L. A. THOMAS ETAL 2,534,387

MORSE CODE PRINTING SYSTEM

Dec. 19, 1950

5 Sheets—Sheet 1

Filed Nov. 15, 1946

L0/

F00/5L 100

S— AYT7Y L00 \\N\ Z7

MEHIAYTTY O
WA 0L &

\AAAL

;
3l

AAAA
LAAAS

AAAAA

4

YWONIT 105
i

+ VYVVY
77
\x< qukNasseuww——l|u
“mw “m&: mW &NQ
= T
it X 3 |-
‘MWWMJ ))\\((’MMW“W“«({ \Q‘H
\Vﬁﬂw\ mﬁ“ﬂ&ﬁﬁm “v
L
+

Y
RIY
S§
X
9 X
Sux 2
=
7 mmmwm
EXA
Am& _
kQu\ N >
< WB
S
T 0




2,534,387

L. A, THOMAS ET AL
MORSE CODE PRINTING SYSTEM

Dec. 19, 1950

5 Sheets—Sheet 2

Filed Nov. 15, 1946

N\m_ /A _ A N
G = =2tz | o oor| ¥¥
¥ ] s oy = 0 \wa_ Nk
11 —~¢Hwr T RN
\ .IH v | < < ot @m,ﬂ. z
b3 2 E3 T]IEEQS0E
SRR
{ { e ,\ 2G| | | BSN -
28 e v a1 wwa M&
-
w 97z ||| [72¢ LS "
Lo L—o- Lo +
= 7%= === | P21 NP
? P L \\Www Za0ME 0L
3 , o GIT
uv »e NS
F 5| 2=ti|les || 1|llgz | =%
T . wZ ||| M —2 “
M%\ -/ b3 ! < : N - nm \\ : nm. ‘ &mwﬂ\ \J .KQ““WNQKQB
PCoaw| _13||[ 7w _JE|| e _JE|| [ 7w N2 31174 o—, PO/
e L~ [ La [ ~ N\Q\k& §Q§
o o o LI - 407 <12 /8 SOITONY 0L
| o a7 .4 =
[N . E. & le: sl o
. gy " pao evor - zwoa AR AT A T




Dec. 19, 1950 L. A. THOMAS ETAL 2,534,387

MORSE CODE PRINTING SYSTEM

Filed Nov. 15, 1946 5 Sheets-Sheet 3
~ N N B
wEOE § S S8 § &%
SSSY S §3 3 8 38 S S8 . -d
—X E— — S0
W% ‘ e
N VJ e
N S wtz«: _
[ ,o_w——r@‘ﬁo__ﬂ],
W — 2
| o r<§E)*
L= &1
o
N .
N : - €D
N T T
N
-;\ ]@“
—k. /W &
«© — (D
s R —o
N N T oo
\ \ lQh.
I(Qg)-'
S y

T_____ev:ﬁ

S . s An B Y FYOS Oguid

S § 8§ & T s x5 & ¥x3%

S § 388 §§ 3§88 8§88

S < . INVENTOR?

S L EWIS 4. THIMRE, EVSENE R. SHENK

K : Ny by  GIANES A.SPENCER
'SB WS % vt
R ATTORNEY




Dec. 19, 1950 L. A. THOMAS ETAL 2,534,387
MORSE CODE PRINTING SYSTEM
Filed Nov. 15, 1946 5 Sheets-Sheet 4

-

NCOMING TONE Bec e F 6 HITT KLMNGPA RS
5544414#/1:4:,4///:%

Ly B B e B
G0 OF TYBEID

L7177 o T e W W ey W
U/FFEA’E/VMWEDL B A A

S/IGMAL PULEES ~—V v v 4
INLEADS (4,03, 4

JFFEIEA/f/ﬂfED
/ s 66 A A A A

S Eis e Y Y 4

ppm e — —
ING THRIGGERIOO

ANODE VOLTAGEOF
Fone vy o mark- I 11 S M-
WG TRIGEER 100 ‘

e VoL THGE OF

g e oF oor 11 1
IG5 ER 107

cumrEnT MEATINE

. i 1 : g
@\2 AMOOE YOLTAGE OF
‘ TUBEVS OF OR9H 1
1

/

N

N Y

%

TRIGGER /02
CURRENT VARIATIONG
THRY DRIN RELAY/O4.
AMOE VOLTHRGE OF
TULE VE OF 5PAC-_] l___l U 1
ING TRIGGER /05

ﬂ/Ff[le/Vf IR TED .
PULEES OV LEAD A A yl Y ¥ )

FM’T IPPIN:
72 Tl

WL Trioscr 1 I 1
CIRCUIT 106 . “
P e T ey N
! CYI7 106

DUFERENTITED A A /6
IMPULSES ONLERDIS y— Y
DIFFERENTIATED A A
MPULSES ON LEADIY
CURRENT TAROYSGH
0/005 05

-

y—
L
LT/Ia‘Eo e IR I'—I__I—L_/g
1
_ M

PEA/TA’00£554, 85

CURRENT TI/EU PRINT
SOLENOID

ﬂngEWL 7:76[’ OF TYBEV/3

AR £ 109,
LCUSRENT V/% T70N5 W
CLEAR RELARY 17

(CURRENT THROUGH
Lﬂot’ﬂh’qu RELAY

LEWSS A, r//omﬁ OGN A IHEM
By & TAMEGA. GPENCER

2% et
ATTORNEY




2,534,387

L. A. THOMAS ETAL.
MORSE CODE PRINTING SYSTEM

Dec. 19, 1950

5 Sheets—Sheet 5

Filed Nov. 15, 1946

ITON YL LG

(4178

€L 705 YLT
N/ LANTHINI

PG T0G ENIUM YL

WV LNTEXI2
L TIONT 708

O/ M LANTHZI2

UAYTTY

/5 77

LIHG A0

PO N/ LNFEH2
L A 7T LANG

I D 702 N7 LN,

LAY TIY S5 72 AT

7100 M LNFHND

AL TIY pdb 0
702 MANIEENI

2]
LML PR |

iz X
§
e’ 5§
ox ww
g >
DO{ A &
mfﬁ./nm
> Z8n N2
- Eﬂf ."H
|| Bt
S
.&
X
O m
3
Q
~
AVTTY
LAIHG FGHTTTY LANG - 7
2 902
—] 3
rbny IR
ayoa




Patented Dec. 19, 1950

UNITED STATES

2,534,387

PATENT OFFICE

2,534,387
MORSE CODE PRINTING SYSTEM -

Lewis A. Thomas, Brooklyn, N, Y., James A.
Spencer, Teaneck, N. J., and Eugene R, Shenk,
Brooklyn, N. Y., assignors to Radie Corpora-
tion of America, a corporation of Delaware

Application November 15, 1946, Serial No. 709,992
(ClL 178—26)

21 Claims.

1

This invention relates to electronic circuits for
automatically transposing or converting signals
or messages frcm one code into another, and
particularly to such circuits for automatically
transposing continental Morse telegraphic code
signals into equal length printer code signals.

The continental Morse code emnloys dots and
dashes for the various code combinations com-
prising the letters of the alphabet and symbols.
Each dot is equivalent to a single baud or els-
mental time interval while the dash is equivalent
to. a 3 baud time interval. The term baud is
used herein to refer to a unit of time and is in
fact half of a dot cycle, the duration of the baud
being determined by the keying speed. The dots
and dashes are separated by spaces whose dura-
tion determines whether or not the preceding
and succeeding character elements constitute
part of a single letter, separats lettars or separate
words. . A space of 3 bawds duration represents
an inter-character or inter-letter space, while
a space of 5 or more bauds represents a word
space. The characters within a single letter are
separated by an intra-letter or infer-elament
space of 1 baud duration. The letters and sym-
bols of the Morse code are rencrally mads up
of unegral length code combinations of dots
and/or dashes. The printer rode on the other
hand emvloys ecual l1ength code ~omhinations for
every letter of the alphabet and for every symbol.
The code combination- of a printer co?e are com-
posed of a plurality of enual leneth units or cle-
ments. The most common printer code employs
5 units for every code combination, while other
printer codes employ 6 1mits. or seven units or
more for each code combination.

Hsretofore. in retransmitting intelligen~e in
printer code from received continsntal Morse
code signals, it has bren the general practice to
copy the received signal aurally or record the
received sienals on an inked tape, then transrrihe
the signals on a typewriter, and thereafter
manually perforate a tape by means of a kevboard
tape perforator. or operate a Teletype printer
machine. Swch an arrangement reguires one
or more operators, thus increasing the cost of
operation, and in addition, is likely to introduce
errors due to the human eocuation.

It is known that to translate Morse code signals
intc printer code signals by purely mechanical
apparatus, requires apparates that is both com-
plicated and costly. Purther, such known
mechanical signal code converting arrangement
requires a reperforated Morse tape for its con-
trolling means. :
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An object of the present invention is to pro-
vide an improved method of and means for
automatically producing perforated telegraphic
printer code tane directly from continental Morse
code telegraphic signals.

Another object of the invention is to produce
perforated telegraphic printer code tape from
Morse code signals by mechanical and electronic
means without the use of a human operator for
reading the signals and perforating the tape.

Another ob’ect of the invention is to perform
a code tranclation from Morse code to printer
code by the use of electro-mechanical relays
and simple electronic circuits, thereby avoiding
intricate mechanical assemblages and errors due
to the human equation.

Briefly statad, the present invention comprises
apparatus which receives continental Morse code
telegraphic signals, rectifies the same, actuates
various electronic trigger circuits from these
rectified signals and, by a gating operation, sorts
the Morse signals into dots, dashes, intra-letter
spaces. inter-letter spaces and inter-word spaces.

An advantage of the present invention is that
there is no requiremsent that the incoming signal
by synchronous, or in any way controlled from
the reczeiving end. The translator apparatus of
the invention accepts, without error, received
signals varying in sp=ed or weight, either one or
a combination of both, to a total of =209 from
a predetermined mean or average speed or weight.

A more detailed description of the invention
follows in con‘unction with a drawing, wherein:

Fig. 1 illustrates the electronic translator cir-
cuit of the invention;

Figs. 2a, 2b and 2¢, taken together, illustrate
the relay counting chain for use with the cireuit
of Fig. 1;

Fig, 8 is a ssries of curves which represent
voltage and current variations at different points
in the system of Fig. 1, given for the purpose
of explanation; and

Fig. 4 is a series of curves given in explanation
of the operation of the shift mechanism of the
invention.

Referring to Fig. 1, there are shown various
trieger circuits for gorting the dots, dashes, and
spaces of the incoming Morse code signals and
other trigger circuits for performing the printing

-function, the clearing function and the case shift

function.

The incoming or received continental Morse
code signal, which may be tone, is represented
in line { of Fig. 3. This signal is represented
by dots and dashes separated by spaces., The
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dots cover the intervals between times A and B,
and betwesn & and IH, while the dashes cover
the intervals batween C and ¥ and ¥ and M.
The dot is shown as having a duration of one
baud while th:e dash is shown as having a duration
of three bauds. The spaces appearing in thes
intervals B—C and P—G are each of one baud
duration and are inter-clement spaces. The
space covering the interval H—XK is three bauds
in length and represents an inter-character
space, while the space covering the time inferval
N—S extends over g duraticn of five bauds and
represents a word space. K

The tone signal of line § is rectified by suit-
able apparatus (not shown) to produce direct cur-
rent pulses of mark and space, as shown in line
2 of Fig. 3. The marik of line 2 is of negative
polarity while the space is of positive polarity.
Thus the direct curren? pulses of line 2 are ap-
plied to the incoming line INC which connects
with the grid of the amplifier and inverter vac-
uum tube 3. The ocutpul of tube {9, appearing
at its anods, comprices pulses of the same wave
forni as the input but of reversed polarity. This
output is applied to the grid of the amplifier-in-
verter vacuum tube fi and is shown in line 3 of
IMig. 8. The output of tube 18 is also applied to
leads {2 and {3 through differentiator circuits
R15, Cl8 and Ri8, CI§, respectively, and also to
lead (4 throush differentistor circuit RIT, Cil.
The same ouitput signal from amplifier inverter
tube 18 is also applied to leads {1 and 22. The
output of amplifier-inverter tube f{ which has
the same polarity and wave shape as the pulses
shown in line 2 of Fig. 3 iz applied to lead {5
through differentiator circuit B3, CI8.

In order to sort the dofs and dashes, there is
provided a self-restoring marking trigger cireuit
180 composed of vacuum tubes V and Vi whose
grids and anodes are interconnected regenera-
tively. This trigger circuit has one degree of elec~
trical stability; namely, a stable state in which
tube V is normally conducting and tube Vi non-
conducting, and an active state in which tube V
is non-conducting and tube V{ conducting. The
time. duration in which the trigger ecircuit 168
remains in its active state is determined to a
large extent by the time constants of the con-
denser C and variable resistor R in series with a
second resistor connected hetween ground and
the grid of tube V. The anode of tube V is con-
nected to the grid of tube VI through a con-
denser-shunt-resistor combination C{, R2. The
grid of tube Vi is connected through a resistor
R to the negative terminal of a source of unidi-~
rectional potential, —110 volts: In circuit with
the cathode of tube VI is a diode D. . The time
constanis of the trigger circuit 128 have such val-
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ues that it will remain in the active state when -

triggered or fired for a time duration of one and
one-half bauds.. In order to fire or activate the
trigger circuit {8@, there is required upon lead
15 a negative impulse which is applied to the cath-
ode of tube VI. It will be evident that the appli-
cation of a negative impulse to the cathode of
tube VI is equivalent to the application of a posi-
tive impulse to the grid of tube V1.

In circuit with the anode of tube Vi is a tri-
ode. vacuum tube 58 whose grid is connected to
the anode of V! and whose cathode is connected
to ground through a diode DI shunted by a con-
denser. Tube 5D is normally conducting; that is,
it passes current during the time the trigger cir-
cuit 100 is in its stable state.

" In circuit with the anode of tube V is a vac-

{ ]

4

uum tube triode 51 whose grid is connected to the
ancde of V and whose cathode is connected to
ground through a diode D2 shunted by a con-
deniser. Tube 51 is normally non-conducting
during the stable state of the trigger {§3.

The current passing conditions of tubes 59 and
5 reverse themselves when the trigger circuit
182 is activated. Stated in other words, when
tube VI becomes conducting, a negative pulse
from the anode of this tube will be applied to the
grid of tube 58 and render tube 5% non-conduc-
tive. Similarly, when tube V becomes non-con-
ducting, a positive pulse from the anode of this
tube will be applied to the grid of tube 51 and
render tube 5f conducting.

In circuit with the cathode of tube 58 and also
in circuit with lead 12 is a self-restoring dot trig-
ger 9] comprising vacuum tubes V2 and V3, Tube
V2 is normally conducting and tube V3 normally
nen-~conducting during the stable state of the trig-
ger I8! and the current passing conditions of
tubes V2 and V3 are reversed during the active
period of the trigger. The time duration of the
active period of dot trigger 101 is delermined in
& large measure by the time constants of con-
dencer C2 and resistor R. This active period is
just sufficient to actuate a dot relay (93 in cir-
cuit with a dot dual triode vacuum tube 183’, the
latter having its grid connected to the anode of
tubke V2.

In circuit with the cathode of tube 51 is a self-
restoring dash trigger 182 comprising tubes V4
and V&  Tube V5 is normally conducting and
tube V4 normally non-conducting in the stable
state of this trigger and the current passing con-
ditions of these two tubes are reversed in the
active state. The operation of this dash trigger
is similar to the operation of the dot trigger 104,
and the active time of the dash trigger {82 is just
sufficient to operate the dash relay 184 in circuit
with dash vacuum tube triode 184’ whose grid is
connected to the anode of tube V5.

The manner in which the marking trigger cir-
cuit 198 operates to cause either. the dot trigger
181 or the dash trigger {22 to operate will now
be given with particular reference to the curves
of Fig. 3: The impulses appearing on lead 5 in
circuit. with the cathode of tube Vi of trigger
circuit 180 are shown in line 5 of Pig. 3. 'These im-
pulses are of relative positive and negative po-
larity and result from. the differentiation of the
square wave pulses in the oufput of tube ¢, shown
in line 2. Since it requires a negative Jmpulse
to activate or trip trigger circuit 199,it willbeseen
from 4n inspection of line 5 (Fig. 3) that such
a negative impulse appears at the start of a mark
at time A. This negative impulse will activate
trigger 100 which will.change from its stable to its
active condition and remain in the active.condi-
tion for a period of one and one-half bauds. - Any
positive impulse appearing on.lead (5. will be ab-
sorbed by the diode D and has no effect on the
trigger circuit (0. The anode voltage wave forms
of tubes V and V1 of trigger circuit (86 are shown

» in lines 6 and 7 of Mg, 3. Thus, referring to line

6 of Fig. 3, it will be zeen that the trigger circuit
108 is activated at time A and. remains activated
for one and one-half bauds until a time between
B and C, at which time the trigger cireuit will be
restored to normal. At times C, G .and K, corre-
sponding to a position at which negative impulses
appear in lead 15, line B of Pig. 3, the trigger
circuit 100 will again be activated.

During the time trigger circuit 100.is in; the
active state, tube 850 will be non-conducting. If,
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during this time, a negative impulsé appears on
lead 12, this negative impulse will be sufficient to
activate the dot trigger 10i. The negative im-
pulses in lead i2 appear at the end of the mark
signals, and are shown in line 4, Fig. 3. The posi~
tive impulses in lead 12 have no effect on the cir-
cuit due to their absorption by diode Df in the
cathode circuit of tube 58. Thus, a positive im-

pulse appearing on lead 12 will cause tube DI -

to conduct and dissipate the pulse. It will thus
be seen that the dot trigger is fired solely when
the end of mark occurs during the active period
of marking trigger 100. The anode voltage of
tube V2 of dot trigger 100 and the corresponding
current variations through dot relay (03 are
shown in lines 8 and 9, respectively, Fig. 3. The
dot trigger 101 cannot be fired or activated when
tube 50 is conducting, due to the unfavorable divi-
sion of input tripping pulse voltage between diode
D1 and resistor RIS.

The negative impulses necessary to operate the
‘dash trigger 102 and hence the dash relay 104
appear in lead 13 and are shown in line 4§ of Fig. 3.
However, these negative impulses in lead {3 can-
not activate the dash trigger 182 during the time
tube &1 is conducting, and sinece tube 51 is con-
ducting for the entire active time of trigger (08,
it will be seen that the dash trigger 102 can op-
erate only after the restoration of the trigger
100 to normal. Since trigger ecircuit 108 has an
active period of one and one-half bauds, which
is a time interval longer than a dot, it will be clear
that the dash trigger 102 can only operate when
an incoming dash signal element is received.
Thus, referring to line 4, the first negative im-
pulse which operates the dash trigger 182 occurs
at the end of the first dash at time ¥, at which
time trigger circuit 105 is in its stable state. The
next negative impu’se for operating the dash frig-
ger 102 occurs at the end of the second dash ele-
ment at time N, at which time trigger 100 is again
in its stable state. The anode voltage curve for
the dash ftrigger 182 and the corresponding cur-
rent variations through the dash relay 184, are
shown in lines 18 and i1, respectively. To sum-
marize, the dot trigger 101 and the dot relay 103
are operated at the end of every dot, while the
dash trigger 1982 and the dash relay 164 are oper-
ated at the end of every dash element. Actually,

the dot trigger 101 will operate at the end of the 3

dot regardless of whether this dot is less than a
baud or greater than a baud, provided it is less
than one-half bauds; while the dash trigger {02
will operate when the mark element or dash is
longer than one and one-half bauds.

The trigger circuit 105 is known as the spacing
trigger circuit and is of the self-restoring type
similar in operation to the trigger circuit 160, It
comprises two vacuum tubes V6 and V1, tube V6
being normally conducting and tube V71 normally
non-conducting in the stable state, and vice versa
in the active state. - The active period for the trig-
ger. circuit 185 is one and one-half bauds. This
trigger circuit is fired from negative impulses ap-
pearing in lead {4, shown in line 4 of Fig. 3. These
negative impulses for firing or-activating trigger
circuit 195 appear-at the end of every mark. The
anode voltage wave form of tube V6 of the spac-
“ing trigger circuit (05 is shown in line 12 of Fig. 3.
The voltage wave form for the anode of tube VT
-is not shown in Fig. 3 but is the inverse of that
shown in line §2. It will be noted from an inspec-
.tion of line 12 (Fig. 3) that the trigger circuit
I05:1s activated at times B, F, H and N. When
trigger circuit 105 fires, it applies a positive pulse
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to the grid of a normally non-conducting tube
52 and causes tube 52 to conduct for the duration
of the active period of the trigger circuit. When
tube 52 conducts, there will be applied a positive
pulse from the cathode of tube 52 via lead 20 to
the anode of diode DS in circuit with the print
trigger circuit 187. It should be noted at this time
that the cathode of the amplifier-inverter tube
{i is also connected directly to lead 28 and hence
to the anode of diode DB. During marking peri-
ods, the pulses applied from the cathode of am-
plifier-inverter {1 to lead 208 are of posifive po-
larity., Thus it will be seen that during mark-
ing intervals and also during the time when the
spacing trigger circuit {05 is activated there is
always a positive pulse on lead 28 to cause diode
D5 to conduct. When diode D5 conducts, it pre-
vents the activation of the printing frigger 167
from impulses on lead 1§, as will appear herein-
after. )
To properly sort out the spaces of the incoming
Morse code signals, there is provided another self-
restoring trigger circuit 186 which is similar in
operation and arrangement to the spacing trigger
circuit 195 and the marking trigger circuit {00
except for the fact that the active period of the
trigger circuit 186 is two and one-half bauds.
This trigger circuit comprises vacuum tubes V8
and V9, the former being normally conductive and
the latter normally non-conductive in the stable
state, and vice versa in the active state. In cir-
cuit with the cathoede of tube V9 there is provided
a diode D4 and also a vacuum tube 60 whose
cathode is connected through lead 16 and differ-
entiator circuit R19, Ci8 to the anode of tube V6
of the spacing trigger circuit 185. The grid of
tube 60 is connected to lead 17 which extends to
the anode of the amplifier-inverter tube 0. The
signal which appears on lead 17 and the grid of
tube 60 is shown in line 3 of Fig. 3. Tube 60 is
conducting on the marking signals and non-con-
ducting on the spacing signals. Thus, tube 60 is
conducting between A and B, between C and F,
between G and H, and between K and N. During
the time tube 60 is conducting, there is a positive
potential on the anode of diode D4 which causes
this diode to conduct and hence prevent the ac-
tivation of trigger circuit (86 through lead 16.
It will thus be seen that the only time trigger
circuit 106 can operate is during the spacing
intervals when tube 60 is non-conducting. Trig-
ger circuit 106 is activated from its stable to its
active state solely upon the restoration of spacing
trigger 105 to its stable state. Since lead i6 is
connected to the anode of tube V6§ of trigger
circuit 105, it will be seen that when the spacing
trigger circuit 105 restores itself to normal after
one and one-half bauds in the active state, there
will be a negative pulse on the anode of tube V§
which, when differentiated by R18, Cl19, will cause
a negative impulse to appear on lead. 16 to fire or
activate trigger circuit 1068. The impulses re~
sulting from the differentiation of .the negative
pulse on the anode of tube V6 of trigger circuit
105 are shown in line 13 of Fig. 3.
~ The function of the spacing trigger circuit 1056
is solely to delay the operation of the two and
one-half baud trigger circuit 106, Since the trig-
ger circuit 108 can operate only at the restoration
of the trigger circuit 185 and in the absence of a
mark, it will be séen that the trigger circuit 106
operates one and one-half bauds after the end of
a mark; or one and one-half bauds after the
beginning of a space, because the trigger circuit
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105 commences its active period at the end of a
mark or at the beginning of a space.

The anode voltage wave forms for the tubes
v8 and V8 of the trigger circuit 106 are shown
in lines {4 and {5 of Pig. 3. It will be seen that
the first negative impulse on lead 16 (line 13,
Fig. 3) capable of operating trigger circuit 186
occurs at a time between I and J, inasmuch as-this
time is during a spacing interval and at the end
of the active period of the frigger circuit 105.
(Note line #2, Fig. 3.) The next time trigger
circuit 186 is fired is at a time between O and P,
as will be seen from an inspection of line 14, Fig. 3.

The anodes V3 and V§ of the trigger circuit 106
are connected through differentiator circuits R20,
C28 and R21,.C21 to leads 18 and % respectively.
The negative impulses appearing on lead 9 re-
sulting from the differentiation of the output
pulses from tube V9 on the activation of trigger
circuit i85 are utilized to activate the self-restor-
ing print trigger circuit {87 at these times. The
negative impulses appearing on lead 18 resulting
from the differentiation of the output pulses
from tube V& on the restoration of trigger circuit
186 are utilized to activate the trigger circuit 107
whenever a marking signal has not occurred dur-
ing the active time of trigger circuit (86. The
print trigger 187 is similar in operation to the
self-restoring trigger circuits {1 and 182. Print
trigger
tubes, €3, 61 and 62. Tube §2 is normally con-
ducting' and tubes €3 and &!{ normally non-con-
ducting in the stable state and vice versa in the
active state. In the cathode circuit of vacuum
tube 63 is a diode DS. In cireuit with the cathode
of tube 61 is the diode D¥, which, when conduct-
ing, prevents the print trigger circuit {07 from
becoming zctivated by negative impulses on lead
{8. The impulses which appear in leads 18 and
19 are shown in lines {§ and IT of Fig. 3. "The
current variations through diode D% are shown
in line 18 of Fig. 3. The anode voltage wave form
of tube 62 of the print trigger {97 is shown in line
ie of Fig. 3. At the risk of repetition; it should
be observed that the print trigger: circuit (01
cannot operate with g negative impulse on lead 18
resulting from: the restoration of trigger circuit
168 to its stable state if a mark has occurred
during the active period of trigger circuit 108.
This results from the locking action of tubes 1
and 52 in causing DY to conduet and preventing
the print trigger circuit 187 from operating. Dur-
ing the mark, tube t1 is conducting; and applies a
positive potential through lead 28 to cause diode
D5 to conduct. An inspection of curves {5, (1,
1% and 18 of Fig. 3 will show that the print-trigger
circuit 187 becomes active solely during the time
there is no current through the diode DE, and-this
activation of the printing trigger occurs under
this condition upon the application of a nega-
tive impulse on leads {8 or 19.

In circuit with the output of the print: trigger
107, there is provided & pair of normally cut-off
printing pentode tubes 54 and 53. The anodes
of these two pentode tubes are connected through
a permutation of selecting switches S to any of
a plurality - of solenoids 58. In practice, there
are thirty-two such solenoids 56, one for each
character key on the printer perforator and ap-
proximately fifty selecting switches S under the
control of counting relays. There is a permuta-
tion of selecting switches for each Continental
Morse character to be selected.

When the print trigger 107 becomes activated,
the tube 62 will: become non-conducting  and

{071, however, comprises three vacuum :
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will pass a positive pulse- through its anode: to
the grids of pentodes 54 and 55, thus causing
these two tubes to pass current for the duration
of the active period of the print trigger circuit
{07, and hence cause the actuation of the proper
printing solenoid §6. The active time of print
trigger i07 is just sufficient to operate solenoid 56.

In circuit with the cathodes: of the pentodes
B4 and 55 is a self-restoring clear trigger circuit
{69. comprising vatuum tubes V2 and Vi3, Clear
trigger circuit 109 operates in the same manner
as trigger circuits 101 and 102. When conduction
ceases in tubes 54 and 55, the cathodes of these
two tubes assume a negative potential, —120
volts, and apply a negative pulse through: lead
22 to the grid of tube Vi3, firing the trigger cir=
cuit 109. In the stable state of trigger circuit
£89, tube Vi3 is normally conducting and tube
Vi2 normally non-conducting and the current
pazsing conditions of these two tubes are reversed
in the active state. In circuit with the anode of
tube Vi3 is the grid of a triode vacuum: tube 98
whose anode-is connected to the winding of clear
relay t§7. Tube 98 is normally non-conducting
and is caused to conduct when trigger circuit 109
is activated. The function of the clear relay (1T
is to re-set all of the relays:-of the counting chain
to ke described later. The clear trigger circuit
199 is activated when. the tubes 54 and 55 are
cut-off due to the restoration of the print trigger
¢ircuit (0T,

The current variations through the printing
solenoid 58 are represented by the wave form. of
line Z0 of Fig. 3. The anode voltage of tube Vi3
on clear trigger circuit 109 and the current varia-
tions in the winding of clear relay 117 are shown
in line 2§ of Fig. 3. It will be noted that the
clear trigger circuit and the clear relay operate
enly at the termination of the operation of the
printing: solenoid: and: that this clear trigger cir-
cuit and clear relay are restored to their normal
conditions prior to: the application of another
printing pulse.

In summarizing the sorting or gating operation
of the system of the invention, it will be noted
that the dot trigger (01 is: operated when there
ccecurs a mark element of one baud duration: (or
Jess than one and one-half bauds) and that the
dash- trigger circuit: {02 is: operated when there
occurs: a- mark of three bauds duration (or more
than: one and one-half bauds). Similarly, the
trigger circuit 105. is: operated but nothing else
when there occurs-a- space element of one baud
duration: (or less than one and one-half bauds).
If there occurs a space of three bauds duration
(or more than-one:and one-half bauds), then the
restoration of the trigger circuit 105 will operate
trigger circuit 106, whose operation in turn will
activate trigger cireuit (07 and cause a single
printing operation over a selected solenoid 56.
Since irizger cireuit {88 cannot operate. until
the restoration of trigger circuit 105, and trig-
ger circuit 105 is: activated for one and’ one-
half bauds duration; then it will be obvibus
that trigger cireuit: 106 does-not start until one
and one-~half’ bauds of space elapse. Inasmuch
az the active fime of- trigger circuit 18§ is
two. and one-half bauds duration. It will be
evident that it- does not restore itself until
one-and-cne-half plus-two and one-half (or four)
bauds after the start of a space. When trigger
circuit {08 restores itself, it will operate print
trigger circuit 107 via-lead 18; provided no mark-
ing-signal has intervened to-lock the-print trigger
circuit {07 in-its stable:position. o
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Actually, the print trigger circuit 107 is op-
erated immediately after one and one-half bauds
of space, when trigger circuit 106 is activated, and
this occurs via the impulse on lead 19. The print
trigger circuit 107 again operates after four bauds
of space, under the conditions set forth above.
The system thus functions promptly to identify
inter-character and word spaces at a predeter-
mined time before the spaces are completed,
hence enabling the re-setting of the print sole-
noids and relay chains in ample time for the ac-
ceptance of a new Morse code combination.

Similarly, the dot trigger circuit functions im-
mediately after the receipt of a dot, even though
this dot may have a weight more or less than one
baud, provided the weight is less than one and
one-half bauds. Also, the dash frigger circuit
functions immediately after the end of a mark,
so long as this mark exceeds one and one-half
bauds no matter what the duration of this mark
may be. It will thus be evident that the system
provides a high degree of tolerance in weight
(percentage mark-to-space) and speed of signal
elements constituting each code combination.

An advance relay 99 is provided which operates
via lead 22 and triode 57, and repeats the marking
signal. The winding of advance relay 99 is in
circuit with triode 57 whose grid is connected to
ground through resistor R38 and to the anode
of diode D7. During marking, which causes the
application of a positive pulse to lead 22, the
diode D7 will be non-conductive, at which time
the grid of tube 51 will be at ground potential
through resistor R30, causing tube 57 to conduct
and energize the winding of advance relay 98. In
the absence of a marking signal on lead 22, diode
D1 will be conducting because the anode of this
diode will be positive relative to its cathode, as a
result of which the TR drop through resistor R32
is of sufficient magnitude to bias the tube 57 to
cut-off and interrupt the flow of current through
advance relay 99. It should be noted that the
anode of tube 57 obtains its positive polarizing
potential through the winding of advance relay

88 and through selector switches S and the wind-

ing of the selected print solenoid §§. - During the
printing operation, the drop in voltage through
the printing solenoid is of such a magnitude as
to prevent the energization of the advance relay

98, This interlocking action prevents the setting ;

up of a false character in the relay chain during
the printing operation. The current variations
through the advance relay 99 are shown in line
22 of Fig. 3. An inspection of line 22 and line
3 of Fig. 3 will show them to have substantially
similar wave forms.

Fig. 2 shows the chain of relays for causing the
operation of the various printing solenoids 56, and
a'so shows other relays together with an elec-
tronic circuit for changing from lower case (let-
ters) to upper case (figures).
relays DORI to DORG6 inclusive and six dash
relays DAR{ to DARS inclusive. These relays
constitute a counting chain. Relay DORI and
dash relay DAR/{ form one pair of relays in the
counting chain, and relay DOR2 and relay DAR2
form another pair in the counting chain etcetera,
while relay DORS and relay DARS form the last
pair in the counting chain. There is also pro-
vided another chain of relays, re'ay AR{ through
relay ARS, called the advance relay chain. These
last relays are operated from the advance relay
99, The advance relay chain is, in effect, a
stepping relay causing the dot or dash signals to
be switched from one pair of relays in the dot
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and dash chain to another pair or relays in the
chain, - The relays DOR{ through DORS are oper-
ated from the contacts of the dot relay 163, while
the relays DAR{ through DARS are operated from
the contacts of the dash relay 184,

In order to simplify the drawing, certain con-
tacts on the relays, DOR{ through DORSE, and
DARI through DARGS, have been illustrated on
Fig, 2c, and these perform the permutations
which select the propsr printer solenoids 586.
The various contacts on the relays DARI through
DARS and DORI{ through DORS which perform
the permutations for operating the selected
solenoids 8% are represented by the reference
character S. .

A description of the operation of the chain relay
system of Fig. 2 will now be given: From
what has gone before, it will be understood that
the dot relay {98 operates every time a dot mark-
ing signal has been identified, while dash relay
184 operates every time a dash marking signal
has been identified, and advance re'ay 22 operates

every time a marking signal occurs. Dot relay
183 and dash relay 184 operates at the end of
every dot or dash respectively, while advance
relay 99 operates during the marking signal
whether a dot or a dash. Solenoid 35 operates
after 1% bauds of space or after the spacing
signal has been identified as either an inter-
letter space or word space.

The operation of dot relay 183 closes its con-~
tacts and causes the application of a positive
potential to lead 209, and this positive potential
follows a path through break contacts 201 of
relay DARI, lead 202 and break contacts 203 to
the winding of relay DORI, thus energizing relay
DOR! and causing this relay to lock up over its
make contact 224 and open the break contacts
283. The contact 284, for locking relay DORI
in its operative-position, is connected through a
resistor 205 to bus 2866 which, in turn, is con-
nected to a source of positive potential through
the break contacts of the clear relay (17, It
should be noted that this common lead or bus 206
furnishes the locking or holding potential for all
the relays DORI through DORS, DARI{ through
DARS, and AR through ARS.

The operation of relay DORI opens the break
contacts 267 which form a path for operating
re'ay DAR! in 'the event dash relay {04 should
operate.

The operation of relay DOR{ also closes a path
over a pair of make contacts 289 to enable the
operation of relay AR{ over a circuit extending
from the make contacts of advance relay 98, lead
219, through the make contacts 299, lead 21{,
break contacts 212 of relay AR! and the winding
of this relay. Since the advance relay 99 oper-
ates during every marking signal, it will thus be
evident that the occurrence of the second mark-
ing signal, whether a dot or a dash, will operate
relay AR! and cause AR! to Jock up over its make
and holding bus 288. The first mark-

on. relays DORE and DARI for opelatmg relay

AR1 are open.

'The operation of uhe da,Sh relay 194, assuming
the receipt of a code combination as indicated
in line { of Fig. 3, will close the contacts of the
dash relay 184 and apply a positive potential te
lead 218 and thus cause the operation of relay
DAR2 over a path extending through lead 214,
make contacts 2i5 of relay ARI, lead 216, break
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contacts 217 of relay DOR2, lead 218, break con~
tacts 218 of relay DAR?2 to the winding of this
Telay. When relay DAR2 operatés it will lock up
over its make contact 220 and holding bus 206.

The closure of DAR2 prépares a path for the
operation of relay AR2 upon the operation of
advance relay 99 on the third marking signal and
opens the circuit from lead 200 on which a pulse
might otherwise operafe relay DOR2.

The eccurrence of the third marking signal
will ¢ause the advarnce relgy 99 to operate relay
AR2 over a path extending from the make con-
tacts of the advance relay 99, lead 218, make
contacts 289 of operated vélay DORI, lead 21t
make contacts 221 of operated relay DAR2, lead
222 to the break contacts 223 of relay AR2, and to
the windiiig of this rélay. 'The operation of relay
ARZ c¢auses it to lock up over its make contact
234, and prepares a path for the operation of
rélay DOR3 or DARS3 depending upon whether
or not this third marking signal is a dot or a
dash. If this third marking signal is a dot as
shown ih line f of Fig. 3, then the operation of
dot relay 198 at the eénd of this mark will éanse
the opetation of re"ay DOR3 over a path exterid-
ing from lead 200, make contacts 225 of operated
relay AR2, lead 226, bréak contacts 227 of relay
DARS3, lead 228, to the break contacts 229 and
the winding of relay DORS. Relay DORS, upon
being energized, locks up over its makeé contact
230.

The next marking signal will opsrate advance
felay 99 and cause the operation of rsidy ARS3
provided, priof to this time, the spacé is not suf-
ficiently long éncugh to eause the printing opera-
tion:. If the signal of line | of Fig. 3 is being
récéived, a printing operation will occur before
the recéipt of another marking signal, due to the
fact that the spdce between times H and K is
threée bauds lorig. Since the first three marking
elemetits of line | of Fig. 3 represent the letter R,
a study of Fig, 2¢ of the pérmutation switching
contacts S will show that switching contacts for
telay DORI, DAR2 and DOR3Z will be operated
to the left (which is the energized position) and
prepare & path for the operation of the printing
solenoid 56, represented by thie letter R. The
path for printing solencid R is traceable from
the plus 120 volts Jead 388, through the printing
solencid R (ard the numeral 4), lead 381, un-
operated or right contacts 392 of relay DARA, un-
operated contact 383 of relay DOR4, lead 394,
operated or left contact 305 of relay DOR3, lead
306, operated contact 207 of relay DAR?, un-
operated contact 308 of relay DOR2, lead 389,
operated contact 319 of relay DORI, and lead 311
to the anodes of printing pentode vacuum tubes
54 and 55.

Assuming that a fourth marking signal had
fc’)ljowed the first three marking signals and after
a Spacing interval of only one baud, then there
would not have been a printing oberation, and
“phe advance relay 99 would have caused the oper-
ation of advance relay AR3 which would have
prepared a path for the operation of relay DORA
or DARA depending upon whether or not the
fouith marking pulsé was a dot or & dash. Simi-
larly, it will be obvious that additional marking
sighals will operate re'ays ARS and AR preparing
the paths for the operation of relays DORS and
DARS, DORB and DARS respectively, depending
upon whether these fifth and sixth marking ele-
thents are dots or dashes.
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solenioids 56, it will be observed, have both a letter
and g nirmeral shown. On the printer perfora-
tor these nmuimera’s appsar on the same key as
the corresponding letters, that is, as the upper
case character of the letter. Thus a Morse code
combination for the numeral 4 must operate the
game perforator key, and therefore the same
solenoid as the letter R. However, the operation
of the solenoid for the numeral must be preceded
by the figure shift combination. In order to
assure that the following character will be regis-
tered in lower case, should it be a letter and not
a riumersl, a letter shift combination must fol-
low the printing of every numeral. The letter
code combinations include at most only four
marking sigha’s, while the numeral (upper case)
code combinations include at least five marking
elements and sometimes six marking elements,
When more than four marking elements are re~
c¢eived, the figure solenoid (upper case) 712 will
operate due to the operation of shift relay 75 and
the shift trigger 198. This occurs as follows:
The receipt of a fifth marking element causss the
advanice relay 99 to operate relay AR4. AR4
operates to lock up in the manner described for
relays AR, AR2 and AR3. The operation of relay
AR4 prepares 2 path for the operation of relays
DORS and DARS depending upon whether this
fifth mark‘ng ¢’ement is a4 dot or a dash. In
addition relay AR4, in operating, operates the
shift relay 75 over a path including a source of
positive potential on lead 231, the make contacts
222 of relay ARA4, lead 233, and break contacts 234
and winding of the shift relay 75. When the shift
relay 15 operates, it locks up over its make con-
tect 235 and the break contacts of shift release
relay 716.

When shift re'ay 15 is unoperated or in its
normal position, it should be noted that a path
is closed to the letter solenoid 13 over a path in-
cluding lead 390 on which there appears a volt-
age of 120 volts, the winding of letter solenoid
13, lead 312, lower break contact 313 and arma-
ture SI of shift relay 15, and lead 314 extending
to the anodes of pentode vacuum tubes 70 and
Ti. Pentodes 10 and 71 only operate in response
to the operation of shift relay 15 as wi'l appear
hereinafter., Thus, while letter code combina-
tions only are being received, the letter solenoid
13 and the shift relay 15 will be unenergized and
the circuit will be on the letter shift or lower case
position. When numeral or figure signals are
being received, which is characterized by more
than four marking signals, the operation of relay
ARA by the fifth marking signal will cause the
operation of relay 15 which locks up. The op-
eration of shift relay 75 will cause armature Si
to disengage break contact 313 and cause arma-
ture St to engage make contact 315, thus closing
alpath through the figure solenoid 12 over lead
316.

Tt should be noted that lead T4 which extends
to the trigger circuit {08 is connected through
break contact 317 and its associated armature S2
to the negative terminal of a battery of 120 volts.
Thus when relay 15 operates, the armature S2
disengages break contact 317 and travels toward
and enigages make contact 318. During the travel
time of the armature S2 from the break contact
317 to the make contact 318 a pulse of relatively
positive voltage is impressed on lead T4 due to
the momentary removal of the minus 120 volts.
This pulse has no effect on the trigger circuit.
‘When, however, the armature S2 of the shift
release relay 15 engages the make contact 318,
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there is applied a negative véltage pulse to lead
74. This negative pulse is differentiated by con-
denser C22 and resistor R22 to produce a nega-
tive impulse of a magnitude to trip or ’activate
‘the trigger circuit {08. The shift trigger circuit
108 is similar in operation to the print trigger
circuit 107 of Fig. 1 and comprises vacuum tubes
Vi0 and VIiI, Tube Vif is normally non-con-
ducting and Vi1 is conducting in the stable state
of the trigger circuit, and the current passing
conditions of these two tubes are reversed in the
active state. When the shift trigger circuit 108 is
activated, tube Vi1 will cease conducting and
pass a positive pulse to the grids of pentode tubes
70 and T, thus causing these two pentode tubes
to pass current and complete the path to operate
the figure solenoid 72. The shift trigger circuit
108 has a time constant which causes it to re-
main in the active state for a time interval suf-
ficient to operate solenoids 72 or 73.

At the end of the Morse code combination con-
stituting the particular figure or numeral being
received, print trigger circuit 107 will operate
and cause the operation of the desired printing
solenoid 56. After the termination of operation
of the selected printing solenoid 56, the clear
relay t1T will operate through the clear trigger
circuit 109, as a result of which the break con-
tacts on the clear relay {17 will open and the
positive potential on the holding or locking bhus
206 for the chain relays will be removed, caus-
ing all of the chain relays to become de-energized
and restored to normal. When relay ARM is
.restored, a path is completed from the winding
of the shift release relay 16 through lead 23%

- and through the break contacts 237 of relay
ARM, lead 238, to the lead 210 and the make con-
tact of advance relay 99. When the first mark-
ing signal is received for the succeeding letter
or figure, the advance relay 99 will operate and
apply a positive potential to operate the shift
release relay 16 momentarily over the path just
described. The operation of the shift release
relay 73 will remove from its break contact the
“positive holding or locking potential for the shift
relay 15, thus causing shift relay 15 to become
de-energized, as a result of which armature Si
of shift release relay 15 will again engage break
contact 313 and close a path to the letter sole-
noid 13, simultaneously breaking the circuit to
the figure solenoid 12. The restoration of shift
relay 15 to normal will also cause armature S2
of this relay to disengage make contsct-318 and
to engage contact 317. When the minus 120 volts
is re-applied to make contact 317, there is a
negative pulse applied to lead 74 extending to
the shift trigger circuit 108. This negative pulse
on lead T4 is differentiated by condenser C22 and
resistor R22 and fires or activates shift trigger
108 to cause pentodes 79 and 11 to pass current,
as a result of which a circuit is completed through
the space path of these pentode tubes, switch St
and make contact 313, and lead 312 to operate
the letter solenoid 73, thus restoring the. circuit
to the letters or lower case position. 'The circuit
is now ready to receive another code combina-
tion of Morse code signals.

The operation of the shift mechanism is
graphically illustrated in Pig. 4 wherein line 23
indicates, by way of example, a Morse code com-
bination for the numeral 5 followed by the let-
ter E. - The pulses of positive polarity shown in
line 23 are produced by the operation of the ad-
vance relay 99 which operates for every marking
signal. It should be noted from line 24 of Fig. 4
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that relay AR4 operates at the beginning of the
fifth marking signal and remains closed until
the operation of the clear relay {17 as indicated
in line 25. The clear relay 117 operates follow-
ing the operation of the printing solenoid 56 as
shown in line 29. Line 26 of Fig. 4 indicates
that the shift relay 15 operates substantially

simultaneously with and from the operation of

relay AR4. The shift relay 15 releases upon the

first operation thereafter of the shift release

relay 16 as indicated in line 27 of Fig. 4. It should
be noted from line 217, that the shift release relay
18 operates at the beginning of each marking
signal of line 23 so long as the relay AR4 is un-
operated. The wave form of line 28 of Fig. 4

‘represents the current in the figure solenoid 712

and shows that the figure solenoid 72 operates
upon the operation of the shift relay 715. The
wave form of line 29 represents the current in
the printing solencid 56 for the particular figure
or letter selected, and this printing solenoid op- -
erates after the operation of the figure solenoid
12; that is, after one and one half bauds of spac-
The wave form of line 30 represents
the operation of the letter solenoid 13. It should
be noted that the letter solenoid 13 operates upon
the release of shift relay 75 which corresponds
in time position with the start of the next mark-
ing signal following the numeral code combina-~
tion. The operation of the figure solenoid 72,
the printing solenoid 56 and the letter solenoid
13 must follow one another, as shown in lines 28,
29 and 39, and no two of these solenoids should
overlap at any time in operation. Line 29 shows
that the second operation of the printing sole-

‘noid 58 for the letter E follows the operation of

the letter solenoid 73. .

It should ke understood that the invention is
not limited toc the particular polarities of the
potentials shown for operating and locking the
relay chains and operating the trigger circuits,
since, it will be obvious that by suitable design
of the circuit, other potentials may be used
to operate and lock up the relavs and other po-
tentials can be used to operate the trigger circuits
by applying suitable impulses to selected tubes
Since the advance relay
99 and the relays ARI through ARS5 function as

‘stepping relays, it will be appreciated that these

relays can be replaced by a single stepping re-

‘lay having a plurality of ‘wiping contacts.

Since the solenocids 58 are mechanical means

for actuating the key levers of a perforator or

a typewriter or other suitable transeribing devices,
it will be evident that the final utilization circuit

‘operated by the solenoids 58 may be either a
‘five-unif. siz-unit, seven-unit or other multi-
‘unit printing tape perforating machine.

In summation, the system of the invention re-
ceives continental Morse code signals, sorts out

for operating a relav chain which controls the

“selection of solencids for transcribing the received

Morse code sienals into another code.
What is claimed is:
1. A circuit arrangement for discriminating

‘between code elements of different time durations

in apparatus for translating cods signals, includ-
ing a first self-restoring electron discharge de-
vice trigger circuit operatively responsive to the
start of every mark eclement, a second seif-re-

_storing electron discharge device trigger cireuit
.coupled to and under control of said first trigger

circuit and operatively responsive to the trailing
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edge of a mark element whose duration is less
than the agtive time of said first trigger cireif,
and a third self-restoring electron discharge de-
vice trigger circuit under control of said first
trigger circuit and operatively responsive to the
trailing edge of a mark element whose duration
is longer than the active time of said first
trigger cireuit.

2. A circuit arrangement for discriminating
between dots, dashes and spaces of predetermined
code signals, said dots and dashes comprising
mark elements of different time durations, in-

cluding a marking <eleciron discharge device,

trigger eircuit operatively responsive to the start
of every mark element and having an active time
longer than the duration of a dot, a dot eleciron
discharge device trigger circuit coupled fo and un-
der control of said marking trigger circuit-and op-
eratively responsive fo the end of a mark element
whose duration is less than the active time of
said marking trigger cireuit, and a dash electron
discharge device trigger circuit coupled to and
under control of said marking trigger circuit
and oeperatively responsive {0 the end of a mark
element whose duration is longer than the active
time of said marking frigger circuit.

3. A circuit arrangement for diseriminating
between dots, dashes and spaces of predetermined
code signals, said dets and dashes comprising
mark elements of different time durations, in-
cluding an input eircuit to which said signals
are anplied and coupled theretc a marking elec-
tron discharge device trigger cireuit operatively
responsive to the start of every mark element,
and having an active time longer than the dura-
tion of a dot, a det electron discharge device
trigger circuit coupled to and under control of
said marking trigger circuit and operatively re-
sponsive to the end of a mark element whose
duration is less than the active time of said
marking trigger circuit, a dash electron discharge
device trigger cireuit coupled to and under con-
trol of said marking trigger circuit and opera-
tively responsive to the end of a mark element
whose duratien is lenger than the active time
of said marking trigger circuit, an output circuit
coupled to said dot trigger to deliver signals
corresponding to said dots and another output
circuit coupled to said dash trigger to deliver
signals corresponding to said dashes.

4. Apparatus for converting Morse code sig-
nals utilizing dots, dashes and spaces for the
code combinations to cther code signals, said
dots and dashes comprising mark characters of
different time durations, including a marking
trigger circuit resmonsive to the stsrt of every
mark character, and having an active time
longer than the duration of a dot, said marking
trigger circuit including a pair of grid-controlled
electron discharge devices whose anodes and grids
are infer-connected regeneratively, one device
being normally conductive and the other device
normally non-conductive in the stable state and
vice-versa in the active state of said trigger circ-
uit, a pair of electric tubes each having an anode,
a cathode and a grid, a connection from the
anode of the normally non-conductive device of
said trigger circuit to the grid of one electric
tube, a connection from the anode of the normally
conductive device of said trigger circuit to the
grid of the other electric tube, a diode shunted
by a condenser in the cathodeé circuit of each
electric tube, whereby said electric tubes are al-
ternately conductive, one being conductive in the
_stable state of said trigger circuit and the other
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being conductive in the active state of said trig-
ger circuit, a dot trigger circuit connected to the
cathode of that electric tube associated with said
normally non-conductive device, a  dash trigger
circuit connected to the cathode of that elactrie
tube associated with said normally conductive
device, and means for supplying negative im-
pulse to said dot and dash trigger circuits at
the end of every mark character.

B. A circuit arrangement for discriminating
between elements differing in time duration of
prearranged code signals, said code having mark
€lements and interposed space elments arranged
in combination to correspond to individusl
characters of said code, inter-element spaces be-
ing of given duration, inter-character spaces
being of another duration, and the word space
being still a different time duration, including a
circuit to which said code signals are applied,
and coupled thereto a first self-restoring trig-
ger circuit having a stable and an active state
and responsive to the end of a mark element, a
second self-restoring irigger circuit coupled to
and responsive to the restoration of said first
trigger circuit, said second trigger circuit having
an active time duration which is longer than
that of said first trigger circuit, a third self-
restoring trigger circuit having a pair of con-
nections coupling the same to said second trigger
circuit and being responsive to both the activa-
tion and restoration of said second trigger cir-
cuit, and means tc prevent the operation of both
said second and third trigger circuits during the
presence of a mark element.

6. Apparatus for identifying the character of
the space of a continental Morse code signal,
comprising a first self-restoring trigger circuit
having a stable state and an active state, the
active tims of said trigger circuit being substan-
tially 1% bauds. a cireuit to which said Morse
code signals are adapted to be supplied, means
coupled to said circuit and operative in response
to signals therein for tripping said trigger circuit
from ifs stable to its active state at the beginning
of a srace, a second self-re~toring trigger circuit
conpled to and responsive to the restoration of
said first trigeer eirerit. the astive time of said
second trigger circuit being substantially 2%
bauds, a third self-restoring trigeer cireuit
coupled to and responsive to the trinping and
restoration of said second trigser cireunit, means
to prevent the tripping of either said second or
third trigeer circuits during the presence of a
mark signal, and an indicating eireuit counrled
to the output of said third trigger circuit. |

7. In combination, a first self-restoring trigger
cireuit having a pair of output connections, sec-
ond and third self-restoring trigger circuits,
electronic means between one of said output
connections and said second trigger circuit for
conditioning said second trigeer circuit to operate,
electronic means between said other output con-
nection and =aid third trigger circuit for con-~
ditioning said third trigger cireuit to operate, said
two electronic means being alternatively conduc-
tive, a pulse input circuit for supplying to said
first trigger circuit a pulse of such polarity and
magnitude as to trip said first trigger circuit at
the start of said last pulse, and individual dif-
ferentiator circuits coupling said second and
third trigger circuits to s2id pulse input eireuit
for supplying to said last trigger circuits impulses
at the end of said pulse of such polarity and mag-
nitude as to trip only that second or third trigger
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circuit which is conditioned to: operate by its
associated means.

8. Apparatus for converting Morse code s1gnals
having mark  and space characters for every
code combination to other code signals, including
a first self-restoring trigger circuit responsive

‘to the start.of every mark -element, a second

self-restoring trigger circuit under: control - of
said first trigger- circuit -and responsive to- the
trailing edge of a mark-element whose duration
is less than the active time of said first trigger

_eireuit, and a third self-restoring trigger circuit

under control of said first trigger.circuit and
responsive to the trailing edge of a mark element
whose duration is longer than.the active fime.of
said first trigger circuit, a fourth.self-restoring
trigeer circuit having a stable and an active state
and which is responsive to the end of:a mark
element, a fifth: self-restoring trigger circuit
coupled to and responsive to. the restoration-of ¢
said  fourth. trigger circuif, said fifth- trigger
circuit having an-active time.duration which is
longer than -that -of -said-fourth trigger: circuit,
and a. sixth self-restoring.trigger circuit having
-a: pair of: input connections extending to-.the
outputs of said sixth trigger circuit for enabling
the -tripping- of said fifth-trigger circuit at -both
the activation-and restoration.of said fifth trig-
ger circuit, and means to.prevent the:activation
of both said fifth and sixth trlgger clrcults durmg
the-presence:of a mark element. N

9. Apparatus for converting Morse code Sig-
nals  having mark and space elements: for every

-gode combination to other-code signals, including

a first self-restoring trigger circuit responsive:to
the start- of every mark element, a- second self-

‘restoring trigger~circuit-under control of-said

-first trigger circuit and responsive to the trailing
edge of a mark element whose duration is less
than the active time of said first trigger circuit,

-and a third-self-restoring trigger circuit under

control of said first trigger circuit and responsive

~to- the -trailing -edge of *a mark element whose

-duration is longer than-the-active time of said

“first trigger -circuit,- a ‘fourth-self-restoring trig-

ger-circuit having -a -stable-and an active:state
-and-which-is responsive-to-the-end: of-a:mark
-element, -a -fifth. self-restoring -trigger circuit
‘coupled- to- and responsive to- the-restoration-of
-said --fourth - trigger- -circuit,+said - fifth- trigger
-circuit-having an-active time. duration-whichis
longer than that: -of-said-fourth-trigger-circuit,
-.and a-sixth-gelf-restoring trigger circuit-having
-a-pair-of input:connections-extending -to- the out-
puts of said fifth-trigger-circuit-for-enabling-the
tripping of said sixth-trigger- circuit-at both-the
activation--and restoration:of-said  fifth -trigger
-cireuit, and. means to prevent.the activation of
bothrsaid fifth and sixth-trigger circuits- during

the -presence: of a mark -element, -a relay chain -

-under contrel -of -said-second-and-third: trigger
circuits, -a plurality- of-solenoids-whose-operating
-paths .are. controlled-by the setting of-said relay
.chain, .and:-means -for operating : the -selected
solen01d -under-- control -of sald s1xth trlgger
c1rcu1t ERIEERE

-10. Apparatus for convertmg Morse code sig-
'nals utilizing - dots,-‘dashes :and:~ spaces for-the
code combinations: to:-other code signals:said- dots

and 'dashes comprising mark:elements-of different; .

time duration;-including-a marking-trigger: eir-
-cuit-responsive to the start of every mark ele-
ment-and: having an-active time longer-than the

-duration of a dot;a:dot trigeer cireuit under:-con-
trol of said marking trigger:cireuit and-responsive 75

5
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to the.end of a mark element whose duration is
less than the active time of said marking trigger
circuit,  a dash tr1gger‘c1rcu1t under control of
said marking trigger circuit and responsive to
the end of a mark element whose duration is

: longer than the active time of said marking trig-

ger circuit, a chain of. relays under control of

. said dot and dash trigger circuits, and a stepping

10

15

- .relay operatwe at-the -start of each dot.and dash
for advancmg the operatlon of the relays in said
chain.

.~ 11. Electronic apparatus for sortmg spaced dot

~and ‘dash-mark elements of a code signal, com-
prising an input circuit upon which is impressed
dot and dash D. C. signals, a first amplifier and
mverter tube coupled to said input circuit, a sec-
“ond amphﬁer and inverter tube coupled to the
output of said first tube, a .first self-restoring

- frigger -circuit having a-pair of output connec-

20

tions, second.and.- third: self-restoring trigger cir-

- .cuits, . -means. Jbetween one.of said output con-
" nections and.said:second trigger circuit for con-

25

30

35

40

ditioning said second trigger. circuit to operate,
-means between said other output connection and
said-third trigger.circuit for conditioning .said
.third trlgger circuit to. operate, said. last fwo
means. being: alternatlvely conductive, a.connec-
tion: including a .differentiator circuit from the
output--of said -second :tube. to.the input -of. said
first trlgger circuit. for tripping the same at the
start.of.a. mark element, and individual differen-
tiator. circuits:coupling the output -of said first
tube.to-said second and third trigger circuits. for
trlpplng only.that second or third trigger. circuit
which is condltloned to operate by its associated
-means.. - ..

12, Morse - code s1gna1 convertmg apparatus
compnsmg a:chain.of dot.and dash electromag-
netic.relays,.a - plurahty of-solenoids. whose op-
erating paths. are under .control of the contacts
.of. said. relays, .means. including .electronic dis-
‘charge device. cireuits for operating a dot: relay
in said chain when a.dot signal is received, means
1nclud1ng electronic. discharge -circuits for-.op-

45 erating a dash.relay in-said.chain when a.dash

50

signal. is. received,. means. responsive to- the: op-
eratmn .of said-dot. and dash-relays for advanc-
ing “the ,opération. of-.the relays. -in -said chain,
electromc discharge. device cireuits for separating
spaces of different durations to theréby -distin-
guish. between inter-element spaces. and 1nter-
character and- inter-word- spaces, and. connec-
tions for.operating a.selected solenoid. by- said
last electronic discharge device circuits.at the end

55 Of every character signal code combmatlon and

word 51gna1 code. combmatlon .

comprlsmg a chaxn of dot.and dash electromag-
netic relays, a. plurality -of solenoids whose. op-

6o -€rating . paths are under control.of the contacts
is

Uy

_of..$aid. relays, means including. electronic..
charge. device circuits for operating a dot. relayvin
said chain. when a.dot signal is received, means
including .electronic discharge device circuits for
operating a.dash.relay in said chain when-a dash
signal is received, means responsive. to the- op=-
eration of said dot and dash relays for advanc-
ing’ the _operation of the relays in said chain,
electronic discharge device circuits for separat-

7o Ing.spaces-of different durations to thereby dis-

tinguish between inter-element spaces and- inter-
character and inter-word spaces, connections op-

erating a-selected solenoid by said last electronic

discharge device eircuits at the end-of every.char-

‘acter signal - code’ combination and ‘word sighal
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code conibination, and means- operatlve subge~
guent to the operation of a selected solenoid for
resetting the chain of relays to normal in readi-

ness. for operation in response to another ¢odée

_combination.

14. Apparatus for convertmg Morse code sig-
nals having mark and space elements for every
code combination to other code signals, including
a first self-restoring trigger circuit responsive to

“the start of every mark element, a second self-

restoring trigger circuit under control of- said
first trigger circuit and responsive to the trailing
edge of a mark element whose duration is less
than the active time of said first trigger circuit,
and a third self-restoring trigger circuit under
“control of said first trigger circuit and responsive
to the trailing edge of a mark element whose
duration is longer than the active time of said
first trigger circuit, a fourth self-restoring trig-
ger circuit having a stable and an active state
and which is responsive to the end of a mark
element, a fifth self-restoring trigger circuit cou-
pled to and responsive to the restoration of said
fourth trigger circuit, said fifth trigger circuit
having an active time duration which is longer
than that of said fourth ftrigger circuit, and a
sixth self-restoring trigger circuit having a pair
of input connections extending to the outputs
of said fifth trigger circuit for enabling the trip-
ping of said fifth trigger circuit at both the acti-
vation and restoration of said fifth trigger cir-
cuit, and means to prevent the activation of both
said fifth and sixth trigger circuits during the
presence of a mark element, a chain of relays
under control of said second and third trigger
circuits, a stepping relay operating in response
to a_mark element for advancing the operation
of the relays in said chain, a plurality of solenoids
whose operating paths are controlled by the set-
ting of said relay chain, an electronic circuit for
operating the selected solenoid in response to the
tripping of said sixth trigger circuit, said elec-
tronic circuit having its current passing condi-
tion momentarily altered by the tripping of said
sixth trigger circuit, and means responsive to the
restoration to normal of the current passing con-
dition of said electronic circuit for resetting the
chain of relays to normal in readiness for op-
eration in response to another signal code com-
bination.

15. An unequal length code telegraph transla-
tor for translating code signals utilizing dot mark-
ing elements, dash marking elements and spaces
for the code combinations, an electronic cireuit
operatively responsive to received dot marking
elements, an electronic circuit operatively respon-
sive to received dash marking elements, a chain
‘of relays under control of said circuits, means
responsive to each marking element for advanc-
ing the operation of the relays in said chain, one
of the relays in said chain being operative only
after the receipt of a predetermined plurality of
marking elements, a figure or case shift solenoid,
and means operative in response to the operation
of said one relay for operating said figure or case
shift solenoid.

16. An unequal length code telegraph transia-
tor for translating code signals utilizing dot mark~
ing elements, dash marking elements and spaces
for the code combinations, a circuit responsive
to received dot marking elements, a circuit re-
sponsive to' received dash marking elements, a
chain of relays under control of said circuits,
means responsive to each marking element for

advancing the operation of the relays in said 7

20

chain, one of the relays in said chain being opera-
tive only after the receipt of a predetermined plu-
rality of marking elements, a letter solenoid and
a figure or case shift solenoid, a shift relay having
different contacts connected to said solenoids,
connections for operating said shift relay in re-
sponse to the operation of said one relay in said
chain, to thereby operate said figure or case shift
solenoid, and a circuit for operating said letters
solenoid when said shift relay is restored to nor-

©mal
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17. An unequal length code telegraph transla-
tor for translating code signals utilizing dot mark-
ing elements, dash marking elements and spaces
for the code combinations, means including a dot
trigger circuit responsive to received dot marking
elements, means including a dash trigger circuit
responsive to received dash marking elements, a
chain of relays under control of said dot and dash
trigger circuits, a stepping relay operative at the
start of each marking element for advancing the
operation of the relays in said chain, one of the
relays in said chain being operative after the re-
ceipt of a predetermined plurality of marking ele-
ments, a case shift relay operative in response
to the operation of said one relay in said chain,
a figure or case shift solenoid, and means for op-
erating said solenoid in response to the operation
of said case shift relay.

18. A circuit ‘arrangement for discriminating
between code elements of different time duration
in apparatus for translating code signals, includ-
ing a first self-restoring electron discharge device
trigger circuit operatively responsive to the start
of every mark element, a second self-restoring
electron discharge device trigger circuit coupled
to and undeér control of said first trigger circuit
and operatively responsive to the trailing edge
of a mark element whose duration’is less than the
active time of said first trigger circuit, and a third
self-restoring electron discharge device trigger
circuit under control of said first trigger circuit
and operatively responsive to the trailing edge of
a mark element whose duration is longer than the
active time of said first trigger circuit, each of
said trigger circuits comprising a pair of electrode
structures having anode and grid electrodes and
cross-connections interconnecting the grid and
anode electrodes regeneratively, and resistor and
condenser elements of predetermined values:in
circuit with said electrodes for determining the
active time of the trigger circuit.

19. In combination, a first self-restoring tl‘l“-
ger circuit comprising a pair of vacuum tubes
having anode and grid electrodes cross-coupled
regeneratively, an electron discharge device hav-
ing a grid connected over a direct current path
to the anode of one tube of said pair and having
a cathode coupled to ground through a condenser
shunted by a rectifier, another electron discharge
device having a grid connected over a different
direct current path to the anode of said othsr
tube of said pair and having a cathode coupled
to ground through a condenser shunted by a rec-
tifier, second and third self-restoring trigger cir-
cuits coupled to different cathodes of said electron
discharge devices, a pulse input eircuit, means
including a differentiator circuit coupled to said
input circuit for supplying to said first trigger
circuit impulses of such polarity and magnitude
as to trip said first trigger circuit at the start
of a pulse in said input circuit, and additional
individual differentiator eircuits coupling said in-
put cireuit to said second and third self-restoring
trigger circuits for supplying tripping impulses
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thereto at the end of a pulse in said input circuit.

20. A circuit arrangement for discriminating
between characters of prearranged code signals
differing in the total number of individual mark-
ing elements, comprising a first solenoid to be op-
erated upon receipt of characters having less than
8 predetermined number of individual marking
elements, a second solenoid to be operated upon
receipt of characters having said predetermined
number of individual marking elements, means
to actuate said second solenoid upon receipt of
a marking element of ordinal number equal to
said given number of the code character under
consideration, and means responsive to the first
marking element in the succeeding code charac-
ter to actuate said first solenoid.

21. A circuit arrangement for discriminating
between characters of prearranged code signals
differing in the total number of individual mark-
ing elements, comprising a first solenoid to he
operated upon receipt of characters having less
than a predetermined number of individual mark-
ing elements, a second solenoid to be operated
upon receipt of characters having said predeter-
mined number of individual marking elements, a
relay chain arranged for successive operation of
the relays therein upon receipt of the individual
marking elements of the character under consid-
eration, a shift relay responsive to the relay in

<
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said chain of ordinal number equal to said given
number of the code character under consideration
to actuate said second solenoid, and a trigger cir-
cuit- coupled to said shift relay to actuate said
first solenoid in response to the first marking ele~
ment in the succeeding code character.
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