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1. 

This invention relates to electromagnetic appa 
ratus of the kind arranged to be operated by an 
electric control signal. 

It is well known that the minimurn current 
which will operate a simple electromagnetic relay 
which is spring biassed to a non-operated posi 
tion is usually greater than the current which 
is necessary to hold it in that position. When SO 
operated. Thus, when the current in an operat 
ing winding of such a relay is increased from 
2ero, the relay will operate at a given value of 
current but when the current is then reduced 
the relay will not return to its non-operated posi 
tion until a much lower value of current is 
reached. If now the relay forms part of a closed 
loop Servo system in which operation of the relay 
effects Some control Which in turn varies the 
current through the relay winding, this difference 
between the operating and release currents of 
the relay may cause overshooting of the Servo 
System. 

It is one object of the present invention to 
provide a relay arrangement in which the above 
rentioned effect is reduced. 
According to the present invention, electro 

magnetic apparatus of the kind specified com 
prises two theriionic valves each of which has 
3. control grid, bias resistance connected in a coin 
mon cathode circuit of the two valves, an electro 
magnetic device which has two positions of oper 
ation and which is arranged to be differentially 
operated by the currents through the said two 
valves, control means adapted to supply a signal 
which may be varied to the control grid of one 
of the said waives, and means to maintain the 
Voltage on the control giid of the other valve 
at a predetermined value whereby changes of the 
voltage on the control grid of the first mentioned 
valve during operation of the apparatus produces 
changes in the currents in the two windings 
which are opposite in Sense so that the device 
may be caused to be moved between its said two 
positions of Operation by varying the voltage 
Supplied by the Said control means. 

ihe electronagnetic device may be a differen 
tial relay. 

According to a feature of the present inven 
tion, electrorragnetic apparatus of the kind speci 
fied conprises first and second thermionic valves 
each of Which has a control grid, first and second 
elect2'Oinagetic devices which each have two 
positions of Operation and two operating wind 
ings, a first Winding of the first device and a first 
Winding of the second device being arranged to 
carry the currents through the first and second 
valves respectively, a further valve which has a 
Control grid, or more than one such valves con 
nected for parallel operation, the second operat 
ing Windings of the two electromagnetic devices 
being connected in series and arranged to carry 
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the current, or the combined current, through the 
further valve or valves in the direction. So that 
the currents in the two Windings of each device 
tend to oppose One another, bias resistance con 
nected in a common cathode circuit of the first 
and second valves and the further valve or valves, 
control means adapted to Supply a signal which 
may be varied to the said grid of the first valve, 
resistance connected between a source of positive 
Voltage and the Said grid or grids of the further 
Valve or valves, a rectifier connected between the 
said giid of the first valve and the said grid or 
grids of the further valve or valves so as to 
permit the fioW of current to the grid of the first 
valve, and a connection between the said grid of 
the Second valve and a Source of positive voltage 
whereby the two electromagnetic devices may be 
operated by varying the voltage supplied by the 
control means to the said grid of the first valve. 
In One arrangement, the control means com 

prises a device which is adapted to provide a con 
trol voltage which may be varied over a range of 
Walues On either side of and including Zero voltage 
and a cathode follower stage through which is 
arranged to be Supplied to the control grid of the 
first valve the control voltage in series with a 
predetermined voltage. Preferably the ampere 
turns in the two Windings of each electromagnetic 
device are arranged to be the Same when the 
control voltage is Zero. This condition is satis 
fied if there are two further valves and these two 
valves and the first and second valves all have 
the same electrical characteristics while the turns 
of the first and second windings of each device are 
in the ratio tWo to One. The first and second 
electronagnetic devices may be differential 
relays. 
One alrrangement of apparatus in accordance 

with the invention will now be described by way 
of example with reference to the accompanying 
diagrammatic drawing which shows the circuit 
of the arrangement. 
The arrangement comprises two differential 

electromagnetic relays and 2 which are arranged 
to be operated in dependence upon the voltage 
Supplied by a control device 3. The control de 
Vice 3 Supplies a voltage which may be varied 
over a range of values on either side of zero volts 
and the relay i is required to be operated when 
the control voltage supplied by the device 3 has 
a value of --3.5 volts while the relay 2 is required 
to be operated when the control voltage has -3.5 
Wolts. 
The relays i and 2 have pairs of operating wind 

ings 4, 5 and 6, 7 and these windings 4 to 7 carry 
the anode currents of four like triode thernionic 
Valves 8, 9, 6 and i. The windings 5 and 3 are 
connected in Series and carry the combined anode 
current Cf the valves. 3 and 9. The windings & 
and f cairy the aiiode currents of the valves 9 
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and respectively and the windings A and have 
approximately twice the number of turns of the 
windings 5 and 6. 
The valves 8 to are of the type having a short 

grid base, that is to say a relatively Small change 
in the bias on the grid of one of these Valves 
When operating under normal conditions CauSe3 
the Valve to be cut off. 
The control voltage Supplied by the device 3 is 

added to a stabilised voltage and fed to the COYn 
trol grid 2 of a pentode valve 3 which is coin 
nected to operate as a cathode valve stage. This 
stabilised voltage is developed across a resistOl' 
E & which together with resistors 5, 3 and 
form a potentiometer between a positive Supply 
line 8 and earth, the necessary voltage Stabilisa 
tion being effected by a gas discharge device 9 
resistors 6, 7 and 4. 
The voltage developed across the resistor 2 

in the cathode circuit of the valve 3 is thus ap 
proximately equal to that of the stabilised Voitage 
across the resistor. A plus the control Voltage 
supplied by the device 3 and this voltage across 
the resistor 2 is fed to the grid 32 of the Valve 

. A single bias resistor 23 is connected in the 
cathode circuits of the four valves 8 to and 
the control grids 24, 25 and 26 of the waves 8, 
and are supplied with stabilised bias voltages. 
Thus the grids 24 and 25 are Supplied through 2, 
resistor 27 from a tapping point 28 on a potenti 
Ometer 29 which is connected across the resistor 

while the grid 26 is supplied from the junction 
of two series-connected resistol's 3 and 32 which 
are connected between the tapping point 28 aid 
earth. A diode thermionic valve 33 is connected 
between the grids 24 and 25 of the valves 8 and S 
and the unearthed side of the resistor 2. The 
diode 33 is thus non-conducting When the Voltage 
across the resistor 2 is greater than that between 
the tapping point 28 and earth. So that the voltage 
on the grids 24 and 25 is unaffected by changes 
in the voltage across the resistor 2 under these 
conditions but, when this voltage is less than that 
of the tapping point 28, current flows thirough the 
diode 33 and the resistor 27 so as to drop the 
voltage on the grids 24 and 25. 
The system described above is adjusted so that 

when the device 3 is supplying no voltage, equal 
currents are passing through the Windings 6 and 
of the relays and 2. This condition is deter 

mined by means of a voltmeter 34 connected 
across a pair of like resistors 35 and 33, the posi 
tion of the tapping point 28 on the resistOf 29 
being adjusted until the meter 34 gives Zero read 
9. 
Under these conditions the diode 33 is non 

conducting. The potentiometer formed by the 
resistors S and 32 causes the voltages supplied 
to the grids 24 and 25 of the valves 8 and 9 to be 
greater than the grid voltages of the valves it 
and but, because of the lower anode resistance 
of the valves 8 and 9 the four triodes 8 to are 
passing approximately the same current. The 
current through the windings 5 and 6 is thus 
twice that through the Windings 4 and but, since 
these latter Windings have approximately twice 
the number of turns of the windings 4 and , the 
resulting ampere-turns of each relay and 2 is 
approximately Zero so that both relays are non 
Operated. If now the control voltages supplied 
by the device 3 is increased, the diode valve 33 
is still non-conducting but as a result of the in 
crease in voltage across the resistor 2 the bias 
on the grid 22 is increased with the result that 
there is a rise in the current through the wind 
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4. 
ing 4 of the relay . This tends to cause an in 
crease in the bias across the common cathode 
resistor 23 so that the current through the tri 
ode valves 8, 9 and is decreased. This is the 
situation for all values of the control voltage up 
to about 4 volts positive at which value the bias 
across the resistor 23 causes the valves 8, 9 and if 
to be cut of when approximately four times the 
original current is flowing through valve iO. The 
relay is selected So that it is operated at a 
slightly lower value of control voltage, say 3.5 
volts at which value a relatively large current 
will be flowing through the winding 4 with rela 
tively small current through the winding 5. 
With all positive values of control voltage the 
valves 8, 9 and l are passing approximately the 
Same current So that the ampere-turns of the 
relay 2 substantially cancel out and that relay 
is not operated. If, when the relay is operated 
the control voltage is then reduced, the current 
in the winding 4 is reduced while the current in 
the Winding 5 is increased. The effect of this is 
to cause the relay to release at a much higher 
value of control voltage than Would otherwise 
have been the case if the winding 5 had been 
omitted. 

For all negative values of the control voltage 
the diode valve 33 is conducting so that the volt 
age on the grids 24, 25 and 22 are reduced to 
gether with the respect to earth while the grid 
26 remains at its predetermined voltage. Thus 
in Similar manner to that previously described 
the current through the valve is increased 
while that through Valves 8, 9 and () is reduced 
So as to cause the relay 2 to operate when the 
control Voltage is approximately -3.5 volts. 

It will be appreciated that since the corre 
Sponding electrodes of the valves 8 and 9 are 
connected together these two valves may be re 
placed by a single valve but then in order to obtain 
the Sane Operating conditions it would be neces 
Sary for the Windings 4, 5, 6 and 7 all to have the 
Same number of turns. The pairs of valves 8, 9 
and f(0, which have been discussed above as 
Separate valves are, in fact, two double-triode 
Valves. 

Suitable components and component values for 
the apparatus described above when the supply 
line 8 is maintained at a voltage of 250 volts 
above earth is as follows: 
DeVice 19.--------- OSram valve type QS9519 
Valve 13---------- OSram valve type Z77 
Valve 33---------- OSram valve type D77 
Valves 8 and 9.---- Mullard valve type ECC91. 
Valves 10 and 11 - Mullard valve type ECC91. 
Winding 4-------- D. C. resistance of 1,000 ohms 
Winding 5-------- D. C. resistance of 400 ohms 
Winding 6-------- D. C. resistance of 400 ohms 
Winding 7-------. D. C. resistance of 1,000 ohms 
Resistor 14----...-. 41,000 ohms 
Resistor 16------ - 1,500 ohms 
Resistor 17-------. 22,000 ohms 
Resistor 21------. 15,000 ohms 
Resistor 23-------. 20,000 ohms (variable) 
Resistor 27-------. 22,000 ohms 
Potentiometer 29- 100,000 ohms 
Resistor 31-------. 0,000 ohms 
Resistor 32------- 2,200,000 ohms 
Resistor 35-------. 6.8 ohms 
Resistor 36-------. 6.8 ohms 

The control device 3 may be any suitable ar 
rangerinent which is adapted to supply the nec 
eSSary control voltage. In one arrangement the 
Servo System described above may be utilised for 
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frequency control of an oscillation generator, the 
two relays and 2 each controlling the operation 
of a motor in one direction and this motor being 
adapted to tune a resonant cavity which deter 
mines the operating frequency of a very high fre 
quency oscillator by movement of a plunger, the 
Control signal being derived from a phase-sensi 
tive device. Such an oscillation generator is de 
Scribed more fully in the specification of aban 
doned patent application No. 250,683, filed Octo 
ber 10, 1951, refiled as co-pending patent applica 
tion No. 270,052 on February 5, 1952. 

I claim: 
1. Electromagnetic apparatus of the kind ar 

ranged to be operated by an electric control sig 
nal comprising first, and second thermionic 
valves each of which has a cathode, a control 
grid and an anode, first and Second electro 
magnetic devices which each has two positions 
of operation and two operating windings, a, first 
winding of the first electromagnetic device and 
a first winding of the second electromagnetic 
device being connected to carry the currents 
through the first and Second valves respectively, 
a further valve which has a control grid, the 
second operating windings of the two electro 
magnetic devices being connected in Series to 
carry the current through the further valve in 
the direction. So that the currents in the two 
Windings of each device tend to Oppose One an 
other, bias resistance having a pair of terminals 
connected in a common cathode circuit of the 
first and second valves and the further valve, 
control means adapted to supply a signal which 
may be varied to the said grid of the first valve, 
a first source of voltage which is positive relative 
to the terminal of the bias resistance remote 
from the cathode, resistance connected between 
the first source of voltage and the said grid of 
the further valve, a rectifier connected between 
the said grid of the first valve and the said grid 
of the further valve so as to permit the flow of 
current to the grid of the first valve, a Second 
source of voltage which is positive relative to the 
terminal of the bias resistance remote from the 
cathode, and a connection between the Said grid 
of the second valve and the Second Source of 
voltage whereby the two electromagnetic devices 
may be operated by varying the voltage Supplied 
by the control means to the said grid of the first 
Valve. 

2. Electromagnetic apparatus according to 
claim 1 wherein the control means comprises a 
cathode follower stage, a device which is adapted 
to provide a control voltage which may be varied i, 
over a range of values on either side of includ 
ing zero voltage, and means to Supply a prede 
termined voltage in series with the control volt 
age to the said follower stage, and a connection 
for supplying the output voltage of the Cathode 
follower stage to the grid of the first valve. 

3. Electromagnetic apparatus according to 
claim 2 wherein the ampere-turns in the tWO 
Windings of each electromagnetic device are ar 
ranged to be the same when the control Voltage 
is Zero. 

4. Electromagnetic apparatus according to 
claim 1 wherein the first and second electro 
magnetic devices are differential relays. 

5. Electromagnetic apparatus comprising first 
and second thermionic valves each of which haS 
a cathode, a control grid and an anode, first and 
second electromagnetic relays which each has 
two positions of operation and tWO operating 
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6 
windings, a first winding of the first relay and 
a first winding of the second relay being con 
nected to carry the anode currents of the first 
and Second valves respectively, a further pair of 
valves which each have a COntrol grid connected 
for parallel operation, the second operating 
windings of the two relays being connected in 
series to carry the combined anode current 
through the further valves in the direction. So 
that the currents in the two windings of each 
relay tend to oppose one another, bias resist 
ance having a pair of terminals connected in a 
common cathode circuit of the first and Second 
valves and the further valves, control means 
adapted to supply a signal which may be varied 
to the said grid of the first valve, a first Source 
of voltage which is positive relative to the ter 
mina of the bias resistance erote fiOn the 
cathode, resistance connected between the first 
source of voltage and the said grids of the fur 
ther valves, a rectifier connected between the 
said grid of the first valve and the Said grids of 
the further valves so as to permit the flow of 
current to the grid of the first valve, a Second 
source of voltage which is positive relative to 
the terminal of the bias resistance remote from 
the cathode and a connection between the Said 
grid of the second valve and the Second Source 
of voltage whereby the two relays may be oper 
ated by varying the voltage supplied by the con 
trol means to the said grid of the first Valve. 

6. Electromagnetic apparatus according to 
claim 5 wherein the pair of further valves and the 
first and second valves all have the Same electrical 
characteristics while the turns of the first and 
second Windings of each relay are in the ratio tWO 
to One. 

7. Electromagnetic apparatus according to 
claim 5 wherein the control means comprises a 
cathode follower stage, a device which is adapted 
to provide a control voltage which may be varied 
over a range of values on either side of and in 
cluding zero voltage, a means to Supply a pre 
determined voltage in series with the control 
voltage to the cathode follower stage, and a Con 
nection for supplying the output voltage of the 
cathode follower stage to the grid of the first 
Valve. 

8. Electromagnetic apparatus according to 
claim 7 wherein the pair of further Valves and 
the first and second valves all have the same 
electrical characteristics while the turns of the 
first and second windings of each relay are in 
the ratio two to one so that one relay is Operated 
When the control voltage has a predetermined 
positive value while the other relay is operated 
when the control voltage has the Same prede 
termined negative Value. 

9. Electromagnetic apparatus according to 
claim 8 wherein the second source of positive 
voltage is formed by a potentiometer which is 
connected across the said first source, the Said 
grid of the second valve being connected to a 
tapping on this potentiometer. 

THOMAS BROWN WATKINS. 
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