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crystal, thereby tending to bring the oscilla 
:: tor back to normal. . . . . . . . . 

This arrangement has the advantage that 
... if there are any changes in the phase of the 

line control current due to temperature or 
other climatic variations of the line circuit, 
these will manifest themselves by correspond 
ing action in the control circuit but the tem 
perature lag of the crystal heater system will 

o insure that these changes are imparted to the system very gradually so that they will be 
without serious effect on the operation of the 
system. In other words, the lag of the re. sistance.R. in translating change in current 

is to change in temperature for the control of 
the crystal, will be sufficient to take up any 
small and rapid changes in the apparent phase of the control frequency. 

- It will be obvious that the general prin 
20 ciples herein disclosed may be embodied in 

many other organizations widely different 
from those illustrated without departing 
from the spirit of the invention as defined in the following claims. 

25 What is claimedis: 

controlled, temperature responsive means to 
vary the frequency of the wave generated 

30 means to supply a control wave, means, rei 
phase relation of the control and controlled 
wave to produce temperature variations to 
affect said temperature responsive means. 

35 2. In a frequency control system, means 
to generate a wave whose frequency is to be 
controlled, temperature responsive means to 
vary the frequency of the wave generated, 
means to supply a control wave, a detector to: 
which said control and controlled waves may erating a wave whose frequency is to be on be applied, said detector producing a current t 
varying with changes in the normal phase 

40 

relation of the control and controlled waves, 
and means to translate said current into heat 

45 ', ' ' ...) * ... . . . . . 

3. In a frequency control system, means to 
generate a wave whose frequency is to be 
controlled, temperature responsive means to 
vary the frequency of the wave generated, 

') means to supply a control wave, a detector 
to which said control and controlled waves may be applied, said detector producing a 
current varying with changes in the normal 
phase relation of the control and controlled 

55 waves, and a heating element controlled by 
said current, said heating element being as 

said temperature responsive ... sociated, with 
means. . . . . . . * '?????..: ? ??? 

4. In a frequency control system, means to 
generate a wave whose frequency is to be con 60 

trolled temperature responsive means to 
vary the frequency of the wave generated, 
means to supply a control wave, a detector 
to which said control and controlled waves 

pr 

sponsive to certain changes in the normal 

to affect said temperature responsive means. 

8. In a frequency control system, a crystal 

may be applied said detector producing ? 
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current varying with changes in the normal 
phase relation of the control and controlled 
waves, and a heating element controlled by 
said current, said heating element being as 
sociated with said temperature responsive 0 
means and said heating element being suffi 
ciently sluggish in the production of tem 
perature changes so as to be relatively unre 
sponsive to minor variations in the phase re 
lation of the control and controlled wave. 

5. In a frequency control system, a crystal 
s 

controlled oscillator at one station forgen 
erating a wave whose frequency is to be con 
trolled, the crystal of saidosciliator being re sponsive to temperature changes to vary the 80 
frequency of said oscillator, means to gen 
erate a control wave at another station, a 
line to transmit said wave to said first sta 
tion, means at said first station responsive 
to certain changes in the normal phase rela-8 
tion of the control and controlled wave to 
produce temperature variations to affect said crystal. 

In a frequency control system, a crystal 
: . . . . . . . . . controlled oscillator at one station forgen 1. In a frequency control system, means to 

generate a wave, whose frequency is to be erating a Wave whçse frequency, i? to be con 
trolled, the crystal of said oscillator being 
responsive to temperature changes to vary 
the frequency of said oscillator, means to 
generate a control wave at another station, a 
line to transmit said wave to said first station, 
a detector to which said controland con 
trolled waves may be applied, said detector 
producing a current varying with changes 
in the normal phase relation of the control 
and controlled waves, and means to translate 
said current into heat to affect said crystal. 7. In a frequency control system, a crystal 
controlled oscillator at one station forgen- los 
trolled, the crystal of said oscillator being 
responsive to temperature changes to vary 
the frequency of said oscillator, means to 
generate a control wave at another station, 
a line to transmit said wave to said first sta 
tion, a detector to which said control and 
controlled waves may be applied, said de 
tector producing a current varying with 
changes in the normal phase relation of the 
control and controlled waves, and a heating ' 
element controlled by said current, said heat 
ing element being associated with said crys 
tal... , 

controlled oscillator at one station forgen." 
erating a wave whose frequency is to be con 
trolled, the crystal of saidoscillator being re sponsive to temperature changes to vary the 
frequency of said oscillator, means togen 
erate a control wave at anotherstation, a line 
to tiansmit said wave to said first station, 
a detector to which said control and con 
trolled waves may be applied, said detector producing a current varying with changes in 
the normal phase relation of the control and 30 
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controlled waves, and a heating element con 
trolled by said current, said heating element 
being associated with said crystal and said heating element being sufficiently sluggish 

6 in the production of temperature changes so 
as to be relatively unresponsive to minor va 
riations in the phase relations of the control. 
and controlled wave. 

9. In a frequency control system, a crys 
10 tal controlled oscillator at one station for 

generating a wave whose frequency is to be 
controlled, the crystal of said oscillator be sing responsive to temperature changes to 
vary the frequency of said oscillator, means s 

ls to generate a control wave at another sta- - 
tion, a line to transmit said wave to said first 
station, a detector to which said control and 
controlled waves may be applied, said de 
tector producing a current varying with 

20 changes in the normal phase relation of the 
control and controlled waves, and a heating 
element controlled by said current, said heat 
? element being associated with said crys 
tall, and a heat insulated chamber enclosing 
said heating element and said crystal. 

10. In a frequency control system involv 
ing a crystal controlled oscillator for gen 

terating the wave whose frequency is to be 
controlled, the method which consists in sup 
plying a control wave, producing tempera 
ture changes determined by variations from 
the normal phase relation of the control and 
controlled waves, and applying said tempera 
ture changes to the crystal of the oscillator 
so as to tend to bring the oscillator back 
into step with the control frequency. 

1i. In a frequency control system involv 
ing a crystal controlled oscillator for gener 
ating the wave whose frequency is to be con 
trolled, the method which consists in sup 
plying a control wave, producing a current 
determined by variations from the normal 
phase relation of the control and controlled 
waves, translating said current into corre 
sponding temperature changes, and apply 
ing the temperature changes to the crystal of 
said oscillatorso as to tend to bring the oscil 
lator back into step with the control fre 

: so qu'ºney. 
In testimony whereof, I have signed my 

name to this specification this 20th day of 
February, 1931. 

HERMAN A. AFFEL. 
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