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" This invénpibn relates to an arrangement
for determining the phase and frequency of

“a local source of current by means of a master -
source, the wave from which may be trans-

8 mitted over aline. Such an arrangement has

application in connection with the synchro-

- nism of distant radio stations and like uses..

" In accordance with the present invention

it 'is proposed to control the frequency of a

~ 10 Jocal source of alternating current by trans--

“mitting a control frequency over a line cir-
cuit, using the control frequency as a constant
_check on the frequency generated by the local

= “’ source. ~Such an arrangement is particularly

advantageous because in case of failure of the

" line circuit which transmits the control fre-

quency, the local generator will still function
although its frequency may not be accurately

held. ~An arrangement of this sort also makes.

* 20 it more readily possible to minimize the effect

of noise received from the line circuit and
to control the rate at which the incidental
line changes are impressed on the local source.

- In accordance with one embodiment of the

8 invention, the source of ctrrent whose fre-

quency is to be controlled may embody an os-

~cillator whose frequency is stabilized by
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~control of the same kind.
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‘means of a crystal mounted in the usual

heat insulated chamber. Alternating current.

from a master frequency source may be trans:

lator. If the two applied waves are of the

~ same amplitude, the output current will be

dependent upon their phase relation and by
using this output. current to heat a resistance

in the heat insulsted chamber, the frequency

of the local oscillator may be changed, due

to the action of the crystal, in such a manner.

as to maintain the oscillator in step with the
master frequency - source. Constant fre-

uency sources based on the use of tuning-
(floi'ks or magneto-striction devices would

.obviously also lend themselves to temperature

The invention will now be more

derstood from the following description when
read in connection with the accompanying

‘generated by any suitable source at some dis-

fullv un--

drawing the figure of vg‘hicnhv ilh‘létrateks»’si:hé‘-: IA _

“matically a preferred embodiment of the in-

vention., L S R
. Referring to the drawing, O’ designatesan- -

oscillator for supplying the carrier wave to 85 -

a radio transmitter RT. = The oscillator may
be of the vacuum tube type whose frequency
is controlled by means of a crystal X which is
mounted within & heat insulating chamber C. .
A resistance R in circuit ‘with a source of 80
current B may be used for maintaining the
interior of the chamber:C at a desired normal ..
temperature. . - - SR
The master controlling frequency may be

65
tance station, such a source being conven-

tionally illustrated in the drawing at O. " The

control wave derived from this source is then
transmitted over a line L to the radio station:

-and applied to a harmonic generator HG 70

which steps the frequency up to that of the
carrier wave' assigned: to the radio station.
This high frequency current is then applied
to the input of ‘a detector D and some of the, -
energy from the oscillator O” is also applied (L3S
to the input of said detector D. If desired,

‘both waves may be maintained at the same

constant amplitude by means of constant out- -
put devices Y and Y’. The output of the de-

( naster = OUrce | e tector D is connected to a heating resistance
mitted over a line and after being stepped up
to the frequency assigned to the local oscil-
~ lator may be applied to a detector together

“with some of the output from the local oscil-

R’.alsp mounted in the heat insulating cham-

ber C.

. With this arrangéihe'nt it will be apparent
that if the control wave and the controlled __
‘wave applied to the detector D are of equal 8 -

amplitude, the detécted current flowing

“through the resistance R’ will depend upon
the phase. relation of the two waves, this cur-
rent being a maximum. when the two waves g4 -

are in éxact synchronism and being a mini- .

-mum when they are 180 degrees out-of phase. _-

Therefore, if the two waves are normally so .

-phased that an intermediate value of cur-

rent flows through the resistance R’, any g5
tendency of the oscillator O’ to step out of

- phase with respect to the control wave will

be corrected by the change in current which =

‘flows through the resistance R’. -This change

in current changes the temperature of the 100




crystal, tlier’eby ‘tendir.ig to bring the oscillﬁ-'

- % tor back to normal. S e
- "This arrangement has the advantage that

2 if there are any changes in-the phase of the
-'g 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-

rature lag of the crystal heater system will -

10 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 .

‘15 to change in temperature for the control of
the crystal, will be sufficient to take up any
- 'small and Tapid changes in the-apparent:

- .. phase of the control frequency. - - ‘

<" Tt-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. PR

28 ~Whatisclaimed is: =~ oo

1. In a frequency control system, means to

generate a wave. whose frequency is to be

controlled, temperature responsive means to
viry the frequency of the wave generated,
means to supply a’control wave, means re-

‘phase relation of the control and controlled
wave to produce temperature variations to
affect seid temperature responsive means.

'35 .2, In a frequency control system, means

to genérate a wave whose frequency is to be.

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

“means to supply a control wave, a detector to..
which said control-and Céjntroﬂed waves may-

40
.be applied, said detéctor 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
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

B
~ 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. s D < e
7 4. In a frequency control system; means to
generate a wave whose frequency is to be con-
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
may be applied said detector producing a

80

‘sponsive to temperature changes to vary the

S : 8 5.re- genérate a control wave at another station, a
sponsive to certain changes in’ the normal-

. producing & -current varying with changes
_1in the normal phase relation of the control

to affect said temperature responsive means. g line to transmit said wave to said first sta-

‘control and controlled waves, and a heating
“element controlled by said current, said heat- -
Jing

1,847,160 .

cﬁrrent varying with ;'CBanges 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 70
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.
8. In-a frequency control system, a crystal

! ]

ccontrolled, oscillator at one station for gen-
.erating a wave whose frequency is to be con-

trolled, the crystal of said oscillator being re- o
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--

85
tion of the control and controlled wave to

“prodiice temperature variations to affect said
cerystal. oo o B :

6. In a frequency coﬁtrolﬂsystem, a crystal:
- controlled oscillator at one station for gen-

90
erating a wave whose frequency is to be con-
trolled, the crystal of said oscillator being.
responsive to temperature changes to vary
the ‘frequency of said oscillator, means to o
Iine to transmit said wave to said first station,
a detector to which said control and con-
trolled waves may be applied, said detector

100
and controlled waves, and means to translate
said current into heat to affect said erystal.
- 7. In a frequency control system, a crystal’
controlled oscillator at one station for gen-
erating a wave whose frequency is to be con-
trolled, the crystal of said oscillator being

105

‘responsive to.temperature changes to vary
“the frequency of said oscillator, means to

generate a control wave at another station, 110

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 ils

3 element being associated with said crys-
fal e pomplec WK

- 8. In a frequency control system, a crystal
controlled - oscillator .at one station for gen-
erating a wave whose frequency is to be con-
trolled, the crystal of said oscillator being re-

120

- sponsive to temperature changes to vary the

frequency of said oscillator, means to gen-

erate a‘control wave at another station, a line 128

‘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 130
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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
8 in the production of temperature changes so
as to be relatively unresponsive to minor va-
riations in the phase relations of the controk
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-
ing responsive to-temperature changes to
vary the frequency of said oscillator, means

18 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-
ing element being associated with said crys-
taﬁ and a heat insulated chamber enclosing

25 said heating element and said crystal.

10. In a frequency control system involv-
ing a crystal controlled oscillator. for gen-
erating the wave whose frequency is to be
controlled, the method which consists in sup-

30 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

35 50 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-

49 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 oscillator so as to tend to bring the oscil-
lator back into step with the control fre-

quency. : ,

" In testimony whereof, I have signed my

name to this specification this 20th day of

- February, 1931. : , :
. HERMAN A. AFFEL.

45

50

56

65



