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This application relates to 2 new and improved
method -and means for converting interrupted
tone currents into uni-directional currents,

For purposes of description we have shown
our improved method and means as being used
in the reception of telegraphy in the form of
keyed tone currents. It will be understood, how-
ever, that our invention is of wide use in the radio
art, and is not limited in use except by the terms
of the claims gppended hereto.

A-general object of our invention is to improve
reception of keyed tone currents.

Radio printer and telegraph systems transmit
intelligence in the form of a succession of so-
called marking and spacing intervals. The mark-
ing:intervals are characterized by the presence
of current of tone frequercy (usually audio in-
terrupted or otherwise modulated in accordance
with signals). . The spacing intervals are identi-
fied either by the absence of tone or by the pres-
ence of a tone differing in frequency from the
marking tone. These tone signals must be recti-
fied before they are applied to. the receiving
printer; ¢r in the case of time division multiplex
signals, before they are applied o the signal re-
generator.- Heretofore, common practice has been
to use a rectifier and filter based upon the same
principles used in ‘power supply systems for con-
verting from A. C. to D.'C. In general, a filter
system of this type is satisfactory when the tone
signals are considerably higher in frequency than
the keying rate.. However, when the ratio of tone
to keying rate is low—of the order of 2 to 4—the
filter required to attenuate the ripple frequencies
to a satisfactory degree without unduly increas-
ing the buildup and decay times 6f the rectified
signal becomes quite elaborate.

A broad object of our invention is.te improve
reception of keyed tone currents. .

" A more specific ‘object of the present inven-
tion is to reduce the need of filtering of the rec~
tified signal before recording, to thereby reduce
the néed of elaborate filters and provide a sys-
tem wherein & simple inexpensive filter is satis-
factory. .

A particular object of our invention is to pro-
vide a tone signal rectifier which, ideally, does not
require the use of any filter and, in the practical
case, requires only'a very simple filter; e. g., a sin-
gle shunt capacitor.
useful where the ratio of tone frequency to key-
ing'rate is low: ' ’

An additional object of our invention is re-
duction of effect of noise inthe recording signal
by improving the signal to noise ratio. The noise
referred to here includes noise received with the
signal as well'as noise generated in the receiver.

Another object of the present invention is to
provide an efficient; simple, and inexpensive keyed
tone amplifier, wave former, rectifier-and filter to

This ‘rectifier is especially !
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2 ,
produce, for recording if desired; uni-directional
currents substantially free of ripple or other
forms of distortion. : :

In keyed tone and similar rectifying and-re-
cording systems there is present in all cases 3 fil-
tering problem, sinee it is desirable to have at'the
recorder -a: Uni-diréctional ctirrent substantially
free, or as free as possible, from ripples and har-
monics derived from the keyed tone.

In recording .systems known: heretofore, - the
keyed ‘currents. of sine wave form are amplified
and rectified and then filtered hefore recording.
In accordance with our improved.method and
means we propose to first square off the tone cur-
rent signal and then rectify the same. This lim-
iting process preceding réctification greatly de-
creases the amplitude of the ripple components,
thereby in itself considerably. simplifying the
filter problem. " This squaring off 'of the tone sig-
hal is accomplished in a single limiting and. rec-
tifying stage. ‘ -

In systems known ‘heretofore, noise and dis-
turbances brought in with the received  signal
and those generated in the system are supplied
to a large extent to the rectifier ‘and appear in
the rectifier output thereby in'effect reducing the
signal to noise ratio.and adding to. the filtering
problem discussed above.' "

- In our present.invention, the limiting and rec-
tifying stage described above is also arranged to
subject the squared off keyed tone currents to a
thresholding action to remove all noise £ompo-
nents represented by currents or energy, the ab-
solute amplitudes. or ‘intensities” of which: fall
within'selected adjustable limits.

" Thus in effect we make use of only that part
of the received tone currents which falls within
upper-and lower limits wherein there is the least
noise and disturbance. '

The features which we ‘claim’as novel reside
in the method and means for amplifying the cur-
rents, the method and means for limiting the
peak swings of the currents, the method and
means for limiting or thresholding the current
to do away with.the effects of noise brought in
with the signal or generated in the circuits, and in
the method and means for rectifying the. signals
after forming the same as described Hereinbefore.

In describing our invention in greater detail,
reference will be made to the attached drawings
wherein : .

Fig. la represents an idealized form of square
wave signal to be rectified. This square wave
form signal may consist of tone cuirent, a num-
ber of cycles of which make up a signal element
such as, for example, a baud. -As used in this
description the word “baud” is the shortest mark-
ing or spacing element. of time in the telegraph
signal. R 8 ‘ :
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Fig. 1b represents current derived by full wave

rectification of a signal of idealized wave form,
gs illustrated in Fig. la. .

Tig. 2a represents keyed currents after lim-
itihg but before rectification. Fig. 2b illustrates
the output of a full wave rectifier excited by
keyed currents of the form shown in Fig. 2a.

Tig. 3 illustrates by circuit diagram the essen-

tial features of a wave limiting rectifying and.

filtering systém arranged in accordance with our
jnvention.
Fig, ‘4a illustrates a signal element consisting

of several alternations of tone current of sine

wave form.
ig, 4b illustrates the sine wave current of Fig.
4q after limiting in accordance with our inven-
tion. -
" Fig. 4c represents the limited current after rec-

" tifiegtion. These Figures 4a, 4b and 4c are used

in-deseribing the operation of our-invention.

Fig. 5 illustrates a simple filter circuit used
across.the ‘output of the rectifier of Fig. 3, or at
the input of the recorder not shown.

Fig. 6 illustrates graphically the operation of
the arrangement illustrated in Fig. 3.

Fig. 7 illustrates a modified embodiment of
our improved circuit. The arrangement of Fig. 7
is used when it is desired for some reason to
reverse the keying action, i. e, to have marking
in the presence of spacing current, and spacing
in the presence of marking current. :

Fig. 8 shows graphically the operation of the
. arrangement of Fig. 7. ' - :

Basically the method of our invention is to first
amplify and limit the' sine wave tone current
representing the signal in order to obtain a
rectangular wave. If this rectangular wave was
characterized by leading and trailing edges hav-
ing infinite slopes as illustrated-in Fig. la, then

- the result of full-wave rectification would be a
pure direct current voltage or current as illus-
trated in Tig. 10, If the rectangular wave to be
rectified has finite buildup and drop off times—
as it always must in practice due to finite band
width-—then the wave to ‘be rectified will appear
as in Fig. 2a, and the rectified wave will appear
as in’ Fig. 2b. The sloping edges of the wave.of
Fig. 2z result from high frequency response limi-
tations in the limiter and rectifier circuits. If
care is exercised in’ designing the limifer circuit,
these slopes can be made very greal, even at
high tone frequéncies. - As the slope of the sides
of the wave of Fig. 2¢ is incressed, the holes in
the rectified wave of Fig. 2b become progres-
sively smaller. As these holes decrease, the ratio
of direct current to alternating current in the
wave .increases and the filter problem becomes
-simpler.

In Fig. 3 we have illustrated a system wherein
the objects and purposes of our invention are
attained. In this circuit keyed cutrrents of say
tone frequency and of sine wave form are im-
pressed on the terminals at 1, to be supplied to

the grid 4 of an amplifier and phase reverser tube -

Vi. The tube VI has a load resistance § con-
necting its anode to a high potential source, and
a potentiometer resistance arrangement & con-
necting its cathode to ground. A point on the
resistance 8 is connected by resistance Rdl to
the grid of VI. The arrangement is such that
voltages characteristic of the sine: wave form but
of opposed polarity are developed -across resist-
ances 6 and 8, so that they may be supplied as
input to a pushpull stage comprising tubes V2
and V3. Such voltages are obtained by properly

4

dimensioning the resistances 6 and 8 and Rdl
to derive for the grid 4 of Vi the proper negative
bias due to potential drop in the upper: portion
of 8. The tube V! then may be considered a
somewhat conventional phase inverter tube sup-
plying the signals in push-pull relation to the
control grids of tubes V2 and V3. These poten-
tials are supplied by way of coupling condensers .
C2 and C3 of apprepriate size to couple into the
grid circuits currents of the tone frequency sup-
plied at the input 1. -

The grids of V2 and V3 are connected to the
cathodes by resistors Rd2 and Rd3 respectively,
and cathode biasing resistance RKZ. The re-
sistance RK2 with resistance RI!- provides a
bleeder circuit between the positive end of a direct
current power source represented by EBD and
ground. ‘This bleeder circuit raises the cathodes
of tubes V2 and V3 positive with respect to ground
direct current potential, so that the grids, oper-
ating at ground or slightly negative potential by
virtue of the drop in résistances R42 and Rd3, are
negative the desired amount with respect to the
cathodes. The anodes of the tubes V2 and V3
are tied together and connected through:a lcad
resistance RL2 to the common direct current
source. o

In. this embodiment the bias on the grids of
tubes V2 and V3 is made such that in the absence
of ‘signal no plate current flows through the
tubes V2 or V32, because the cathodes of these
tubes are sufficiently positive, as a result of the
bleeder current flowing in resistances Rl and
RK2, to bias the grids beyond cutoff.

In operation the currents of tone frequency and
sine wave form supplied at point { are usually
of good strength.. Then these waves of sine wave:
form are amplified in tube VI and applied: in
opposed polarity to the grids of tubes V2 and V3.

The tubes V2 and V3 differentially excited con-
duct on alternate portions-of ‘the signal cycle.
The tube which is excited by the positive tone cy-
cles becomes conductive and . draws. current.
This tube soon draws maximum plate current and
45 the plate current does not:increase with further

increases in excitation voltage. Inthe meantime

the other tube also negatively biased to cutoff is
excited by the negative part of the tone cycles
and remains cutoff. . On reversal of the applied
50 cycles operation of the tubes, as described above,
is reversed. . The wave of Fig. 20 is-subject to rec-
tification in the tubes V2 and V3, and the wave
of .Fig. 2b is obtained at the point 2.
It should be noted that the positive and nega-
55 tive portions. of the wave input to tube Vi do not
have to be equal, i. e., the tone cycles need not
be of 50-50 weight. The reason for this is that
since the current is applied in pushpull relation
to tubes V2 and V3, the conducting times of these
g0 tubes are complementary, i. e., together they con-
duct for substantially one cycle, but one thereof
may conduct for less than a half cycle, the other
thereof conducting for more than a half cycle.
This is illustrated by dotted lines in Fig. 2b. .

Where a weak signal-is received some limiting
action may be carried out before the signal is im-

pressed on the input of tube Vi. In this case the

"wave impressed on tube VI might be somewhat as

indicated in ®Fg. 2a. Then rectification takes
70 place, -as described above, in tubes V2 and V3.

However, in the usual case, a signal of sufficient.

strength is applied at VI in order to accomplish

the limiting action in the rectifiers V2 and V3.

This limiting action is derived as described:above,
75 and as described hereinafter. ‘ o
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In the tubes V2 and V3 then, the keyed tone of
sine wave form is limited as well as rectified.
These tubes also perform a thresholding action
as will be described hereinafter, DR

The tubes V2 and V3 are individually self-de-
generative by virtue of the action of the resistor
RK2 and of the fact' that they conduct alter-
nately, not simultaneously, i. e, when current
flows in-tube V2 the drop of potential across REK2
is applied to the grids of both tubes. Conversely,
when current flows in tube V3, the drop of poten-
tial across RK2 is applied o both grids. - Because
of this degeneration a larger signal input to tubes
V2 and V3 is required to get a given amount 6f
direct current output voltage across RL2. If this
degeneration is undesired, the bias voltage for
tubes V2 and V2 may be obtained by means of g
negative direct current voltage in the grid return
circuits, rather than the positive voltage in the
cathode circuit provided by RK2.

The method and means for deriving substan-
tially only direct current output from keyed im-
bulses each comprising several cycles of tone wave
to thereby reduce the need of filters, has been
described briefly above. The same will-now be
described in' greater detail. -

Suppose a keyed tone of sine wave form and of
a period T, as illustrated in Fig. 44, is to be rec-
tified. The shortest marking or spacing interval
(in time) (baud) is Tk, and Tk is N times T,
i. e., N times the fone period where N may be any
number. In Fig. 4b is shown the same tone after
it has been amplified and limited in our system
(or if necessary preceding our system). The sig-
nal after full-wave rectification appears as in line
4c. The fundamental ripple frequency is 2/Tr.
If a simple series condenser-resistor filter CR is
to be used to separate the ripple frequency from
the keying rate—i. e., current of wave form as
illustrated in Fig. 4e, applied to the circuit of Fig.
5—then two limitations must be placed on ‘the
value of the product CR.

a. CR must be considerably less than Tx. This
is necessary in order that the leading and trail-
ing edges of the rectified signal retain the con-
siderable slope obtained by limiting the tone.

b. CR must be considerably greater than §Tw,

.. This results from the requirement that the
condenser voltage shall not follow the alternat-
ing current component of the individual bauds.

Limitations ¢ and b can be combined in the sim-
ple mathematical notation

Te>>CR>>8Tr 1)
from (1) it follows that ‘
Te=NTr>>5Tr
N>>8 2)

Therefore, if (2) is satisfied, limitations ¢ and
b can be met simultaneously. For a given baud
length (keying speed) Tt increases as N de-
creases. ' Also, with a given limiter circuit, 5 will
decrease as Tr increases.
the frequency band width of the limiter circuit.
Hence, for a given limiter, 6T is practically inde~
pendent of Tr. Consequently, as N becomes
smaller, & also tends toward smaller values, so
that the problem of filtering low tone frequencies
is- not .greatly different from that of filtering
higher tone frequencies, and herein lies a great
advantage of the present invention. When the
filter CR is used and the output is taken from
across C as shown in Fig. 5, it is connected across
RL2. To do this the output leads, Fig. 3, are

8Tt i§ a function of -
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broken at the crossed points and the filter of Fig.
5inserted. The resistafice seen by looking back
into the circuit across RI.2 must be considered a
part of R. The above analysis is approximate
mainly due to.the fact that this generator resist-
ance is not constant but: in the circuit of Fig. 3
tends fo be greater during sTr intervals. In
bractice, this is advantageous because it has the
effect of emphasizing relation (1) above.

~If & sufficiently high signal level is available,
tubes V2 and V3 are made to threshold, limit and
rectify the signal. This operation is -shown in
Fig, 6. The limiting action takes place as de-
scribed above and hereinafter. 'The thresholding
action is obtained by providing a more negative
grid bias, —Ee, than that required for plate cur-
rent cutoff. "For example, the values of RK2 and
Ri are so chosen-as to make the voltage across
RK2 sufficiently greater than cutoff, so that that
tube (say V2) ‘which is excited by the. positive
half cycle of the “differentially applied voltage
does not-draw plate ‘current until the -applied
grid voltage reaches a value V. As the excitation
grows the plate current grows until the maximum
tube current is obtained. ‘The current then flat-
tens off say at the point W of the grid excitation.
This point may be approximately at zero bias on
the grid of the tube then excited by the positive
cycle. - The plate current ipi through the tube be-
fore filtering is shown at the right of the diagram.
During this'time the negative portion of the tone
cycle is applied to the grid of tube V3 which is
already cutoff and no action ' takes place in this
tube.

When the:tube V3 is excited: by the positive
portion of ‘the tone cycle tube V3 cutoff bias —Ee
is overcome and this tube draws plate current
until maximum current is reached in this tube,-as
described above: This tube’s rectified output is
represented at the right of Pig. 6 by the block of
current ip2. :

The limiting action will automatically result if
the peak value of the input signal is ‘considerably
greater than the magnitude of the grid bias; as is
apparent from the .above description.: .Under
these: operating conditions, the grids might be

+ driven.considerably positive with Tespect to their

55
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cathodes. .In order to minimize the resulting ree-
tifier action in the grid circuit, and to improve
the limiting on positive peaks, it is desirable to
insert resistances 18 and 20 in the grid circuits of
V2 and V3 by the switching means shown in Fig.
3..'Due to the fact that insertion of these resist-
ances decreases the high frequency response of
the grid circuits and therefore tends to increase
d (Fig. 4), (mainly because the grid to cathode ¢a-
pacity of each tube sees a higher resistance gen-
erator), the resistance values used should be no

" larger than necessary.

It will be noted that. noise components. ete.;
within the adjustable limits V to V’ have no ef-
fect on the rectified output. The range V' to V
is adjusted by adjusting the bias —Ec applied to
the grids of the tubes V2 and V3. The more nega-
tive the grid bias is made, the greater the portion
of the signal that is thresholded out of: the output
circuit. - :

The invention might take the alternative form
shown in Fig. 7. Such an arrangement is useful
where for some reason it is desired to invert the
signal, i. e., produce current for recording in the
absence of “marking.” - In this circuit tubes V2
and V3 are supplied through resistances R6 and
R1:with a positive grid bias -+Ec.. Consequently:
both tubes normally pass current in the absence
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of tone input and-cause a voltage drop in RL2.
When-signal is-applied to the input-of the c1rcu1t
at:f, the tubes V2 and V3 alternately become non-
conductmg so that during “signal on” periods the
current thI'OU."“l RL? is supplied by one tuke in-
stead of two. tubes and then is about half as
strong as the current in RLZ during “signal off”
periods.  The operation of this circuit is clearly
illustrated by Fig. 8. - In this case thresholding is
obtained by means of the positive grid supply
voltage Ec. “At points V and V' the two tubes each
draw maximum current. This point-in the oper-
ation may coincide with zero grid bias. When one
tube say V2 receives the negative part of the tone
cycle the grid bias is reduced and the current ipl
falls as shown. - The other tube V3 then is excited
by -the positive part of the tone cycle but is al-
ready operating at maximum plate current and
its cutput does not change. . When the negative
parts of the tone current is applled to tube V3 the
operation in the tubes is as described above. The
rectified outputs of the two tubes is shown at the
right of the plate current curves. The amount of
thresholding is adjusted by changing the bias Ec
within limits.

As in Fig. 8, resistances 18 and 20 may be in-
cluded to limit grid current and minimize recti-
fication in the grid circuits on the positive por-
tion of the tone cycle.

. The criterion for selecting a suitable filter for
this circuit is similar to that previously outlined
for Fig. 3.

. Tt is clearly apparent that the principles of the
invention can be extended to multiple phase rec-
tifiers by feeding the common load resistor, RL2,
from additional tubes (similar to V2 and v3d)
whose input signals are shifted the appropriate
number of degrees with respect to the signals sup-
plied V2 and V3. For example, the invention may
be applied to three phase systems or four-phase
systems substantially as it is applied to the two-
phase or pushpull system.

We claim:

-1, In g signaling. sysﬁem in combination, a
source of keyed currents, & multiphase rectifier
. system; a -.phase splitting device coupling said
source to said multiphase rectifier system for ap-
plying the keyed currents thereto, a load im-
pedance coupled to the output of said rectifier
system means for biasing said rectifier system so
that the same responds only to multiphase cur-
rents which exceed a selected minimum intensity
and are less than a selected maximum. intensity,
series capacity and resistance connected in shunt
to- said load impedance and an output circuit
connected across said capacity. i

:2,.In a signaling systern in combination, a
multiphase rectifier system, a source of keyed
currents of sine wave form, a phase splitting de-
vice coupling said source to the rectifier system,
the current phases at the phase splitter output
corresponding to the number of phases in the
rectifier systemn, a load impedance coupled to said
rectifier system, and means for biasing the recti-
fier system so that the rectifiers for the different
phases respond -in sequence to currents of an in-
tensity above a - selected minimum and below a
selected maximum, =

3. Tn a signaling system in combination, g full-
wave rectifier, a source of keyed currents of sine
wave form, g phase inverter coupling said source
to-the input of said full-wave rectifier, a load
impedence coupled to the output of said full-wave
rectifier, and means for biasing said rectifiers so

-G

10

that -they are. glternatively operatlve for inter-
medlate portions of the half cycles of sald keyed
currents.

4, In a 51gnal1ng system in combmatmn two
tube rectifiers each having input and output elec-
trodes, a source-of keyed currents of sine wave
form, a phase inverter coupling said source to the
input electrodes of said tubes to apply said cur-
rents in pushpull relation to said rectifiers, a load
impedance coupling the output electrodes of sald
tubes in parallel, and a circuit for biasing said

 tubes so that: they are alternatively operative for
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intermediate portions of half cycles of said keyed
currents.

5. A system as recited in claim:3, wherein series
capacity and resistance is connected in shunt to.
said load impedance and the ocutput currents to
be utilized are obtained across the capacity.

6. In the apparatus for signaling with keyed
currents, a phase reverser having input-electrodes
excited by said keyed currents and having -out-
put electrodes from which correspondingly keyed
currents of oppesed polarity may be derived, &
full-wave rectifier comprising a pair of electron
discharge: systems having input electrodes in-
cluding control grids differentially excited by said
correspondingly keyed currents from the output
of said first tube and having output electrodes
coupled in parallel by a load impedance, and
means for biasing the control grids of said recti-
fiers by potentials such that the same become op-
erative to produce changes in the load current
only in the presence of currents of a -desired
polarity which exceed a selected value, said bias
and load impedance being such that the rectifiers
draw maximum current before the peaks of said
input currents are reached. :

7.'In the apparatus for signaling with keyed
currents, a phase reverser having input electrodes
excited by said keyed currents and having output
electrodes from which - correspondingly keyed
currents of opposed polarity may be derived, a
full-wave rectifier comprising a pair of electron
discharge systems” having input electrodes -in-
cluding control grids differentially excited by said
correspondingly keyed currénts from the output
of -said first tube and having output electrodes
coupled in parallel by a load -impedance, and
means for biasing the control grids of said recti-
fiers by negative potentials such that the same
become operative only in the presence of currents
of positive polarity which exceed a selected posi-
tive value, said bias and load impedance being
also such that the rectifiers draw maximum cur-
rent before the peaks of currents are reached.

8.'In the apparatus for signaling with keyed
currents, a phase reverser having input electrodes
excited by said keyed currents and having output -
electrodes from which  -correspondingly keyed
currents of opposed polarity may be derived, a
full-wave rectifier comprising a pair of electron
discharge systems having input electrodes in=

‘cluding control grids differentially excited by said

correspondingly keyed currents from the output
of said first tube and having output electrodes
coupled in- parallel by a load impedance, and
means for biasing the control grids of said recti-
fiers by positive potentials such that maximum
current flows in said load resistance in the ab-
sence of signals, which current is reduced in the
presence of currents of negative polarity which
exceed a selected value. 4
EUGENE R. SHENK.
JAMES-E, SMITH.



