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UNITED STATES PATENT OFFICE 
2,289.98 

ELECTRONIC KEYEING DEVICE 
Lowell E. Norton, Collingswood, N. Y., assign og to 
Radio Corporation of America, a corporation a 
of FDelaware 

Application December 28, 1940, serial No. 372,205 
(C. 78-66) Claims. 

This invention relates to electronic keying de 
Vices, and has for its principal object the pro 
vision of an improved vacuum tube circuit for 
keying a radio range of the A-N type. It is a 
further object of this invention to provide an 
electronic keying system which employs a mini 
mum number of tubes. A still further object of 
this invention is to provide means for control 
ling the Operation of a radio range by & keying 
System which requires no moving parts, and 
which is operated entirely by means of vacuum 
tubes. 
In a copending application Serial No. 372,206, 

filed Dec. 28, 1940, I have described a thermionic 
keyer which may also be used for the above 
named purpose. In my copending application, I 
derive a Series of tinning impulses from Synchro 
nized multivibrators, and utilize the derived in 
pulses to control an electronic toggle switch. In 
accordance with the present invention, however, 
the above objects are obtained by utilizing a pair 
of multivibrators to produce symmetrical square 
wave oscillations of different frequencies, and 
controlling the nonoperative and operative pe 
riods of oscillation of the two multiviorators by 
an unsymmetrical voltage derived from a third 
multivibrator, the entire system being synchro 
nized by a timing voltage which may be derived 
from commercial power lines or other suitable 
Source of constant frequency. 
This invention will be better understood from 

the following description when considered in con 
nection with the accompanying drawing in which 
Figure 1 is a schema'ic diagram of a preferred 
embodiment of my invention, and Figure 2 is a 
chart, the various curves of which represent the 
Voltages at various parts of the circuit for ex 
plaining its operation. 

Referring to Fig. , A, B, C and D are four 
conventional multivibrators, each of which em 
ploys a pair of triode vacuum tubes having their 
plate and grid electrodes cross-connected in the 
conventional manner. 

Multivibrator A is the Synchronizing multi 
vibrator and its circuit constants are selected in 
the Well known nanner So that the output volt 
age on the plate of tube , for example, is a sym 
metrical Square Wave having a period of Oscil 
lation equal to One-half second. In order to in 
sure the highest degree of accuracy, this multi 
vibrator may be controlled by a square wave or 
sine wave voltage of corresponding frequency de 
rived from a mechanical vibrator, or from a fre 
quency divider coupled to the power line. The 
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vibrator is well known to those skilled in the 
art and need not be described herein in detail. 
terminals 2 and 3, connected to the grids of the 
multivibrators, respectively, are provided for ap 
plying such a synchronizing voltage. The voltage 
appearing on the plate of tube is illustrated in 
the first curve of Fig. 2. It will be appreciated 
that the voltage appearing at the plate of the 
other multivibrator tube will be similar to this 
Voltage but in phase opposition thereto. . 

Aultivibrator 3 produces an unsymmetrical 
wave the period of which is equal to two and 
one-half seconds. The ratio of the time duration 
of the first portion of each cycle to the remain 
ing portion, known as the dissymmetry ratio, is 1 
to 4. By making plate resistor 3G slightly larger 
than plate resistor 32, upon the simultaneous 
application of equal negative impulses tube 3 
will always become conductive before tube 5, thus 
assuring the proper phasing of the output volt 
ages, and preventing the dissymmetry ratio from 
becoming reversed, The voltage produced at the 
plate of tube 3 of multivibrator B is shown in the 
fifth curve of Fig. 2, while the voltage appearing 
at the plate of tube 5 of the multivibrator B is 
shown in the fourth curve of Fig. 2. It will be ob 
served that the output voltages of tubes 3 and 5 
are of similar wave shape and time duration, but 
of opposite phase. 

Multivibrator C is designed to operate at the 
same frequency as multivibrator A and produces 
a symmetrical output. The grid return of the 
two tubes and 9 constituting this multivibrator 
is made through a resistor and a battery 9 
the polarity of which is such that an initial nega 
tive biasing potential is applied to the two tubes 
and 9 which normally prevents their opera 

tion. These tubes therefore remain inactive un 
til an unbiasing voltage is superimposed on their 
grid electrodes. 

Multivibrator D is designed to produce a sym 
metrical square wave output whose period is two 
seconds but, like multivibrator C, battery 9 sup 
plies an initial negative biasing potential to the 
grids of the tubes and 3 which normally pre 
vent their operation. As in the case of multi 
vibrator B, proper phasing of the output voltages 
is assured by making plate resistor 36 slightly 
larger than plate resistor 36. Thus tube al 
Ways conducts first when simultaneous negative 
impulses are applied to the two tubes. 
The grid electrodes of the two tubes of multi 

vibrator B are coupled through differentiating 
capacitors 2 and 23 to the plate circuit of tube 

method of controlling the operation of a multi- 55 of multivibrator A. The grid electrodes of the 
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tubes A and 3 of multivibrator Dare also Cou 
pled through differentiating capacitors, 26 and 
27 to the plate electrode of tube. As a result, 
voltages are impressed on the grid electrodes of 
the four tubes which are represented by the third 
curve of Fig. 2, this voltage being derived from 
the first curve of Fig. 1 in the Well known nano 
ner. The grid of tube of multivibrator C is 
also coupled through a differentiating capacitor 
29 to the plate of tube: ; but the grid of the 9 
is coupled through a diíferentiating capacitor 38 
to the plate of the tube a 3 of Entitivibrator A. 
The grid of tube 9 is herefore impressed. With 
a voltage of the type illustrated in the Second 
curve of Fig. 2, while the grid of tube corres 
sponds to the third curve six ce; the voltages on 
the plates of the two tubes of ruitivibrator A. 
are in phase opposition. 
The plate of tube 5 of the biasing Emulti 

vibrators is coupled through a large capacitor 
33 to both grids of multivibrator C. Fine plate 
of tube 3 of the biasing multivibrato: E is co 
pled through a large capacitor 35 to the grids 
of the tubes G and 83 of the liviorator D. 
The time constents of the two iss, inentioned 
circuits are such that the volleges present on 
the plates of the nultivibrator aire impressed 
on the grids of the corresponding multivibrators 
C and D, The operation of this circuit Will now be es:- 
plained, it is & characteristic of a nulti 
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have no effect, therefore, until such time as the 
last applied potential is reduced to a value con 
parable to that of the control impulses, reach 
lang its grid. Thus at the next time interval . . . . . . . 
2, negative inpulse causes the tube 5 to go to 
cut-off, and the cycle is repeated. 

he two out of phase voltages appearing On 
the plates of tubes, 3 and are applied to the 
grids of ignitivibrators C and D. The ampli 
tudes of these voltages are such that the initial 
oies of the battery, 69 is overcome sufficiently, to 
errai& the nultivibrators C and D to operate 

when the control bias is of the proper polarity. 
Just prior to time intervald, therefore, tube 8 
of multivibrator C is biased to cut-off and its 
plate voltage is a Inaximum. As shown in the 
fourth and sizzt: curves of Fig. 2, at time in 
erval 8, the giate voltage of tube E becomes 
positive, and since this voltage is applied to 
he grids of Inuitivibratoi C, the initial negative 
bias of battery, 9 is overcone. At the same 
instant, 8, positive impulse from multivibrator 
A. is applied to the grid of tube 9, see curve 2, 
so that the tube begins to draw, plate current 
and its plate voltage approaches cathode poten 
tial. The normal tirine of oscillation of multi 
vibrator C is a half second. Consequently, at 
time interval 2, a quarter second later, a nega 
live impulse is applied to the grid of tube 9, 
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vibrators that current cer Slovy in only one 
of the two tubes, at any given instant. Shet 

it is, the voltage drop in the plate impedance of 
tube 3, for example, produced by a foW of cu's 
rent in the cathodea anode circuit of that tube 
appliesia, negative impulse to the grid of tube 6 
which biases it beyond cut-off and prevents its 
operation. At a time later, determined by the 
time constant of the circuits, the negative charge 
on the grid of tube 5 leaks off, the tube begins 
to draw, plate current, and the resultant drop 
in the potential of its plate in turn biases of 
tube 3. 
Assuming, therefore, that at some instant, 

corresponding to a time just before time period 
2 of curve, that tube 5 is conducting, and that 
its plate voltage, with respect to the cathode, 
is therefore a minimum, the first negative im 
pulse applied to the grid of tube 5 at the time 
period will bias off this tube, causing its plate 
voltage to approach the B battery potential. 
At the same time the plate voltage at tube 3 
drops suddenly as this tube begins to conduct. 
These changes are illustrated in the curves cor 
responding to the grid and plate voltage of the 
tubes 3 and 5 of Fig. 2. 
A quarter second later at time period 2 con 

and a corresponding positive impulse to the 
grid of tube 7, so that plate current stops in 
tube, 9 and its voltage becomes, more positive. 
At time interval & the normal oscillatory period 
of multivibrator Would normally produce an 
other reversal of plate current. However, at 
this instant the positive bias from the plate of 
tube. 5 of multivibrator B is removed from the 
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grid of tube 9 so that tube 9 can no longer oscil 
late and its plate voltage remains at its max 
imum positive potential. Since the biasing is 

: not applied until the succeeding time interval 
no further, alternations take place until the 
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ditions are unchanged since the normal time pe 
riod of this multivibrator is such that the nega 
tive charge applied to the grid of tube 5 has 
not yet leaked off. At time interval 3, how 
ever, a second negative impulse arrives at the 
grids of tubes 3 and 5. This impulse has no 
effect on tube 5 since its grid is already nega 
tive. The grid of tube 3, however, is driven 
negative causing its plate voltage to rise Sud 
denly and also applying a positive impulse to 
the grid of tube 5 which makes the latter tube 
draw current and its plate voltage drop to a 
minimum value. As indicated above, the nor 
mal oscillatory period of multivibrator B is two 
and One-half seconds, and that it is normally 
unsymmetrical. Successive impulses from mu 
tivibrator A on the grids of multivibrator B 
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cycle repeats itself in the same manner. 
Multivibrator D is similarly controlled by a 

biasing potential derived from the plate of tube 
3. At time interval f the positive bias from 
multivibrator is removed and the initial nega 
tive bias produced by battery f9 prevents oscil 
lation so that the plate voltage of tube is a 
maximum. This condition continues until time 
interval 3 at which time a positive voltage is 
applied from the plate of tube 3, the effect of 
which is to start multivibrator D oscillating at 
its natural period. Thus at time interval 7 a. 
negative impulse on the grid of tube causes 
an alternation to take place, tube f3 becoming 
conductive, and plate voltage of tube i? going 
to its maximum value. At the next time in 
terval the tube would normally reverse again. 
However, at this instant the positive bias from 
the plate of tube 3 is removed thus stopping os 
cillation so that the plate voltage remains at 
its maximum value and the cycle is then re 
peated. 
Output is derived by adding the voltage ap 

pearing on the plate of tube 9 and the voltage 
appearing on the plate of tube through a pair 
of resistors 37 and 39 which are connected to 
the System through a low impedance resistor 4. 
The purpose of this is to prevent interaction be 
tween the circuits. The voltage appearing at 
the output terminals is therefore the sum of the 
voltages on the plates of tubes 9 and , illus 
trated in the sixth and seventh curves of Fig. 2, 
respectively, and is indicated in the eighth curve 
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of the figure. It will be. observed that the out 
put voltage is a D. C. voltage upon which is 
Superimposed a Square wave dash-dot corre 
sponding to the letter N of the international 
code. In reverse polarity this Output voltage 
also produces the letter A of the internationai 
code. It will be observed that the length of the 
dash is four times the length of the dot, that 
the spacing between the dash and the dot is 
equal to the length of the dot, and that the 
spacing between successive groups is equal to 
the length of the dash. The keying signal is 
therefore in strict accordance with the conven 
tional practice. 
While this invention has been described in an 

embodiment suitable for keying radio ranges in 
A-N sequence, it is to be understood that the 
system is also applicable to ET keying or for 
the production of any other code letters which 
may be desired, Warious modifications of the 
particular circuit will occur to those skilled in 
the 3rt, and the present invention is not lim 
ited to the particular circuit shown but only by 
the prior art and the scope of the appended 
claims, 

claim as my invention: 
1. An electronic keying device comprising 

means for producing high and low frequency 
symmetrical square waves, means for producing 
unsymmetrical square waves, means for apply 
ing said unsymmetrical square waves to control 
the inoperative and operative periods of said 
symmetrical wave producing means, means for 
deriving output voltages from said symmetrical 
Wave producing means, and means for combining 
Said derived Output voltages, ? 

2. An electronic keying device comprising 
means for producing high and low frequency 
Symmetrical square waves whose periods are re 
lated in a ratio of 1:4, means for producing a 
first unsymmetrical square wave whose period is 
5 times that of said high frequency wave, and 
having dissymmetry ratio of 1:4, means for pro 
ducing a second unsymmetrical square wave in 
phase opposition thereto, respectively, means for 
applying said unsymmetrical square waves to 
control the inoperative and operative periods of: 
said symmetrical wave producing means, means 
for deriving output voltages from said symmetri 
cal wave producing means, and means for Con 
bining said derived output voltages to produce a 
resultant voltage equal to their sum. 

3. A device of the character described in claim 
1 which includes, in addition, means for syno 
chronizing said symmetrical and said unsyn 
metrical square waves. 
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4. An electronic keying device comprising first 
square wave generating means, second square 
wave generating means, means for applying 

3 
initial biasing voltages to said generating means, 
means for applying opposing biasing voltages al 
ternately to said generating means whereby 
Square wave Oscillations are produced by said 
generating means alternately, and means for 
combining said alternately generated wave oscil 
lations to produce a keying signal. 

5. An electronic keying device comprising a 
pair of multivibrators, means for initially biasing 
said multivibrators, means for producing biasing 
voltages of Opposite polarity, means for applying 
Said biasing voltages to said multivibrators so as 
to Oppose said initial bias and control the op 
erating periods of said multivibrators, and means 
for producing an Output voltage determined by 
the sum of the voltages produced by said multi 
vibrators, 

6. A device of the character described in claim 
5 which includes means for synchronizing said 
multivibrators and said bias producing means, 

7. An electronic device comprising first gen 
erating means for producing rectangular waves 
of different frequencies, biasing means normally 
maintaining said generating means in an inop 
erative condition, other generating means for 
producing controlling voltages which oppose said 
biasing means and control the off-and-on periods 
of said first generating means, and means for 
producing output voltages from said first gen 
erating means, and means for producing a re 
Sultant voltage equal to the Sun of said output voltages. 

8. An electronic device for producing com 
plementary A-N keying signals comprising sep 

5 arate square wave generating means, biasing 
means for normally maintaining said generating 
‘means in an inoperative condition, a source of 
separate voltages which oppose-said biasing 
means and control the off-and-on periods of said 
generating means, and means for combining the 
output voltages of said generating means to pro 
duce a resultant equal to their sum. 

9. A device of the character described in claim 
7 in which said first generating means com 
prises two multivibrators whose frequencies are 
related in the ratio of 4:1. 

10. A device of the character described in 
claim in which said other generating means 
includes a multivibrator for producing unsym 
metrical output voltages whose dissymmetry 
to is 1:4. 

11. A device of the character described in claim 7 in which said first generating means 
comprises two multivibrators whose frequencies 
are related in the ratio of 4:1, and in which said 
other generating means includes a multivibrator - . . 
for producing unsynaetrical output voltages 
whose dissymmetry ratio is 1:4. 
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