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31 Claims.

This invention relates to telegraph signal re-
ceiving apparatus and particularly to signal re-
spcnsive selector mechanisms for receiving re-
corders such as teletypewriter printers and re-
perforators.

An object of the mvention is to provide a noa-
mechanical substitute for mechanical and elec-
tromechanical receiving telegraph signal -distrib-
utors.

Angther object of the mventlon is to distribute
successively received impulses of a telegraph sig-
nal combination by electron dlscharge instru-
mentalities.

Axother obiject of the invention is to operate
the distributing electron dlscha.rge mstrumental-
ities in starizstop manner.

Anocther object of the invention is to control the
operation of the distributing electron discharge
instrumentalities by an electron dlscharge ‘gen-
erator of timing impulses.

Another object of the invention is to provide
cyclic overlap between an electronic receiving se-~
lector mechanism and a teletypewriter recorder.

Another object of the invention is to provide a
simple and effective method and means for accu-
rately checking the timing of an electromc receiv-
ing distributor.

The invention features an electronic oscillator
circuit for timing the impulse interval allotted to
each received impulse of telegraph signal.

The invention also features a chain circuit of
electron discharge tubes operable in start-stop
manner for distributing received telegraph im-
pulses and for timing the interval allotted to each
received code combination of telegraph signals.

The invention also features electron discharge
means for storing the successively received tele~
graph impulses.

»'The invention also features means for trans-
ferring the selective conditions stored in the elec-
tron discharge storing means to mechanical se-
lector elements.

In accordance with the prefered embodiment
of the invention, telegraph signals are received by
a line relay having an armature operable hetween
marking and spacing contacts. With the arma-
ture held steadily on the marking contact a cir-
cuit is completed through the discharge path of
an electron discharge tube and through a reso-
nant circuit, causing steady current to flow in the
resonant circuit and preventing oscillation of the
circuit. When the receiving relay responds to the
start pulse of a permutation code telegraph signal
combination the armature of the receiving relay
goes to the spacing contact, interrupting the cir-
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cuit through the electron discharge tube and
through the resonant circuit and permitting the
circuit to oscillate. An electron discharge tube
associated with the resonant circuit feeds back
energy into the circuit to compensate for resistive
losses and to maintain constant amplitude of
oscillation. )

A counting chain of electron discharge tubes is
controlled by the oscillatory circuif, the tubes be-
ing fired in succession one for each cycle of cur-
rent in the oscillatory circuit. Each cycle of the
oscillatory current has a duration equal to one
impulse interval of the telegraph signals so that
the tubes in the counting chain are rendered con-
ductive in succession in timed relation to received
impulses. Five of the tubes in the counting chain,
upon being fired, prime five electron discharge
tubes, the function of which is to store selective
conditions corresponding to the marking or spac-
ing character of received significant impulses of
the telegraph signals. Subsequent to the priming

- of each of the storing tubes, a detector device de-
‘rives an impulse from the oscillatory circuit for

additionally priming the storing tubes. This im-

25 pulse is applied to all of the tubes but since they
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are individually primed in succession by the
counting tubes only one storing tube at a time is
primed additively by the derived impulse and by
a counting tube. If the armature of the receiving
relay is on the marking contact at the time the
derived impulse additively primes a tube, that one-
of the sforing tubes which is then primed.by a
counting tube is rendered conductive. If the
armature of the receiving relay is on the spacing
contact at the time that the derived impulse
primes the storing tubes, none of the tubes which
is then non-conductive will be rendered conduc-
tive. From this it will be apparent that a storing
tube is rendered conductive by the conjoint oc--
currence of three conditions, namely, priming by
a counting tube and further priming by the de-
rived impulse with the armature of the receiving
relay then presented on the marking contact.

"Each of the storing tubes upon being rendered

conductive remains conductive.

Following the selective firing or non-firing of
the last of the five storing tubes a transfer relay
is operated under the control of the counting
chain’of tubes to transfer the selective condition
of the five storing tubes to another set of five
electron discharge tubes which upon being ren-
dered conductive quench the five storing tubes.
The anode circuits of the five tubes to which the
selective condition is transferred include relays
which become selectively energized and locked.
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The five relays selectively complete the energizing
circuits of the five selector magnets of s printing
telegraph receiving recorder of the type having
its selector elements controlled by individual
selector magnets, as will be identified hereinafter.
The printing telegraph receiving recorder is pro-
vided with a sixth magnet, the functicn of which
is to set in operation mechanism for giving effect
to the selective condition established in the selec-
tor elements and for performing the reccrding or
other function represented by the selection. Ap-
paratus is provided operable under the control ef
the transfer relay for operating the sixth magnet.
Upon the restoration of the transfer relay to its
normal condition the selective condition estab-
lished in the selector magnets, in the relays which
control the selector magnets, and in the electron
discharge tubes which control the relays is de-
leted in preparation for reception of the next

signal combination, which may proceed while the 2

recording or other functicn is being performed
in the printing telegraph receiving recorder, thus
providing for cyclic overlap as between the elec-
tronic receiving distributor and transfer mech-
anism and the recorder.

The last tube in the counting chain of electron
discharge tubes represents the stop condition
which is the final pulse of start-stop permutation
code signals and this tube, upon being activated,
reactivates the electron discharge tube which was
quenched under the control of the receiving relay
upon the response thereof to the start signal.
The discharge current in the latter tube again
flowing through the resonant circuit of the oscil-
lator stops oscillation in that circuit, and the
counting operation in the counting chain is ar-
rested until the start pulse of the next code com-
bination is received.

The invention includes provisicn of simple and
efficient means for timing the cperation of the
oscillatory circuit to a frequency such that each
cycle has a duration equal to the signaling im-
pulse interval. This means comprises a milliam-
meter which may be connected between the
resonant circuit and the electron discharge tube
which. starts and stops the oscillatory current in
that circuit. When signals are tc be received
continuously the interval during which the gen-
erator of oscillatory current is stopped and cur-
rent flows in the electron discharge tube which
starts and stops the oscillatory circuit should
bear a predetermined relation to the interval
during which the oscillatory circuit is in oper-
ation and no current fiows in the electron dis-
charge tube.
measuring the current through the electron dis-
charge tube it will be incapable of rising to reg-
istration of the full current value during the in-
terval that current flows and will be incapable of
tafling to zero during the interval that no cur-
rent flows but will register a substantially steady
value of current representing an average of the
current over the whole period of stopped and
running conditions of the oscillator. The proper
value of average current may be calculated by
multiplying the value of current which flows
when a steady marking condition is being re-
ceived and the oscillator is stopped by the ratio
of the interval during which the oscillator is to
be stopped in each cycle when signals are being
received continuously to the sum of the desired
stopped time and the running time of the oscil-
1ator for one cycle. This calculation having
been made the constants of the resonant circuif
may be adjusted until the meter registers the

If a slow meter is employed for &
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calculated average value of current. The oscil-
lator will then be timed so that each cycle has
a durastion equal to one impulse interval of the
telegraph signals to be received and the oscillator
will be stopped for the desired interval.

For a complete understanding of the invention,
reference may be had to the following detailed

Gescription to be interpreted in the light of

the accompanying drawings, wherein:

Figs. 1 and 2, when arranged with Fig. 1 above
PFig. 2, show schematically the complete signal
receiving, distributing, transferring and record-
ing system; .

Fig. 3 is a chart of timing curves showing th )

cperating relations among several of the com-
ponents of the system; and

Fig, 4 is an isolated representation of a cold
cathode gas-filled tube having legends applied
to the electrodes thereof to facilitate compre-
hension of the cold c¢athode electron discharge
tube circuits of Fig. 2.

Referring to the drawings and particularly to
Fig. 1, the reference numeral [t designates a
biased polar receiving relay having its operating
winding connected to the tip and sleeve terminals
of jack 12. The biasing circuit; is eonnected to
conductors (3 and {4 which receive positive and
negative battery connection as will presently be
described, and the polarity and voltage on the
biasing winding are such that they seek ta oper-
ate the armature of relay il to the spacing con-
tact but are prevented from so operating the
armature when marking current flows through
the operating winding. Connection of the oper-
ating winding of relay It is made by the inser-
tion into jack 12 of a plug connected to the two
sides of a telegraph circuit..

The marking contact of relay il is eonnected

through conductor {3 and resistor {6 (Fig.2) to

front contact spring ( engageable by the upper
armature of a relay {1. The spacing contact of
receiving relay tl is connected through conductor
{4 and. resistor 18 to front contact spring 8 oper-
able by the lower armature of relay (1. The
armature of relay {1 is connected through con-
ductor i3 and resistor 23 to the main anode of
cold cathode gas-filled electron discharge tube 24,
and in paralle] therewith through conductor 26,
secondary winding of transformer 21, conductor
28, and resistors 294, 29B, 29C, 28D and 28E to
the control anodes of five cold cathode gas-filled
electron discharge tubes 2iA, 3B, 2iC, 3i{D and
SEE.

The upper and lower armatures of relay (1
are connected respectively to the positive and

negative poles of batteries 32 and 83 which have -

their other poles grounded. One terminal of the
winding of relay I7 is connected to battery 33
and the other terminal is connected to one spring

of locking key 34, the cther spring of which is :
connected to ground. Upon the aperation of key |

34 relay {7 becomes energized and connects posi-
tive and negative patentials from batteries 32 and
23, respectively, through its upper and lower ar-
matures respectively, ta conductors 13 and {4 re-
spectively. Assuming that -receiving relay | f

(Fig. 1) has been connected to a telegraph line |

circuit which is in the marking condition, the
armature will be on the marking contact and wijll !

remain there because the current in the biasing |
winding resulting from the connection of poten- !

tials to conductors I3. and 14 is insufficient to |

move the armature to the spacing contact. Thus

positive potential from battery 32 will be con-

nected through the marking contact and arma- :

~ -
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ture of relay it and through conductor I8 and
resistor 23 to the main anode of tube 24, and
through conductors 26 and 28 and resistors 29A
to 28% to the control anodes of tubes 31A to 3R,
Tube 24 will not be fired as a result of the oper-
ation of relay 17 because the potential is insuffi~
cient to break down the tube across its main gap.
Weither will the tubes 31A o 3{E be fired because
their cathodes are connected through individual
cathode resistors 371A, 31B, 31C, 31D and 31E
to conductor 36 which is connected to the junc-
tion of resistors 38 and 39 which comprise a po-
tential divider connected between ground and the
negative terminal of battery 33, the battery con-
nection being established through the lower ar-
mature and front contact spring 8 of relay 7
and conductor 4f to resistor 39. The potential

10
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difference between the junction of resistors 38 .

and 3% and the control-anodes of tubes 3IA to
3{E is insufficient to fire these tubes. :

Springs 2, 3, 4 and 5, 6, T of relay {1 operated
by the upper and lower armatures through
springs | and 8 respectively, are arranged to pro-
vide g momentary closure of a conductive path
when the relay is operated. Springs 2 and 1 are
connected through resistor 42 to spring [ of relay
{7 and thus become connected to positive battery
32 as relay {71 is operated. Springs 3 and 6 are
connected by conductor 43 to the control ancde
of the last tube 46G of a counting chain of cold
cathode gas-filled electron discharge tubes 4§A,
46B, 48C, 46D, 46E, 4SF and 46G. At the in-
stant in the operation of relay T when springs
2 and T have engaged springs 4 and 5 respective-
ly, and have not yet disengaged the latter springs
from springs 3 and 6 respectively, battery 32 will
be connected through resistor 42 to the control
anode of tube 46G for firing that tube as will
now be described.

The chain of counting tubes 46A to 48G is
similar to a counting chain of cold cathode tubes
shown and described in copending application,
Serial No. 460,948, filed October 6, 1942, by W. T.
Rea et al.
nected through individual cathode resistors 41A,
418, 41C, 41D, 41E, 4TF and 471G to conductor
43 which extends to negative battery 23 through
conductor 41 and spring 8 and lower grmature of
relay {1. The cathode resistors are shunted by
individual condensers 494, 49B, 43C, 49D, 49E,
49F and 89G. The cathode of each of the tubes
is connected to the conftrol anode of the tube
following it through a resistor, and beginning with
the resistor connected between the cathode of
tube 46A and the control anode of tube 46B and
ending with the resistor connected between tubes

These tubes have their cathodes con--

20

28

3

of tube 46G is connected through conductor 62,
primary winciug of ansformer 63 which is
shunted by condenser 64 and varistor 66, to con-
ductor 57 from which a previously traced path
extends to contact spring | of relay IT.

Since the cathode of tube 46G receives nega-
tive battery connection from battery 33 as the
lower armature of relay {1 engages spring 8
and the control anode of this tube receives posi-
tive battery connection from battery 32 momen-
tarily during the interval of interengagement of
springs 2, 3 and 4 and springs 5, 6§ and 1, the
voltage of batteries 32 and 33 in series-aiding
relation is connected across the control gap of
tube 46G momentarily. This voltage is sufficient
to break down the control gap which fires and

-ionizes the main gap so that the discharge trans-

fers to that gap and current flows belween the
cathode and main anode. The anode circuit of
tube 486G includes the primary winding of trans-
former 63 and the rising current in the primary
develops a voltage in the primary of the trans-
former. The voltage developed in the primary
is of such polarity that varistor 66 offers high
resistance to flow of current by such voltage. Ac-

. cordingly, this voltage is not dissipated and a
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467 and 486G, these resistors are designated 5{A, -

5¢B, BIC, EID, §5{E and 5{F. The cathode of
tube 46¢x is connected to the control anode of tube
46A through conductor 52 and resistor 51G thus
establishing a closed ring of interconnections.
The control anode of each tube is connected
through an individual condenser designated 53A,
538, 53C, 53D, 53E, 537 and 53G to a conductor
54 which is connected to one terminal of the
secondary winding of transformer 56, the other
terminal of which is connected to ground. ‘The
anodes of tubes 4€A to 46X are connected through
conductor 57, resistor 58 and conductor 59 to
contact spring 1 of relay 171 which receives posi-
tive battery connection from battery 32 through
the upper armature of relay {1 when the relay
is operated. The anode of tube 46F is connected
through the operating winding of a relay 61 and
through resistor 58 to conductor 59, The anode

- -
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voltage is mduced in the secondary of the trans-
former.

The secondary of transformer 63 is connected
between the control anode and the cathode of
tube 24. The voltage induced in the secondary
winding of transformer 63 is sufficient to break
down the control gap of tube 24 which fires and
the discharge transfers to the main gap, the
current flowing from the positive terminal of
battery 32 through the upper armature and front
contact spring | of relay 17, resistor {8, conduc-
tor 13, marking contact and armature of line
relay {1, conductor 19, resistor 23, main gap of
tube 24, conductor 67, closed circuit contacts of
a jack 68, conductors 69 and 11 and upper and
lower windings of inductance 12 to ground.

The upper end of the upper winding of induct-
ance T2 is connected through resistor 73 to the
grid of the left-hand triode section of twin triode
electron discharge tube 14. The cathode of the
left-hand triode section of tube 74 is connected
through variable resistor 76 to the junction of
the upper and lower windings of inductance 72.
A resistor 17 is connected between the grid of the
left-hand triode section of tube 74 and the junc-
tion of the upper and lower windings of induct-
ance T2. The anode of the left-hand triode sec-
tion of tube 14 is connected through conductors
18 and 59 and through front contact spring { and
upper armature of relay {7 to the positive ter-
minal of battery 32. A variable condenser 18 is
connected in parallel with inductance 72 between
conductor 69 and ground.

Inductance 12, condenser 79 and the left-hand
triode section of tube 74 comprise a start-stop
oscillatory circuit. With the armature of line
relay 11 on its marking contact and steady cur-

rent flowing through discharge tube 24 and in-

ductance 712, condenser 719 iIs charged to a steady
value and the circuit does not oscillate. When
the armature of relay f! is operated to spacing,
as in response to the start impulse of & received
start-stop telegraph signal, the discharge circuit
of tube 24 is interrupted and the tube is quenched.
Thereupon the resonant circuit comprising in-
ductance 12 and condenser 19 begins to oscillate,
The cathode return circuit of the left-hand triode
section of tube 74 is through a part of variable
resistor 76 and through the lower winding of in-

- -
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ductance 12 to ground. The current in the left-
hand triode section of tube 74 is varied in accord-
ance with the oscillatory current in the resonant
eircuit since the grid of the tube is connected to
the upper end of the upper winding of inductance
12. The lower winding cf the inductance feeds
energy back into the upper winding and thus into
the resonant circuit and the variable resistor 78
is preferably adjusted so that the energy fed back
into the oscillatory circuit just compensates for
the resistive losses in the circuit and maintains
oscillation at constant amplitude. Condenser 78
is preferably adjusted so that the rescnant circuit
oscillates at a frequency of one cycle per impulse
interval of received telegraph signals.

The voltage that is developed across the reso-
nant circuit is applied through the resistor 81 to
the grid of the right-hand triode section of tube
14, which operates as a detector, and through
the resistor 82 to the grid of the left-hand triode
section of twin triode electron discharge tube 83
which also operates as a detector. The cathode
of the right-hand triode section of tube 74 is con-~
nected to the junction of resistors 84 and 86 which
form a potential divider between positive conduc-
tor 18 and ground. The anode of the right-hand
triode section of tube 14 is connected through the
primary winding of transformer 56 to positive
conductor 18.

The cathode of the left-hand triode section of
tube 83 is connected to the adjustable contactor
of a potential divider resistor 87 which is con-
nected in series with a fixed resistor 88 between
positive conductor 18 and a conductor 88 which
ijs connected to conductor 48 and thus reeceives
negative potential from battery 33. The anode
of the left-hand triode section of tube 83 is con-
nected through resistor 81 to the adjustable con-
tactor of a potential divider resistor 92 which is
connected in series with a fixed resistor 93 be-
tween positive conductor 78 and negative con-
ductor 88. The anode of the left-hand triode
section of tube 83 is also connected through con-
denser 84 to the junetien of resistors 95 and 986
connected in series between the grid of the right-
hand triode section of tube 83 which operates
as an amplifier and negative conductor 89. The
cathode of the right-hand friode section of tube
83 is connected to negative conductor 89 and the

anode of the right-hand triode section of the tube

is connected through the primary winding of
transformer 27 to positive conductor 18.

When the voltage across the resonant circuif
is more negative than the cathode potentials of

the right-hand triode section of tube 74 and the &

left-hand triode section of tube &3, no anode
current flows in these tube sections. When the
voltage across the resonant circuit is more posi-
.tive than these cathode potentials anode current
flows. At the end of each odd half cycle of the
oscillator the initiation of plate current in the
right-hand triode of tube 74 causes an impulse to
be formed in the primary winding of transformer
56. At the end of each even half cycle the decay
of anode current produces a larger impulse of
opposite polarity to occur in the primary wind-
ing of transformer 56. Near the end of each odd
half cycle the initiaticn of plate current in the
left-hand triode of tube 83 applies a negative
impulse through condenser 84 to the grid of the
right-hand triode of tube 82, thus momentarily
cutting off the flow of plate current in this triode
and producing an amplified impulse in the pri-
mary winding of transformer 27. Near the end
of each even half cycle the decay of plate current
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in the left-hand triode of tube 83 applies a posi-
tive impulse through condenser 94 to the grid of
the right-hand triode thus momentarily slightly
inereasing the flow of plate current in the latter
triode and producing in the primary winding of
transformer 27 an amplified impulse of smaller
magnitude and of opposite polarity to that pro-
guced at the end of the odd half cycle,

By virtue of the connection of the cathode of
the left-hand triode of tube 83 to potential di-
vider 87 and the connection of the anode of that
section to potential divider 92, the potential of
the cathode withh respect to- negative conductor
8¢ may be varied without changing the anode-
to-cathode potential. By varying the settings
of the two potentiometers, which may be gauged
for simple control, the impulses produced by the
left-hand triode of tube 83 may be oriented with
respect to the start transition of the received
signals. For example, when the cathode poten-
tia]l is made more positive the impulses produced
at the ends of the odd half cycles are delayed and
those produced at the ends of even half cycles
are advanced.

At some time near the center of the received
start impulse, depending upcn the adjustments
of potential dividers 87 and $2, an impulse is
produced in the primary winding of transformer
91. The voltage of this impulse in series with -
the voltage supplied over conductors 19 and 2§
from the armature of receiving relay {1l is ap-
plied through resistors 28A to 29E inclusive, to
the control anodes of tubes 31A to 31E inclusive.
At. this time the armature of relay f1I is on the
spacing contact and negative potential is sup-
plied over conductors 19 and 26 so that none of
the tubes 21A to SIE inclusive, can be fired by
the voltage induced in the secondary winding
of transformer. 27.

At the end of the start pulse the right-hand
triode section of tube 74 produces a positive im-
pulse in the secondary winding of transformer
56 which. is applied through condensers $3A to

3G inclusive, to the control anodes of the tubes
45A. to 453 inclusive, With tukte 48G having
peen rendered conductive as previously de-
scribed, the tube 48A is primed by virtue of the
connection of the cathode of tube 4§G to the
control snode of tube 48A through conductor 52
and resistor 51G. The impuise generated in the
secondary of transformer 53 is of sufficient volt-
age to fire only any one of the tubes 48A to 435G
which has been primed and accordingly only the
tube 48A becomes conductive in its control gap.
The discharge transfers immediately to the main
gap and the discharge current flows through
cathode resistor 4TA and common anode resist-
or 58.

The initial discharge current in tube 45A
flows to charge condenser 49A and for this reason
a potential difference across the cathode resistor
4TA builds up slowly. I is a characteristic of
cold cathode gas-filied tubes of the type em-
ployed: for the tubes 88A to 486G inclusive, that
ag soon ag the main gap fires the potential dif-
ference between the cathode and main ancde
decreases to the discharge sustaining potential,
which is considerably less than the main gap fir-
ing potential. This occurs before the potential of
the cathode has risen appreciably above the po-
tentiai of negative conductor 48 due to the delay
afforded by condenser £3A. Accordingly, the de-
crease in potential in the main gap of tube 48A
s accompanied by reduction in the potential of

78 conductor 57 to a less positive value, the com-
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mon anode resistor 58 accommodating this de-
crease by exhibiting an increase in the potential
across it. Since the main anodes of tubes 46B
to 46G inclusive, are also connected to condenser
57, tubes 463 to 4SE being connected directly,
tube 46F being connected through the operating
winding of relay 51 snd tube 486G being con-
nected through the primary winding of trans-
former 53, the main anodes of these tuhes suf-
fer a coitesponding decrzase in potentizl. None
of the tubes 468 to 45F inclusive, is conductive
at this time so that no change occurs in these
tubes. Tube 468G is conductive and a potential
~ gifference exists across its cathode resistor 41G
and its cathode condenser 438G due to the dis-
charge current through the tube. The potential
difference between the main anode and the
cathode of tube 46G while the tube is conductive
is the discharge sustaining potential and with
the decrease in the potential of the main anode
the potential difference becomes less than sufii-
cient to sustain the discharge so that tube 48G
is automatically quenched. Following the

quenching of tube 486G the charge on condenser .

439G leaks off through cathode resistor 471G and
the potential of the cathode gradually returns
to the potential of negative conductor 48. By
virtue of this delay in lowering the potential of
the cathode of tube 46QG, time is afforded in
which the tube may become completely deion-
ized so that it will not be refired when the nor-
mal potential is restored to the main anodes of
all of the tubes 46A to 46G, inclusive, which oc-
curs when condenser 49A becomes charged to the
potential produced by the full discharge current
of tube 48A flowing through cathode resistor
47A. In this way the firing of any one of the
tubes 46A to 46G inclusive, automatically ac-
complishes the quenching of any other one of
the tubes through which a discharge current is
then flowing.

As the current dies out in tube 46G, a voltage
is developed in the primary of transformer 63
which is of the opposite polarity of that which
previously induced a voltage in the secondary
to fire tube 24. Varistor 66 provides a low re-
sistance path for current flowing as a result of
the development of this voltage and thus the
primary of transformer 63 is substantially short-
circuited with respect to a voltage of this po-
larity and no impulse is induced in the second-
ary of the transformer so that tube 24 does not
become refired.

The cathode of each of the tubes 464, 45B, &6C,
48D and 46E is connected by an md1vxdua} re-
sistor 974, 918, 971C, 31D and 97E respectively,
to the control anode of each of the tubes 31A,
3iB, 31C, 3i{D and 3{E respectively. Thus as
tube 4TA becomes conductive, the control anode
of the tube 31A is made more positive with re-
spect to the cathode of that tube.

As previously described the impulse in the sec-
ondary of transformer 56 which effected the firing
of tube 46A occurred substantially at the end of
the start pulse. Thereafter about the middle of
the first significant pulse of the signal being re-
ceived the right-hand triode section of tube 83 in-
duces a second impulse in the secondary of trans-
former 27 under the control of the left-hand triode
of tube 83. This impulse is applied through the re-
sistors 29A to 29E inclusive, to the control anodes
of all of the tubes 3{A to 31E inclusive. If the
signaling impulse to which line relay 11 is then
responding is of marking nature, positive polarity
will be applied through the secondary of trans-
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former 21 to the control anodes of the tubes 31A
to 3IE, and this voltage will be in aiding relation
to the impulse induced in the secondary of trans-
former 21. These voltages in aiding relation are
sufficient to fire one of the tubes 31A to 3IE only
if such tubes are already primed under the con-
trol of tubes 46A to 46E inclusive. Since tube
3{A is the only one which is so primed at this
time only the tube 3{A will be rendered conduc-
tive. If instead of a marking signal the relay [
is at this time responding to a spacing signal the
voltage applied over conductor 26 and through the
secondary of transformer 27 to the control anodes
of the tubes 3(A to 3IE inclusive, will be negative
and will be in opposition to the positive impulse
induced in the secondary of transformer 27 thus
preventing the firing of any one of the tubes 31A
to 3{E inclusive, even though such tube is at
that time primed by the corresponding one of the
tubes 48A to 46E inclusive. By way of recapitula-
tion it may be stated that three conditions must
obtain simultaneously in order for one of the tubes
31A to 31E inclusive, to be fired. The tube must
be primed under the control of its associated
tube in the counting chain of tubes 46A to 458G
inclusive, the armature of receiving relay 11 must
be on its marking contact to supply a positive
voltage to the control anode of the tube and a
positive impulse must be induced in the secondary
of transformer-27 under the control of the right-
hand triode of tube 83. The tubes 46A to 46E
inclusive, prepare the tubes 31A to 31E inclusive,
to be fired in the proper order, the receiving relay
{f determines whether or not a prepared one of
the tubes 31A to 31E will be fired in accordance
with reception of marking and spacing signals
and the right-hand triode section of tube 83 de-
termines the instant at which firing impulses are
produced.

The curves shown in Fig. 3 ﬂlustrate graphlcal-
ly the voltage and current conditions which give
rise to the operation of the .counting tubes 46A
to 46G and storing tubes 3f{A to 3{E under the
control of the oscillator, and the severs) curves
will now be described.

Curve A represents the current in the oscil-
latory circuit, which has a steady value prior to
the beginning of the start pulse and as oscil-
lation begins the current rises slightly and falls
to zero in the first quarter cycle following recep-
tion of the start pulse.,

Curve B represents the voltage across the con-
denser 19, having a small positive value during
the steady current due to the resistive drop across
inductance 12, and decreasing to negative maxi-
mum in the first quarter cycle. This curve alse
represents the potential applied to the grid of the
right-hand tricde of tube 74 and to the grid of
the left-hand triode of tube 83. These grid po-
tentials are expressed by curve B with respect to
ground and not with respect to their cathodes,
which' are more positive than ground.

Curve C represents curreng in the right-hand
triode of tube 74. Due to the presence of the in-
ductive primary of transformer 56 in the plate
circuit, the current rises gradually from its nor-
mal value at the beginning of each positive half
cycle of curve B and falls sharply to its normal
value at the end of each positive half cycle.

Curve D represents voltage induced in the sec-
ondary of transformer 58 due to current in the
primary in accordance with curve C. For each
gradual rise in the primary current, indicated in
curve C, a small negative pulse is induced in the
secondary, and for each abrupt fall in the primary
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current a large positive pulse is induced in the
secondary.

Curve E represents the plate current in the
left-hand tricde of tube 83 as the grid voltage is
varied according to curve B. As there is no in-
ductance in the plate circuit of this section of the
tube, the current rises and falls with equal sharp-
ness, differing from the current in the right-hand
triode of tube 14 as represented by curve C. Al
parts of curve E are positive.

Curve F represents the plate potential of the
left-hand triode of tube 83. All values are posi-
tive and the changes are opposite to those of
curve k. -

Curve G represents the potential of the grid
of the right-hand triode of tube 83 relative to its
cathode potential, which is represented by the
dash line. The changes of potentfial are momen-
tary due to the fact that the plate potentials of
the left-hand -triode of the tube are impressed
on the grid of the right-hand triode through con-
denser §4 which readjusts itself after a moment
to the new potential on the plate of the left-hand
triode section, thus restoring the grid of the right-
hand triode to its normal potential. Considering
the cathode as a reference potential, the grid
goes negative momentarily about the end of each
odd or negative half cycle of the oscillator voltage
and goes more positive than normal momentarily
about the end of each even or positive half cycle.
The changes in curves E, F and G may be varied
relative to the cycles of oscillatory current by
varying the potential dividers 87 and 82, but for
the purposes of the present description they are
presumed to coincide with the ends of half cycles.

Curve H represents the plate current in the
right-hand triode of tube 83. It indicates that
the conductivity drops sharply as the grid poten-
tial decreases, and rises slowly due to the presence
of the primary of transformer 27 in the plate
circuit. The right-hand triode is operated well
up toward saturation, so that when the grid po-
tential goes more positive than normal, the in-
crease in current is much smaller than the de-
crease produced by a decrease in grid potential
of the same magnitude as the grid potential
increases.

Curve J represents the potfentials induced in
the secondary of transformer 271 as a result of
the changes in primary current represented in
curve H. The positive impulses at the ends of
odd half cycles produced by the decrease in cur-
rent are momentary and large, with a small nega-
tive swing immediately following the positive
swing due to the rise in plate current in the pri-
mary. At the end of each even half cycle there
is a small negative pulse induced in the trans-
former secondary followed by a small positive
pulse produced by the small momentary rise in
primary current.

Curves K—{, K—2, etc., are individual curves
each representing the potential across the cath-
ode resistors associated individually with the
tubes 485G and 46A to 46F. Tube 48%G is con-
ductive during idle intervals and during the start
pulse, and tubes 46A to 453G are fired in succession
at the end of each even cr positive half cycle by
the successive positive pulses represented in curve
D. Since each tube quenches the one preceding
it, the curves of the potentials of any fwo succes-
sive ones of the resistors intersect due to the fact
that a rise in potential in one overlaps a fall in
potential of the other.

Curve L represents the application of potentials
across the control gaps of tubes 31A to 3IE and
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the relation of these potentials to the control gap
firing threshold is represented by the straight
dash line. The potential across the control gaps
of all of these tubes rises and falls as the receiving
relay goes marking and spacing respectively. At
the beginning of the start pulse of spacing nature
the potential across these gaps decreases. About
the middle of the start pulse the first positive and
immediately following small negative pulses rep-
resented in curve J cause the potential across
the control gaps to rise momentarily then to fall
momentarily below the immediately preceding
previous steady or spacing value, and to return
to that value.

Assuming that the first selecting pulse is mark~
ing, the control gap potential for a marking con-
dition is restored at the end of the start pulse,
and about the same time tube 46A is fired, giving
a further rise to the potential across the control
gap of tube 3{A by virtue of the increased poten-
tial across resistor 47A (curve K—2). At this
time the small negative pulse occurring in the
secondary of transformer 21 and represented in
curve J tends to reduce slightly the potential
increasing effects of restoration of the receiving
relay to marking, and in the case of tube 3I(A,
by the potential across resistor 47TA, but this
opposing effect is negligible. ~About the middle
of the first selecting pulse the second large posi-
tive pulse represented in curve J momentarily
raises the control gap potentials of all of the
tubes 31A to 2{E. In the case of tube 31A the
potential rises above the control gap firing
threshold as indicated by the solid line of the
curve, and the tube fires. In the case of the other
four tubes, the potential does not rise to the firing
threshold as indicated by the dotted line portion
of the curve, and they remain unfired.

Assuming that the second selecting pulse is of
spacing nature, the potentials of the control gaps
fall, under the control of the receiving relay, but
tube 46B is fired and the potential across cathode
resistor 41B increases, as represented by curve
K—2, thus partially or completely counteracting
the decrease in potential across the control gap
of tube 3(B. About the middle of the second
selecting pulse the control gap potentials of the
tubes 21A to 3{E are increased by the third large
positive pulse represented in curve J, but in no
case does the potential rise to the control gap
firing threshold, so tubes 31B to 3|E remain un-
fired. Of course, tube 31A, already conductive
in its main gap, remains conductive so that po-
tential variations across its control gap during
the remainder of the impulse intervals have no
effect upon it.

Neither of the cathode resistors 41F nor 41G
of tubes 46F and 456G exercises any control over
the control gap potentials of tubes 31A to 31E so
that about the beginning of the stop pulse these
gaps are restored to their initial potentials. Af
about the same time the main gaps of those cf
the tubes 3{A to 3IE that are conductive are
quenched under the indirect control of tube 46F.
About the middle of the stop pulse the last large
positive pulse represented in ctrve J momentarily
raises the potentials of the control gaps, but these
potentials do not reach the firing threshold, and
the control gaps do not fire.

One oscillator cycle after the firing of tube
46F, tube 458G fires, and in turn fires tube 24. At
this time the-eurrent in the oscillatory cireuit
and the voltage across the condenser 79 have
reached their initial values, and the direct current
flowing through tube 24 and inductance 12 sus-
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tains them at these values, thereby stopping oscil-
lation.

Each of the tubes 2{A to 3{E inclusive, has its
anode connected through an individual load re-
sistor 98A, 98B, 88C, 28D and 98E to positive con-
ductor §9. By virtue of the provision of individual
anode load resistors the tube 3{A or any cther
one of the tubes in the series does not reduce
the potential of conductor 59 as the potential
across the main gap of the tube decreases from
the firing potential to the discharge sustaining
potential so that the firing of any of the tubes
does not result in the quenching of any other one
of the tubes that is then conductive. Thus as
the reception of telegraph impulses continues and
tubes 46B, 46C, 46D and 46E are fired in turn
and prepare the tubes 31B, 3{C, 3ID and 3{E to
be fired and these latter tubes are fired selectively
in accordance with the reception of marking sig-
nal impulses, they remain conductive.

The cathode of tube 31A is connected through
resistors 99A and {81A in series to positive con-
ductor 59. Similarly, the cathodes of tubes 3IB,
31C, 3iD and 3!E are connected through indi-
vidual pairs of series resistors 8B and {018, 99C
and 10IC, 99D and {0ID and 99E and {0IE to
positive conductor §8. The junction of resistors
98A and (81A is connected through a resistor
102A to the control anode of a cold cathode gas-
filled tube {03A. Similarly, the junctions of re-
sistors 89B and 18{B, 98C and I8IC, 39D and
{0iD and 99E and (8!E are connected through
individual resistors 102B, {62C, (92D and (02E
respectively, to the control anodes of cold cath-
ode gas-filled tubes 193B, 183C, {83D and (03E
respectively. The resistors (01A, 98A and cathode
resistor 37TA associated with tube 3{A and corre-
sponding resistors associated with the cathodes
of each tube 8138, 3{C, 3ID and 3!E form poten-
tial dividers to establish the potentials of the
cathodes at predetermined equal values below the
potential of positive conductor 59 when the tubes
31A to 31E are not conductive. When these tubes
are rendered conductive selectively the cathodes
become less negative with respect to conductor 59
by the increase in potential difference across their
cathode resistors STA to 3TE inclusive, resulting
from the flow of discharge current. This corre-
spondingly reduces the potential difference across
the series of resistors 10¢A and $8A associated
with tube 31A and corresponding resistors asso-
ciated with tubes 21B to 3{E inclusive, and renders
the junction of these resistors less negative with
respect to positive conductcr 89 than when the
tubes were non-conductive. Thus as each of the
tubes 31A to 3{E inclusive, is selectively rendered
conductive the potential of the control anode of
the associated tube 16EA to {83E inclusive, is
rendered more positive than it previously was.

The cathodes of tubes 103A to {83E inclusive,
are contiected in multiple to conductor 184 which
extends to the left-hand or off-normal contact of
relay 61. The armature of this relay at this time
engages its normal or right-hand contact, being
operated to that contact by current through the
biasing winding for the reason that there is no

current in the operating winding, this winding

being included in the anode circuit of tube 46F
in the counting chain which has not yet been
activated. Thus as the control anodes of tubes
f03A to {83E inclusive, are selectively rendered
more positive under the control of tubes 3{A to
3 E inclusive, the tubes 183A to (03E. will be
primed but will not be rendered conductive be-
cause their cathode circuits are open.
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As the reception of telegraph impulses proceeds
the third, fourth, fifth and sixth of the positive
impulses induced in the secondary of transformer
27 about the middle of the second, third, fourth
and fifth of the significant impulse intervals
cause the firing of tubes 31B, 3IC, 31D and 3IE
if the armature of receiving relay §1 is on the
marking contact at the instant that the impulses
are induced in the secondary of transformer 21.
About the end of the impulse interval correspond-
ing to the last significant element of the received
code, at which time tube 46E is conductive and
tube 46F is primed, the sixth positive impulse is
induced in the secondary of transformer 56 which
fires tube 46F which in turn quenches tube 46E.
The discharge in tube 46F transfers to the main
gap, the circuit of which includes the coperating
winding of relay 61, so that the armature of that
relay is moved to the off-norma] or left-hand con-
tact. The armature of relay 6f is connected to
the negative terminal of battery 104, the positive
terminal of which is connected to ground and the
potential applied through the armature and off-
normal contact of relay 61 to the cathodes of
tubes 103A to (03E inclusive, is sufficiently nega-
tive to fire simultaneously those of the tubes [03A
to 103E which have been primed, Those of the
tubes 183A to 18638 which have their control an-
cdes associated with the tubes in the series 31A
to 31E which have not been fired are not primed
and accordingly such tubes in the series {03A to
{02E are not fired. . --. .. o : .

The main anodes of tubes {03A to 103E are con-
nected through individual resistors {064, 1068,
106C, 106D and |08E respectively, and conductors
(814, 101B, 101C, {0TD and (01E respectively, ex-
tending into Fig. 1 to one terminal of the operat-
ing winding of each of the relays 108A, (08B,
108C, 108D and 108K respectively. The other ter-
minal of the operating winding of each of the

relays {08A to (08E is connected through'an in-

dividual resistor 109A, 109B, 10SC, 109D or {09E
to conductor 11{ which extends into Fig. 2 and
is there connected to positive conductor 89. -Thus
the relays 108A to 1068E become selectively oper-
ated in the anode circuits of the tubes (03A to
i03E inclusive, when those tubes are selectively
activated. :

The main anode of tube 103A is connected
through a condenser {{2A to the main gnode of
tube 31A. Similarly, the main anodes of tubes
1038, 103C, (63D and {03E are connected through
individual condensers i{2B, {12C, 112D and [{2E
to the main anodes of tubkes 318, 3IC, 3ID and
3IE. As the discharge in each of the tubes 103A
to {03E which becomes selectively activated trans-
fers to the main discharge path an impulse is
transmitted through the associated condenser
1 §2A to 112E, inclusive, which lowers the potential
of the main anodes of the associated tubes 3(A
to 3IE with respect to their cathodes below the
discharge sustaining potential and quenches the
tubes. In this way the received signal conditions
stored in the tubes 31A to 3{E are transferred to
the tubes {03A to [03E and the tubes 31A to 3IE
are restored to non-conductive condition in
preparation for reception of the next code signal
combination. '

One impulse interval after the firing of tube
45F, tube 486G which has been primed by tube 46F
is fired by an.impulse induced in the secondary
of transformer 58. As the discharge transfers to
the main gap current rises in the primary wind-
ing of transformer 63 and induces a voltage in
the secondary winding which refires tube 24. The

x4
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steady anode current in tube 24 flows through
inductance 72 charging condenser 19 -and stopping
oscillation in the resonant circuit. Since tube 24
fires at the end of the seventh cycle produced by
the oscillator, the currents and voltages in the
oscillatory circuit have at that instant returned
to their initial values, provided the decrement of
the oscillation is zero, and hence the oscillator
stops without a transient. If, however, the decre-
ment is other than zero, the final voltages and
currents will have values greater or smaller than
the initial values, an¢ a small stopping transient
will result. The value of resistor 23 is so chosen
that the oscillator circuit is critically damped
after tube 24 has fired, and hence the stopping
transient is as short as possible in duration. The
" firing of the main gap of tube 24 and stopping of
the oscillator occurs only if the line relay {( is
responding to the stop signal of marking nature
and has its armature operated to the marking
contact because the main anode of tube 24 re-
ceives positive potential through the armature
and marking contact of relay ({. Tube 46G upon
firing quenches tube 46F and thus the counting
chain of tubes 46A to 46E completes a receiving
cycle and is in the condition which existed prior
to the reception of the start signal.

- With the quenching of tube 46F current ceases
to flow in the operating winding of relay 61 and
the biasing winding restores the armature to the
right-hand or normal contact. This causes bat-
tery 164 of negative polarity to be connected over
conductor ({2 extending into Fig. 1 from which
a path is fraced through resistor {13, conductor
{{4 and upper winding of relay (16 to ground.
The function of completion of the circuit of the
upper winding of relay { {6 will be described here-
inafter.

Referring again to the relays (08A {o {G8E, in~
clusive, it will be noted that their right-bhand
armatures are connected over conductor (7
to ground and that the front contacts with
which the right-hand armatures cooperate
are connected to individual electromagnets
1i8A, 1{8B, 1{18C, {I8D and (I8E. The
other terminal of each of these electromagnets
is connected. to one terminal of battery {I9
the other terminal of which is connected to
ground. As the relays {08A to {08E, inclusive, be-
came selectively operated the associated ones of
the eleciromagnets ({8A to { I8E were selectively
energized. Electromagnets {18A to {{8E repre-
sent the selecting magnets of a permutation code
selector mechanism in which the code bars, discs
or other selecting elements are operated by in-
dividual magnets. For example, the electromag-
nets 1{8A to {I18E may be the five selector mag-
nets of a permutation code operated printing tele-
graph receiving recorder such as that disclosed in
Patent 1,665,594, granted April 10, 1928, to H. L.
Krum, and the,disclosure of this patent is in-
corporated  herein by reference as part of the
present specification. Magnets (18A to {I8E op-
erate to set permutation code selector elements in
combinational positions corresponding to the
selectively energized magnets. A sixth magnet
{21, the energization of which will be described
later, is operable as is fully disclosed in the Krum
patent for establishing a driving connection be-
tween motor {22 and apparatus not disclosed
herein but fully disclosed in the patent for giving
effect to the selective setting of the code elements
and for performing the recording or functional
operation corresponding to such selection.

Reference is made to the previously described
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conductive path from the right-hand or normal
contact of relay 61 fo the orerating winding of
relay ({8. When the armature of relay 61 was
operated to the left-hand contact by tube 487, this
circuit of the operating winding of relay {16 was
interrupted, permitting the biasing winding of
this relay to operate the armature to the right-
hand contact. The armature of relay {16 is con-
nected to battery 126 and the left-hand contact
is connected through resistor (27 shunted by con-
denser {28 to one terminal cf printer controlling
magnet {2{ the cther terminal of which is con--
nected to the right-hand contact of a relay (28.
The operating winding of relay 128 and of a relay
129 in series with it are connected between
ground and the right-hand contact of relay ({6
from which there is also a connection through
resistor {3({ and condenser {32 to ground. Thus,
when the armature of relay {8 is on its left-hand
contact the circuit of the operating windings of
relays 128 and {29 is opened. The biasing wind-
ings of relays {28 and {29 which urge the arma-
tures of those relays to the left-hand contacts
when the circuit of the operating windings of the
relays is opened are connected through individual
resistors 133 and {34, respectively, to battery {26.
Resistor 133 Iias & higher value than resistor {34
so that the biasing winding of relay (29 carries
a larger biasing current than the biasing winding
of relay (28. Thus the conductive path through
magnet (21 is closed at the armature and left-
hand contact of relay {16 but is opened at the
right-hand contact and armature of relay 128
while the armature of relay 61 is on its right-hand
contact.

‘When the armature of relay 61 leaves its right-
hand contact, opening the circuit of the operating
winding of relay 1§, and completes the circuits of
selected ones of the relays {08A to {88E through
its left-hand contact and the tubes {83A to {03E
as previously described, the armature of relay ({6

. is moved by its biasing winding fo its right-hand
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contact connecting battery {26 to the operating
windings of relays {28 and {28 and through re-
sistor 131 to condenser 132 to operate the arma-
tures of relays i28 and (28 to their right-hand
contacts and to charge condenser {32, Although
the relays 128 and {29 have current of different
values in their biasing windings the current
through the operating windings has a value which
produces magnetic fields sufficiently exceeding the
magnetic fields produced by the biasing windings
to cperate the two relays substantialiy simul-
taneously to their right-hand contacts.

The armature of relay {23 is connected to
ground and its right-hand contact is connected
cver conductor {35 to the left-hand armature of
each of the relays {08A to 188E. The left-hand
front contacts of these relays are connected
through the left-hand or locking windings to con-
ductor 37 which is connected to one terminal of
battery {38 the other terminal of which is
grounded. Thus the relay 129 completes locking
circuits for those of the relays {08A to (38E which
have been selectively operated.

The armature of relay 128 is connected to the
left-hand contact of relay 128, Thus although
the relay 128 extends the conductive path of the
winding of magnet 121 through the armature and
right-hand contact of relay 128 to the left-hand
contact of relay (28, the circuit of magnet 121 is
not completed at this time because the armature
of relay 129 is engaging its right-hand contdct
and the armature of relay {16 is on its right-hand
contact. Upon the reoperation of the armature
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of relay 61 to the right-hand contact due to the
firing of tube 46G and consequent quenching of
tube 46F the circuit of the operating winding. of
relay (16 is reestablished and the armature is
restored to the left-hand contact, removing bat-
tery 126 from connection to the operatmg wind-
ings of relays {28 and {28 and again connecting
the battery to the left-hand terminal of magnet
f21. Condenser 132, which is now charged, be-
‘gins to discharge through resistors 121 and 138
and the operating windings of relays 128 and 129
holding the armatures of these relays on their
right-hand contacts after battery 128 has been
disconnected from the operating windings. As
the discharging current of condenser 132 de-
creases it reaches a value at which it is no longer
able to hold the armature of relay {29 on the
right-hand contact but is still able to hold the
armature of relay 128 on the right-hand contact,
this being due to the larger biasing current in
relay 129 than in relay (28. Accordingly, the
armature of relay 129 is restored to its left-hand
contact thereby connecting ground through its
armature and left-hand contact and through the
armature and right-hand contact of relay 128 to
complete the energizing circuit for magnet 21
which sets in operation the selecting and record-
ing mechanism of the printer by tripping a clutch
as is disclosed in the Krum patent. Only a mo-
mentary energization of magnet 12{ is necessary
to accomplish this, and after the necessary. in-
terval the discharge current of condenser {32 falls
to a value such that the operating winding of
relay 128 cannot hold the armature on the right-
hand contact and, accordingly, the biasing wind-
ing restores the armature to its left-hand posi-
tion opening the circuit of magnet (2{. It will be
noted that when the armature of relay 129 was re-
stored it interrupted the circuit of the locking
windings of relays {08A to {08E. The circuits
through the operating windings of these relays
were opened. at the cathodes of tubes {03A to
{83E when the armature of relay 61 was restored
to its normal or right-hand contact so that these
relays release and in turn release the selector
magnets ({8A to 1{8E. By reference to the Krum
patent it will be found that it is not necessary for
the selector magnet to remain energizeq during
the selecting and printing cycle for the reason
that the selector elements which they control be-
come locked in the selective setting established
by the magnets and the release of the magnets has
no effect on the selector elements. In fact the
selector magnets shown in the Krum patent mere-
ly trip latches which permit the selector elements
to be moved by springs to their marking positions
so that it is not necessary that the selector mag-
nets remain energized until the selector elements
are actually locked. Mechanism operated by the
operating motor of the printer which is designated
{22 in the present specification restores the se-
lector elements to latched condition in the spac-
ing position after a selection has been made and
the recording or functional operation has been
initiated preparatdry to control of the selector
elements by the selector magnets I18A to 1{8F in
response to the next received telegraph code com-
bination,

With the operation of magnet 121 and the re-
firing of counting chain tube 46G one full receiv-
ing cycle of the electronic receiving distributor
and fransfer mechanism has been completed.
The apparatus is in condition to respond to the
next telegraph signal combination which will be
preceded by a start signal which will quench tube
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24. 'This tube will start the oscillator circuit com-
prising inductance 712, condenser 19 and the left-
hand triode section of tube 14 which will cause
the counting chain of tubes 46A to 486G to be
activated and quenched in succession at intervals
corresponding to one impulse interval of the tele-
graph sighal. It will be noted that as between
the electronic receiving distributor mechanism
and the printing telegraph recorder substantially
a full cycle of overlap is provided. Received tele-
graph impulses are distributed by the tubes 46A
to 48G, inclusive, to the tubes 31A to 31E, inclu-
sive, and are stored in those tubes. After the last
significant impulse of a telegraph signal combina-
tion has been received the selective conditions
stored in the tubes 3f{A to 3IE are transferred
to the selector magnets ({8A and ((8E through
the tubes 183A to {03E and the relays 108A to
{08E. This selective condition is locked in the
selector-elements controlled by the selector mag-
nets and is deleted from the tubes 3{A to 3iE by
the tubes 103A to 103E. Thereafter, the selective
condition is deleted from the tubes {03A to 103
by relay 61 and finally is deleted from the relays
{08A to 108E and the selector magnets [18A to
{{8E by the relay 129 upon restoration of that

‘relay to normal and opening of the locking cir-

cuits of relays 108A to 108E. The completion of
the selecting operation in the printing telegraph
recorder and the performance of the recording or
functional operation may proceed during the stor-
ing of. the next received sxgnal combmatlon in
the tubes 31A to 3{E.

In Fig. 2 there is shown a simple and efrectwe
means for accurately checking and adjusting the
timing of the receiving distributor. This means
comprises jack 68 and a milliammeter 141 con-
nected to the terminals of a plug 142 adapted to
be inserted into jack 68. Upon insertion of the
jack into.the plug the closed circuit contacts of
the jack are opened and milliammeter 14{ is con-
nected into the discharge circuit of tube 24 be-
tween the cathode of the tube and inductance 712.

It is a characteristic of start-stop telegraph sys-

"tems that the receiving distributor operates

slightly faster than the transmitting distributor
in order that the receiving distributor shall com-
plete its cycle and actually be stopped before the
transmitting distributor completes its cycle. For
purposes of illustration let it be assumed that the
timing of the counting chain of tubes 46A to 46G
is to be adjusted to a cycle of duration 7.00 to re-
ceive signal combinations transmitted by a trans-
mitter in a cycle of duration 7.42. The time dur-
ing which the counting chain should be in opera-
tion and current in tube 24 will be at zero value
will be an interval of duration 7.00 and the time
during which tube 24 should be conductive and
the oscillator should be stopped will be an inter-
val of duration 7.42—7.00=.42. In other words
the counting chain is to be_in operation countmg
seven impulse intervals of duration 1 in a total
interval of duration 7.00 and is to be at rest for
an interval of duration .42 of one impulse inter-
val. The average current for the full period of
time from one firing of tube 24 to the next as
signals are received continuously would be the full
or steady state current multiplied by the interval
during which the current flows and divided by the
interval during which the current flows plus the
interval during which no current flows. This may
be expressed by the equation

Troam 221
AVT.00+ .42
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In order to adjust the timing of the counting
chain plug 142 is inserted into jack 68 to connect
milliammeter 141 in the circuit of tube 24 and
with line relay il responding to a steady marking
signal the value of the current flowing in tube 24
should be read from the milliammeter. This value
of current should be substituted for I in the above
equation and the value of the average current
(Iav) should be computed.

Following the computation of the theoretical
average current start-stop permutation code sig-
nals generated by a tape transmitter should be
fed into line relay {1 and the milliammeter (41
should be read. If milliammeter §41 is slow, which
is desirable, it will be unable during continuous
reception of signals to rise to registration of full
current in the tube 24 during the interval of dura-
tion .42 and will be unable to fall to zero during
the interval of duration 7.00. Instead, it will
register a substantially steady lesser value which
is approximately the average value of current for
the total interval of current on and current off in
tube 24. The average current read from the me-
ter will be higher than the computed average cur-
rent if the frequency of the oscillator is such as
to operate the counting chain through one cycle
in an interval of less than duration 7.00 and the
reading of the meter {41 will bé less than the cal-
culated average if the frequency of the oscillator
is too low. By changihg the value of condenser
19 the frequency of the osc¢illator may be varied
until the substantially steady reading of the mil-
liammeter 141 for continuous signal reception is
equal to the calculated value of average current.
The oscillator will then be correctly timed to pro-
vide an operating cycle of the counting chain of
tubes 46A to #6G of duration 7.00 and a rest inter-
val of duration .42 for continuous signal reception.

Although a particular embodiment of the in-
vention has been shown in the drawings and de-
seribed in the foregoing specification it will be
understood that the invention is not limifed to
such specific embodiment but is capable of modi-
fication, rearrangement and substitution of parts
and elements without departing from the spirit
of the invention and withih the scope of the
appended claims.

What is claimed is:

1. In a telegraph signal receiving device, signal
responsive means, a normally inactive impulse
generator, means controlled by said signal re-
sponsive means for setting said generator in op-
eration, means for ceunting the impulses pre-
duced by said generator, means conirolled jointly
by said generator, said counting means and said
signal responsive means for storing selective con-
ditions corresponding tio the sighal responsive op-
erations ,of said signal responsive means, and
means controlled by said storing means for mak-
ing a selection.

2. In a telegraph signal receiving device, signal
responsive means, a hormally inactive impulse
generator, means controlled by said sighal re-
sponsive means for setting $2id geherator in op-
eration, means for counting the impulses pro-
duced by said generator, means controlled jointly
by said generator, said counting means and said
signal responsive means for storing selective con-
ditions corresponding to the signal responsive
operations of said signal responsive means, a
selector mechanism, and means for transferring
said selective conditions from said storing means
to said selector mechanism.

3. In a telegraph sighal receiving device, a sig-
nal responsive means, a normally inactive im-
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pulse generstor, means contrelied by said signal
responsive means for setting said generator in
operation, means for counting the impulses pro-
duced by said generator, means controlled jointly
by said generator, said counting means and said
signal responsive means for storing selective con-
¢itions corresponding to the signal responsive op-
erations of said signal responsive means, a selec-
tor mechanism, and means controlled by said

) counting means for transferring said selective

conditions from said storing means to said selec-
tor mechanism.

4. In 2 telegraph signal receiving device, signal
responsive means, a normally inactive impulse

5 generator, means conirolled by said signal re-

sponsive means for setting said generator in op-
eration, means for counting the impulses pro-
duced by said generator, means controlled jointly
by sald generator, said counting means and szid
signal responsive means for storing selective con-
ditions corresponding to the signal responsive op-
erations of said signal responsive means, a selec-
tor mechanism, means for transferring said selec-
tive conditions from said storing means to said
selector mechanism, and means controlled by said
counting means for restoring said impulse gen-
erator to inactive condition.

5. In a telegraph signal receiving device, signal
responsive means, a normally inactive impulse
generator, electron discharge means controlled
by said signal responsive means for setting said
generator in operation, means for counting the
impulses produced by said generator, means con-
trolled jointly by said generator, said counting
means and said signal responsive means for stor-
ing selective conditions corresponding to the sig-
nal responsive operations of said signals respon-
sive means, a selector mechanism, means for
transferring said selective conditions from said
storing means to said selector mechanism, and
means controlled by said counting means upon
counting a predetermined number of impulses
for causing said electron discharge means to re-
store said impulse generator to inactive condition.

6. In a telegraph signal receiving device, signal
responsive means, a nermally inactive impulse
generator, normally conductive electron discharge
means rendered non-conductive by said signal
respensive means upon response thereof to g start
signal for activating said impulse generator,
means for counting the impulses produced by said
generator, means controlled jointly by said gen-
erator, said counting means and said signal re-
sponsive means for storing selective conditions
corresponding to the signal responsive operations
of said signal responsive means, a selector mech-
anism, means for transferring said selective con-
ditions from said storing means to said selector
mechanism, and means controlled by said count-
ing means upon counting a predetermined num-
ber of impulses for reactivating said electron dis-
charge means to cause said impulse generator to
be restored to inactive condition.

7. In a telegraph signal receiving device, a sig-
nal tesponsive means, 2 normally .inactive elec-
tronic generator of oscillatory current, means con-
trolled by said signal responsive means for set-
ting said generator in operation, means controlled
by said generator for deriving impulses at the
rate of at least one impulse per cycle of oscilla-
tory current, means for counting said impulses,
second ‘means controlled by .said generator for
deriving impulses at the rate of at least one im-
pulse per cycle of oscillatory current, means con-
trolled jointly by said signal responsive means,
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said counting means and said second impulse de-
riving means for storing selective conditions .cor-
responding to the signal responsive operations
of said signal responsive means, a selector mech-
anism, means controlled by said counting means
for transferring said selective conditions from said
storing means to said selector mechanism, and
means also controlled by said counting means for
_restoring said generator of oscillatory current to
" inactive condition.

8. In a telegraph signal receiving device, a plu-
rality of cold cathode electron discharge tubes
having main and control discharge paths, means
for priming the conirol discharge path of each
of said tubes in succession at predetermined in-
tervals, means for priming the control discharge
paths of all of said tubes momentarily during
the priming of each of said tubes by said first-
mentioned priming means, said second-men-
tioned priming means operating in aiding rela-
tion to said first-mentioned priming means, and
signal responsive means operable to aid or oppose
the priming of all of said tubes and effective
when aiding said priming to fire the particular
tube then primed by said first and second-men-
tioned priming means,

9. In a telegraph signal receiving device, a plu-
rality of cold cathode electron discharge tubes
having main and control discharge paths, a plu-
rality of other electron discharge tubes operable
in succession at predetermined intervals for prim-
ing the control discharge path of each of said
cold cathode tubes individually, means for prim-
ing the control discharge path of all of said cold
cathode tubes momentarily quring the priming
of each of said tubes by said other electron dis-
charge tubes, said momentarily operable priming
means cperating in aiding relation to the priming
by said other electron discharge tubes, and signal
responsive means operable to aid or oppose the
priming of all of said tubes and effective when
aiding said priming to fire the particular tube
then primed by said other electron discharge tube
and said momentarily operable priming means.

10. In a telegraph signal receiving device, a
plurality of ccld cathode electron discharge tubes
having main and control discharge paths, a plu-
rality of other electron discharge tubes operable
in succession at predetermined intervals for prim-
ing the control discharge path of each of said
cold cathode tubes individually, means for acti-
vating said other electron discharge tubes suc-
cessively, means confrolled by said activating
means for priming the control discharge paths
of all of said cold cathode tubes momentarily
during the priming of each of said tubes by said
other electron discharge tubes, said momentarily
operable priming means eperating in aiding rela-
tion to the priming by said other electron dis-
charge tubes, and signal responsive means oper-
able to aid or cppose the priming of all of said
cold cathode tubes and effective when aiding said
priming to fire the particular tube then primed
by said other electron discharge tubes and said
momentarily operable priming means. _

11, In a telegraph sighal receiving device, sig-
nal responsive means, a normally inactive impulse
generator, means controlled by said signal re-
sponsive means for setting said generator in oper-
ation, a series of electron discharge tubes oper-
able successively by said impulse generator, a plu-
rality of electron discharge tubes controllable
jointly by said signal responsive means and indi-
vidual ones of said first-mentioned electron dis-
charge tubes for storing selective conditions cor-
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responding to signaling impulses received by said
signal responsive means, and means controlled
by the last electron discharge tube of said first-
mentioned series of electron discharge tubes for
deactivating said impulse generator. ]

12. In a felegraph signal receiving device, sig-
nal responsive means, & normally inactive impulse
generator, means controlled by said signal re-
sponsive means for setting said generator in op-
eration, & series of electron discharge tubes oper-
able successively by said impulse generator, a plu-
rality of electron tubes controllable jointly by said
signal responsive means and individual ones of
said first-mentioned electron discharge tubes for
storing selective conditions corresponding to sig-
naling impulses received by said signal responsive
means, & recorder having selector elements,
means controlled by one of the electron dis-
charge tubes in said first-mentioned series of
tubes for transferring selective conditions stored
in said storing electron discharge tubes to said
selector elements,-and means controlled by the
last electron discharge tube in said first-men-
tioned series of electron discharge tubes for de-
activating said impulse.generator, )

13. In a permutation code signal receiver, sig-
nal responsive means, means for locally gener-
ating impulses in timed relation to signaling im-
pulses received by said signal responsive means,
electron discharge means for counting said locally
generated impulses, trigger action electron dis-
charge means controlled jointly by said signal-
responsive means and said electron discharge
counting means for storing selective conditions
corresponding to impulses received by said sig-
nal responsive means, a recording mechanism, a
plurality of selector elements for controlling said
recording mechanism, means controlled by said
counting means for transferring selective condi-
tions stored in:said electron discharge storing
means to said selector elements, and means also
controlled by said counting means upon counting
a predetermined number of locally generated im-
pulses for stopping said impulse generating
means.

14. In a permutation code signal receiver, sig-
nal responsive means; normally inactive means
for locally generating impulses in timed relation
to telegraph signaling impulses received by said
signal responsive means, means controlled by
said signal responsive means for sefting said im-
pulse generating means in operation, electron
discharge means for counting sald locally gener-
ated impulses, trigger action electron discharge
means controlled jointly by said signal-responsive
means and said eleciron discharge counting
means for storing selective conditions corre-
sponding to impulses received by said signal re-
sponsive means, a recording mechanism, a plu-
rality of selector elements for controlling said
recording mechanism, means confrolled by said
counting means for. transferring selective condi-
tions stored in said electron discharge storing
means to said selector elements, and means also
controlled by said counting means upon counting
a predetermined number of locally generated im-
pulses for restoring said impulse generating
means to inactive condition, :

15, In a permutation code signal receiver, sig-
nal responsive means, electron discharge means
for counting impulse intervals of signals received
by said signal responsive means, first electron
discharge storing means for suécessively storing
selective conditions corresponding to impulses
received by said signal responsive means, second

- .
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electron discharge storing means, means con-
trelled by said electron discharge counting means
for transierring to said second electron discharge
storing means selective conditions stored in said
first electron discharge storing means, a record-
ing mechanism, a plurality of selector elements
for controlling sajd recording mechanism, and
means controlled by said second electron dis-
charge storing means for actuating said selector
elements in accordance with selective conditions
stored in said second electron discharge storing
means.

16. In a printing telegraph receiver, signal re-
sponsive means, a first plurality of electron dis-
charge tubes arranged in a counting chain, means
for activating said tubes successively in timed
relstion to signaling impulses received by said
signal responsive means, a second plurality of
electron discharge tubes operable selectively in
succession under the joint control of said signal
responsive means, said counting chain of electron
discharge tubes and said counting chain activat-
ing means for storing selective conditions corre-
sponding to signaling impulses received by said
signal responsive means, a third plurality of elec-
tron discharge tubes, means controlled by said
counting chain of electron discharge tubes for
simultaneously transferring to said third plurality
of electron discharge tubes the selective condi-
tions stored in said second plurality of electron
discharge tubes, a recording mechanism, a plu-
rality of selector elements for controlling said
recording mechanism, and means controlled by
said third plurality of electron discharge tubes
for controlling said selector elements.

17. In a printing telegraph receiver, signal re-
sponsive means, means for locally generating
oscillatory current in cycles equal in duration to
telegraph signaling impulse intervals, means for
deriving impulses from said cycles of oscillatory
current in fixed time relation to said cycles, elec-
tronic means for counting said derived impulses,
means for deriving impulses from said cycles of
oscillatory current in variable time relation
thereto, electronic means controlled jointly by
said signal responsive means, said impulse count-
ing means and said second-mentioned impulse
deriving means for storing selective conditions
corresponding to impulses received by said signal
responsive means, a recording mechanism, s plu-
rality of selector elements for controlling said
recording mechanism, and means controlled by
said counting means for transferring selective

conditions stored in said electronic storing means

to said selector elements.

18. In a printing telegraph receiver, signal re-
sponsive means, means for generating ossilla-
tory current in cycles having a duration equal to
the impulse intervals of received telegraph sig-
nals, first impulse deriving means for deriving
impulses from said cycles of oscillatory current
in fixed time relation thereto, electronic means
for counting said impulses, second impulse deriv-
ing means for deriving impulses from said cycles
of oscillatory current, means for varying the time
relation of impulses derived by said second im-
pulse deriving means to said cycles of oscillatory
currznt, elecironic means conirolled jointly by
said signal responsive means, said impnilse count-
ing means and said second impulse deriving
means fer storing selective conditions corre-
sponding to impulses received by said signal re-
spopsive means, a recording mechanism, a plu-
rality of selector elements for controlling said
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recording mechanism, and means controlled by
said counting means for transferring selective
conditions stored in said electronic storing means
to said selector elements,

18. In a telegraph signal receiving device, sig-
nal responsive means, a start-stop oscillator,
means controlled by said signal responsive means
for starting said oscillator, means for counting
the cycles of oscillatory current generated by said
oscillator, means controlled by said counting
means for sbtoring selective conditions corre-
sponding to telegraph impulses received by said
signal responsive means, and means also cox-
trolled by said counting means upon counting a
predetermined number of cycles for stopping said
oscillator.

20. In a signal receiving device, signal respon-
sive means, a normally conductive electron dis-
charge device adapted to be deactivated by said
signal responsive means upon response thereof to
signals, an oscillatory circuit connected to con-
duct the discharge current of said tube and
adapted to generate oscillatory current upon the
deactivation of said tube, means for counting the
cycles of oscillatory current generated by said os-
cillatory circuit, means controlled by said count-
ing means for storing selective conditions corre-
sponding to signal impulses received by said signal
responsive means, and means also controlled by
said counting means upon counting a predeter-
mined number of cycles of oscillatory current for
reactivating said electron discharge tube whereby
to stop the generation of oscillatory current by
said oscillatory circuit.

21, In a signal receiving device, signal respon-
sive means, a normally conductive electron dis-
charge tube adapted to be deactivated by, said
signal responsive means Upon response thereof to
signals, an oscillatory circuit connected to con-
duct the. discharge current of said tube and
adapted to generate oscillatory current upon the
deactivation of said tube, means for counting the
cycles of oscillatory current generated by said
oscillatory circuit, means controlled by said
counting means for storing selective conditions
corresponding {o signal impulses received by said
signal responsive means, means controlled by said
counting means upcn counting a predetermined
number of cycles of oscillatory current for reac-
tivating said electron discharge tube whereby to
stop the generation of oscillatory current by said
oscillatory circuit, and means for measuring the
average value of the discharge curreni of said
tube over a period of a plurality of alternate con-
ditions of activation and deactivation of said tube.

22. In a signal receiving device, signal respon-
sive means, a normally conductive electron dis-
charge tube adapted to be deactivated by said
signal responsive means upon response thereof to
signals, an oscillatory circuit connected to con-
duct the discharge current of said tube and
adapied to generate oscillatory current upon the
deactivation of said tube, means for counting the
cyeles of oscillatory current generated by said
oscillatory eircuit, means controlled by said count-
ing means for storing seleciive conditions corre-
sponding to signal impulses received by said sig-
nal responsive means, means also controlled by
said counting means upon counting a predeter-
mined number of cycles of oscillatory current for
reactivating said electron discharge tube whereby
to stop the generation of oscillatory current by
said oscillatory circuit, means for measuring the
average value of the discharge current of said
tube over a period of a plurality of alternate con-

-
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-ditions of activation and deactivation of said tube,

.and means for varying the frequency of oscil-
latory current generated by said oscillatory cir-
cuit whereby to vary the period of activation of
said electron discharge tube and to bring said
average value of the discharge current {o a pre-
determined value characteristic of the desired fre-
quency of said oscillatory current. -

23, In a signal receiving device, signal respon-
sive means, a normally conductive electron dis-
-charge tube adapted to be deactivated by said sig-
nal responsive- means upon response thereof to
signals, an oscillatory circuit connected to con-
duct the discharge current of said ftube and
adapted to generate oscillatory current upon the
deactivation of said tube, means for counting
the cycles of oscillatory current generated by said
oscillatory circuit, means controlled by said count-
ing means upon counting a predetermined num-
ber of cycles of oscillatory current for reactivat-
ing said electron discharge tube whereby to stcp
the generation of oscillatory current by said os-
cillatory circuit, means for measuring the aver-
age value of the discharge current of said tube
over a period of a plurality of alternate condi-
tions of activation and deactivation of said tube,
and means for varying the frequency of oscillatory
current generated by said oscillatory circuit
whereby to vary the period of activation of said
electron discharge tube and to bring said average
current to a predetermined value characteristic
of the desired frequency of said oscillatory cur-
rent.

24. In an electrical system, a normally con-

ductive electron discharge tube, an oscillatory cir- 33

cuit connected to conduct the discharge current
of said tube and adapted to generate oscillatory
current upon the deactivation of said tube, means
for deactivating said tube, means for counting

the cycles of oscillatory current generated by 4

said oscillatory circuit, means controlled by said
counting means upon counting a predetermined
number of cycles of oscillatory current for reac-
tivating said electron discharge tube whereby to
stop the generation of oscillatory current by said
oscillatory circuit, means for measuring the av-
erage value of the discharge current of said tube
over a period of a plurality of alternate condi-
tions of activation and deactivaticn of said tube,
and means for varying the frequency of oscillatory
current generated by said oscillatory circuit
whereby to vary the period of activation of said
electron discharge tube and to bring said average
current to a predetermined value characteristic
of the desired frequency cf said oscillatory cur-
rent.
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25. In an electrical system, a normally conduc- -

tive direct current path, an oscillatory .circuit
connected to said path and adapted upon inter-
ruption of said path to generate oscillatory cur-
rent, means for interrupting said path, means
for counting the cycles of oscillatory current gen-
erated by said oscillatory circuit, means controlled
by said counting means upon counting a pre-
determined number of cycles for reclosing said

" direct current path whereby to stop the genera-

tion of oscillatory current by said oscillatory cir-
cuit, means for measuring the average value of
direct current in said path over a period of a
plurality of alternately closed and interrupted
conditions of said path, and means for varying
the frequency of oscillatory current generated
by sald oscillatory circuit whereby to vary the
period of closure of said path and to bring said
average current to a2 predetermined value charac-
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- teristic of the desired frequency of said oscillatory

current.
26. In an electrical system including a resonant
circuit adapted to conduct direct current for a

-part of a predetermined interval and to conduct

oscillatory current for the remainder of said pre-
determined interval, the method of establishing
a predetermined ratio between the two parts of
said interval which comprises measuring the
value of said cirect current, computing the aver-
age value of direct current as if spread over said
predetermined interval, measuring the average
value of direct current during said predetermined
interval, and adjusting the constants of said reso-
nant’ circuit until said measured average value
of direct current equals said.computed value.-

" 27. In an electrical system including a resonant
circuit adapted to conduct direct current for a
part of a predetermined interval and to conduct
oscillatory current for the remainder of said in-
terval, the method of establishing a predeter-
mined ratio between the two parts of said interval
which comprises measuring the value of said
direct current, computing the average value of
said direct current as if spread over said pre-
determined interval as the product of said meas-
ured value of current and the ratio of the desired
duration of said direct current flow to said pre-
determined interval, measuring the average value
of direct current during said predetermined inter-
val, and adjusting the constants of said resonant
circuit until said measured average value of direct
current equals said computed value.

28. In an electrical system including a resonant
circuit adapted to conduct direct current from
an external source for a part of a predetermined
interval and to conduct self-generated oscillatory
current for the remainder of said predetermined
interval, said periods of conductivity of direct
and oscillatory current occurring alternately, the
method of establishing a predetermined ratio
between the two parts of said predetermined in-
terval which comprises measuring the value of
direct current Sowing into said circuit, computing
the average value of said direct current as if
spread over said predetermined interval as the
product of said measured value of current and
the ratio of the desired duration of said direct
current flow to said predetermined interval, meas-
uring the average value of direct current during
said predetermined interval, and adjusting the
constants of said resonant circuit until said meas-
ured average value of direct current equals said
computed value.

28. In an electrical eircuit including a resonant
circuit adapted to conduct direct current from
an external source for a part of a predetermined
interval and to conduct self-generated oscillatory
current at a predetermined frequency for the
remainder of said interval, said periods of con-
ductivity of direct and oscillatory current occur-
ring alternately, the method of establishing said
predetermined frequency of said oscillatory cur-
rent which comprises measuring the value of
direct current flowing into said circuit, computing
the average value of said direct current as if
spread over said predetermined interval as the
product of said measured value of current and
the ratio of the desired duration of said direct
current flow to said predetermined interval,
measuring the average value of direct current
during continuous alternation of periods of direct
current flow and oscillatory current generation,
counting the cycles of oscillatory current, and
adjusting the constants of said resonant circuit



14

until the measured average value of direct cur-
rent equals said computed value during repeti-
tious counting of a fixed number of cycles of
oscillatory current.

30. In a telegraph signal receiving devme sig-
nal responsive means, a start-stop oscillator, a
chain of cold cathode electron discharge tubes
for counting cycles of said oscillator, an oscillator
controlling cold cathode electron discharge tube
controllable by said signal responsive means and
effective when conductive in its main gap to
maintain said oscillator stopped, sources of elec-
trical potential for said oscillator and said tubes,
means for connecting said sources of potential
to said oscillator and said tubes, means effective
momentarily upon operation of said counting
means for connecting a breakdown potential
across the control gap of one of the tubes of said
chain to cause said one tube to become conductive
in its main gap, and means connected between
said one tube and said oscillator controlling tube
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for firing the control gap of sald oscillator con-
trolling tube to cause said oscillator controlling
tube to become conducfive: in its main gap and
estop ‘operation of said dscillator.”

31. In a telegraph signal receiving device, sig-
nal responsive means, a start-stop oscillator, a
chain of cold cathode electron discharge tubes
controlled by said oscillator for distributing the
signa] impulses received by said signal responsive
means, sources of electrical potential for said
tubes, means for connecting said sources of po-
tentlal to said tubes, and means effective momen-
tarily upon operation of said connecting means
for connecting a firing potential across the control
gap of one of said tubes to cause said one tube
to become conductive in its main gap in prepara-
tion for dlstnbutlve operatlon of said chain of
tubes.
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