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This invention relates to a system for main 
taining a local frequency constant by controlling 
it from a source of standard frequency. ... 

It is an object of this invention, therefore, to 
5 provide means for controlling a local circuit 
which is oscillated at a harmonic of a standard 
frequency Source by means which will absorba, 
minimum amount of power from said source and 
which will exert the minimum amount of reaction 
thereupon. 

It is Well known that, having a source of con 
stant or standard frequency of a predetermined 
value, if a frequency of some other value is de 
sired, which is a harmonic of the standard fre 
quency, it may be obtained by setting up a local 
circuit to OScillate substantially at the harmonic 
desired and then suitably coupling the local cir 
cuit to the standard Source. Such an arrange 
ment will act to maintain the frequency of the 
local circuit at an exact ratio of the standard fre 
duency. 

Heretofore the local oscillating circuit or OS 
cillation generator has been provided by the use 
of the ordinary three electrode tube or triode 
having two external circuits which connect With 
the tube. The circuit is maintained in oscilla 
tion by some type offeedback or control coupling 
between the anode and the grid circuit of the 
tube. The control of the local frequency is then 
obtained by coupling the anode circuit of the 
tube to the standard frequency source. 

According to this invention it is proposed to 
employ, instead of the Ordinary triode tube in 
the local frequency circuit, a tube having an ad 
ditional separate control element through which 
the Standard frequency source controls the local 
circuit. This provides an arrangement which 
will very effectively couple the local oscillating 
circuit to the source of standard frequency and 
at the same time have the minimum amount of 
reactive effect upon the latter circuit. ... . 
The invention will be further understood from 

the following description taken in connection 
with the accompanying drawing forming a part 
of this application. 

Referring to the drawing, the preferred em 
bodiment of this invention is shown. It com 
prises a local operating circuit ?o coupled through 
a transformer arrangement to a source of 
Standard frequency 2. The local circuit is in 
turn connected through transformer f2' to de 
vices to which frequency is to be supplied. The 
local circuit comprises a common form of oscil 
lating circuit embodying, instead of triodes, two 
four element vacuum tubes 3 and 4 of the 
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double grid type having grids f5 and 22. One of 
the grids of each tube, preferably the grid 15 
nearest the plate 6 of the tubes, is coupled 
through variable condensers 7 to the plate of 
the other tube. The grids 5 are coupled also 5 
to the cathodes 8 of the respective tubes through 
resistances 9. The plates are coupled to a 
source of positive potential through resistances 
2 or other suitable type of impedances, the whole 
arrangement acting in such a manner that oscil- 10 
lations are generated in the local circuit by the 
interaction of the tubes upon each other through 
the feed-back means provided by the coupling 
condensers above described. The local circuit is 
adjusted as closely as is practical to operate at 15 
the desired frequency by varying the capacity of 
the condensers f 1, the value of the resistances or 
other impedances in the circuit having been prop 
erly chosen. 
For a more particular description of the type 20 

of oscillation circuit or oscillation generator set 
forth above, reference may be had to the descrip 
tion by Abraham and Bloch, in Annales de Phy 
sique, vol. 12, p. 237 (1919). - 

- This type of generator is now well known and 25 
in common use. The arrangement produces, in 
stead of a sinusoidal waveform, oscillations of 
substantially "square-topped” waveform. Such 
oscillations are rich in harmonics, which makes it 
an excellent harmonic generator. 
This arrangement is however more or less un 
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stable but may be stabilized by impressing some 
standard accurately controlled frequency upon 
the circuit. . . . . . . . . . 

The frequency of the local oscillating circuit 35 
should be chosen as some harmonic or multiple of 
the available standard frequency. The standard 
frequency may be from a clock controlled Source 
or any other Suitable Source of constant fre 
quency. As is well known if a circuit is oscil- 40 
lating substantially at a harmonic of a standard 
frequency Source, the two frequencies may be 
maintained in step by suitably coupling the local 
circuit to the source of standard frequency. Cir 
cuits so coupled follow the laws of harmonic vi- 45 
bration and may be considered as being locked 
together. That is, the number of frequency Oscil 
lations occurring in the local circuit Will be in 
exact proportion or ratio to that of the standard 
circuit. . . s 
... In the arrangement set forth the local circuit 
0 is to be understood as the portion of the device 

in which the local Oscillations are generated. It 
includes the negative leads from the source of 
potential to the cathodes 8, the electron path 55 
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2 
of the tube to the plates 6, the resistances 2, 
the positive leads to the potential source, and the 
feed-back means including the leads connecting 
the plate of one tube to the grid of the other. 
In addition, the tubes may be considered to have 
tWO external grid circuits. One extends from the 
grid 5 through resistance 9 to the cathode, the 
other from grid 22 through transformer if and 
the source of potential. 

Instead of locking the standard or control 
frequency to the local circuit through the plate 
circuit of the tubes, as has been the practice here 
tofore, the arrangement, according to this inven 
tion, is to connect the control frequency through 
the external circuit including the transformer 
to the Second or control grids 22 of the tubes 3 
and 4. These are the grids ordinarily disposed 
nearest the cathode of the tube. It is evident 
that Such arrangement would provide a very sensi 
tive means of influencing the local circuit and 
that a control of the local circuit by such an ar 
rangement may be accomplished with a minimum 
amount of power as compared with that neces 
Sary to influence the local circuit through the 
plate circuit of the tubes. Such an arrangement 
results in the minimum amount of power drained 
from the Source of control frequency. It is evi 
dent that a small power drain from the standard 
frequency Source facilitates the maintenance of 
a constant frequency at such source. 
A further advantage resides in the fact that 

When the local oscillating circuit is controlled 
through a second control element in the tube, 
the amount of feedback or reaction of the local 
circuit on the circuit of the standard frequency 
Source is reduced to a minimum. Theoretically, 
When two oscillating circuits are coupled together 
in the slightest degree, there is a minute reaction 
of one circuit upon the other. With the ar 
rangement employed heretofore where the stand 
ard frequency source is coupled to the local cir 
cuit through the anode circuit of the tube in 
which flows relatively large amounts of power, 
the reaction between the local circuit and the fre 
Cuency Source is of a Substantial amount and 
often results in depreciatively influencing the 
stability of the circuit from which the standard 
frequency is Supplied. On the other hand, when 
the coupling is accomplished through an extra 
control element of the tube, the reaction between 
the two circuits is reduced to a minimum and the 
number of circuits which it is permissible to 
couple to the standard frequency circuit is thereby 
greatly increased. 

t is obvious that the principles applied to the 
embodiment of the invention illustrated may be 
applied to other circuit arrangements for accom 
plishing Substantially the same results. The same 
principles would apply for instance where a single 
tube was employed for maintaining the local os 
Cillating circuit. 
From the foregoing, it will be evident that an 

improved arrangement has been provided for 
coupling a local oscillating circuit or oscillation 
generator to a source of standard frequency so as 
to maintain the local circuit effectively and ac 
curately locked to the source of standard or con 
trol frequency. Also because of the sensitivity of 
the control a Small amount of power is drained 
from the control Source, which permits an in 
creased number of local circuits to be connected 
to a Source of constant frequency without the 
danger of power drainage from said source in 
Sufficient quantities to affect the stability of the 
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source. Likewise the feed-back or reaction from 
the local circuit is reduced to a minimum. 
Although this invention has been illustrated in 

but one form, it will be apparent to those skilled 
in the art that it is not so limited but that va 
rious changes and modifications may be made 
Without departing from the spirit thereof and it 
is desired, therefore, that only such limitations 
shall be placed thereon as are imposed by the prior 
art or as are specifically set forth in the appended 
claims. 

I claim: 
1. In a frequency control System, a Source of 

oscillations of a known Standard frequency, an 
oscillation generator the frequency of which is to 
be controlled by coupling the generator to Said 
standard source, said generator embodying a pair 
of electronic tubes coupled in bridge circuit re 
lation, said tubes embodying a cathode, an anode 
and an exciting grid, said bridge circuit including 
a local output circuit connecting the anodes with 
their respective cathodes, and a local input cir 
cuit connecting the exciting grids and the respec 
tive cathodes, and feed back means to couple the 
local output circuits with the local input circuits 
for causing OScillations to be generated in Said 
circuits, said tubes embodying a control grid, cir 
cuit means operating independently of said local 
circuits for coupling the control grids to their 
respective cathodes, and means for coupling said 
independent circuit to said source of oscillations, 
Whereby the oscillations from said source will be 
impressed upon the local circuits solely through 
Said control elements. , 

2. In a frequency control system, a source of 
control frequency in which oscillations of a prede 
termined frequency are maintained and a local 
Oscillation generator, the frequency of which 
is to be controlled, said local generator comprising 
of a pair of electron tubes intercoupled through 
a local circuit including suitable impedances pro 
viding for said generator to be oscillatable sub 
stantially at a harmonic of said source, each of 
Said electron tubes being provided with a cathode 
and anode and a pair of control elements, feed 
back means included in said local circuit and 
coupled to One of the control elements of each 
tube for exciting the local oscillations and circuit 
means independent of said local circuit connected 
to the other control element of each tube or cou 
pling the frequency source to the local circuit 
Solely through the electron stream within said 
tubes. 

3. In a frequency control system, a readily os 
cillatable circuit the frequency of which is to be 
controlled, electronic means for impelling oscil 
lations in Said circuit, said means embodying a 
cathode, an anode, and two control elements, said 
means being coupled directly in said oscillatable 
circuit through the cathode and anode, feed-back 
means from Said circuit to One of Said control 
elements for exciting the oscillations, and a cir 
cuit independent of said oscillatable circuit in 
which a control frequency of a known value is 
maintained, said independent circuit being con 
nected to the other of said control elements for 
controlling the local oscillations solely through a 
control element of the electronic means. 

4. In a frequency control System, an OScilla 
tion generator the frequency of which is to be 
controlled, said generator comprising a pair of 
electron tubes provided with a cathode, an anode, 
and two control elements and an external circuit 
for each of the control elements, one of said ex 

10 

5 

20 

25 

30 

35 

40 

45 

50 

60 

(65 

75 



0 

1,996,403 
ternal circuits for each tube being coupled 
through feed back means to the anode of the 
other tube and the other of said external cir 
cuits being coupled to a Source of Standard fre 
quency, whereby the generator is caused to Oscil 
late at an harmonic of said standard. 

5. In a frequency control system, a source of 
control frequency of known value, a local OScilla 
tion generator the frequency of which is to be 
controlled, said local generator including a pair 
of electron tubes each having a cathode, an anode, 
and a pair of grids, a circuit organization for 
connecting said anode and grids to said cathode, 

3 
said organization including feed-back means for 
So coupling one of said grids of each tube to the 
anode of the other tube that OScillations Will be 
set up in the anode-cathode circuit by the action 
of said grids, and Said organization including 
means for impressing the control frequency upon 
the other grid of Said tubes, whereby the Source 
of control frequency is coupled to the local gen 
erator causing the latter to OScillate at an har 
monic of said source and yield an Output of a 0 
known frequency value. 

WILLIAM ID. BUCKINGHAMI. 


