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This invention relates to electric circuits 
and provides an arrangement of energy trans 
lators such as three electron discharge devices 
which may have a variety of uses, but is par 

5 ticularly applicable for use as a distributor 
for high speed telegraphy. 
One object of the invention is to provide a 

high speed telegraph distributor having no 
mechanical or moving parts. 

i0 Another object of the invention is to cause 
a series of current impulses of one frequency 
to produce another series of impulses of the 
Same or different frequency with a definite 
control of the time relation at which the im 

is pulses occur. 
According to a feature of the invention, 

a group of electrical energy translators is 
adapted to control the operation of an asso 
ciated group throughout an assembly of such 

20 groups. An arrangement of this kind may 
comprise a plurality of valve circuits each 
of which is connected to the one following it 
in such a way that an impulse applied to any 
one of the valve circuits makes it operative 

25 for a short interval of time and an impulse 
is then passed on to the next valve circuit 
which is thereby made operative for an equal 
interval and so on through the remainder of 
the circuits in succession. A wave (prefer 

80 ably Square) may be applied from an external 
origin to control the length of the interval 
during which each circuit is operative and 
hence the speed at which the operating con 
dition passes down the line. This speed is 
therefore controllable and by coupling to 
gether the last and first row of waive circuits 
the system may be made cyclic in operation. 
According to another feature of the inven 

tion the arrangement is such that a particular 
valve or valves in an assembly can operate 
as an amplifier only when all the valves of a 
certain set of one or more other valves are 
paralyzed. - 

According to another feature of the inven 
tion, a distributor which gives impulses for 
the purpose of operating external apparatus 
is so arranged that the impulses are given 
by units preceding the one for which the re 
sults of the operation of the external appara 

'tus are intended, so that the time taken in the 

36 

40 

operation of the external apparatus may be 
accounted for. 
According to another feature of the inven 

tion an arrangement comprises a plurality of 
groups of valves, one valve in each group 5 
being subjected to an impressed pulse adapted 
to change its condition as from being opera 
tive or non-operative, and means are associat 
ed with the said valve, which due to said 
change, produce an opposite change in an- 60 
other valve of the same group which for a, 
predetermined time maintains the changed 
condition of the first said valve. Other fea 
tures of the invention will be disclosed in the 
following description having reference to the 65 
accompanying drawings, in which: 

Fig. 1 is a schematic representation of an 
arrangement according to the present inven 
tion; 

Fig. 2 gives a plurality of curves represent- 70 
ing certain conditions in the circuit of Fig. 1 
and is used to explain a principle of the in 
vention; 

Fig. 8 schematically shows the invention 
in the form of a receiving distributor for 6 
telegraphy or the like; 

Fig. 4 illustrates a modification which may 
be made in the distributor of Fig. 1; 

Fig. 5 illustrates a frequency divider ac 
cording to the present invention; and 80 

Fig.6 is a set of curves used to describe the 
operation of the arrangement of Fig. 5. 
The arrangement of Fig. 1 shows a plurai 

ity of groups or units each consisting of two 
valves such as V11 and V12.. These units 85 
with their associated circuits are similar and 
therefore the description of one unit with its 
'associated circuits will serve to explain the 
figure, except for the interaction of one unit, 
upon another which is to be explained later. 90 
The unit consisting of valves W21 and W22 
will be considered first. Assume that each 
valve V21 and W22 is such that for a grid 
voltage of -2 volts, the valve operates as a 
normal amplifier, taking a plate current of 
1 milliampere, and that for a grid voltage 
of -6 volts or more, the valve is completely 
paralyzed and will pass no plate current. 
The resistances R211,R212, and R213 form 

- 00 a potentiometer connected across points of a 



2 

battery F and H, which are at potential +250 
volts and -100 volts with respect to the com 
mon filament potential of all valves. Plate 
current is supplied from the point F to the 

5 valve W21 via the resistance R211. 
The values of the resistances R211, R212 

and R213 are chosen such that, when the 
grid voltage of V21 is -6 volts or more nega 
tive, the potential at the junction X2 of R212 
and R213 is -2 volts, and that when the grid 
voltage of W21 is -2 volts, the potential at 
the junction X2 of R212 and R213 is -10 
volts. This change in voltage is obtained by 
virtue of the potential drop owing to the 
passage of the plate current through R211. 
In an exactly similar fashion there is asso 
ciated with W22 a potentiometer of three re 
sistances R221, R222 and R223. Grid leaks 
L211 and L212 of equal value connect the 
rid of W21 to the junction Y2 of resistances 
222 and R223, and also to the point B, to 

which there is applied a square wave which 
has a voltage with respect to the filament 
voltage of -2 volts for half its cycle and 
of 10 volts for half its cycle. Thus the grid 
voltage of the valve W2 is the mean of the 
potentials at B and Y2, and therefore the 
valve W21 can operate only (as an amplifier) 
when the potentials at E. and at Y2 are 
both -2 volts. That is the valve W21 can 
operate only when the square wave B is in 
the less negative half of its cycle and when 
the valve W22 is inoperative. It is to be 
noted in particular that if the valve W22 
is operated, the valve W21 cannot become op 
erative in any part of the cycle of the con 
trolling wave. 
The grid voltage of the valve W22 is the 

mean of the potentials at X2 and of X1 
which is the corresponding point of the pre 
vious unit. Hence valve W22 is operative 
only when both W11 and V21 are inoperative. 
In the remaining valve units the control 

ling waves for the 1st, 4th, 7th, 10th 
group, . . . are taken from points A, for the 
2nd, 5th, 8th, 11th group, ... from point B, 
and the 3rd, 6th, 9th, E. . . from point C. 
The waves A, B and C are similar in form 
but B is retarded by 120° with regard to A, 

50 and C by 120° with regard to B. The other 
SE are composed of similar parts to these escribed and in order to show this in the 
drawings the reference letters which used 
throughout each group contain one numeral 

SS identifying the group, this group identifica 
tion being given by the first numeral appear 
ing after the reference letter. 

Considering the operation of the system 
as a whole, it is seen that if the point Xois 

to given a potential -2 volts, a stable condition 
is attained when the left hand valve in each 
unit or group is inoperative, and the right 
hand valve operative; the points X1, X2, 
X3 . . . have potential F2 volts, the 

at points Y1, Y2, Y3 . . . -10 volts. This 
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will be called the normal condition for each 
unit and for the system as a whole. If there 
be now applied to the point Xoan impulse 
of potential -10 volts, the valve W12 is made 
inoperative and the point Y1 becomes of po 
tential -2 volts. When the point A has po 
tential -2 volts (which it does in the less 
negative half of its cycle), the valve V11 
becomes operative and the point X1 now has 
otential -10 volts. This locks the valve 
12 in an unoperated condition and passes 

70 

5 

a working impulse to the valve W22 in the 
next unit. This action continues until the 
square wave applied to B gets in its less neg 
ative half cycle, when the valve W21 becomes 
operative. At a subsequent instant, the 
square wave applied to A falls to its nega 
tive half cycle, the valve V11 becomes inop 
erative, the valve V12 operative (I have as 
sumed that the impulse applied to Xo has by 
this time been removed). Thus the unit 
comprising V11 and W12 is restored to nor 
mal condition and it remains so, until a 
further impulse is applied to Xo. The im 
ulse that this unit has applied to the valve 

makes the second unit operative during 
the less negative half of the cycle of the wave 
B, passing a further impulse to the valve V32 
in the third unit. 
The train of operations continues, all the 

valve units in the system become operative 
in turn until the last unit is reached. If the 
point Xn in the last unit is joined to the 
point Xo a cyclic arrangement of units is 
produced (there being a multiple of three 
units), and the train of operations continues 
round the circle endlessly. 
The manner in which the apparatus de 

scribed above may be used as the transmit 
ting distributor of a telegraph system will 
now be described. K1, K2, K3. . . indi 
cate contacts of the several transmitters that 
are desired to be connected to the line I, in 
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turn. Consider the circuit through the con 
tact K1. During that part of the cycle in 
which the valve W11 is operative, high fre 
quency current passes (or fails to passac 
cording to the position of the contact K1) 
from a source P, via the small condenser C11, 
valve W11, Small condenser C12 to the valve 
Wa and thence to the line L. Similarly when 
the second unit is in operation, high fre 
quency current passes or does not pass by the 
contact K2, via the valve Vb to the line. The 
valve Wa is interposed in the 1st, 4th, 
7th, . . . group circuits, Vb in the 2nd, 5th, 
8th, ... group circuits, Vc in the 3rd, 6th, 
9th, ... . . , the function of these valves being 
to correct the length of the signal impulses 
applied to the line. This is necessary owing 
to the fact that impulses supplied from the 
distributor proper would otherwise overlap 
each other, and is accomplished by applying 
to the grids of the valves Va, Vb and We, 
three square waves a, b and c (see Fig. 2), 
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each of which has the positive portion of its 
cycle half as long as the negative. Thus the 
valves Wa, Vb and Wa are each paralyzed 
through two-thirds of each cycle, and func 
tion through one-third of each cycle in turn 
as normal amplifiers passing the signals to 
the line so that they do not overlap. Fig. 2 
shows the respective configurations of the 
six waves A, B, C, a, b, and c. It will be seen 
that all these waves have the same fundamen 
tal frequencies and can therefore be derived 
from the same oscillator. 

In order to correlate the mechanical 
operations of the several transmitters 
with the electrical operations of the dis 
tributor, a lead from any one point Xo, 
X1 ... or Y1, Y2 . . . (or if necessary 
more than one) in the system may be taken 
and a positive or negative impulse once per 
complete cycle of the distributor may be ob 
tained therefrom. This impulse may be 
used to work a relay train or perform any 
other desired function. It is clear that the 
time taken in the operation of the relays may 
be compensated for by using an impulse de 
rived from a point X or Y more advanced in 
the cycle of the distributor than that instant 
at which the effect resulting from the opera 
tion of any particular relay is required. To 
operate an amplifier or vacuum tube device 
of a known kind which assumes and retains 
a certain condition when affected by an im 
pulse until restored by a second impulse 
(usually of opposite sign) it is clear that a 
second impulse may be applied to it at a 
subsequent point of the cycle in order to re 
store the amplifier or device to its non-op 
erated or original condition. 

Fig. 3 is a symbolic diagram showing the 
arrangement at a receiving terminal. The 
high frequency current signaling impulses 
which are received over the line L. may be con 
sidered as a succession of separate high fre 
quency impulses; they are separated from each 
other by the three valves Wa, Wib, We (which 
are made operative in turn by the three 
square waves a, b and c) and pass alternate 
ly to the leads P, Q, and R. The distributor D 
(which is exactly similar to the transmitting 
distributor) controlled by the square waves 
A, B and C distributes these impulses con 
secutively to the row of amplifiers' A1, 
A2 . . . which in turn control the operation 
of the several printers PR. Leads B1, 
B2. . . are shown connected to these am 
plifiers. These leads are connected to sub 
sequent sections of the distributor and serve 
to restore the amplifiers (if they have been 
operated by the arrival of a high frequency 
impulse) in readiness for the next cycle of 
the distributor. The mechanical operation 
of the several printers may also be controlled 
by impulses taken from the distributor. 

In Fig.2 t shows a possible configuration 
of the envelope of the high frequency im 

3. 
pulses delivered by the transmitter, where 
as r shows what might be expected at the 
receiving end after passage through the line 
(neglecting a probable phase displacement). 
a', b and c' show the configuration of the 
square top waves applied to the three sepa 
rating valves at the receiving end, and A', 
B' and Care the square waves controlling the 
distributor. If the positive portions of the 
cycles of waves a, b’ and c' are made equal 
to half the negative portions, the whole of 
each impulse as received will be applied to 
the distributor. The impulses when received 
may be badly distorted; this distortion may 
lead to false operation of the printers. If 
the positive portions of the waves a, b and 
c' are made very short, only the central por 
tions of each impulse will be applied to the 
distributor. These portions are shown 
shaded in r, and it is clear that they will lead 
to a truer operation of the printers than 
otherwise. It is clear that in a system con 
sisting of a transmitting distributor and a 
receiving distributor, exact synchronism can 
be maintained if the controlling waves at 
both ends have the same frequency. This can 
be attained if the waves come fundamentally 
from the same source. For instance, an os 
cillator at the transmitting end may supply 
the waves required there, and the frequency 
transmitted over the line may be amplified 
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to supply the waves required at the receiving 
end. Alternatively an oscillator may supply 
the waves required at the transmitting end; 
at the receiving end the waves required may 
be derived from a source whose frequency 
is controlled by the frequency of the tele 
graph impulses supplied over the line. In 
the above case, the frequency required for 
the controlling waves is two-thirds the dot 
frequency of the system. 
The progressive distributor of Fig. 1 

can be simplified by the arrangement as 
shown in Fig. 4 which shows the schematic 
diagram for a five-unit channel of such a 
distributor. The same scheme of reference 
designation is used here as in Fig. 1. Com 
paring this circuit to the one of Fig. 1 it 

C 

O 

is seen that fewer resistances are required. 
The plate of valve V21 is connected to the 
lower terminal of the leak resistance L222. 
The plate is also connected over the resist 
ance R21 to the high tension positive HT 
and over a condenser C22 to a terminal T21. 
The grid of the tube W21 is connected over 
a condenser C21 to a terminal T22. The 
carrier circuit is from terminal T12 to termi 
nal T22. The plate of the valve W22 is con 
nected over a resistance L211, to the grid 
of valve W21. The said, plate of the valve 
W22 is also connected over a resistance R22 
to the high tension positive. r 
The grid of the valve. V21 is connected 

through a resistance L212 to a terminal T23 
which is connected to a source of square 

s 
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waves B. The terminal T24 is connected 
over a resistance L221 to the grid of the 
valve W22 and the impulse for initiating 
the operation of the distributor unit is im 
pressed at T24 from the plate of the valve 
V11 in the previous unit. The arrangements 
connected to valve W11 and valve W31 are 
similar to those connected to valve W21 ex 
cept that the square wave is from A and C 

10 respectively and is displaced in phase as in 
the case of Fig. 1. A permanent grid bias 
for the tubes V12, W22, etc., is obtained 
through resistances L123, IL223, etc., from 
grid bias battery GB. 
A unit or group (e. g. that comprising 

valves W21 and W22 whose characteristics 
will assume to be as described in connection 
with Fig. 1) has grid leaks L212, IL211, IL222, 
L221 and L223 (each 0.5 megohms) and grid 

20 biasing battery GB which may be of, say 
- 26() volts if the plate voltage H. T. be 
130 volts, the low tension positive terminal 
L. T. -- being considered to be at zero po 
tential. Resistances R21 and R22 are 60000 

25 ohms. 
In the arrangement shown, if valve W21 be 

inoperative, the voltage at the point T34 of 
I,222 will be -- 130 volts with respect to the 
grounded filament, if V11 be inoperative, the 

80 voltage at T24 will be +130 volts with re 
spect to the grounded filament and therefore 
the bias on the grid of valve W22 will be zero 
with respect to the plate of V22; and 
hence W22 is operative. If W11 becomes 
operative the potential at T24 falls to 70 volts 
because of the drop of potential in R11 and 
the valve V22 is made inoperative by the 
bias of -20 volts on its grid. This value of 

20 volts; follows from the facts that G3 
0 is at 260 volts, H. T. at +130 volts, and 
from the potential drops in the resistances 
L221, IL222 and I.223 with respect to the fila 
ment of W22. The voltage drop across R22 
therefore ceases and the upper terminal of 
L211 has its potential raised to 130 volts, 
i. e. that of FI. T. This raising of the volt 
age at the terminal of IL211 makes the grid 
of the valve W21 have a bias of zero so that 

in its less negative half cycle (when its po 
tential is -130 volts), and being operative 
there is a potential drop across R21 which 
reduces the potential of the lower terminal 
of I.222, thereby maintaining the bias of 
- 20 on the grid of valve W22 even after the 
cessation of the pulse impressed on T24 
which caused the original change in the cir 
cuit. If the square wave 13 be in its more 
negative half cycle (potential - 170 volts), 
W21 does not operate. The operation of the 
distributor units in sequence is therefore as 
described with reference to Fig. 1. 
In Fig. 5 is shown how the circuit arrange- P 

y ment according to the present invention may 
be used for frequency division. The points 

V21 is inoperative if the square wave B is 

X1,X2, etc. and Y1, Y2, etc. correspond with 
the similar identified points in Fig. 1 and the 
Square waves as in Fig. 1 are impressed at 
A, B and C. In the figure X1 is shown con 
nected over a condenser to a terminal I1 and 
Y3 over another condenser to I2, of a “flip 
flop' device P. This device has two stable 
conditions, one producing one potential at 
the terminal O, and the other a different po 
tential at that terminal. In the figure, when 
X1 gives its negative impulse, the valve T2 
becomes operative while when the point Y3 
gives its negative impulse the valve T be 
comes operative: With either T or T2 oper 
ative and the other valve non-operative the 
device P is in a stable condition. Thus the 
output O of the flip-flop device P gives a 
Square wave of frequency equal to the fre 
quency of the cycle of the distributor, which 
may be for example half the frequency of 
the controlling square wave. 
Fig.6 shows, in 1, 2 and 3, the three phases 

of the controlling waves, in 4, 5 and 6 im 
pulses given by X1, X2 and X3, in 7, 8 and 
9impulses given by Y1, Y2 and Y3. 10 shows 
the output of the flip-flop when its grids are 
connected to X1 and Y1, 11 shows the out 
put when connected to X1 and Y2, and so on. 
It is clear that square waves of a variety of 
phases and ratios of crest to trough can be 
obtained by choosing suitable X and Ypoints 
to connect to the flip-flop device. 

If a distributor of groups or 9 units (for 
a 3-phase controlling wave) is used, division 
of frequency by three may be obtained. If 
one of the grids of the flip-flop device be 

0. 
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connected (by high resistances and condens 
ers) to two different X points, and the other 
grid to two Y points, the output of the flip 
flop device will have two crests and two 
troughs per cycle of the distributor. It will 
not in this case be possible to make the crests 
appear at equal intervals, so that strictly 
speaking the output frequency cannot be said 
to be twice the frequency of the distributor 
cycle and two-thirds that of the controlling 
Waves. However, if a 4-phased controlling 
wave be used employing a distributor of 12 

05 
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units, it will be possible to make the out 
put wave double the frequency of the dis 
triliator cycle, and therefore two-thirds the 
frequency of the controlling waves. By 
similar means it is possible to provide fre 
(quency dividers for square waves giving all 
simple ratios such as 4, 4,2%, 4; 34,4,etc.; 
in order to obtain a division by 2, four square 

5 

20 

waves would be employed with eight valve 
units and the points X1 and Y3 would be 
connected to the flip-flop device. Generaliz 
ing, the frequency of the changes or kicks 
in the device 

frequency of the square wave 
the number of valve units 

M 

the number of square waves. 
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. It is clear that one distributor may be used 
to work two or more flip-flop devices at the 
same time so that a plurality of square Waves 
of various shapes, phases and frequency may 
be obtained from one and the same distrib 
utor. The distributor may at the same time 
be used for another purpose, such as for in 
stance a telegraph transmitting or receiving 
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distributor. . 

The device substantially as shown in Fig. 1 
or 5 may also be used as a timing circuit, and 
this in the following manner: 
Suppose there are a number of units of a 

distributor connected together as usual, but 
without the last connected to the first so that 
they are in a row instead of in a cycle. Un 
der the influence of the controlling waves, 
this row will remain in a normal state with 
all selecting valves paralyzed, but if an im 
pulse be applied, it will be transmitted down 
the row at a definite rate and will emerge at 
the last unit after a fixed time where it may 
be made to serve some useful purpose either 
directly or by the aid of a flip-flop device. 
Thus the arrangement is a timing circuit, 
which will act at a definite interval after any 
given action. Moreover its delay is adjust 
able and exact. Such a system could be made 
to give a series of impulses in sequence after 
regular or irregular intervals. In such a 
system it might be convenient to divide the 
distributor into classes of units, some of 
which were controlled by square waves of one 
frequency and some by square waves of an 
other frequency. - 
Although the description has been restrict 

ed to specific circuit arrangements, the prin 
ciples involved in the invention are capable 
of application in a variety of specific forms 
to perform a variety of functions. 
What is claimed is: 
1. A circuit arrangement comprising a 

plurality of groups of mechanically static 
electric energy translators, such as thermionic 
valves of which each comprises a grid, a 
cathode and an anode, means for applying 
a potential to the grid of one of said valves, 
said potential depending on the anode cur 
rent of another valve in the arrangement. 

2. A circuit arrangement comprising a plu 
rality of valves forming a closed group in 
which each valve has its grid bias controlled 
by another tube of the group, each tube in 
turn performing a function of grid bias con 
troller. 

3. A circuit comprising a plurality of 
groups of valves arranged in groups, one 
valve being subjected to an impressed pulse 
adapted to change its condition as from be 
ing operative or non-operative, and resistance 
elements associated with the said valve which 
due to said change produces an opposite 
change in another valve of the same group 
which for a predetermined time maintains 

5 

the changed condition of the first said valve. 
4. Circuit as defined in claim 3 character 

ized in that at least one resistance element 
is provided in the output circuit of said valve 
whereby input current is supplied to the other 
of said valves by virtue of the potential drop 
in said resistance. 

5. A circuit arrangement comprising ther 
mionic valves in which a valve is adapted to 
operate as an amplifier only when another 
valve in the arrangement is paralyzed and 
when voltage of a synchronizing wave ap 
plied to the grid of said first mentioned valve 
lies within certain limits. 

6. A circuit arrangement according to 
claim 5 comprising means whereby the grid 
voltage of the first mentioned valve causes 
the valve to operate normally as an amplifier 
while said other valve is paralyzed and in 
which the condition of the grids of the two 
valves is reversed on the application of an 
impulse to the circuit, said means comprising 
a potentiometer arrangement of resistances. 

7. A plurality of circuit arrangements ac 
cording to claim 5 connected in sequence such 
that the application of an impulse to the 
first arrangement causes the reversal of the 
conditions of the grid potentials of two valves 
therein and also causes an impulse to be 
passed to the second arrangement causing 
the reversal of valve conditions therein and 
the generatiton of a further pulse and so on 
In sequence. 

8. An arrangement according to claim 1 in 
which at least one valve of a group is adapted 
to be used as a normal amplifier during the 
time in which it is not paralyzed. 

9. A high speed telegraph distributor com 
prising a plurality of space discharge tubes 
connected in pairs and having input and out 
put circuits, resistance elements in said cir 
cuits, said elements being so dimensioned that 
the input voltage of the second of said de 
vices is the mean of the potentials at two 
points of which one point is located in the 
output circuit of the second space discharge 
device and the other point is located at the 
junction point of said input circuit with the 
point of application of a square wave which 
has a voltage smaller than the filament volt 
age of said discharge devices. . 

10. A thermionic repeater comprising at . 
least two space discharge devices each having 
an anode, a cathode and a control electrode, 
circuits connected to said electrodes, a source 
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of high frequency signals connected to the , 
input circuit of one of said devices, a line 
connected to the output circuit of said de 
vice, the output circuits of both of said de 
vices being connected effectively in parallel 
and the anode circuit of the first mentioned 
device being connected to the grid circuit 
of the succeeding device through a resistance 
element, and means connected to the anode 
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circuit of the first mentioned device for cor 
recting the length of the signal impulses 
transmitted to said line. 

11. A distributor comprising a plurality of 
5 valves interconnected through a plurality of 

resistance elements for biasing the grids of 
said valves whereby said valves in turn open 
and close a path for signal currents, and 
means for providing impulses which may be 

10 used to operate an external apparatus. 
12. A distributor adapted to transmit or 

receive electric signal impulses to or from 
a transmission medium, said distributor com 
prising means including a space discharge 
device which when said impulses would un 
duly over-lap in time corrects the length of 
the impulses, said means being operative only 
during the length of time desired for the 

O impulses. 
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13. A distributor according to claim 12. 
comprising a plurality of signal distributing 
paths to which the signals are distributed, 
each of said paths containing a corrector 
valve. 

14. A circuit arrangement according to 
claim 1 comprising means for supply 
ing simple frequency multiplication or 
division of an input frequency wave, said 
means comprising two space discharge de 
vices having input and output circuits, the 
output circuit of one of said devices being 
connected to the input circuit of the other de 
vice through at least one resistance element 
and the output circuits of said devices be 
ing connected effectively in parallel. 

CARTON ROSSLYN DUNHAM. 
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