increasing values of input
signal strength, the variation of increase being
somewhat irregular when the suppressor grid is
grounded, as in Fig. 1. For this reason, the am-
plitude of the half-cycles of positive polarity is
not quite constant -throughout the operating
range of input signal strength and must be ren--
dered constant by the limiting action of the
tube 35.

The potential appearmg aCross the output ‘cir-
cuit impedance 28; 29 is, therefore, applied to
the input electrodes of tube 35. The potential
applied to the screen grid 36 of this tube is so
proportioned with relation to the potentials de-
veloped across the output circuit impedance 28,

29 that tube 35 is driven to anode current cut-

off at a level on curve ¢ represented by the po-
tential Es. Tube 35 thus repeats the signal po-
tentials developed across the output circuit im-
pedance 28, 29 but, in doing so, further limits by
its anode current cutoff the amplitudes of the
half-cycles -of positive polarity. - The repeated
signal potential appearing -in the secondary
winding 39 of the output transformer 38 has a
wave form represented by the curve d of Fig. 2,

‘the amplitude of the positive and negative half-.

cycles of which is equal. * The repeated carrier
signals as thus limited are, of course, applied to
the frequency detector {6 for demodulation to
derive 'the audio-frequency modulation com- -
ponents thereof, as previously explained.

~Fig. 3 is'a graph representing the relation be-
tween the intensity of the c¢arrier signals applied
to the input of the signal-translating channel 15

- and repeated carrier:signals applied from the

43,
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“-.current wave.

output of the signal-translating channel to the
input of the detector 6. It will be seen that the
output increases rapidly to the signal level at
which limiting begins and thereafter remains
substantially constant over a wide range of in-
creasing values of input-signal strength. '
From the foregoing explanation of the opera-
tion of the invention, it will be evident that the
value-of -the unidirectional potential applied to
the grid 30 of tube 25 determines the value of
saturation current of this tube, thereby to deter-
mine the peak-to-peak amplitude of the plate
Similarly, the value of unidirec-
tional-bias potential —C applied to the cathode -
26 determines the value of current in the absence
of "applied carrier signals and thus determines
the relative amplitudes of positive and negative
half-cycles of the signal potential developed
across the output circuit impedance 28, 29. The
value of the cathode potential is preferably such
that the half-cycles of positive polarity are lim-

.ited to an amplitude slightly larger than the am-
‘plitude of the half-cycles of negative polarity. .

When the half-cycles cf positive polarity are
thus limited, the accumulation of a large nega-

"tive charge on the inherent capacitance 42 of the

output ciicuit coupling impedance is avoided,
thereby to permit the use of a larger resistor 28
consistent with the band of frequencies which
must necessarily be passed by the output circuit
coupling impedance comprising the inductor 29,
the resistor 28, and the inherent capacitance 42.
This is another way of expressing the fact that
the wave shape of the limited carrier signal de-
veloped across the output circuit impedance

varies less with change of input signal after lim-
iting begins than would be the case were the
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tube 25 so biased as to limit by current satura-
tion at a higher current level since, when the
positive and negative half-cycles have nearly
equa] amplitudes, the wave form of the signal de-
veloped across the output circuit impedance 28,
29 changes only slightly with changing values of
input signal. The fidelity requirements of the
output circuit impedance are accordingly re-
duced. Additignally, it is obvious that the larger
the resistor 28 is made, the larger is the input im-
pedance of the signal-translating channel 15

[

10

with the result that the preceding amplifier stage -

in the intermediate-frequency amplifier 14 is sub-
stantially less loaded.

The suppressor grid 33 of tube 25 is at ground
potential and thereby provides an electrostatic
shield between the anode and cathode of this
tube. 'This greatly decreases the inherent inter-
electrode capacitance between the anode and
cathode, thereby to reduce the undesirable ca-
pacitive current which flows through tube 2§
without limiting to the output circuit impedance
28, 29. The effect of the slight remaining anode-
cathode  inherent capacitance is further reduced
by a neutralizing potential derived from the por-
tion of winding 22 below the tap ¢ and applied to
the output circuit impedance 28, 29 through the
adjustable neutralizing condenser 34. The con-
denser 34 is so adjusted that this neutralizing
potential is- of equal magnitude but opposite
phase to the potential which is applied to the
output circuit impedance by virtue of the In-
herent interelectrode capacitance of tube 25.
Thus, the condenser 34 and the portion of the
secondary winding 22 below the tap a comprise
means coupled to the output circuit impedance
28, 29, 42 for applying thereto signals of equal
magnitude and opposite phase to signals applied
to the output circuit through the inherent inter-
electrode capacitance of the tube 25, thereby to

2,271,203

voltage current characteristic of this tube since,
as previously pointed out in connection with Fig.
1, the characteristic is somewhat irregular when
the suppressor grid is grounded. The operation
of this embodiment is essentially similar to that
of the Fig. 1 embodiment, carrier signals being
translated through the translating channel 5
in such manner that the amplitudes oi the half-
cycles of positive polarity are limited by anode
current saturation of tube 25, while the ampli-
tudes of half-cycles of negative polarity are lim-
ited by anode current cutoft of tube 25, the op-

.erating potentials of tube .25 being so adjusted
- that the positive and negative half-cycles of the

limited carrier signal have equal amplitudes.
The arrangement of Fig, 4 includes a resistor
43 connected in parallel with the neutralizing

. condenser 34. Fig. 5 is a graph wherein curve a

20

25

represents the relation between the anode poten-
tial Ep of tube 25 and anode current Ip for values
of applied anode potential of positive and nega-
tive polarity. It will be seen that the anode cur-
rent increases slightly with increasingly large
values of anode potential, whereby the limiting
action decreases slightly on strong input signals.

. The signal potentials appearing between the

30

35

40

oppose the effect on the output circuit of the in-

terelectrode capacitance.

As illustrative of a specific embodiment of the
invention, the following circuit constants are
given for the embodiment of the invention shown
in Fig. 1: .

Tube 25 Type 68J7
Tube 35_____ Type 6ACT
Condenser 23 130 miero-microfarads
Condenser 32__
Condenser 34_____________
Inductor 29___
Inductor 31_
Resistor 28_
Transformer
ing

3,000 micro-mierofarads
5.8 miero-microfarads
39 microhenries
________ 500 mierohenties

2,000 ohms

24 microhenries (universal
wound coil of 25 turns,
tapped at the third turn)

Mean intermediate frequency. 2.’?7) megacycles

Cathode-potential tube 25____ volts
Screen-potential tube 25_____22.5 volts
Sereen-potential tube 35_____ 45 volts
Anode-potential tube 35_._____ 90 volts

Fig. 4 is a circuit diagram representing a modi-
fled form of the invention which is essentially
similar to the embodiment of Fig. 1, and similar
circuit elements are designated by similar refer-
ence characters. This modification is somewhat
more simple than that of the Fig. 1 modification
in that the repeater tube 35 of the Fig. 1 ar-
rangement is dispensed with and the amplitudes
of both positive and negative half-cycles of the
translated carrier signals are limited by the use
of a single tube. The anode of tube 25 is direct-
ly connected to the primary winding 371 of the
output transformer 38, while the point a on the
secondary winding 22 of the input transformer
{9 is connected directly to ground. The sup-
pressor grid 33 is connected directly to the cath-
ode 26 to improve the linearity of the anode-

80

point @ and the low-potential terminal of the
transformer winding 22 are applied through the
resistor 43 to the output transformer primary
winding 37, whereby there flows in the primary
winding 37 signal currents, the magnitudes of
which are represented by the .curve b, which are
opposite in phase to the signal currents through
the tube 25 and are, therefore, shown in Fig. 5
as being equivalent to negative anode currents.
The combined signal currents applied to the
output transformer 38 thus add to produce a sig-
nal current, the intensity of which is substan-
tially constant as represented by curve ¢ of Fig. 5.
Curve ¢, therefore, represents the transmission
characteristic of the channel 15 and it is evident

"that the limiting action is substantially ideal

over & wide range of input-signal amplitudes.

While there have been described what are at
present considered to be the preferred embodi-
ments of this invention, it will be obvious to those
skilled in the art that various changes and mod-
ifications may be made therein without departing
from the invention, and it is, therefore, aimed
in the appended claims to cover all such changes
and modifications as fall within the true spirit
and scope of the invention.

What is claimed is:

1. A signal-translating channel comprising, an
input circuit adapted to have applied thereto
signals to be translated, an output circuit in-
cluding-an impedance, means for translating sig-
nals of limited amplitude from said input circuit
to said output circuit comprising a vacuum tube
coupled between said input and output circuits
to develop across said impedance signal poten-

. tials, space-charge electrodes within said tube to,

63
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limit the amplitude of the half-cycles of one po-
larity of said developed potentials by current sat-
uration of said tube, and means for o biasing said
tube that the amplitude of the half-cycles of op-
posite polarity of said developed potentials is lim-
ited by current cutoff of said tube,

2. A signal-translating channel comprising, an
input circuit adapted to have applied thereto
signals to be translated, an output circuit in-.
cluding an impedance, means for translating sig-
nals of limited amplitude from said input circuit
to said output circuit comprising a vacuum tube
coupled between said input and output circuits
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to develop across said impedance signal poten=

tials, said tube having a grid, means including
said grid for developing a space charge within
said tube to limit the amplitude of the half-
cycles of one polarity of said developed potentials
by current saturation of said tube, and means

5

saturation of said tube, means for so biasing said

. tube that the amplitude of the half-cycles of op-~

. posite polarity of said

for so biasing said tube that the amplitude of the -

half-cycles of opposite polarity of said developed
potentials is limited by anode current cutoff of
said tube. : -

3. A signal-translating channel comprising, an
input circuit adapted to have applied thereto
signals to be translated, an output circuit includ-
ing an impedance, means for translating signals
of limited amplitude from said input circuit to
said output circuit comprising a vacuum tube
having an anode-cathode path serially coupled
between said input and output circuits to develop
across said impedance signal potentials, space-
charge electrodes within said tube to limit the
amplitude of the half-cycles of one polarity of
said developed potentials by current saturation
of -said tube, and means for so biasing said tube
that the amplitude of the half-cycles of opposite
polarity of said developed potentials is limited by
anode current cutoff of said tube to substantially
the same amplitude as half-cycles of said one

. polarity. .

4. A signal-translating channel comprising, an

input circuit adapted to have applied thereto sig-

- nals to be translated, an output circuit including
an impedance, means for translating signals of
limited amplitude from said input circuit to said
output circuit comprising a vacuum tube having
an anode-cathode path serially coupled between
said input and output circuits ta develop across
said impedance signal potentials, said vacuum
tube having a grid, means for biasing said grid
to develop a space charge within said tube,
whereby the amplitude of the half-cycles of one
polarity of said developed potentials is limited
by current saturation of said tube, and means
for so biasing said tube that the amplitude of
the half-cycles of opposite polarity of said de-
veloped- potentials is limited by anode current
cutoff of said tube.

5. A signal-translating channel comprising, an
input circuit adapted to have applied thereto sig-
nals to be translated, an output circuit including
an impedance, means for translating signals of
limited amplitude from said input circuit to said
output circuit comprising a vacuum tube coupled
between said input and output circuits to develop

across said impedance signal potentials, said vac-

uum tube having a screen grid, means for so bias-
ing said screen grid that the amplitude cof the
half-cycles of one polarity of said developed po-
tentials is limited by current saturation of said
tube. and means for so biasing said tube that-the
amplitude of the half-eycles of opposite polarity
of said developed potentials is limited by anode
current cutoff of said tube.

6. A signal-translating channel comprising, an
" input eircuit adapted to have applied thereto sig-
nals to be translated, an output cireuit ineluding
an impedance, means for translating signals of
limited amplitude from said input circuit to said
output circuit comprising a vacuum tube having
an anode-cathode path serially coupled between
caid input and output circuits to develop across
said impedance signal potentials, said tube hav-
ing inherent intorelectrode capacitance, means
for developing a space charge within said tube
to limit the amplitude of the half-eycles of one
polarity of said developed potentials by current

1
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“eurrent cutoff of said tube,

developed potentials is
limited by anode current cutoff of said tube, and
means coupled to said output circuit for applying
thereto signals of equal magnitude and opposite
phase to signals applied to, said output circuit
through the inherent interelectrode capacitance
of said tube, thereby to oppose the effect on said |
output circuit of said interelectrode capacitance.

7. A signal-translating channel comprising, an
input circuit adapted to have applied thereto sig-
nals to be translated, an output circuit including
an impedance, means for translating signals of
limited amplitude from said input circuit to said
output circuit comprising a vacuum tube having
an anode-cathode path serially coupled between
said input and output circuits to develop across
said impedance signal potentials, space-charge
electrodes within said tube to limit the amplitude

-of the half-cycles of one polarity of said de-

veloped potentials by current saturation of said -
tube, means for so biasing said tube that the
amplitude of the half-cycles of opposite polarity
of said developed potentials is limited by anode
and means coupled
to said output circuit for applying thereto signals
of relatively small magnitude and opposite phase
to signals developed across said impedance by
said coupling means, thereby to oppose variations
in the amplitude of the signal transmitted by said
coupling means with increasing values of signal
amplitude applied to said input circuit.

8. A signal-translating channel comprising, an
input circuit adapted to have applied thereto sig-
nals to be translated, an output circuit including
an impedance, means for translating signals of
limited amplitude from said input circuit to said
output circuit comprising a vacuum tube having
scereen and suppressor grids and having an anode
and a cathode serially-connected between said
input and output circuits to develop across said
impedance signal potentials, means including
said grids for developing a space charge within
said tube to limit the amplitude of the half-cycles
of one polarity of said developed potentials by
current saturation of said tube, and means for
so biasing said tube that the amplitude of the
half-cycles of opposite polarity of said developed
potentials i3 limited by annde current cutoff of
said tube.

9. A signal-translating channel comprising, an
input circuit adapted to have applied thereto sig-
nals to be translated, an output circuit including
an impedance, means for translating signals of
limited amplitude from said input circuit to said
output circuit comprising a vacuum tube having
an anode-cathode path serially coupled between
said input and output circuits to develop across
said impedance signal potentials, space-charge
electrodes within said tube to limit the amplitude
of the half-cycles of one polarity of said devel-
oped potentials by current saturation of said
tube, means for so biasing said tube that the am-
plitude of the half-cycles of opposite polarity of
said developed potentials is limited by ‘anode
current cutoff of said tube, and means providing
an electrostatic shield between the electrodes of
said vacuum tube to reduce the inherent inter-
electrode capacitance thereof, thereby to reduce
the capacitive coupling between said input and
said output circuits.

10. A signal-translating channel comprjsing,
an input circuit adapted to have applied thereto

3 signals fo be translated, an output circuit includ-
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ing an impedance, means for translating signals .

of Hmited amplitude from said input circuit to
said output circuit comprising a vacuum “tube
having a cathode, an anode, and an interposed
grid, the anode-cathode path of said tube serially
coupling said input circuit fo said output circuit
to develop across said impedance signal poten-
tials, space-charge electrodes within said tube
to limit the amplitude of the half-cycles of one
polarity of said developed potentials by current
saturation of said tube, and means for so biasing
said tube that the amplitude of the half-cycles
of opposite polarity of said developed potentials
is limited by anode current cutoff of said tube,
said grid being at ground potential to reduce the

10
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inherent capacitance between said cathode and

said anode, thereby to reduce the capacitance
coupling between said input and said output
circuits. . :

11. A signal-translating channel comprising,
an input circuit adapted to have applied thereto
signals to be translated, an outpuf circuit in-
cluding an impedance, means for ftranslating

signals of limited amplitude from said input cir-
cuit to said output circuit comprising a vacuum
tube having an anode-cathode path serially cou-
pled between said input and output circuits to
develop across said impedance signal potentials,
space-charge electrodes within said tube to limit
the amplitude of the half-cycles of one polarity
of said developed potentials by current satura-
tion of said tube, means for so biasing said tube
that the amplitude of the half-cycles of opposite
polarity of said developed potentials is limited
by anode current cutoff of said tube, the circuit
constants of the franslating means being rela-
tively so proportioned that the amplitude of the
half-cycles of said one polarity is larger than the
amplitude of the half-cycles of said opposite po-
larity, and repeating means including a vacuum
tube coupled to said impedance and biased so to
repeat said developed signal potential that the
amplitude of the half-cycles of said one polarity
is further limited by anode current cutoff of said
repeating tube.

12. A signal-translating channel comprising,

an input circuit adapted to have applied thereto .

signals to be translated, an output circuit includ-
ing an impedance, means for translating signals
of limited amplitude from said input circuit to
said output circuit comprising a vacuum tube
having an anode-cathode path serially coupled
between said input and output circuits to de-
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velop across said impedance signal potentials,
space-charge electrodes within said tube to limit
the amplitude of the half-cycles of one polarity
of said developed potentials by current saturation
of said tube, means for so biasing said tube that
the amplitude of the half-cycles of opposite po-
larity of said developed potentials is limited by
anode current cutoff of said tube, the circuit con-
stants of the translating means being relatively
so proportioned that the amplitude of the half-
cycles of said one polarity is larger than the am-
plitude of the half-cycles of said opposite polarity,
and repeating means including a vacuum tube
coupled to said impedance and biased so to repeab
said developed signal potential that the ampli-
tude of the half-cycles of said one polarity is
further limited by anode current cutoff of said
repeating tube to substantially the same ampli-
tude as half-cycles of said opposite polarity.

13, A signal-translating channel comprising,
an input circuit adapted to have applied thereto
signals to be translated, an output circuit in-
cluding an impedance, means for translating sig-
nals of limited amplitude from said input circuit
to said output circuit comprising a vacuum tube
having an anode-cathode path serially coupled
between said input and ocutput circuits to develop
across said impedance signal potentials, space-
charge electrodes within said tube to limit the
amplitude of the half-cycles of one polarity of
said developed potentials by current saturation
of said tube, means for so biasing said tube that
the amplitude of the half-cycles of opposite po-
larity of said developed poténtials is limited by
anode current cutoff of said tube, the circuit con-
stants of the translating means being relatively
so proportioned that the amplitude of the half-
cycles of said one polarity is larger than the am-
plitude of the half-cycles of said’opposite polar-
ity, repeating means Thcluding a vacuum tube
having a screen grid and having input electrodes
coupled to said impedance for repeating said de-
veloped signal poténtials, and means for apply-
ing to said screen grid an operating potential the
magnitude of which is so.proportioned with rela-
tion to the potentials developed across said im-
pedance that tH® amplitude of the half-cycles
of said one polarity is further limited by anode
current cutoff of said repeating tube substantially
to the amplitude of the half-cycles of said oppo-
site polarity.’ oo

i JASPER J. OKRENT.
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It is hereby qertified that error appears in the printed speéificatlon
of the above numbered i‘satent requiring correctionas folloﬁ;: Page 3, first
column, Jline L}, for "conductor" read --inductor-- ;-ﬁt_agég'j, first column,
1ine 52, claim 5, after "tube" insert thevi‘ol’lowingwords --having an anode-
cathode path gserially--; and that the sald Letters Patent should be read
with this correction therein that the same may conform to the record of
the case in the Patent Office. : .

Signed and sealed this 9th day of June, A. D. 1942.

Henry Van Arsdale,
(Seal) Acting Commissioner of Patents.



