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HIGH FREQUENCY STABILIZER, 
Lawrence A. Hyland, Washington, D. C., assignor 
to Wired Radio, Inc., New York, N. Y., a corpo 
ration of Delaware 

Application April 30, 1929. Serial No. 359,381 
Claims. 

My invention relates broadly to the frequency 
control of high frequency systems and circuit 
arrangements. 
One of the objects of my invention is to provide 

a frequency control Systein for stabilizing the 
frequency of a radio transmitter. 
Another object of my invention is to provide a, 

frequency control system wherein the frequency 
characteristics of an Oscillatory circuit, are main 
tained substantially constant. 

Still another object of my invention is to pro 
vide a frequency control systein wherein the fre 
quency of the energy eimanating from a trans 
initting Station is automatically controlled in 
accordance with the frequency from a low power 
constant frequency Source. 
A further object of my invention is to provide 

a frequency control systern wherein a device re 
Sponsive to difference in frequency has two coils 
One of which is Supplied with a frequency which is 
the difference between a standard frequency and 
a frequency to be controlled, and the other of 
Which coils is Supplied with a sub-multiple of 
the standard frequency. 

Other and further objects of ny invention are 
to provide certain circuit, arrangements for Ob 
taining the desired operating characteristics, a 
better underStanding of which can be had from 
the specification following and the accompany 
ing drawing, which is a schematic circuit dia 
gran ShOWing a high frequency transmitter the 
frequency characteristics of which are controlled 
in accordance with my invention. 
In ray System for frequency control of radio 

transmitters I ein ploy a synchroscope adjusting 
arrangement SOYewhat Similar to that shown and 
described in ray copending application, Serial No. 
350,053, filed March 26, 1929, entitled “High fre 
quency stabilizers', now Patent No. 1,822,812, 
issued September 8, 1931. 
A Suitable mechanically vibratile element serves 

as a Standard of frequency. The accompanying 
dra Wing shows element as a piezoelectric crys 
tal, however any suitable means may be em 
ployed as an initial frequency standard. Ele 
inent is connected with the input circuit of 
thermionic tube oscillator 6. The output circuit 
of thermionic tube 6 is associated with the input 
circuit of therinionic tube rectifier 8. The out 
put circuit of thermionic rectifier 8 is delivered to 
a multi-Vibrator or Subhairmonic circuit com 
prising thermionic tubes 9 and 10. This circuit 
is adapted to produce Subharmonics of the fre 
quency of the eXciting Source as described by 
Lewis M. Hull and James K. Clapp in “Proceed 

(C. 250-36) 

ings of the Institute of Radio Engineers', Volume 
17, pages 252-271, February, 1929, in an article 
entitled “A Convenient Method for Referring 
Secondary Frequency Standards to a Standard 
Time Interval”. Any suitable arrangement may 60 
be employed to produce the Subhairmonic frequen 
cies other than the arrangement illustrated. In 
the arrangement shown it is possible to produce 
a Sub-haronic of a value One-tenth of the 
frequency of the exciting source. The arrange 
ment shown depends for its operation upon a 
number of factors, primarily the asymmetry of 
thermionic tubes 9 and 10, or, in equivalent, the 
a Symmetry of their circuits. Thermionic tubes 
having unlike characteristics may be employed 70 
or the effective characteristics of the tubes caused 
to vary by means of resistors 23, 24, connected 
with their respective anodes. . . . . . . 

These resistors may be of values having ratios 
of substantially 50 to 1 or other ratio as deter 
mined from experiinent. Condensers 21, 22, con 
tribute to the operating characteristics and as 
Sist in establishing the desired condition for pro 
ducing Sub-nultiples of the exciting energy. By 
eXciting energy is meant the energy from the out 
put circuit of thermionic tube rectifier 8. Ther 
mionic tube.8 may be of any suitable type other 
than that shown, for instance, it may be of the 
Screen anode type or screen control electrode 
type. This may be desirable to prevent inter 
action from the “multivibrator' as pointed out 
in the reference article by Hull and Clapp. Again, 
I desire it to be known that it is not essential to 
my invention that the 'multivibrator' illustrat 
ed in the drawing be employed. Any suitable sys 
ten for producing Submultiple frequencies may 
be employed. 
The transmitter proper comprises thermionic 

tube oscillator 1 having associated input and out 
put circuits for producing oscillations of high 
frequency energy. The output of thermionic tube 

is delivered to the input circuit of thermionic 
tube anpifier 2. The output of thernionic tube 
2 is delivered to Space radio radiating System 3, 
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as shown, or may be delivered to any desired load loo 
circuit Such as a Wired radio System. Thermionic. 
tube 4 is fundamentally a rectifier having a di 
vided input circuit comprising coils 5 and 5d. 
Coil 5 is in inductive relation to the output circuit 
of thermionic tube 2 or in other manner connect- I 
ed or coupled with the energy in this circuit. 
Coil. 5a is similarly coupled with constant fre 
quency Oscillator Standard 6. Energy from os 
cillator 1 and energy from oscillator 6 is intro 
duced into the input circuit of thermionic tube ll0 
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rectifier 4. The output circuit of rectifier 4 coin 
prises coils 19 and 20 wherein are present fre 
quencies of the order of the sum of the frequen 
cies of the energy from oscillators 1 and 6 or the 
difference (beat frequency) of these two fre 
quencies. The output energy of Subharmonic 
producer 9-10 is connected with winding 11 of 
transformer 12. Winding 13 of transformer 12 
is connected with thermionic tube 14. The out 
put circuit of thermionic tube 14 comprises coils 
15 and 16 and phase-splitting circuit 17, 18. 
Coils 15 and 16 are mounted substantially at right 
angles to each other and suitably supported on a 
pivot which allows free movement of the coils. 
Coils 19 and 20 are mounted substantially as 
Schematically illustrated, in inductive relation to 
coils 15-16 and may be fixed in position so 
that coils 15 and 16 move in relation to coils 19 
and 20. The shaft carrying coils 15 and 16 30 
Operatively actuates the control member of con 
denser 26 by means of mechanical connection 25 
or in any suitable manner. My copending ap 
plication, Serial No. 350,053 now Patent No. 1,822,- 
812, issued September 8, 1931, describes the ad 
justable frequency control in greater detail. 
The operation may be summed up somewhat 

as follows: Suppose for example, it is desired to 
generate and transmit energy from oscillator 1 
having a frequency of 405 kilocycles. The power 
rating of thermionic tube 1 may be of the order 
of 10 kilowatts. Mechanically vibratile element 
7 may be chosen to have a fundamental frequen 
cy of 400 kilocycles. The energy from oscillator 
6 transferred to the input circuit of thermionic 
tube 4 would have a frequency of 400 kilocycles. 
The frequency of the energy from Oscillator 1. 
transferred to the input circuit of thermionic tube 
4 would have a frequency of 405 kilocycles. In 
the output circuit of thermionic tube 4 compris 
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ing coils 19 and 20, a beat frequency of 5 kilo 
cycles is present. The frequency of the energy 
transferred from Oscillator 6 to thernionic tube 
8 will be 400 kilocycles. Selecting the eightieth 
Submultiple frequency of this value means that 
the input circuit of thermionic tube 14 will have 
a current having a frequency of 5 kilocycles. The 
Current of 5 kilocycles frequency from thernionic 
tube 14 energizes movable coils 15-16 at this 
frequency. Since the excitation of coils 19-20 is 
by a current of like frequency value no torque is 
exerted upon coils 15-16. If however, the fre 
quency of the energy from oscillator 1 should re 
duce to 404.5 kilocycles instead of the desired . 
value of 405 kilocycles, the energization of coils 
19-20 would be at a frequency of 4.5 kilocycles 
instead of 5 kilocycles. This difference would bs 
sufficient to produce a torque which would be 
exerted upon coils 15-16 moving the same from 
their normal position. This motion is in turn 
transmitted by Suitable means, represented at 25, 
to any Suitable frequency ontrolling device here 
in represented as Condenser 26. The motion 
transmitted to condenser 26 may be sufficient to 
correct the adjustment of frequency, as in the 
example above, increase the frequency character 
istics of the oscillatory circuit to the amount 
of 500 cycles or 0.5 kilocycles to reestablish the 
generation of the 405 kilocycle energy. In like 
manner, should the frequency from oscillator 1 
increase to 405.5 kilocycles instead of remaining 
at 405 kilocycles, the beat frequency would be 
5.5 kilocycles. 

- Since the difference between the 5.5 kilocycles 
beat frequency in coils 19-20 and the 5 kilocycle 
frequency in coils 15-16 is 500 cycles, a torque 

1942,602 
Would be exerted upon movable coils 15-16 caus 
ing a displacement of the movable coils. From 
first consideration it would seem that the 500 
cycle increase of frequency or the 500 cycle de 
crease of frequency Would effect a Similar dis 
placement of the innovable coil and that no sta 
bility results. Here it must be remembered that 
the beat frequency in coils 19-20 which in the 
first instance was 4.5 kilocycles, in the latter 
instance is 5.5 kilocycles. The frequency of the 
energy in coils 15-16 reinains constant at 5 kilo 
cycles. Between the frequency of the einergy in 
coils lib-16 and the frequency of the energy in 
coils 19-20, in the first instance, the difference 
was 0.5 kilocycle. In the latter instance the dif 
ference is also 0.5 kilocycle. The Solution rests 
in the fact that in the former instance the fre 
quency of the energy in coils 19-20 was 4.5 kilo 
cycles while in the latter instance the frequency 
is 5.5 kilocycles. 

It is evident the nurnerical value of the torque 
produced Will be the Sane in either instance. 
It is also obvious that the angular displacement 
of the movable coils Will be a like amount. HOW 
ever the displacement in the first instance Will be 
in the opposite direction to the displacement in 
the latter instance. Movable coils 15-16 are not 
set at Zero beat but are moved an appreciable dis 
placement from such position which allows move 
ment in either direction. When the frequency of 
the energy in coils 19-20 increases, coils 15-16 
will be moved in a given direction. When the 
frequency decreases coils 15-16 Will be moved in 
the opposite direction. 
From a summary of the operation it is obvious 

that Since the change of frequency of the energy 
causes a change in the frequency characteristics 
of the circuit. Where Such change Occurs, a Very 
high degree of accuracy results. It is obvious 
that since the change of frequency is corrected 
almost simultaneously, it would be next to in 
possible to actually change the frequency. The 
change of frequency and the correction of fre 
quency are absolutely interdependent. 

I realize that many modilications of my inven 
tion are possible and it is to be understood that 
my invention is not to be restricted by the fore 
going specification or by the accompanying dra W 
ing but only by the scope of the appended claim.S. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is as follows: 
1. In a high frequency circuit arrangement, a 

high frequency oscillator, frequency controlling 
means in said oscillator, a movable coil member, 
a connection between said movable coil member 
and said frequency controlling means in Said OS 
cillator for adjusting said OScillator When Said 
movable coil member is operated, an independent 
constant frequency source, means for producing 
submultiple frequencies of the energy of Said in 
dependent constant frequency Source, Connec 
tions between said movable coil member and Said 
last mentioned means whereby a submultiple fre 
quency of the energy from Said independent 
constant frequency Source is impressed on Said 
movable coil member, and a stationary coil mem 
ber coupled With said movable coil member and 
connected with both the output of said independ 
ent source and said oscillator for controlling the 
adjustment of said movable coil member. 

2. In a high frequency circuit arrangement, a 
high frequency oscillator, frequency control 
means in said oscillator, a movable coil member 
connected with said frequency control means in 
said oscillator for adjusting Said frequency con 
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1942,602 
trol means when said movable coil member is 
operated, an independent constant frequency 
source, means for producing a submultiple fre 
quency from said independent constant fre 
quency source, a stationary coil member in in 
ductive relation to said movable coil member, 
connections between said movable coil and Said 
last mentioned means, and means connecting said 
stationary coil member with both Said high fre 
quency oscillator and said independent constant 
frequency Source whereby a beat frequency is 
produced by combining the outputs of Said in 
dependent source and said osciliator for actuating 
said movable coil member. 

3. In a high frequency circuit arrangement, 
frequency controlling means in a high frequency 
circuit, a movable coil member connected With 
said frequency controlling means in Said circuit 
for adjusting said frequency controlling means 
when said coil member is actuated, a Stationary 
coil member in inductive relation to said movable 
coil member, an independent constant frequency 
source, means including connections between Said 
movable coil member and said constant frequency 
Source for energizing said movable coil men 
ber by a submultiple frequency of the energy 
from Said independent constant frequency SOUlce, 
and connections between said stationary coil 
member and both said high frequency circuit and 
said independent constant frequency Source 
whereby energy which is a beat frequency be 
tween the energy in said circuit and the energy 
from said independent source energizes Said Sta 
tionary coil member. 

4. In a device of the class described, an Oscilla 
tor circuit having frequency adjusting means 
therein, means including a second oscillator cir 
cuit for producing substantially constant fre 
quency energy, submultiple frequency producing 
means controlled by said energy, beat frequency 
producing means actuable in accordance with 
differences in frequency existent between the two 
said oscillator circuits, and electro-magnetic ac 
tuating means jointly controlled by said beat fre 
quency producing means and said submultiple fre 
quency producing means, said electromagnetic 
actuating means being mechanically coupled to 
said frequency adjusting means. 

5. In a frequency control System, a source of 
power oscillations, a source of oscillations of 
standard frequency, means for producing Subhar 
nonics of Said standard frequency, means for 
producing a beat frequency between said power 
Oscillations and said oscillations of Standard fre 
quency, a two-circuit device responsive to differ 
ences in frequency in its two circuits, connec 
tions between one of the circuits of said two 

3 
circuit device and said means for producing sub 
harmonics, connections between said source of 
beat frequency and the other circuit of said two 
circuit device, a frequency control element con 
nected for controlling the frequency of said power. 
oscillations and cooperatively actuated by said 
two-circuit frequency responsive device, whereby 
variations in the frequency of said power oscilla 
tions cause compensating adjustment of Said fre 
quency control element and the frequency of said 
power oscillations is maintained constant. 

6. In a radio transmitter, a source of power 
oscillations, an antenna, an antenna, coil con 
nected to said antenna and to said source of power 
oscillations, a source of Oscillations of standard 
frequency, means for producing Subharmonics 
of said standard frequency, a comparison circuit 
coupled to said antenna, coil and to said source 
of oscillations of standard frequency, a frequency 
responsive device having two circuits and respon 
sive to differences in frequency in its two circuits, 
means for impressing upon one of said two circuits 
the beat frequency in said comparison circuit be 
tween said standard frequency and the frequency 
of said power oscillations, means for impressing 
upon the other of said circuits energy from said 
means for producing Subharmonics, a frequency 
control element connected for controlling the fre 
quency of said power OScillations and COOpera 
tively actuated by said frequency responsive de 
vice, whereby variations in the frequency of said 
power oscillations cause compensating adjust 
ment of said frequency control element and the 
frequency of said power oscillations is maintained 
constant. 

7. In a frequency control System, a source of 
power oscillations, a source of oscillations of 
standard frequency, means for producing sub 
harmonics of said standard frequency, means for 
producing a beat frequency between said power 
oscillations and said oscillations of standard fre 
quency, a two circuit device responsive to differ 
ences in frequency in its two circuits, comprising 
two sets of coils mounted for relative motion, con 
nections between said means for producing sub 
harmonics and one of said two circuits, connec 
tions between said means for producing a beat 
frequency and the other of said two circuits, a 
frequency control element connected for con 
trolling the frequency of said power Oscillations 
and cooperatively actuated by said two circuit 
frequency responsive device, whereby variations 
in the frequency of said power oscillations cause 
compensating adjustment of said frequency con 
trol element and the frequency of said power 
Oscillations is maintained constant. 

LAWRENCE A. HYLAND. 
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