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Claims. 

This invention relates to thermionic valve cir 
cuits and has particular, but not exclusive, 
reference to circuits for transmitting wide band 
frequency modulated signals, the invention being 
applicable also for other purposes for which it 
is desired to obtain oscillations of Varying fre 
quencies.as, for example, for automatic frequency 
correction in radio receivers and transmitters. 
In the field of radio communication by Ileans 

f of carrier waves there are three fundamental 
methods of modulation of a carrier wave, namely, 
amplitude, phase and frequency modulation. At 
the present time the most connonly employed 
method of nodulation is amplitude modulation, 
wherein the amplitude of the carrier wave is 
varied in Sympathy with the modulation frequen 
cies. Now it is known that by using frequency 
nodulation instead of amplitude modulation a 
more efficient transmission can be effected, thus 
resulting in economy, especially in the operation 
of large transmitting stations. In addition, it is 
also knoWn that frequency modulation, whereby 
the frequency of the carrier wave is altered in 
response to nodulation frequencies, provides an 
inprovement over amplitude modulation in the 
signal-to-noise ratio of reception, and this is of 
great in portance in the transmission of tele 
Vision and other signals which occupy wide fre 
quency bands. 
Known methods of frequency modulation have 

been found difficult to apply to the wide pass 
band required for television, and there are two 
main reasons for this. In the first place, it is 
not easy to vary the carrier frequency over a 
sufficiently wide band, and secondly, it is not a 
simple matter to maintain a wide pass band for 
the side bands, it can be shown that theoretically 
frequency modulation produces an infinite num 
ber of side bands. For example, let it be required 
to vary the frequency of a carrier between 42 
negacycles per second and 48 megacycles per 
Second at a low periodicity to represent a low 
frequency component of the modulation signal. 
At the same time let there be superimposed a 
high modulation frequency component of say, 3 
negacycles per Second, but of a very Small ampli 
tude. The minimum side bands required for the 
higher frequency, component will be 42-3 mega 
Cycles/Second and 48-3 megacycles/second de 
pending on the instantaneous amplitude of the 
loW frequency component. From this it will be 
Seen that for television a very wide pass band 
is required in the radio-frequency circuits even 
if the higher sidebands are neglected. 

It is the object of the present invention to pro 

(C. 19-1715) 
Wide improved means for frequency modulation 
of a carrier frequency which is especially suit 
able Where the modulation frequencies comprise 
television or other wide band signals. 
According to a feature of the invention a ther 

Inionic Valve circuit is provided for generating 
Varying frequency oscillations comprising a ther 
mionic valve oscillator including a frequency 
determining circuit, a plurality of valves in cas 
cade the output circuit of the cascade valves 
being effectively connected to the input circuit 
Of the cascade Valves for the generation of osci 
lations, and means for applying a controlling 
potential for determining the frequency of the 
generated oscillations. 
ACCOrding to a further feature of the inven 

tion a thermionic valve circuit is provided for 
generating Varying frequency oscillations con 
prising a thermionic valve oscillator including at 
least two valves each associated with a frequency 
determining circuit tuned to a different fre 
quency, the outputs of Said waves being effec 
tively connected to the input of a thermionic 
valve phase-inverting circuit having separate out 
puts which are arranged to feed back energy 
independently to the input circuits of said valves 
in such a manner as to tend to cause said valves 
to generate oscillations at the different frequen 
cies, said valves being so connected that they are 
forced to produce oscillations of a resultant fre 
quency, and means for applying controlling 
potentials to said valves So as to determine the 
resultant frequency of the generated oscillations. 

En order that the said invention may be clearly 
understood and readily carried into effect the 
Sane will now be more fully described With refer 
ence to the accompanying drawing in which the 
Single figure illustrates a thermionic valve cir 
cuit arranged in accordance with the invention. 

In the single figure of the drawing the screen 
grid valve to is provided in its grid circuit With 
an inductance f of which, in conjunction With 
the Stray capacities of the circuit, forms a fre 
quency determining circuit. Similarly, the valve 
20 has an inductance fo3 connected to its grid 
22, the resonant frequencies of the two frequency 
determining circuits being arranged at or beyond 
the opposite ends of the band of frequencies over 
which it is desired to vary the frequency of oscil 
lation. The anodes 4 and 24 of the two valves 
0 and 20 are arranged in parallel with a common 
anode impedance 75 and a suitable de-coupling 
resistance 4 in conjunction with a de-coupling 
condenser 16. The anode circuit is coupled by 
means: of a condenser 48 to the two grids 52 and 

O 

20 

25 

30 

35 

40 

45 

50 

55 



O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

2 
62 of the two valves 50 and 60, the grids of which 
are arranged in parallel. A broadly tuned circuit 
02, which is suitably damped by a resistance f O5, 

is connected effectively in the anode circuit of 
valves O and 20 and is designed so that its reso 
nant frequency is preferably situated in the 
middle of the frequency band over which modu 
lation is to be carried out. The output of the 
Oscillator is taken from terminals 4 and 42 
which are connected across a part of the induct 
ance C2. Walves 50 and 60 are provided with 
Suitable cathode biasing circuits, namely, resist 
ances 57 and 67 and condensers 58 and 68 re 
Spectively. 
Valves 50 and 60 are de-coupled by means of the 
resistances 59 and 69 in conjunction with a con 
denser 0. 
provided with load resistances, the load resist 
ance 55 in the anode of valve 50 being de-coupled 
from the source of positive potential by means 
of resistance 7 and condenser T2. The same 
de-coupling circuit is also used to de-couple the 
anode impedance 65 of valve 60. The anode 54 
of valve 50 is connected by means of condenser 
56 to the grid circuit of valve 20 whilst the anode 
64 of valve 60 is similarly coupled by means of 
condenser 66 to the grid 2 of valve O. The 
Screening grids of valves O and 20 are supplied 
With suitable positive potentials by means of 
resistances 38 and 39, while condensers 40 are 
for the purpose of providing a low impedance at 
carrier frequencies between the screening grids 
and earth. The modulation potentials are ap 
plied between the terminals 35 and 45 in phase 
opposition. The control grids of valves iO and 
20 are biased by using a common cathode im 
pedance 78 whilst condensers 37 and 4 are for 
the purpose of by-passing the impedance 18 at 
carrier frequencies. 
The Operation of the circuit can be explained 

a.S. follows: 
ASSune that the valve 20 has a large negative 

potential applied to its screning grid 23 so that 
the anode current of the valve is reduced sub 
stantially to Zero and that the screening grid 
3 has a large positive potential applied to it. 
Should the grid of valve ?o become slightly posi 
tive, then the potential applied to the grid of 
valve 60 is changed in phase by 180° by means of 
valve 0 and is consequently negative. The valve 
60 then changes the phase of its input signal by 
180, Or, in other words, the anode 64 becomes 
positive. This positive signal is fed back to the 
grid of valve fo and since the change of phase 
of the fed back signals is exactly 360° the cir 
cuit of will oscillate at its resonant frequency, 
that is, at a frequency which is at one end of 
the band of frequencies over which it is desired 
to modulate the oscillator. Similarly, if the 
Screening grid 23 of the valve 20 has a large 
positive potential applied to it and the anode 
current of valve ?o is reduced to zero, then the 
circuit 03 will oscillate owing to the feedback 
produced by valves 20 and 50 at a frequency at 
the other end of the frequency band. If both 
valves are passing current and the ratio of the 
extreme frequencies of the two circuits 0 and 
03 is not too great, then oscillation will occur 

at an intermediate frequency. Thus, the effect 
of modulation applied to the terminals 35 and 
40 is to make the frequency vary in sympathy 
between the extreme limits determined by the 
frequency determining circuits 0 and 03. 

It is desirable that the valves O and 20 be 
matched. This is not so necessary when a com 

The Screening grids 53 and 63 of 

Each of the valves 50 and 60 are 

2,231854 
mon cathode impedance 18 is employed which 
is large at modulation frequencies but is small 
at the frequencies of the carrier and sidebands. 
Such an impedance causes the Sum of the cur 
rents through the valves to vary only slightly at 
modulation frequencies and the effect of the 
mis-matching between the valves is reduced to 
a Second Order. 
The purpose of resistances 9 and 29 is to 

prevent the circuit oscillating at very high fre 
quencies although any other Suitable means may 
be employed for this purpose. 

I claim: 
1. A thermionic valve circuit for generating 

Varying frequency OScillations comprising a ther 
mionic valve oscillator at least two valves each 
associated with a frequency determining circuit 
tuned to a different frequency, the outputs of 
said valves being effectively connected to the in 
put of a thermionic valve phase-inverting circuit 
having separate outputs which are arranged to 
feed back energy independently to the input 
circuits of said first two valves in such a manner 
as to tend to cause said valves to generate oscil 
lations at the different frequencies, said valves 
being so connected that they are forced to pro 
duce oscillations of a resultant frequency, and 
means for applying controlling potentials to said 
valves so as to determine the resultant frequency 
of the generated OScillationS. 

2. A thermionic valve circuit according to claim 
1, wherein each frequency determining circuit is 
associated with a pair of cascade-coupled ther 
minonic valves, the output circuit of each pair 
of cascade valves being effectively connected to 
their respective input circuit.S. 

3. Athermionic valve circuit according to claim 
1, wherein the controlling potentials are applied 
to a plurality of valves, said valves having a com 
mon cathode impedance which is high at the fre 
quency of the controlling potential or potentials 
but which is low at the frequency of the generated 
OScillations. 

4. In a frequency modulation System a pair of 
electron discharge valves each having a cathode, 
a control electrode and an anode, a circuit broad 
ly tuned to the frequency of the oscillations to 
be generated coupled to the anodes of said valves, 
a tuned circuit connected between the control 
electrode and cathode of each of said valves, an 
additional valve coupling said first named tuned 
circuit to the control grid of one of said first 
named valves, a further valve coupling said first 
named tuned circuit to the control grid of the 
other of said first valves, said additional and 
further valves serving to reverse the phase of 
voltages Supplied thereto and apply the same to 
said control grids, and means for modulating the 
impedances of said first two valves in phase op 
position at signal frequency. 

5. A System as recited in claim 4 wherein the 
cathodes of said first pair of valves are tied di 
rectly together and connected to a source of di 
rect current by means for maintaining the direct 
current supply to said cathodes substantially 
constant. 

6. In a frequency modulation system a pair of 
electron discharge valves each having a cathode, 
a control grid and an anode, a circuit broadly 
tuned to the frequency of the Oscillations to be 
generated coupled to the anodes of said valves, 
circuits tuned to frequencies on opposite sides of 
the mean frequency to which said first circuit is 
tuned connected between the control grids and 
cathodes of said valves, a third valve coupling 
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Said first named tuned circuit to the control 
grid of one of said first named valves, a fourth 
valve coupling said first named tuned circuit to 
the control grid of the other of said first valves, 
said third and fourth valves serving to apply 
voltage from said first circuit to Said control 
grids, and means for modulating the impedances 
of said first two valves in phase opposition at 
signal frequency. 

3 
7. A system as recited in claim. 6, wherein the 

cathodes of said first pair of valves are tied di 
rectly together and connected to a source of di 
rect current by means for maintaining the direct 
current supply to said cathodes Substantially 
constant. 

WILLIAM SPENCER PERCIVAL. 
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