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2 Claims.
The invention relates to telegraph signal trans-

mission systems and particularly to the slgnal

receiving circuits used in such systems.
The invention is particularly applicable to a
carrier telegraph system in which the spurts or

pulses of alternating carrier current transmitted

over the system represent marking signals and
the intermedicte intervals of no carrier represent
the spacing signals, and in which the receiving

circuit of the system includes one or more stages

of vacuum tube amplification for the received
carrier pulses followed by a signal demodulator
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and a polarized relay controlled from the output

of the latter for repeating the detected marking
and spacing signals.

a form of distortion, known as ‘“telegraph bias,”
which is evidenced by a difference in the dura-
tions of the marking and spacing signals as re-
peated by the receiving relay from those which
they had at the transmitting end of the system,

It has been found that the '1:
signals transmitted over such a system undergo
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due mainly to changes in the level of the received

carrier caused by variations in line equivalent,

and to a lesser extent due to changes in battery
voltages and receiving relay adjustments. Tele-
graph bias has been minimized by the use of
automatic control circuits, known as level com-
pensators, operating to apply a variable bias to
the control grid of one or more of the vacuum
- tubes in the circuit to adjust the gain of the re-
celving circuit in accordance with the amplitude
level of the detected signals. |

An object of the invention is to provide im-

proved operatmn of such telegraph receiving
circuits,

A more specific object is to reduce signal dis- .

tortion in a telegraph transmission system in-

cluding that type of distortion known as tele-
graph bias.

These objects are attained in accordance with

the in¥ention partly by deriving the variable bias

- ~applied to the control grid of one or more ampli-

fier tubes in the receiving circuit to adjust their
" gain for level compensation, from the control grid
circuit of an amplifying tetrode connected be-

- tweeh the demodulator and the polar receiving

- relay; and in part by a special arrangement of

D

20

for a voice frequency carrier telegraph system
embodying the invention:; and
Fig. 2 shows curves illustrating the operation

of the level compensator in the circuit of Fig. 1.

The receiving circuit of the invention is shown
in the drawing incorporated in one channel, A,
of a voice frequency carrier telegraph system.
The input of the receiving channel A (illustrated
in detail) of the carrier telegraph system of Fig.
1 is connected in parallel with the inputs of the
other receiving channels B, C . . . to the tele-
graph line L, through the 1:1 ratio transformer
or line coil | used primarily to separate the line,
which is balanced to ground, from the receiving

band fllters which are unsymmetrical networks

with one side grounded. The receiving channel
A includes in its input a band-pass filter 2, one
side of which is grounded as shown, for selecting
from the carrier modulated telegraph signal
waves received over the transmission line L, the
particular frequencies assigned to that channel.
The output of the filter 2 is connected by an
input transformer 3, which gives voltage ampli-
fication and serves to isolate the rest of the cir-
cuit from the ground on the receiving filter 2, to
the input of an amplifier comprising two pentode
amplifying vacuum tube stages & and 5 coupled
in tandem by the resistance-condeuser coupling
circuit 8. The first stage tube 4 is operated with
a variable control grid bias, and the second stage
amplifier tube § is operated with a fixed control
grid bias so that it serves as a simple amplifier.
The potentiometer 7T in the input of the amplifier
tube 4 is provided to regulate manually the

strength of the incoming signals.

The plate-cathode circuit of the amplifier tube

~ § is coupled by output transformer 8 across the

input diagonal of the full-wave copper-oxide rec-
tifler bridge 9 and the resistance 10 and parallel
col:denser {1 provided for flltering out the alter-

" nating current component of the detected signals

- the biasing and operating windings of the polar
receiving relay so as to provide a more rapid

transition from “mark"” to “space” and vice versa.
The various objects and features of the inven-

)

tion will be better understood from the following

detaiied description when read in conjunction

with the accompanying drawing in which:
Fig. 1 shows schematically a receiving circuit
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are shunted across the output diagonal of the
latter. The control grid-cathode circuit of the
amplifying tetrode 12 is coupled through the

» series resistance 13 and shunt resistance 18 across
the output of the rectifier 8, and is coupled by a

feedback circuit including the condenser-resist-

‘ance network 14 to the control grid-cathode cir-

cuit of the first tube 4 of the alternating current
amplifier to provide the variable bias on that
tube for level compensation.

The operating winding 15 and the opposing bi-
asing winding {8 of the polar receiving relay RR
are connected in series between the plate and
cathode of the amplifyling tetrode 12, and both




n
2 . . L]

- windings are 'connected to the plate battery 17
of that tube through a rather large common re-

sistance 28. The screen grid of the tetrode 12

is positively biased by the plate battery 17
through the rheostat 19 shunted around the bias-
- ing winding 18 of relay RR and reistance 28§ in
Series.
The other elements of the circuit of the inven-
- tion as shown in the drawing will be referred to
in the following complete description of opera-
tion.

When no carrier current has been received

from the line L for some time, the control grid .

of the first tube 4 of the alternating current am-
plifier 1s unbiased and the cathode of the direct
current amplifier tube (2 is positive with re-
spect to the control grid of that tube because
of the voltage drop produced in the resistance
I3 by current from the plate battery 17. Under
these conditions, the plate current of the direct
current amplifier tube (2 and hence the cur-
rent transmitted through the operating winding
I8 of the polar relay RR are negligible. On the
other hand, current of about 17 mils flows
through the biasing winding 16 of the relay RR
from battery (7, causing the armature of that
relay to be held firmly on the spacing contact 8.

The incoming carrier wave modulated in ac-
cordance with the marking and spacing signals,

generated at the transmitting end of the system.

(not shown) received over the transmission line
- L is impressed by the line coil | on the input of
the receiving channels A, B, C.... That portion
within the frequency range assigned to the re-
ceiving channel A will be selected by the receiv-
Ing band-pass filter 2 therein, and the selected
waves will be impressed by the transformer 3
on the control grid-cathode circuit of the first
pentode amplifying stage & of the alternating
current amplifier. The impressed carrier pulses
will be amplified by the amplifying tubes 4 and §
of the alternating current ampliflier, and the am-~
plified waves will be applied by the output trans-
former 8 to the input of the copper-oxide recti-
fler bridge 9 and will be rectified therein. The
resultant direct current voltage across the re-
sistance (8 due to rectification of the carrier
pulses in copper-oxide rectifier bridge 9, will be
impressed between the cathode and the control
grid of the direct current amplifier tube 12. This
positive voltage will be large compared to the
negative bias on the control grid of that tube,
and hence the control grid-cathode space of tube
i2 becomes conductive. The resultant control
grid current through the resistance 20 will cause
the condensers 21, 22 and 23 in the condenser-
resistance network 14 to be charged. The volt-
age drop across the condenser 21 is in a direc-
tion to add to the original bias between the cath-
ode and the control grid of the direct current
amplifier tube 12 causing that grid to become
somewhat more negative, but the effect on the
operation of the tube is very slight because the
change in control grid bias is but a small frac-
tion of the whole. Part of the voltage across
the condenser 21 appears across the condenser
23 and is impressed on the control grid of the
alternating current amplifier tube 4.

The signaling voltage impressed on the con-
trol grid-cathode circuit of the amplifier tube 4
across the potentiometer 1 is quite small com-
pared to the total range of the tube character-
istic. The relation is shown graphically in Fig.
4. By changing the bias b, the point of opera-
tlon on the characteristic may be shifted. It
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will be evident that the greater b isin.
tive direction, the smaller the current { will be
for a given valye of voltage v. Hence,
input voltage increases due to a decrease
loss of line L to a value sut:hu.m.theresulﬂn(
current {2 may be kept identical with {1 by chang-

ing the bias from »; to b1 The amplifier tube 4,

&8 an amplifier of varying amplificaggon.

After a very long spacing signal the condens-
ers 24, 22 and 23 in the condenser-resistance net-
work (4 will all be discharged and
of the amplifier tube 4 wil] be at a

applied to the contro} grid-cathode circuit of the
amplifier tube 12 g heavy controj] grid-cathode
current resulting and the condenser 21 charges

which is excessive, because
the control tube 4 has not had time to act. The

Proper biasing voltage to apply to the control grid
of the amplifier tube 4 is, therefore, less than that
across the condenser 21. This is taken care of
by the action of the voltage divider formed by the
two condensers 22 and 23 in which the condenser
22 has only about one-twelfth of the capacity of
the condenser 23. Hence, at first only one-
twelfth of the voltage across the condenser 21 js
applied to the control grid of the tube 4. This
reduce its gain somewhat. As current continues
coming in, the condenser 22 gradually discharges
through the parallel resistance 24, thereby in-
creasing the voltage across the condenser 23 and
further reducing the amplification of the ampli-
fler tube 4. Condenser 21 discharges through the
parallel resistance 20 at about the same rate,
since the two circuits have approximately equal
time constants. If marking ig maintained for a
sufficient length of time, the condenser 22 will be-
come fully discharged while the voltage across
the condenser 23 will become equal to that aACross
the condenser 21 without objectionable oscilla-
tions developing in the control grid bias of the
tube 4 due to “hunting” between the charges on
condensers 21 and 23. During the transmission
of ordinary telegraph signal text, there is a tend-
ency for the level compensator condensers 21 and
23 to discharge during the spacing intervals and
to charge during the marking intervals, but the
voltage across the condenser 21, which is a large

across the condenser 23 changes a great deal less.
. The effect of the condenser 22 is to screen the
_ from sudden changes in the voltage
of the condenser 2| while permitting the con-
denser 23 to assume the same average voltage as
the condenser 21. This is brought about because
the resistance 24 in parallel with the condenser
| to rapid voltage changes and
for such rapid voltage Changes acts as if it were
not there so that the voltage divides in

Proportion to the capacity of the condensers 22

and 23, where the condenser 23 is

large com-
pared to condenser 22. However, in

the case of

slow changes in voltage across the condenser 2,
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such as will result from variations in the trans-
mission loss of the line I, the resistance 24 will
act practically as a short circuit around the con-
denser 22 and the voltage of the condenser 23
will follow these slow voltage changes faithfully.
An advantage of the condenser-resistance ar-
rangement {84 is that “hits,” such as result from
distant lightning, have little effect on the con-
trol grid bias of the amplifier tube 4.

After rectification and amplification, the en-
velopes of the carrier signals supplied from the
input of the receiving filter 2 in the receiving
channel A appear as direct current pulses closely
similar to those originating in the sending chan-
nel at the other station. These direct current
pulses will pass from the plate of the amplifier
tube 12 through the operating winding {5 of the
polar relay RR which is biased to its spacing con-
tact S by the normal current fSowing through
the biasing winding 16 from battery i1, causing
the operation of the relay to its marking contact
M. Because of the large resistance 25 connected
between the mid-point of the operating winding
15 and the biasing winding 16, and the positive
terminal of the plate battery 11, as the plate cur-
rent of the amplifier tube 12 increases the bias-
ing current in the biasing winding (6 of the polar
relay RR will decrease. The various resistances
shown in the circuit of the biasing winding {6
are proportioned so that when no carrier current
is received and the plate current of the amplifier
tube 12 is zero, the baising current through the
biasing winding {6 of relay RR has a maXimum
value of gbout 17 mils, while when the plate
current of tube 12 rises to its maximum wvalue
which was about 25 mils in the receiving circuit
which has been constructed, the biasing current
is very small. The two currents equalize when
each is about 10 mils. This, therefore, corre-
sponds to the operating point of the relay. The
arrangement of the biasing and operating wind-
ings of the relay RR which has been described,
provides a rapld transition in the magnetizing
" force operating on the relay armature as the

signals go from “mark” to “space” and vice

versa, which favors distortionless operation. The
- point of operation of the relay RR may be varied
over 8 considerable range to secure unbiased sig-
nals by changing the screen grid voltage of the
amplifier tube 12 by adjustment of the movable
arm of rheostat 19. It will be noted that with this
arrangement zero bias is obtained hy varying the
operating current of the relay to compensate for
a fixed bias instead of the reverse as is usually
the case. |

The milliammeter M shown as connected across
the serles resistance 28 in the plate circuit of
the amplifier tube 12 by the switch may be used
for reading directly the current passing through
the operating winding 15 of the polar relay RR.

As pointed out above, the amplifier 12 is ar-
ranged to give a substantially constant current
into the receiving relay RR for a considerable
range of variation in its input. Since increases

and decreases in its input level due to varia-

tions in the loss of the line L are equally likely
to happen, the sensitivity of the detector 8 should
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be adjusted to correspond to approximately the
middle of the compensation range when the level
of the received current is at its normal value.
Various modifications of the circuits illustrated
and described which are within the spirit and
scope of the invention will occur to persons skilled
in the art. -
What is claimed is:

1. In g telegraph system in which pulses of
carrier current separated by intervals of no cur-

rent are used for marking and spacing telegraph
signals, respectively, a transmission medium sub-
ject to variable loss for transmitting said signals
and a signal receiving circuit connected to said
medium including a rectifier for rectifying the
received signal pulses, an electron discharge am-
plifying device having electrodes including a
cathode, an anode and a control grid, and cir-
cuits therefor, a source of anode current for said
device, means for applying the rectified signal
pulses to the control grid-cathode circuit of sald
amplifying device, a large resistance, a polar re-
lay for repeating the marking and spacing sig-
nals amplified by said amplifying device compris-
ing a relay armature, an operating winding and
an oppositely poled biasing winding connected in
series between the anode and cathode of said
device, and to said anode battery in common
through said large resistance so that when the
current through the operating winding of the re-
lay increases during marking signaling intervals
the biasing current to said biasing winding de-
creases, to provide a more rapid transition in
the magnetizing force operating on the relay
armature as the signals go from mark to space
and vice versa. |

2. A receiving circuit for a carrier telegraph
system transmitting pulses of alternating carrier
current separated by intervals of no current re-
spectively representing marking and spacing tele-
graph signals, comprising an amplifier for am-
plifying the received carrier pulses, a rectifier for
rectifying the amplified pulses, an electron dis-
charge amplifying device having a control grid-
cathode circuit supplied with the rectified pulses,
and an anode-cathode circuit including a source
of space current, a polar telegraph relay having
an armature, marking and spacing contacts, a
biasing winding normally energized from said
source to maintain the relay armature on its

‘spacing contact, and an operating winding ener-

gized by the output current of said amplifying
electron discharge device in response to the rec-
tifiled marking signals applied to the control grid-
cathode circuit of sald device, to operate said
armature to its marking contact, the operating
and biasing windings of sald relay being con-
nected to said space current source through a
relatively large common resistance so that the
biasing current flowing in said biasing winding
decreases as the operating current in sald oper-
ating winding increases, thus providing a more
rapid transition in the magnetizing force applied
to said relay armature when operated from said
spacing contact to said marking contact and vice
versa, B
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